UC Santa Cruz Computer Science — Game Design

CMPS 20: Game Design Experience
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Path Following at Constant Speed

* In previous lecture showed path following

— Used Lerp and CatmullRom interpolation methods built into Vector2
class

— These methods take an amount

* A number between 0 and 1 indicating the percentage distance between
the start and end points (a “weight”)

e Problem

— A given amount can result in different perceived speeds, depending on
the length of the line

* Solution
— Given a desired speed in terms of units per clock tick
— Compute per-tick change in amount as follows

— Per-tick-amount = unit-speed / Vector2.Distance(start, end)

* That is, determine the percentage of the total distance between the
points covered by one unit-speed
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Pathfinding

* [n many %ames, computer controlled opponents need

to move from one place to another in the game world

— |If the start and end points are known in advance, and
never change,

e Can simply define a fixed path

* Computed before the game begins

e Use path following techniques from previous lecture
e Most platformers do this

— If the start and end points vary, and are not known in
advance (or may vary due to changes in game state),

* Have to compute the path to follow while the game is running
* Need to use a pathfinding algorithm

Video of pathfinding problems

Pathfinding Article: http://www.ai-blog.net/archives/
000152.html
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Pathfinding Representations

* Waypoints
* Navigation Meshes
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All Pairs Shortest Path (APSP)

* Assume a labeled directed graph
— Nodes are pathnodes in your map

— Labels are the distances between connecting
nodes (or other specific cost information)

 G=(V, E) in which each arc v - w has a non-
negative cost C[v,w].

* Find, for each ordered pair (v,w) the smallest
length of any path from v to w.
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All Pairs Shortest Path (APSP)

Floyd’s Algorithm

e Assume the vertices in V are numbered 1,...,n.

 Use an n X n matrix in which to compute the
lengths of the shortest paths.
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All Pairs Shortest Path (APSP)

Floyd’s Algorithm
» Set Ali,j] = Cli,j] for all i not equal to .
e |f thereis no arc from i to j, then assume CJi ]

= ©O,

* Each diagonal element is set to O.
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All Pairs Shortest Path (APSP)

Floyd’s Algorithm

e Make n iterations over the matrix

* On the kth iteration, A[i,j] will have for its
value the smallest length of any path from i to

j that doesn’t pass through a vertex numbered
higher than k.
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All Pairs Shortest Path (APSP)

Floyd’s Algorithm

* On the kth iteration, use the following formula
to compute A

Ak.l[i/j]

o Alij] = min{
Ak.1[i;k] +Ak—1[k’j]
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All Pairs Shortest Path (APSP)

Floyd’s Algorithm

* On the kth iteration, use the following formula
to compute A

A [I]] \ The cost of going from i
k-1L%7

to j without going through
k or any higher node

e Alij] = min{
Ak.1[i;k] +Ak—1[k’j]
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All Pairs Shortest Path (APSP)

Floyd’s Algorithm

* On the kth iteration, use the following formula
to compute A

A [I ] The cost of going from i

k-1 /) to k, then k to j, without
going through any node
higher than k.

e Ali,j] = min

Ak.1[i/ k] T Ak—l[k’j]
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Floyd Example
9 m 2 Ao I/./]
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Floyd Example
9 m 2 A1 I/./]
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Floyd Example
9 m 2 A1[i/j]

CO =g

1 | 2 | 3
w 1 | 0| 8 | 5
: 3 | | 2|0
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Floyd Example
9 m 2 A1[i/j]

CO =g

1 | 2 | 3
w 1 | 0| 8 | 5
: 3/l = | 2| 0
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Floyd Example
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Floyd Example
9 m 2 Az I/./]
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Floyd Example
9 m 2 Az[i/j]

CO =g

7 K

NI O] 0|
|0 O




UC Santa Cruz Computer Science — Game Design

Floyd Example
9 m 2 Az[i/j]

CO =g
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Floyd Example
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Floyd Example
9 m 2 Ag[i/j]
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Floyd Example
9 m 2 Ag[i/j]
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Floyd Example
9 m 2 A3[i/j]
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Floyd’s Code

Aho, Hopcroft and Ullman, Data Structures and
Algorithms, Addison Wesley, pages 208-213.

Including code for keeping track of the actual
paths!
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A* pathfinding

 A* algorithm is widely used as the conceptual core for
pathfinding in computer games
— Most commercial games use variants of the algorithm
tailored to the specific game
— Original paper:

* A Formal Basis for the Heuristic Determination of Minimum Cost
Paths

* Hart, P.E.; Nilsson, N.J.; Raphael, B.

