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his is the third in a series of papers
celebrating some of the weird and
ZRQGHUIXOUHVHDUFK¿QGLQJVKLGGHQ
DPRQJVWWKHVFLHQWL¿FOLWHUDWXUH,WDLPV
to ensure that we remember the funnier
side of science and provides answers to
questions we may have been too afraid
to ask. This study was conducted entirely
in the author’s spare time and is in no
way related to his employer. Here, we
explore the fascinating world of vampires
and zombies, and their contribution
WRVROYLQJVFLHQWL¿FSUREOHPV

Vampires
Humans have been interested in
vampirology for a long time, presumably
caused in part by the fear of potentially
not being on top of the food chain.
Representing the use of serious analysis
of an imaginary topic, several papers
studied the coexistence of humans and
vampires based on common predatorprey interactions but as a special case
because the prey is turned into predator.
Hartl and Mehlmann (1982) investigated
a typical problem of renewable resources,
using mathematical optimisation and
control theory to model a dynamic
confrontation between humans and
vampires. Most interestingly, this was
done from the vampires’ point of view.
It was assumed that every living person
who had their blood sucked by a
vampire would (after their immediate
death) turn into a vampire and deal
with other persons in the same manner.
Considering vampire attrition due to
FRQWDFWZLWKVXQOLJKWFUXFL¿[HVJDUOLF
and vampire hunters, bloodsucking
strategies were mathematically derived

