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Model and complexity

The boring part
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Hardness
- Pseudo-poly time; in PSPACE; NP-hard.

- Offset-based reductions.
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Hardness
- In PSPACE; NP-hard; pseudo-poly.

- Offset-based reductions.
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- No walls? No problem!

- Extra game mechanics: springs -_:'2'-, spiked balls *, pistons

- NP-hard and co-NP-hard: not in NP?!
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Practical resolution

Algorithmic techniques to reduce the search space (the fun part)



State space

Quantity
Position
Resting state | Angle
Rotation direction
Bump speed
Collision state

Rotation bump speed

Total

About 6 - 103 states!

Size
56 bits
16 bits
1 bit
40 bits
12 bits

125 bits

28

12 bits

bits

20 bits | | I

1 bit

28 bits
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Approximate resolution

STEP 1: Cost map (gives a global direction)

. . Quantity Size New size
Helirin represented as a point.
Position 56 bits 24 bits
Position precision is reduced _ _
(pixel-precision). Resting state = Angle 16 bits 0
Rotation direction 1 bit 0

No reaction to collisions

(untraversable walls). Bump speed 40 bits |0
Collision state

Rotation bump speed | 12 bits 0

About 16 million states. Total 125 bits | 24 bits



Approximate resolution

STEP 1: Cost map (gives a global direction)

About 16 million states.
U

Dijkstra algorithm can be used to compute the distance to the end
for each pixel of the map.
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Approximate resolution

STEP 2 : Search with A* algorithm

We now tackle the real problem (full precision + collisions).

= The cost map is used to guide the search overall.

Still, too many states are explored in sections that require a "maneuver"
(waiting, controlled collision, etc.).

Here, the helirin must wait for moving pistons to clear the way —
this additional cost is not captured by the cost map.
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Approximate resolution

STEP 2 : Search with A* algorithm

To avoid exploring states which are "very close", we define equivalence classes of states.
Eq. classes are parameterized by a resolution:
for pixel resolution, the eq. class is defined by shifting the position 16 bits to the right.

State Equivalence class

x=0x0012A7B5
y=0x0015B889

x=0x0012CAA0
y=0x0015D922

x=0x0013A055
y=0x0015B889

Figure 13 Path finding: node S2 is
disabled because S1 has been reached first
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Approximate resolution

STEP 2 : Search with A* algorithm

To avoid exploring states which are "very close", we define equivalence classes of states.
Eq. classes are parameterized by a resolution:
for pixel resolution, the eq. class is defined by shifting the position 16 bits to the right.

Figure 13 Path finding: node S2 is
disabled because S1 has been reached first
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Implementation: KuruBot

85! KuruBot 1.7.3

Bonus required: False
Maoving objects: False

KuruBot: Implementation (C#, 4000 loc)
replicating the exact physics of the game.

int[] speeds = input_speeds;
if (e.x != Directionl.None && e.y != Directionl.None)
speeds = input_speeds_2;
speed = speeds[(int)e.speed];
int xs = (int)e.x * speed;
t ys = (int)e.y * speed;

t rot_diff = (short)(st.rot_srate - st.rot_rate);
(rot_diff -rotation_rate_decr)
rot_diff = -rotation_rate_decr;
(rot_diff > rotation_rate_decr) _
() Physicalmap (@ Graphicalmap @ Objects

[ Showcostmap T | | H3 [0 %

rot_diff = rotation_rate_decr;
.rot_rate = (short)(st.rot_rate + rot_diff);
.xb = st.xb * bump_speed_decrease_numerator / bump_speed_decrease_denominator;
yb = st.yb * bump_speed_decrease_numerator / bump_speed_decrease_denominator;

Gt imal > 8) It turns out the physics
st.invul-—;
can be abused to cross walls!

.Xpos += xs + st.xb;
.ypos += ys + st.yb;
.rot += st.rot_rate;




Categories

We want to beat the game following different sets of rules:

Category Rules

Damageless Cannot take damage (no collision with walls except in safe areas)
Regular intended Can take damage and hit walls to gain time, but no out-of-bounds
Regular unrestricted Can exploit the physics to cross walls and go out-of-bounds

[ E ‘4 A
J | - 000 0"’ D,
..o’g:.:f?;}.. w‘*fé:;u’..o'-éf Taking a hit Gomg out-of-bounds
e—- (forbidden in it = (only allowed in
' damageless) ;,:'3, o LS .;.‘. regular unrestricted)

'-'83'.'.::'-"'" f‘f. S
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Categories

Each category has its specific cost-map configuration and search resolution.

fixed cost

Category Cost Map Resolution (base) Resolution (near walls)
Damageless 2 px 2 px
Regular intended 2 px 1 px
Regular unrestricted | Wall crossingata 1 px Vs pX
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Tool-assisted speedruns

001050
JO ‘02" 65
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http://www.youtube.com/watch?v=AhleniII2rc&t=535
http://www.youtube.com/watch?v=pGQgDccdWqc&t=300

Questions?
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Recap

4-/8-neighbor grid?

