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ÅA quick look at Object Oriented (OO) 

programming

ÅA common example

ÅOptimisation of that example

ÅSummary

What I will be covering
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Å What is OO programming?
ï a programming paradigm that uses "objects" ïdata structures 

consisting of datafields and methods together with their interactions ïto 
design applications and computer programs.
(Wikipedia) 

Å Includes features such as
ï Data abstraction

ï Encapsulation

ï Polymorphism

ï Inheritance

Object Oriented (OO) Programming
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ÅOO programming allows you to think about 
problems in terms of objects and their 
interactions.

ÅEach object is (ideally) self contained

ïContains its own code and data.

ïDefines an interface to its code and data.

ÅEach object can be perceived as a óblack boxô.

Whatôs OOP for?
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ÅIf objects are self contained then they can be
ïReused.

ïMaintained without side effects.

ïUsed without understanding internal 
implementation/representation.

ÅThis is good, yes?

Objects
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ÅWell, yes

ÅAnd no.

ÅFirst some history.

Are Objects Good?
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A Brief History of C++

C++ development started

1979 2009
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A Brief History of C++

Named ñC++ò

1979 20091983
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A Brief History of C++

First Commercial release

1979 20091985
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A Brief History of C++

Release of v2.0

1979 20091989
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A Brief History of C++

Release of v2.0

1979 20091989

Added 
Åmultiple inheritance,
Åabstract classes,
Åstatic member functions, 
Åconst member functions 
Åprotected members.
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A Brief History of C++

Standardised

1979 20091998
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A Brief History of C++

Updated

1979 20092003
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A Brief History of C++

C++0x

1979 2009 ?
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ÅMany more features have 
been added to C++

ÅCPUs have become much 
faster.

ÅTransition to multiple cores

ÅMemory has become faster.

So what has changed since 1979?

http://www.vintagecomputing.com
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CPU performance

Computer architecture: a quantitative approach

By John L. Hennessy, David A. Patterson, Andrea C. Arpaci-Dusseau
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CPU/Memory performance

Computer architecture: a quantitative approach

By John L. Hennessy, David A. Patterson, Andrea C. Arpaci-Dusseau
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ÅOne of the biggest changes is that memory 
access speeds are far slower (relatively)

ï1980: RAM latency ~ 1 cycle

ï2009: RAM latency ~ 400+ cycles

ÅWhat can you do in 400 cycles?

What has changed since 1979?
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ÅOO classes encapsulate code and data.

ÅSo, an instantiated object will generally 

contain all data associated with it.

What has this to do with OO?
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ÅWith modern HW (particularly consoles), 

excessive encapsulation is BAD.

ÅData flow should be fundamental to your 

design (Data Oriented Design)

My Claim
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Å Base Object class
ï Contains general data

Å Node 
ï Container class

Å Modifier
ï Updates transforms

Å Drawable/Cube
ï Renders objects

Consider a simple OO Scene Tree
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ÅEach object

ïMaintains bounding sphere for culling

ïHas transform (local and world)

ïDirty flag (optimisation)

ïPointer to Parent

Object
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Objects

Class Definition Memory Layout
Each square is 

4 bytes
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ÅEach Node is an object, plus

ïHas a container of other objects

ïHas a visibility flag.

Nodes
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Nodes

Class Definition Memory Layout
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Consider the following codeé

ÅUpdate the world transform and world 

space bounding sphere for each object.
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Consider the following codeé

ÅLeaf nodes (objects) return transformed 

bounding spheres
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Consider the following codeé

ÅLeaf nodes (objects) return transformed 

bounding spheres
Whatôs wrongwith this 

code?
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Consider the following codeé

ÅLeaf nodes (objects) return transformed 

bounding spheres
If m_Dirty=false then we get branch 

misprediction which costs 23 or 24 

cycles.
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Consider the following codeé

ÅLeaf nodes (objects) return transformed 

bounding spheresCalculation of the world bounding sphere 

takes only 12 cycles.
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Consider the following codeé

ÅLeaf nodes (objects) return transformed 

bounding spheresSo using a dirty flag here is actually 

slower than not using one (in the case 

where it is false)
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Lets illustrate cache usage

Main Memory L2 Cache
Each cache line is 

128 bytes
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Cache usage

Main Memory

parentTransform is already 

in the cache (somewhere)

L2 Cache
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Cache usage

Main Memory
Assume this is a 128byte 

boundary (start of cacheline) L2 Cache
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Cache usage

Main Memory

Load m_Transform into cache

L2 Cache
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Cache usage

Main Memory

m_WorldTransform is stored via 

cache (write-back)

L2 Cache
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Cache usage

Main Memory

Next it loads m_Objects

L2 Cache
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Cache usage

Main Memory

Then a pointer is pulled from 

somewhere else (Memory 

managed by std::vector)

L2 Cache
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Cache usage

Main Memory

vtbl ptr loaded into Cache

L2 Cache
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Cache usage

Main Memory

Look up virtual function

L2 Cache
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Cache usage

Main Memory

Then branch to that code 

(load in instructions)

L2 Cache
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Cache usage

Main Memory

New code checks dirty flag then 

sets world bounding sphere

L2 Cache
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Cache usage

Main Memory

Nodeôs World Bounding Sphere 

is then Expanded

L2 Cache
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Cache usage

Main Memory

Then the next Object is 

processed

L2 Cache
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Cache usage

Main Memory

First object costs at least 7 

cache misses

L2 Cache
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Cache usage

Main Memory

Subsequent objects cost at least 

2 cache misses each

L2 Cache
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Å11,111 nodes/objects in a 
tree 5 levels deep

ÅEvery node being 
transformed

ÅHierarchical culling of tree

ÅRender method is empty 

The Test
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Performance

This is the time 

taken just to 

traverse the tree!
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Why is it so slow?
~22ms
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Look at GetWorldBoundingSphere()
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Samples can be a little 

misleading at the source 

code level
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if(!m_Dirty) comparison
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Stalls due to the load 2 

instructions earlier
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Similarly with the matrix 

multiply
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Some rough calculations

Branch Mispredictions: 50,421 @ 23 cycles each   ~= 0.36ms
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Some rough calculations

Branch Mispredictions: 50,421 @ 23 cycles each   ~= 0.36ms

L2 Cache misses: 36,345 @ 400 cycles each         ~= 4.54ms


