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What | will be covering

A A quick look at Object Oriented (OO)
programming

A A common example
A Optimisation of that example
A Summary
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Object Oriented (OO) Programming

A What is OO programming?

I aprogramming paradigm that uses "objects" T data structures
consisting of datafields and methods together with their interactions i to
design applications and computer programs.

(Wikipedia)

A Includes features such as
i Data abstraction
I Encapsulation
I Polymorphism
| Inheritance
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What 6s OOP for ?

A OO programming allows you to think about
problems in terms of objects and their
Interactions.

A Each object is (ideally) self contained
I Contains its own code and data.
I Defines an interface to its code and data.

AEach object can be per
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Objects

A If objects are self contained then they can be
I Reused.
I Maintained without side effects.

I Used without understanding internal
Implementation/representation.

A This is good, yes?
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A Well, yes
A And no.

A First some history.
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A Brief History of C++

C++ development started
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A Brief History of C++

Named AC++0
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1979 1983
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A Brief History of C++

First Commercial release
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1979
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A Brief History of C++

Release of v2.0
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A Brief History of C++

Added

Amultiple inheritance,
Aabstract classes,

Astatic member functions,
Aconst member functions
Aprotected members.

Release ¢

1979 1989 2009
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A Brief History of C++
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A Brief History of C++

Updated
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A Brief History of C++

C++0x

1979 2009 ?



Sony Computer Entertainment Europe

So what has changed since 19797

A Many more features have
been added to C++

A CPUs have become much
faster.

A Transition to multiple cores
A Memory has become faster.
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CPU/Memory performance
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What has changed since 19797

A One of the biggest changes is that memory
access speeds are far slower (relatively)

I 1980: RAM latency ~ 1 cycle
I 2009: RAM latency ~ 400+ cycles

A What can you do in 400 cycles?
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What has this to do with OO?

A OO classes encapsulate code and data.

A So, an instantiated object will generally
contain all data associated with It.
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A With modern |

My Claim
W (particularly consoles),

excessive encapsulation is BAD.

A Data flow should be fundamental to your
design (Data Oriented Design)
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Consider a simple OO Scene Tree

A Base Object class

i Contains general data
A Node

i Container class
A Modifier

I Updates transforms
A Drawable/Cube

I Renders objects

Drawabhle

—— Cube

Object

— 3 Slide 21
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Object

A Each object

I Maintains bounding sphere for culling
I Has transform (local and world)

I Dirty flag (optimisation)
I Pointer to Parent b

m_BoundingSphere;
m_wor 1dBoundingSphere;

char®* m_Name;

bool m_Dirty;
¥ m_Parent;
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Objects

Each square is
Class Definition | 4 bytes Memory Layout

Matrix4

m_Transform;
m_wor 1dTransform;
m_BoundingSphere;

m_wor 1dBoundingSphere;

“har* m_Name;
1 m_Dirty;
¥ m_Parent; 4

radius |
7}

s 4
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Nodes

n Node Is an object, plus
as a container of other objects

I_

as a visibility flag.

: public

bool m_Isvi

<
sible;

eeeeeeee

*> m_Objects;
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Nodes

Class Definition Memory Layout

Matrix4

< *> m_Objects;

< S Matrix4
o1 m_Isvisible;
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Consider the follow

A Update the world transform and world
space bounding sphere for each object.

const & : :Getwor 1dBoundingSphere(const & parentTransform)
i

m_wor 1dTransform = parentTransform*m_Transform;

or i < o> S itr = m_oObjects.begin();
itr!= m_Objects.end();

++itr)
m_wor 1dBoundingSphere. Expandey ((*itr)->Getwor 1dk lingsphere(m_wor 1dTransform));

turn m_wor 1dBoundingSphere;

P
. - — < + 0 A~ Y
= == = X.g’d _‘ao RXAD)‘% g{i‘;\
—J 3 Slide 26 e s
PlayStation.3 o



Sony Computer Entertainment Europe

NY

SCEE" &y
Consi der t he f ol l owl

A Leaf nodes (objects) return transformed
bounding spheres

virtual const & Getwor 1dBoundingsphere(const & parentTransform)
1
if(m_Dirty)

m_wor 1dBoundingSphere = m_BoundingsSphere. Transform(parentTransform);

“eturn m_wor ldBoundingSphere;
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Consi der t he f ol l owl

A Leaf nodinat s s wiisen o TN transformed
bounding ©°e?