IRUWKHDV\PSWRWLFDOO\VDWLV¿HGYDPSLUH
the blood maximising vampire and the
unsatiable vampire. This represented a
typical consumption-resource trade-off:
The vampire population derives utility
from consumption of human blood, and
by turning each victim into a vampire
the human resource is reduced while
the vampire population increases. The
authors basically provided operationsresearch advice to vampires, indicating
how vampires could manage their
human resources to keep the human
race (and thus their own) in existence.
The results made it obvious that humans
required a defensive strategy against
optimally behaving vampires.
Snower (1982) was rather shocked
by these efforts and developed a
macroeconomic optimal strategy for
the destruction of vampires. Intuitively,
vampires are like an infectious disease and
should be eliminated swiftly and without
mercy to avoid a world pandemic. He
provided humans with a decision rule of
optimally splitting their economy’s output
between consumption and production
of defensive weapons against vampires.
However, by standard application of
the maximum principle, he surprisingly
concluded that it is socially undesirable to
drive the vampire population to extinction.
Revisiting the problem, Hartl et al. (1992)
improved their model by assuming that
changing bloodsucking behaviour induces
FRVWVDQGYDPSLUHVDOVRGHULYHEHQH¿W
from possessing humans, not only from
consuming them. They mathematically
showed that optimal bloodsucking rates
change periodically, being modulated
over time to achieve a stable tradeoff and net utility according to the so-
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victim. The vampire bites the victim
and drinks its blood, then returns to
feed for 4-5 consecutive days, at which
point the victim dies, is buried and rises
to become another vampire (unless a
wooden stake is put through its heart).
Vampires generally need to feed
every day, and there are no organised
groups of vampire slayers. This
model is very similar to an epidemic
outbreak caused by a deadly virus.
• Rice model (based on Anne Rice’s
Vampire Chronicles): Vampires act
more discreetly, being able to feed
on a victim but leaving it to live.
Turning a human into a vampire
takes time and effort (the victim
Using a different approach, Strielkowski
needs to give permission, drink
et al. (2012, 2013) modelled the humansome of the vampire’s blood, and
YDPSLUHSUREOHPEDVHGRQSRSXODU¿FWLRQ
the process is painful for both).
literature, comic books, movies and TV
Vampires do not need to feed every
series in order to determine whether
day, only requiring some blood once
peaceful coexistence of humans and
a week or so to survive. There are no
YDPSLUHVZRXOGEHVFLHQWL¿FDOO\SRVVLEOH
organised groups of vampire slayers.
• Harris-Meyer-Kostova model (based
7KH\LGHQWL¿HGDQGLQYHVWLJDWHG
on Stephenie Meyer’s Twilight saga,
four types of scenarios:
Charlaine Harris’ Sookie Stockhouse
• Stoker-King model (based on Bram
(Southern Vampire) book series that
Stoker’s Dracula and Stephen King’s
inspired the True Blood TV series, and
Salem’s Lot): The vampire requires to
Elizabeth Kostova’s The Historian):
be invited by the victim to enter the
Both species coexist and may be aware
premises, unless it attacks a sleeping
of each other. Vampires
can tolerate the sunlight,
drink animal blood to
survive or buy bottled
synthetic blood. Turning
a human into a vampire
takes time and effort.
Some humans capture
and kill vampires to
use their blood as a
hallucinogenic drug.
• Whedon model (based
on the TV series Buffy
the Vampire Slayer):
Vampires bite the
victim, quickly turning
it into another vampire.
Luckily for humans,
there are organised
groups of vampire
slayers with higher
effectiveness than in
Figure 1: Cycle of fear, where c is the bloodsucking rate (number
the Harris-Meyerof consumed humans per vampire) and x is the available resource
Kostova model.
(number of humans per vampire) (Hartl et al., 1992).
called cycles of fear, which is more
concurrent with empirical evidence in
popular literature where the appearance
of vampires typically follows a cyclical
behaviour. Moving around the cycle
of fear (Figure 1) in anti-clockwise
direction, the bloodsucking rate increases
with the availability of humans per
vampire until the resource becomes
scarce due to the increasing vampire
population, causing a sudden fall in the
bloodsucking rate (and the number of
vampires) until the human population
KDVUHFRYHUHGVXI¿FLHQWO\WRVXVWDLQDQ
increasing vampire population again.
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Mathematical modelling showed the
Stoker-King model to be highly unrealistic
as vampires would need only 6 months
to deplete all human resources, thereby
causing their own demise. The Rice model
merely delayed human extinction to almost
50 years, allowing coexistence only while
the vampire population is small. Under
certain conditions, the Harris-MeyerKostova model appeared to be plausible
but very fragile, breaking down when the
human population growth slows, the blood
thirst of vampires accelerates or the small
group of vampire slayers becomes too
greedy. The Whedon model was deemed
too unstable to be realistic, allowing
coexistence only for a short time before
vampire slayers exterminate all vampires.
Rather than basing his analysis on the
attributes and decisions of representative
agents to capture the important
characteristics of the economy from the
top down as applied in the previously
mentioned studies, Farhat (2013) analysed
human-vampire interaction from the
bottom up. He constructed a computational
PRGHOLQZKLFKGLYHUVHDUWL¿FLDOO\
intelligent human and vampire individuals
(agents) engage in one-on-one interaction
according to pre-determined behavioural
rules within a virtual landscape.
This revealed that in virtual societies
where vampires are highly visible, the
human population suffers terribly for a
short time (building up defences, which
results in starvation) until the vampire
population is driven to extinction. In
virtual societies where vampires are
observable but somewhat hidden, they
PD\ÀRXULVKSURYLGHGWKH\DUHHDVLO\
destroyed in a confrontation. Cycles of
fear then emerge. Otherwise, they increase
in numbers, over-exploit the human herd
and then starve. In virtual societies where
vampires are unobservable, their existence
SHUVLVWV:KHWKHUWKH\ÀRXULVKRUVWDJQDWH
depends on their hunger for blood and the
speed of human reproduction. If vampires
live on the brink of starvation, both
populations continually grow despite mild
cycles of fear. If humans reproduce easily,
both communities languish with extreme
cycles of fear to keep both populations

in check. Given our persistent population growth and vampires
being rarely encountered today, the former appeared more likely.
Menuet and Villieu (2015) applied the human-vampire
SUREOHPWRWKHZRUOGRI¿QDQFHYLDDPDFURHFRQRPLFV\VWHP
based on the evolution of public debt and private capital. The
debt burden acts as a vampire bite, which reduces available
resources for productive public spending in the government
budget constraint and lowers both the output and rate of
capital accumulation. Simultaneously, the collection of
income tax vanishes, generating further increases in public
debt. Therefore, the public-debt vampire transforms private-

Figure 2: Transit shapes for a bat (left column) and humanoid vampire
(right column) in comparison to a planet, showing the distinction
between the three transit shapes (Günther and Berardo, 2020).