* |EEE Trans. Systems Science and Cybernetics, 4(2), July 1968, pp.
100-107

 A*isagraph search algorithm

— There is a large research literature on graph search
algorithms, and computer game pathfinding
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Overview of A* algorithm

* The following slides borrow heavily from:

— A* Pathfinding for Beginners, by Patrick Lester
* http://www.policyalmanac.org/games/aStarTutorial.htm

* Problem

— A unit wants to move from point A to point B on a
game map, ideally along the shortest path

* Assume the game map is a rectangular grid
— Makes explanation easier, algorithm can accommodate many grid
types
— The literature views the map as a graph
* Map squares are
— Open/walkable (open terrain)
— Or closed/unwalkable (walls, water, etc.)
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Running Example

* Aunitin the green square wants to move
to the red square
— From here on out, we'll call the squares

“nodes” to be consistent with the
research literature

* Moving
— Horizontally or vertically requires 10
movement points

— Diagonal movement requires 14
movement points

— Cannot move through blue squares (wall,
unwalkable)

* Observations
— Can’t just draw a line between A and B
and follow that line
* Wall in-between
— It’s not ideal to just follow the minimal

line between A and B until you hit the
wall, then walk along wall

* Not an optimal path

Pathfinding example.

Green square is starting location,
red square is desired goal. Blue is a
wall. Black is walkable, blue is
unwalkable.
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Open and Closed Lists

e Starting the search

— Add A to open list of nodes to be considered

— Look at adjacent nodes, and add all walkable nodes to
the open list

* |.e., ignore walls, water, or other illegal terrain State of A* after the
; : first step has
* For each of these squares, note that their parent node is completed. All adjacent
the starting node, A nodes are part of the
. . open list. The circle
— Remove A from open list, add to closed list il [ pefie fo
. parent node. The blue
* Open IlSt outline around the
. . . tart nod
— Contains nodes that might fall along the path (or might 575" > hoce

indicates it is in the
not) closed list.

— A list of nodes that need to be “checked out”

* Closed list
— A list of nodes that no longer need to be considered
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Where to go next...

e Now need to determine which
node to consider next

— Do not want to consider all nodes,
since the number of nodes expands
exponentially with each square

moved (bad)
 Want to pick the node that is
closest to the destination, and
explore that one first

* |ntuitive notion of “closest”

— Add together:

* The cost we have paid so far to move
to a node (“G”)

 An estimate of the distance to the end
point (“H”)
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Computing the cost

* F=G+H

— Movement cost to get to destination

* G
— Movement cost to move from start node A to a given node on the grid
* Following the path generated to get there
* Add 10 for horizontal/vertical move, 14 for diagonal move
. H

— Estimated movement cost to move from that given node on the grid to
the final destination, node B

— Known as the heuristic
* A guess as to the remaining distance
* There are many ways to make this guess—this lecture shows just one way
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Computing H using Manhattan method

Manhattan method

Calculate the total number of nodes

moved horizontally/vertically to reach the

target node (B) from the current square

lgnore diagonal movement, and ignore
obstacles that may be in the way.

Multiply total # of nodes by 10, the cost
for moving one node horizontally/
vertically.

Called Manhattan method because it is
like calculating the number of city blocks
from one place to another, where you
can’t cut across the block diagonally.

After first step, showing costs for
each node.

G = movement cost to reach the
current node (lower left)

H = Manhattan estimate of cost to
reach the destination from node
(lower right)

F =G + H (total cost)
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Continuing the search

Pick the node with lowest F value

— Drop it from open list, add to closed list Z
— Check adjacent nodes

e Add those that are walkable, and not already on 3
open list
* The parent of the added nodes is the current
node
— If an adjacent nodes is already on the open list,
check to see if this path to that node is a better

N
4 60

one.
* Check if G score for that node is lower if we use 1 :
the current node to get there. If not, don’t do After picking node with lowest F
anything. value. Node is in blue, indicating it

* On the other hand, if G cost of new path is lower
change the parent of the adjacent square to the
selected square

— (in the diagram, change the direction of
the pointer to point at the selected
square)

— Finally, recalculate both the F and G scores
of that square.

is now in closed list.
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Consider node to right. Check adjacent
squares.

Ignore starting point (on closed list).
Ignore walls (unwalkable). Remaining
nodes already on open list, so check to
see if it is better to reach those nodes via
the current node (compare G values). G
score is always higher going through
current node. Need to pick another node.

Go through list of open nodes, and pick one with
lowest F cost. There are two choices with equal F
cost. Pick the lower one (could have picked upper
one). Check adjacent nodes. Ignore walls and
closed list. Ignore diagonal under wall (game-
specific corner rule). Add two new squares to
open list (below and below diagonal). Check G
value of path via remaining square (to left) — not a
more efficient path.
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Examble continued

CH 58 82
O
7z 1o &8 ol 72 o

I
jrfﬂ @ ::_ﬁ -

74 1oz

4O 4y Bﬂ] 54 20 72

log 5'1
200 34 60} 38

Repeat process until target node is
added to the closed list. Results in
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To determine final path, start at final
node, and move backwards from one
square to the next, following parent/
child relationships (follow arrows).
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Some issues

e Collision avoidance
— Need to avoid other units in the game

— One approach: make squares of non-moving units unwalkable
— Can penalize nodes on movement paths of other units

