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Efficient Cache Replacement
Using the Age and Cost
Metrics

Colt “MainRoach” McAnlis
Microsoft Ensemble Studios

cmcanlis@ensemblestudios.com

In memory-constrained game environments, custom media caches are used to amplify
the amount of data in a scene, while leaving a smaller memory footprint than contain-
ing the entire media in memory at once. The most difficult aspect of using a cache sys-
tem is identifying the proper victim page to vacate when the cache fills to its upper
bounds. As cache misses occur, the choice of page-replacement algorithm is essential—
this choice is directly linked to the performance and efficiency of hardware memory
usage for your game. A bad algorithm will often destroy the performance of your tide,
whereas a well implemented algorithm will enhance the quality of your game by a sig-
nificant factor, without affecting performance. Popular cache-replacement algorithms,
such as LRU, work well for their intended environment, but often struggle in situations
that require more data to make accurate victim page identifications. This gem presents
the Age and Cost metrics to be used as values in constructing the cache-replacement
algorithm that best fits your game’s needs.

Overview

When data is requested from main memory, operating systems will pull the data into
a temporary area of memory (called a cache), which can be accessed at a faster speed
than main memory. The cache itself is a predefined size, segmented into smaller sets
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In memory-constrained game environments, custom media caches are used

to amplify the amount of data in a scene, while leaving a smaller memory
footprint than containing the entire media in memory at once. The most
difficult aspect of using a cache system is identifying the proper victim page
to vacate when the cache fills to its upper bounds. As cache misses occur,
the choice of page-replacement algorithm is essential— this choice is directly
linked to the performance and efficiency of hardware memory usage for your
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@ Massive models

4
» Model geometric representation of object
« Many sources:

+ Scientific simulation

+ Scanned objects

The UNTVERSITY of NOETH CAROLINA af CHAPEL HILL

) Boeing 777

470 million triangles

The UNIVEESITY of NORTH CAROLINA af CHAPEL HILL




Ray Casting (Tracing) vs. Rasterlization

Logarithmic vs. Linear




Graphics Rendering Pipelines

Transformation
Jﬂnd:ughﬂﬂgt-.
Frame Buffer izati
Pre-1980’s
Customized  Processing
Software
~ Blend

Frame Buffer

Pre 2001

- Input Data

Frame Buffer
_ Blend

Frame Buffer

DX8-DX10

Input Data

Frame Buffer

Alternative
Larrabee:
Customized
Pipeline

‘
M

t ol

Frame Buffer

Larrabee



Data Parallel

/

U

Task Parallel

Larrabee
CUDA
Compute Shader
OpenCL



An Example-based Procedural System

for Element Arrangement
(Eurograph 2008)




GPU Gems 3




Inside - Outside Texture

r

L

Velocity Texture

O




Render Front Faces
of Box

Raycast into the
3D Density Texture

Composite into
Scene

Scene




GPU Gems 3:







GPU Gems 3: CUDA

*

*

* «
® 20
*e

*

*

“
+* ’oél'
*

P




snraa8R2

Lt % t t; % t t t L=
a |15 (16 (17 (19 (22 | 22 |23 | 16 | 14
b | 131519 (20 (20 | 21 | 22 | 18 | 12
s, (|15 16 | 19 | 20 | 22 | 22 |23 (18 | 14
S =(s1+82+ ... +s.)/T P = max(S-s,,0)
= (15+16+ ... +14)/8 = max(21.125-14,0)
=21.125 =7.125

Figure 37-4. Example of One Run of the Asian Basket Simulation

15

J
J
l"
N A‘
/ \\\ f
/ AY)
o, AN/

5
t t t L t. e to A
P=1+4+1+8+ ... +1
=21

Figure 37-5. Movement of the Asset




GPU Gems 3 : 3. 6. 16%&




0 010203 040506070809 1









N /
1IN
XA A
~ N[/
x/l\\
v vyl N

Initialization
2nd Update
0
0
o|lo|O0foO

EO B A A
O N[ | SN L]~
1N /1IN
A AR
A AA A
< m A T N I
g wm \ N
@ N DO L N I
i ~ D I AN

ool




_

o
<
o

0.35 —

0.30 —

0.25 —

0.20 —

0.15 —

0.10 —

i

YRI—%

FPIIVZXLER

AVEA—-9Y-LD

WWILEY 3
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Distance

llO to 1” “1 to 2!7 “2 to DO”
None
DirectionFrom DirectionFrom
1 gi 3 1 gi 3
Left None Right Right Left Right
function turn
if GameState.Distance == "0 to 1" then --Left branch
if GameState.DirectionFrom == 1 then

Ship.turn ("LEFT")

elseif GameState.DirectionFrom == 2 then
Ship.turn ("NONE")

elseif GameState.DirectionFrom == 3 then
Ship.turn ("RIGHT")

else
Ship.turn ("NONE")

end

elseif GameState.Distance == "1 to 2" then --Center branch

Ship.turn ("NONE")
elseif GameState.Distance == "2 to inf" then --Right branch
if GameState.DirectionFrom == 1 then
Ship.turn ("RIGHT")
elseif GameState.DirectionFrom == 2 then
Ship.turn ("LEFT")
elseif GameState.DirectionFrom == 3 then
Ship.turn ("RIGHT")

else
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Phoneme Example Translation
oY Toy TOY

P Pee PIY

R Read RIYD
Phoneme Viseme

AA Big aah

CH Ch,J,sh

ER R

Carnegie Mellon Pronoucing Dictionary
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Exemplis discimus.