FDSLWDOKXPDQVLQWRLWVRZQNLQGVXFNLQJWKHSURGXFWLYHÀRZ
of public expenditure and regenerating by weakening the
JRYHUQPHQW¶V¿VFDOVWDQFH7KHRSWLPDOUDWHRIGHSOHWLRQRI
non-infected capital (the consumption of goods or harvesting
of humans) was then obtained from a standard optimal
control problem. In agreement with Snower (1982), it was
shown that the extinction of the public-debt vampire is subRSWLPDOEHFDXVHWKLVZRXOGLQYROYH¿[LQJWKHWD[UDWHDWVXFK
a level that economic growth would deteriorate too much.
/RRNLQJIXUWKHUD¿HOGDQGPRYLQJRQWRDVWURQRP\*QWKHUDQG
Berardo (2020) reported on the search for transit signatures of
space vampires trapped in the gravitational pull of cool dwarf
stars. This research supports the theory that vampires may
have originated in outer space, settled down and domesticated
asteroids, and then fell onto Earth through meteor crashes.
The authors generated models representing two potential
space vampire populations (i.e. bat shape and humanoid
shape) and searched light curves from the Transiting ExoVampire Survey Satellite (TEVSS) using a template matching
algorithm. This clearly showed the distinction between
the transit shapes of bats and humanoid space vampires
compared to planets void of these creatures (Figure 2).
Analysis of the TEVSS data provided a short list of between
0 and 394,400,933 potential space vampire transits. Using
Bayesian evidence, they determined that two of these most likely
originated from bats (or noise) and one from a humanoid shape
(or noise), while the remainder could be due to either shape
(or noise). Adding the information gained from TEVSS data
constrained the space vampire occurrence rate to between 0%
and 100%. It was noted that such precise analyses will be crucial
in optimising future observing schedules for space-vampire
characterisation with the James Webb Space-Vampire Telescope
(JWSVT) and the Extremely-Large-Vampire Telescopes (ELVTs).

Zombies
Zombies move in small, irregular steps and show signs of
SK\VLFDOGHFRPSRVLWLRQVXFKDVURWWLQJÀHVKGLVFRORXUHG
eyes and open wounds. Due to their inferior intelligence
and sophistication, zombies may not be as attractive
to the science community as vampires. However, their
LQVDWLDEOHKXQJHUIRUOLYLQJKXPDQÀHVKDQGDELOLW\WRWXUQ
KXPDQVLQWR]RPELHVE\LQÀLFWLQJDELWHLVYHU\VLPLODU
to the Stoker-King vampire model and an ideal setting to
investigate scenarios of an infectious disease outbreak.

Figure 3: Effect the timing of military intervention has on the
human (blue) and zombie (green) populations, showing early
intervention is key to human survival (Witkowski and Blais, 2013).

0XQ]HWDO  ZHUHWKH¿UVWWRDSSO\PDWKHPDWLFDO
modelling to the analysis of a zombie outbreak by using
an epidemiological model to investigate the dynamics of
a zombie apocalypse. In this case, zombies are created
either by infection of a living human or resurrection of
recently deceased humans. The latter was acknowledged to
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be an unlikely scenario if taken literally, but possible reallife applications may include allegiance to political parties
RUGLVHDVHVZLWKDGRUPDQWLQIHFWLRQ=RPEL¿FDWLRQFDQEH
avoided by defeating the zombie during a confrontation,
e.g. by destroying its brain, decapitation or cremation.
7KHDQDO\VLVLQFOXGHGDODWHQWSHULRGRI]RPEL¿FDWLRQZKHUHE\
humans are infected but not infectious before becoming
XQGHDG,WZDVVKRZQWKDWTXDUDQWLQHRILQIHFWHGDQG]RPEL¿HG
individuals would only delay the inevitable doomsday scenario,
i.e. the collapse of society as zombies take over the planet.
A cure, allowing zombies to return to their human form but
not providing immunity to repeated infection, would result in
a small human population surviving the outbreak while still
FRH[LVWLQJZLWK]RPELHV2QO\VXI¿FLHQWO\IUHTXHQWDWWDFNVZLWK
increasing force, would result in the eradication of zombies,
assuming the available resources can be mustered in time.
Several others extended this work. For example, Witkowski
and Blais (2013) introduced tools of Bayesian statistics,
UHPRYHG]RPEL¿FDWLRQYLDUHVXUUHFWLRQDQGXVHGTXDQWLWDWLYH
data (zombie population estimates taken from depictions of
zombies in popular movies) to estimate the dynamic model