1 const & Getwor 1dBoundingsSphere(const & parentTransform)

if(m_Dirty)
m_wor 1dBoundingSphere = m_BoundingsSphere. Transform(parentTransform);
return m_wor ldBoundingSphere;
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Consider the follow

y A [ | L] a \ a a [ o

A Leaf nodf <ormed
bOU ndin N misprediction which costs 23 or 24

& parentTransform)

if(m_pirty)

m_wor 1dBoundingSphere = m_BoundingsSphere. Transform(parentTransform);
n m_wor 1dBoundingSphere;
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Consider the follow

A Leaf nodes (objects) return transformed

bou ndin Calculation of the world bounding sphere
takes only 12 cycles.

& Getwor 1dBoundingsphere(( & parentTransform)

if(m_pirty)

m_wor 1dBoundingSphere = m_BoundingsSphere. Transform(parentTransform);
return m_wor ldBoundingSphere;
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Consider the followi
A Leaf nodes (objects) return transformed

slower than not using one (in the case
where it is false)

& parentTransform)

if(m_pirty)

m_wor 1dBoundingSphere = m_BoundingsSphere. Transform(parentTransform);
return m_wor ldBoundingSphere;
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Main Memory

Each cache line is W

128 bytes

s
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Lets illustrate cache usage

L2 Cache
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Cache usage

Main Memory L2 Cache

|
parentTransform is already W

In the cache (somewhere)
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Cache usage

Assume this is a 128byte
boundary (start of cacheline) 2 Cache
Y

Main Memor
/////// Wi
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Cache usage

Main Memory L2 Cache

Matrix4

Matrix4

[ Load m_Transform into cache

I — a +DD A‘
—— cod 50 o, aTx X o Rt
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Cache usage

Main Memory L2 Cache

Mat

4

m_wor ldTransform = parentTransform*m_Transform;

m_WorldTransform is stored via
cache (write-back)

L I3
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Cache usage

Main Memory L2 Cache

Matrix4

w7

Matrix4

< X itr = m_Objects.begin();

itr!= m_Objects.end();
++itr)

m_wor TdBoundingSphere. Expand A ing NeXt |t |OadS m_ObjECtS

—— ——
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Cache usage

Main Memory L2 Cache

Wil V7 7777

Matrix4

Then a pointer is pulled from
somewhere else (Memory
managed by std::vector)

Object* Object* Object* Object*
Object* Object* Object® Object*

i < R s itr = m_Objects. beg
itr!= m_Objects.end();
++itr)

m_wor TdBoundingSphere. Exp:

e —— e SR S— = — = - . Dx

_ : e B 50 o B
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Cache usage

Main Memory
Wl 177777777,

Matrix4

L2 Cache

w7 A

Matrix4

radius |
Dk

i < > itr = m_Objects. 1in();
itr!l= m_Objects. e
++itr)

m_wor 1dBoundingSphere.

. — e E——— o9 .40 A
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Cache usage

[func ptr |funcptr Ifuncptr |funcptr |

Main Memory
Wl 177777777,

L2 Cache

w7 A

Matrix4

Matrix4 Matrix4

func ptr |funcptr |funcptr |funcptr

radius |
Dk

& < o itr = m_Objects.begin();
itrl= m_Objects. e
++itr)

m_wor 1dBoundingSphere.

= + 0 x‘r-J
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L /I3 Slide 40 e S ===

PlayStation.3 o



¥ I1PUBLIC SCEE%: &

Sony Computer Entertainment Europe

Research &
Development

SRMEIE

Cache usage

[func ptr |funcptr Ifuncptr |funcptr |

Main Memory
vl V7227,

Matrix4

L2 Cache

OxCODE OxCODE OxCODE OxCODE Mtin, Mctin
OxCODE OxCODE OxCODE O0xCODE
OxCODE OXCODE OxCODE OxCODE
OXxCODE OxCODE OxCODE O0xCODE
OXCODE OXCODE OxCODE OxCODE

~ ~ ~ OxCODE OxCODE OxCODE O0xCODE
0xCODE 0xCODE 0xCODE 0xCODE OxCODE OxCODE OxCODE OxCODE
O0xCODE OxCODE O0xCODE O0xCODE 0XCODE OxCODE  OXCODE
OXCODE OXCODE OXCODE OxCODE fchar* | DiCOOE] EEHECDES [GHEODE! FOH0E
0xCODE OxCODE O0xCODE
O0xCODE OxCODE OxCODE O0xCODE
OxCODE OxCODE OxCODE OxCODE
OxCODE OxCODE OxCODE OxCODE

func ptr |funcptr |funcptr |funcptr

Dbject*
Object*

Object*
Object*

Object*
Object*

Object*
Object*

A < > itr = m_Objects.begin();
itrl= m_Objects. e
++itr)

m_wor ldBoundingSphere.E

e ———— e

: : Ee—— ' e % 0
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Cache usage