No rotation?

X

Notes

No walls

With springs

With pistons or
spiked balls

Complexity

in P

NP-h

in P

co-NP-h?

NP-h

NP-h
co-NP-h

in PSPACE

pseudo-poly
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Contents of this template

You can delete this slide when you’re done editing the presentation

Fonts

Used and alternative resources

Thanks slide

Colors

Icons and infographic resources

Editable presentation theme

For more info:
Slidesgo | Blog | FAQs

To view this template correctly in PowerPoint, download and install the fonts we used
An assortment of graphic resources that are suitable for use in this presentation

You must keep it so that proper credits for our design are given

All the colors used in this presentation

These can be used in the template, and their size and color can be edited

You can edit the master slides easily. For more info, click here

You can visit our sister projects:
Freepik | Flaticon | Storyset | Wepik | Videvo
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You can use this diagram

Mercury Venus

Venus has a nice name and is
the second planet to the sun

Mercury is the smallest planet
in the Solar System

Mars Jupiter

Despite being red, Mars is Jupiteris a gas giant and the
actually a cold place biggest planet of them all
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This is a cycle diagram

Mars

Despite being red, Mars is
actually a cold place

Venus

Venus has a beautiful
name, but it’s terribly hot

Saturn

Saturn is a gas giant and
has several rings

)

()

Neptune

Neptune is far away from
the the sun

Earth

Earth is the third planet
from the Sun

Mercury

Mercury is the closest
planet from the sun
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Make your idea understandable

O | Mercury

Mercury is the closest

planet to the Sun ‘
QO | Earth

Earth is the third planet

from the Sun ‘

@ | Venus

Venus is the second
planet from the Sun

Jupiter

Jupiter is the biggest
planet of them all

Saturn

Saturnis a gas giant and
has several rings



Do you need more infographics?

Mercury is the closest
planet to the Sun Mercurv °

Jupiter is the biggest

planet of them all Jupiter

Despite being red, Mars is M G
actually a cold place ars

Venus is the second

planet from the sun VVenus
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Neptune

Neptuneis an ice giant

Earth

Earth is where we live

Moon

The moon is a satellite

Pluto

Pluto is a dwarf planet

Mercury

Mercury is very small

Title here

Jupiter

Jupiter is very big

Venus

Venus is very hot

Mars

Mars is a cold place

Saturn

Saturn has many rings

Sun

The sunis a star
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Do you need another infographic?

Saturn

Saturn is a gas giant a

and has many rings

Earth

Earth is the third
planet from the Sun

Jupiter

Jupiter is the biggest
planet of them all




This is another infographic

Jupiter is a gas giant and also the

biggest in the Solar System JuPlter
Mercury is the closest to the Sun and
the smallest in the Solar System Mercurv

Despite being red, Mars is a very cold
place full of iron oxide dust Mars

Earth is the third planet from the Sun
and where we all live on Earth

Saturn is composed mostly of
hydrogen and helium Saturn




Title here

Earth @

Earth is the third
planet from the Sun

e Mercury

Mercury is the closest
object to the Sun

Neptune G

Neptune is the farthest
planet from the Sun

Saturn @

Saturn is composed of
hydrogen and helium

Despite being red,
Mars is a cold place

Jupiter is a gas giant
and is very big
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This is also a cycle diagram

Neptune

Neptune is the farthest
planet from the Sun

Venus

Earth is the third planet to
the sun

Mercury ‘

Mercury is the closest planet
to the Sun

Mars ‘

Despite being red, Mars is
actually a cold place

Jupiter O

Jupiter is a gas giant and the
biggest planet of them all



You can use this cycle diagram

Mercury ‘ Venus

Mercury is the Venus is the
smallest planetin Jupiter second planet
the Solar System from the sun

Jupiteris the
biggest planet in
the Solar System



Make your idea understandable

O o

Mercury Mars
Mercury is the closest Despite being red,
planet to the Sun Marsis a cold place
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Saturn

Saturn is a gas giant
and has several rings

Jupiter

Mercury is the biggest
planet of them all

O

Sun

Thesunisan
enormous star

Neptune

Neptune is far away
from the sun

)

Venus

Venus is the second
planet from the sun

O
Earth

Earth is the third
planet from the sun



Do you need more infographics?

Mercury

Mercury is the
smallest planet in the
Solar System

Despite being red,
Mars is actually a very
cold place

Venus

Mars

Venus is the second
planet to the sun and
is very hot

Jupiteris a gas giant
and the biggest planet
of them all

Jupiter




This is a cycle diagram
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Neptune

Neptune is the farthest

Mercury

Mercury is very small

Sun

The Sun is a big star

Earth

Earth is a nice place

© O O O

Jupiter

Jupiter is very big

Mars

Mars is a cold place

Venus

Venus is very hot

Pluto

Pluto is a dwarf planet



Do you need another infographic?