 Variable terrain cost

— In many games, some terrain costs more to move over than others
(mountains, hills, swamps)

— Change movement costs for these terrains

— But, can cause units to preferentially choose low-cost movement paths

e Example: units always go through mountain pass, and then get whacked
by big unit camping at exit

e Add influence cost to nodes where many units have died
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More issues

 Unexplored areas

— Pathfinding can make units “too smart” since their
movement implies knowledge of unmapped areas of
the map

— Have a knownWalkable array for explored areas

— Mark rest of the map as walkable, until proven
otherwise

* Memory/speed
— Algorithm can use a lot of memory

— Can also slow things down
e Spread A* computations over many game ticks
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* Think about truly memorable games

— They almost always have excellent background
music and sound effects

— Legend of Zelda, PacMan, Katamari Damacy, Little
Big Planet, Radiant Silvergun

— Music and artwork style combine to create an
overall tone, or mood, for a game

— Done well, this substantially enhances the overall
gameplay experience
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Finding/Making Sounds

* Where can you find music to use in your game?
— Reminder: there is this legal framework called Copyright Law

— Creative Commons: use licenses that may allow free, non-commercial use
* http://creativecommons.org/
* http://archive.org

e Sites with Creative Commons licensed music

— New Grounds, Jamendo
e http://www.newgrounds.com/audio/
* http://www.jamendo.com/en/creativecommons/

|Il

* Look for “Attribution, Non-commercia
— “No Derivative Works” is OK, so long as you don’t modify

* |If you use in your game, make sure you provide attribution
— Put name of artist in your game (About page, splash screen, etc.)

— Is polite to send them an email telling them about the use—will make
them jazzed
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Finding/Making Sounds (cont’d)

* Find someone to create music for you
— Music student at UCSC, for example

— One team has already put up announcements for a music
person

* |t has never been cheaper to create high quality music

— Instruments, microphones, mixing technology are all at
historically low prices

— Has led to a proliferation of music
— Biggest problem: finding an audience
— Games provide a good audience

— Salles of many videogames larger than most music album
sales

— For many musicians, might have larger audience for video
game soundtrack than for traditional album
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Finding/Making Sounds (cont’d)

* Use your voice!
— Your voice is wonderfully adaptable and expressive

 Consider:
— Record a raw voice clip
— Bring into an editing software suite
— Tweak/filter/alter until it suits your game
— Can do much worse...

e Tools
— Audacity

* http://audacity.sourceforge.net/
* Free, open source sound recorder/editor

— FL Studio (grown-up commercial version of Fruity Loops)
* http://flstudio.image-line.com/documents/what.html|
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Playing Sounds in XNA

* Two ways

* Hard (but powerful) way
— XACT audio tool

e Cross-platform audio creation tool
— Many neat features
— Edit volume, pitch, looping of sound clips
— Can easily group together sound clips

e Easy (and 95% sufficient) way
— Use Simplified Sound API

— Can start, stop, and pause sound playing
— Much, much easier to use
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Simple Sound API

* Two ways to play music

— As a song

* Good for background music, or other long sounds

— As a sound effect

e Good for short duration sounds
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XNA Simple Sound API

e Supported music types: wav, wma, mp3

* Add sound into project Contents folder
— Audio files treated like other files in content pipeline
— Copy sound file into project Contents folder

— Right-click on Contents folder inside Visual Studio C#
Express

e Add = Existing Item ... select audio file you just copied in
— Will now be visible inside Visual Studio

— Need to double-check the Content Processor
e Sound Effect — XNA Framework — sound effects
* Song — XNA Framework - songs
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XNA Song API

* Create a variable of type Song

— Used to load songs via the content pipeline
— Song mySong;

 Load sound file

— mySong = Content.Load<Song> (Q@” {name of song file
without extension}”)

* To play a sound, call Play() method on MediaPlayer object
— MediaPlayer.Play (mySong) ;

* To pause/resume, call Pause()/Resume() on MediaPlayer
object
— MediaPlayer.Pause(); // no argument
— MediaPlayer.Resume (); // no argument
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XNA Sound Effect API

* Create a variable of type SoundEffect

— Used to load sounds via the content pipeline
— SoundEffect soundEffect;

 Load sound file

— soundEffect = Content.Load<SoundEffect>(@” {name of
sound file without extension}”)

* To play a sound, call Play() method on
SoundEffect object
— Returns a soundEffectlnstance object

— Can use this to stop, pause, and restart sound

— SoundEffectInstance soundEffectInstance =
soundEffect.Play()
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Demo of Song and Sound Effect API

// Demo of use of Songs and Sound Effects
inside XNA

e Caution: Treating a song as a sound effect can
lead to very long compile times

— Solution: keep sound effects short