Matrix4 [func ptr |funcptr Ifuncptr |func ptr |

Main Memory

L2 Cache

Mt Mol V7 7777 A 7777777
O0xCODE OxCODE OxCODE OxCODE Mtin, Mctin
OxCODE OxCODE OxCODE O0xCODE o i e ey
OxCODE OXCODE OxCODE OxCODE
OXxCODE OxCODE OxCODE O0xCODE
OXCODE OXCODE OxCODE OxCODE
= = OxCODE OxCODE OxCODE OxCODE
0xCODE 0xCODE 0xCODE 0xCODE OxCODE OxCODE OxCODE OxCODE

OxCODE OxCODE O0xCODE O0xCODE (2=rrcl I B YTl 0xCODE  0xCODE  OxCODE  OXCODE
O0XCODE OXCODE OXCODE OXCODE fchar_| fchare | Bl ocoo= oxcooe oxcooe oxcone
OxCODE OxCODE OxCODE OxCODE
OxCODE OxCODE OxCODE OxCODE
OxCODE OxCODE OxCODE OxCODE
OxCODE OxCODE OxCODE OxCODE

Matrix4

Matrix4

New code checks dirty flag the
sets world bounding sphere

Object* Object* Object* Object*
Object® Object* Object® Object*

& Getwor ld 1dingSphere(const & parentTransform)

if(m_Dirty)
m_wor 1dBoundingSphere = m_BoundingSphere. Transform(parentTransform);
return m_wor 1dBoundingSphere;

e ———
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Cache usage

[func ptr |funcptr Ifuncptr |func ptr |

Main Memory
vl V7227,

L2 Cache

O0xCODE OxCODE OxCODE OxCODE Mtin, Mctin
OxCODE OxCODE OxCODE O0xCODE o i e ey
OxCODE OXCODE OxCODE OxCODE
OXxCODE OxCODE OxCODE
OXxCODE OxXCODE OxCODE
~ OxCODE OxCODE OxCODE OxCODE
0xCODE 0xCODE 0xCODE OxCODE OxCODE OxCODE OxCODE

OvCODF Oxr.ODE 0xCONE NG ect S I YTl 0xCODE  0xCODE  OxCODE  OXCODE
X 0DS . OxUODE  |dxcosE lchal ) | | @il S %/ oxcooe oxcope oxcope oxcODE

OxCODE OxCODE OxCODE OxCODE

Nodeobs Wo r |
. OxCODE OxCODE OxCODE OxCODE
Is then Expanded
OxCODE OxCODE OxCODE OxCODE

Matrix4

Matrix4

Dbject*
Object*

Object*
Object*

Object*
Object*

Object*
Object*

i < R itr = m_Objects.begin();
itr!= m_Objects.end();
++itr)

m_wor TdBoundingSphere. Expandey ((*itr)->GetwWor | dE IingSphere(m_worldTransform));

L I3
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Cache usage

bl V7777

Matrix4

func ptr |funcptr Ifuncptr |funcptr |

Main Memory L2 Cache

V. % %
mmm Mt Mol V7 7777 A 7777777
OxCODE OxCODE OxCODE OxCODE Mtin, Mctin
OXCODE OxCODE O0xCODE OxCODE G e et Joag
OXCODE OXCODE OXCODE OxCODE
Mak OXCODE OXCODE OXCODE OxCODE
OXCODE OXCODE OXCODE OxCODE
OXCODE OXCODE OxCODE OXCODE

OxCODE OxCODE OxCODE O0xCODE
OxCODE OxCODE OxCODE OxCODE
ol 0007 7007777 OxCODE OXCODE OxCODE OxCODE m-__mo DE 0xCODE  0XCODE

XCOI
EEE P ol vatrixa 0XxCODE OXCODE OXCODE OXCODE fchar* | YUl oxcooe oxcove oxcove oxcone
char® 0xCODE OXCODE OxCODE

OxCODE OxCODE OxCODE OxCODE
‘-- OxCODE OxCODE OxCODE OxCODE

TT——] OxCODE OxCODE OxCODE OxCODE

Matiixa WiV

Matrixd

upje upject* Object* Object*
Object* Object* Object* Object*

Vectors | [ lradius |
[char® | Wik,
for( % < s itr = m_Objects.
itr!= m_Objects.end();
++itr)

Qs adius |
|

Then the next Object is
processed

r /I3 s S

PlayStation.3

m_wor 1dBoundingSphere.