@

Saturn

Saturn s a gas giant
and has several rings

Neptune

Neptune is the farthest
planet of all them

®

Sun

The sun isin the middle
of the Solar System

@

G)
@)

®

Jupiter

Jupiter is a gas giant
and a big planet

Mars

Despite being red, Mars
is actually a cold place



Thanks

Any questions?

youremail@freepik.com
+91 620421 838
yourwebsite.com
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CREDITS: This presentation template was created by Slidesgo, and
includes icons by Flaticon, and infographics & images by Freepik

Please keep this slide for attribution
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Alternative resources

Here’s an assortment of alternative resources whose style fits the one of this template:

Vectors
° Human resource infographic
° Human resource infographic |



https://www.freepik.com/free-vector/human-resource-infographic_9010084.htm/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-vector/human-resource-infographic_9010077.htm/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik

Resources

Did you like the resources on this template? Get them for free at our other websites.

Vectors
e Flatdesign circular economy infographic

e Flatdesign circular economy infographic |

e Scrum -infographic concept

e Ringinfographic collection

e Gradientradial infographic collection
Icons

° Icon Pack: Startups | Lineal


https://www.freepik.com/free-vector/flat-design-circular-economy-infographic_20832450.htm/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-vector/flat-design-circular-economy-infographic_20832445.htm/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-vector/scrum-infographic-concept_9006012.htm/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-vector/ring-infographic-collection_8498635.htm/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-vector/gradient-radial-infographic-collection_8498651.htm/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.flaticon.com/packs/startups-37/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=flaticon

Instructions for use

If you have a free account, in order to use this template, you must credit Slidesgo by keeping the Thanks slide. Please
refer to the next slide to read the instructions for premium users.

As a Free user, you are allowed to:
e  Modify this template.
e Use it for both personal and commercial projects.

You are not allowed to:

e  Sublicense, sell or rent any of Slidesgo Content (or a modified version of Slidesgo Content).
Distribute Slidesgo Content unless it has been expressly authorized by Slidesgo.
Include Slidesgo Content in an online or offline database or file.
Offer Slidesgo templates (or modified versions of Slidesgo templates) for download.
Acquire the copyright of Slidesgo Content.

For more information about editing slides, please read our FAQs or visit our blog:
https://slidesgo.com/faqs and https://slidesgo.com/slidesgo-school
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Instructions for use (premium users)

As a Premium user, you can use this template without attributing Slidesgo or keeping the "Thanks" slide.

You are allowed to:

Modify this template.

Use it for both personal and commercial purposes.

Hide or delete the “Thanks” slide and the mention to Slidesgo in the credits.

Share this template in an editable format with people who are not part of your team.

You are not allowed to:

e  Sublicense, sell or rent this Slidesgo Template (or a modified version of this Slidesgo Template).

e Distribute this Slidesgo Template (or a modified version of this Slidesgo Template) or include it in a database or in
any other product or service that offers downloadable images, icons or presentations that may be subject to
distribution or resale.

e Use any of the elements that are part of this Slidesgo Template in an isolated and separated way from this
Template.

e Register any of the elements that are part of this template as a trademark or logo, or register it as a work in an
intellectual property registry or similar.

For more information about editing slides, please read our FAQs or visit our blog:
https://slidesgo.com/faqs and https://slidesgo.com/slidesgo-school
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Fonts & colors used

This presentation has been made using the following fonts:

Anek Devanagari
(https://fonts.google.com/specimen/Anek+Devanagari)

Source Sans Pro
(https://fonts.google.com/specimen/Source+Sans+3)

. #dbe9ec #ec7c66
#66e0a3 . #fafafg

#15394f i

#f2beb3

. .



https://fonts.google.com/specimen/Anek+Devanagari
https://fonts.google.com/specimen/Source+Sans+3

Storyset

Create your Story with our illustrated concepts. Choose the style you like the most, edit its colors, pick the background
and layers you want to show and bring them to life with the animator panel! It will boost your presentation. Check out how
it works.

Pana Amico Bro Rafiki Cuate


https://storyset.com/how-it-works?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=slidesgo_final_slides&utm_term=how%20it%20works&utm_content=storyset
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Use our editable graphic resources...

You can easily resize these resources without losing quality. To change the color, just ungroup the resource and click on
the object you want to change. Then, click on the paint bucket and select the color you want. Group the resource again
when you’re done. You can also look for more infographics on Slidesgo.
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...and our sets of editable icons

You can resize these icons without losing quality.
You can change the stroke and fill color; just select the icon and click on the paint bucket/pen.
In Google Slides, you can also use Flaticon’s extension, allowing you to customize and add even more icons.
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https://workspace.google.com/marketplace/app/icons_for_slides_docs/381578326502

Medical Icons

Educational Icons
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Help & Support Icons Avatar lcons
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Creative Process Icons Performing Arts Icons
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Nature lcons
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SEO & Marketing Icons
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