parameters. The same model was then applied to actual data
RQLQÀXHQ]DWRHVWDEOLVKLQIHFWLRQDQGUHFRYHU\UDWHVWKXV
making the methods more applicable to real-world disease
dynamics. The popular movies Night of the Living Dead and
Shaun of the Dead were analysed in detail, both including
a military intervention that saves human civilisation. It was
shown that the strength and timing of the attack are crucial for
its success. If the intervention happens quickly, the zombie
population is effectively eliminated. However, if it happens
later, intervention of any magnitude may be in vain (Figure 3).
Considering several model variants and employing spatial
parameters, Alemi et al. (2015) provided a full-scale stochastic
dynamic simulation of a zombie outbreak in the continental
United States (Figure 4). The simulation started with one
in every million individuals being infected at random. By
WKH¿UVWZHHNPRVWRIWKHSRSXODWLRQKDGEHHQWXUQHGLQWR
zombies, although the map does not appear that compelling.
In the early stages, the outbreak spread in roughly uniform
circles, with the speed of infection tied to the local population
density. Infections on the coasts (higher population density)
reached further than those near the centre of the country.
After several weeks, the map shows stronger diversity in
the directional spread, now over larger geographical areas
DQGLQÀXHQFHGE\ODUJHFKDQJHVLQSRSXODWLRQGHQVLW\
After 4 weeks, much of the country had been overrun, but
remote areas remained zombie-free even after 4 months.
Zombie danger maps were also produced, showing the
probability of being infected at a certain location and point
in time during an epidemic originating from a single zombie.
As expected, after 7 days, high-population metropolitan
areas are most at risk because many individuals could
potentially serve as patient zero and zombies rapidly
spread in these areas. After 28 days, it is not the largest
metropolitan areas that suffer the greatest risk of being
overrun but the regions located between them.
Using a far more general approach based on elementary physics
and mathematics, Efthimiou and Gandhi (2007) attempted
to prove that these creatures do not exist, promptly attracting
criticism regarding the simplicity of the argumentation used
(Sejdinovic, 2008). However, their intent was to provoke
critical thinking and encourage probability-based assessments
of various claims using reason, reminding readers that pseudoVFLHQWL¿FDQGSDUDQRUPDOLGHDVJHQHUDOO\PDNHQRVHQVHZKHQ
elementary logic and science is applied and that any element of
truth is usually distorted and hidden behind elaborate myths.

Figure 4: Simulation of a zombie outbreak in the continental United
States over time, showing the uninfected human population (blue), active
zombies (red) and the permanently dead (green) (Alemi et al., 2015).
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To this end, sudden drops in temperature when sensing a ghostly
presence in an old building were explained by the draught of air
through concealed doors, causing columns of cold air to emerge.
Newton’s laws of motion were then used to highlight the paradox
that ghosts can apparently walk around (and therefore must
be material) but pass through walls and are unable to pick up

These selected studies have demonstrated the flexibility of mathematical modelling
and how it can respond to a wide range of challenges for different areas of
science, tongue in cheek or not. They have also highlighted that modelling output
is heavily reliant on the assumptions made and the input parameters chosen
objects (and therefore must be immaterial).
The existence of vampires was disproved
by basic calculations showing that
humanity would become extinct about 2.5
\HDUVDIWHUWKH¿UVWYDPSLUHDSSHDUV7KH
same argument was applied to zombies
in popular literature and movies. A
GRFXPHQWHGFDVHRIYRRGRR]RPEL¿FDWLRQ
(where zombies are created by a sorcerer’s
spell) was explained by the use of a puffer
¿VKWR[LQZKLFKVXVSHQGVWKHYLFWLP¶V
bodily functions and causes them to
appear dead. After being buried alive,
oxygen deprivation damages the brain.
If the person is unburied (or manages
to escape the grave) before really dying
from suffocation, they appear as a soulless
creature (zombie) because they have
lost the thinking process of their brain.

or vaccines, and provides options for
detection and monitoring. Engaging
students from primary school through to
university level, it is raising awareness
of the many approaches to problem
solving through models and simulations
(Maxville and Sandford, 2020).

Computational science – ICCS 2020,
Lecture Notes in Computer Science,
vol. 12143, Springer, Cham, 622-633.
Menuet M. and Villieu P. (2015)
Is government debt a vamp?
3XEOLF¿QDQFHLQD7UDQV\OYDQLDQ
growth model, https://hal.inria.fr/
halshs-01199770/ (accessed Oct 2021).
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