¥ I1PUBLIC SCEE%: &

Sony Computer Entertainment Europe

Research &
Development

SRMEIE

Cache usage

bl V7777

Matrix4

func ptr |funcptr Ifuncptr |funcptr |

Main Memory L2 Cache

V. % %
mmm Mt Mol V7 7777 A 7777777
OxCODE OxCODE OxCODE OxCODE Mtin, Mctin
OXCODE OxCODE O0xCODE OxCODE G e et Joag
OXCODE OXCODE OXCODE OxCODE
Mak OXCODE OXCODE OXCODE OxCODE
OXCODE OXCODE OXCODE OxCODE
OXCODE OXCODE OxCODE OXCODE

OxCODE OxCODE OxCODE O0xCODE
OxCODE OxCODE OxCODE OxCODE
ol 0007 7007777 OxCODE OXCODE OxCODE OxCODE m-__mo DE 0xCODE  0XCODE

XCOI
EEE P ol vatrixa 0XxCODE OXCODE OXCODE OXCODE fchar* | YUl oxcooe oxcove oxcove oxcone
char® 0xCODE OXCODE OxCODE

OxCODE OxCODE OxCODE OxCODE
‘-- OxCODE OxCODE OxCODE OxCODE

TT——] OxCODE OxCODE OxCODE OxCODE

Matiixa WiV

Matrixd

upje upject* Object* Object*
Object* Object* Object* Object*

Vectors | [ lradius |
[char® | Wik,
for( % < s itr = m_Objects.
itr!= m_Objects.end();
++itr)

Qs adius |
|

First object costs at least 7
cache misses

r /I3 s S
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Cache usage

bl V7777

Matrix4

func ptr |funcptr Ifuncptr |funcptr |

Main Memory

Matrix4

L2 Cache

OxCODE OxCODE OxCODE OxCODE Mtin, Mctin

O0XCODE OXCODE OXxCODE OXCODE e IR e et
OXCODE OXCODE OxCODE OXCODE
Mak OXCODE OXCODE OXCODE OxCODE
OXxCODE OXCODE OXCODE OXCODE
OXCODE OXCODE OXxCODE OXCODE

OxCODE OxCODE OxCODE O0xCODE
OxCODE OxCODE OxCODE OxCODE
ol 0007 7007777 OxCODE OXCODE OxCODE OxCODE m-__mo DE 0xCODE  0XCODE

XCOI
EEE P ol vatrixa 0XxCODE OXCODE OXCODE OXCODE fchar* | YUl oxcooe oxcove oxcove oxcone
char® 0xCODE OXCODE OxCODE

OxCODE OxCODE OxCODE OxCODE

‘-- OxCODE OxCODE OxCODE OxCODE

TT——] OxCODE OxCODE OxCODE OxCODE

Matiixa WiV

Matrixd

upje Upject* Object® Object*
Object* Object* Object* Object*

— Subsequent objects cost at least
O e 2 cache misses each —

itr!= m_Objects.end();
++itr)

m_wor TdBoundingSphere. Expandey ((¥*itr)->Get

L P =
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The Test
A 11,111 nodes/objects in a
tree 5 levels deep

A Every node being
transformed

A Hierarchical culling of tree
A Render method is empty
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Performance

Node Update

M ObjectOriented

7.07 This is the time
taken just to
traverse the tree!

Transform & Update Culling Pass
Bounding Spheres

Sllde 48

Node Render
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7 01000500_main_e:\MyProjects

P
7

Syscalls

Performance Counters

PC Samples 4
B 32% [321] Node::GetWorldBounding Sphe
B 18% [182] Node::SetVisibilityRecursively{:
B 15% [153] Node::Update()

B 14% [142] Node::Render(Vectomath::Aos
B 11% [106] Modffier:: Update()

B 4% [40] Object::GetWorldBounding Sphere
B 3% [34] Object::Set Dirty(bool)

B 1% [6] Frustum::DetailedCull Bounding Spt
B <1% [3] Node::Cull{unsigned char)

B <1% [2] Cube::Update()

B <1% [1] Object::SetVisibiltyRecursively(bo
B <1% [1] Renderer::SetRenderTarget()

D e

PlayStation.3

Why Is it so slow?
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Look at GetWorldBoundingSphere()

7 01000500_main_e:\MyProjects

1%
7

Syscalls

Performance Counters

PC Samples 4

B 89% [320] Node::GetWorldBoundingSphe
B 11% [40] Object::GetWordBoundingSphe
B <1% [1] Node::Update{)

(PR R R ) =) e R el ]

—J 3

PlayStation.3

SONY

EONEHTER

EEE— ||

(T ann WiTH i“-
st

Frame: 52 - Logical Thread View

rsor: 10.450ms

Range: Start = 6.750ms, Stop = 14.925ms, Duration = 8.175ms
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2212 32
42 1
2179 46
9085 174
123 3
1
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59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

code level

Samples can be a little
misleading at the source

if{Im_Dirty)
return m_WorldBoundingSphere:

/7 1f it was dirty, then we need to update the bounding volumes and transforms

i1f (m_Parent)

m_WorldTransform = parentTransform*m_Transform:

else
m_UWorldTransform=m_Transform:

/7 was dirty, so we need to recalculate the bounds of the children

mn_WorldBoundingSphere=BoundingSphere():. // zero it

for(=std: :vector<Object*>: :const_iterator itr = m_Object=.begin():

itr!= m_Object=s.end():
++itr)

SCEEXS

Research &

Development

ingSphereé Node: :GetWorldBoundingSphere{const Matrixdé parentTransform)

m_UWorldBoundingSphere . ExpandBy( (*itr)->GetWorldBoundingSphere{m_UWorldTransform)):

m_Dirty=false;
return m_WorldBoundingSphere;
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T, U=i00izl) PIPE
£31,0=E8(x1)

r3,r3, 0=B0

r28,0=C0{rl)

r29,0=C8(rl) PIFPE
rU DxD4(r27)

372 57 const BoundingSphere

= 1
2998 4 59 if(!m_Dirty)

60 return m_Uorl

| Wl wl
wn
w

[N

/7 if it was dirt
if (m_Parent)

c27., . 0x000129B4

=0, DxDB(rZ?)

cr?,rO,DxD 01 {0001274C) REG
cr?7,0=x000129F4 01 {00012750) REG
rll,r27,0=10

v9.0,rd

r7,0=x10

r9,rT1,32 PIPE

r8, 0x20

=0, 0=30 PIPE

rl0,rd4,632

v1l2.0,.rll

v0,v0, w0

B B R e R oY 2

r28,r27, 050

v5,r9, r8

X w13, r9 0

} clrldi r9,r28,32 01 {(00012780) REG
vspltw vl,v5.,0

vspltw vE,vh.1 PIFE

ltw v2 vl2 0

LS|

2212

for(=std: :vector<Q
itr!l= m_Objec
= - 72 ++itr) 19

- 73 { 3
9085 17

2179 46

4 74 m_WorldBoundi -
= 7§ 1 3
123 3 76 m_Dirty=false:; 18
1 2

6

18 77 return m_WorldBow
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18

L

372
2998

2212

2179

9085
123

| ol wl

ol =1

| v | o |
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57
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
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const BoundingSphere&‘

if(!m_Dirty)
return m_Uorl

/7 if it was dirt
if (m_Parent)
m_WorldTranst
else
m_WorldTransf
/7 was dirty, so
m_WorldBoundingS

for(=std: :vector<Q
itrl= m_Objec
++itr)

m_WorldBoundi

m_Dirty=false:;
return m_WorldBow

Y -

a —

a P
12 2

9 1
23 1
2989 48

- - cr7,0=000129B4

- - r0,0=D8{r27)
32 2 CMpwi cr?,x»l,0=x0 01 (0001274C) REG
30 - beqg cr?7,0=x000129F4 01 {00012750) REG
1 - addi rll, r27,0=x10

3 - lux v9.,0,rd

S - 1i r7,0=x10

1 - clrldi r9,rT1,32 PIPE

- - ] 11 r8, 0x20
22 - 1li =0, 0=30 PIPE

2 - clrlda rl0,r4,32
19 - lux v12,0,.rll

3 - VEOT v0,v0, w0

- - lux vll,r9,x?

3 - addi r28,r27, 050

- - lvz v5,r9,r8
18 - lvx v13,r9.20

- - } clrldi r9,r28,32 01 {(00012780) REG
4 19 vapltw vl,v5,0

- - vspltw vg8,v5,1 PIFPE

9 1 1 v2 w12 .0
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- = au  — 4 FEUTUTON std T, U=i00(rl) PIPE
372 9 57 const BoundingSphere& | 8 - s stid £31, 0xEB (1)
L ;- oo R BN
2998 49 59 if(Im_Dirty) 15 2 C e - ztd §29 Dfxca(ilg
- - 60 return m_UWorl 9 1 i 1bz rU 0xD4(r27)
- 61 23 1 O0=DOCxrLl) o PIPE .
- - 62 /7 if it was dirty[2989 48
2212 32 63 if (m_Parent) _ - o
- - b4 n_WorldTranst : 2 1wz
= - BS else 32 2 0 cmpwi
- - 66 n_WorldTransf i - 1 beq
- - 67 /7 was dirty, so é - L 8day
42 1 &8 m_WorldBoundingS g £
- - B9 1 =
2179 46 70 for(=std: :vector<Q T =
- -1 itrl= m_Objeci| %3 =
- - 72 ++itr) 19—
- - 73 _ 3 -
9085 174 74 m_WorldBoundi 2 %
N B 3 -
123 3 76 m_Dirty=false:; 18 -
é return m_WorldBou P r9,r28,3 01 (00012780) REG
= 3 1
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Some rough calculations

Branch Mispredictions: 50,421 @ 23 cycles each ~=0.36ms
O[ig " T AT : =) i B B L
200
HW Thread 1 - Total = 18615, Peak = 151
0 ________________________ } Tlmimly bbb R - PRARS SRR SARS SN 'y u """"""""""""""""" B < T T
10000
:45-
PPU TWO PPC INSTRUCTIONS COMPLETEL e L aees Coxtn
HW Thread 0 - Total = 2107120, Peak = 650( Range: Start = 6.775ms, Stop = 14.900ms, Duration = 8.125ms
______________________________ PPU BRANCH INSTRUCTION COMPLETED: dX = 482 (Total = 173573)
0 ' el ! PPU BRANCH INSTRUCTION COMPLETED: dX = 0 (Total = 12274)
6000 PPU BRANCH MISPREDICTION: dX = 76 (Total = 47650)
PPU BRANCH MISPREDICTION: dX = 0 (Total = 2731)
PPU TWO PPC INSTRUCTIONS COMPLETED: dX = 1612 (Total = 1150460)
HW Thread 1 - Total = 627523, Peak = 5158 PPU TWO PPC INSTRUCTIONS COMPLETED: dX = 0 (Total = 87381)
0 L2 MISS: dX = 113 (Total = 36345)
600 i
L2 MISS
HW Thread 0 - Total = 132062, Peak = 459
D o akada ' b |y - 1 L — i e M_- --------------------------------- o
PC Sample
X 467 [355] <idle>
B 45% [346] Node::GetWordBounding Sphere (Ve
8 coca

= T = ————— = S—n x

— ————— R ARV
L /I3 — : Slide 55 e
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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 b
—_—
HW Thread 1 - Total = 18615, Peak = 151
D _________________________ ) { Eaabr O il | . -—_'-'_'-—_'-—J“ """"""""""""""""""""""" RSN = = = = ===
10000
45 - Ped
PPU TWO PPC INSTRUCTIONS COMPLETEL b & e Codens
HW Thread 0 - Total = 2107120, Peak = 650( Range: Start = 6.775ms, Stop = 14.900ms, Duration = 8.125ms
______________________________ PPU BRANCH INSTRUCTION COMPLETED: dX = 482 (Total = 173973)
i s , PPU BRANCH INSTRUCTION COMPLETED: dX = 0 (Total = 12274)
6000 PPU BRANCH MISPREDICTION: dX = 76 (Total = 47630)
PPU BRANCH MISPREDICTION: dX = 0 (Total = 2731)
‘ } PPU TWO PPC INSTRUCTIONS COMPLETED: dX = 1612 (Total = 1150460)
HW Thread 1 - Total = 627523, Peak = 5158 PPU TWO PPC INSTRUCTIONS COMPLETED: dX = 0 (Total = 87381)
: L2 MISS: dX = 113 (Total = 36345)
600 B
L2 MISS
HW Thread 0 - Total = 132062, Peak = 459
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