Code Clinic: How to Write Code the Compiler Can
Actually Optimize
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Or...
Yet another privileged CIS white
male in the AAA space talking
abut data.



What is good code?

Our role is not to write "good" code. Our role is to solve our problems
well.

With fixed hardware resources, that often means reducing waste or at
least having the potential to reduce waste (i.e. optimizable) so that we
can solve bigger and more interesting problems in the same space.

"Good" code in that context is the code that was written based on a
rational and reasoned analysis of the actual problems that need solving,
hardware resources, and available production time.

i.e. At the very least not using the "pull it out your ass" design method
combined with a goal to "solve all problems for everyone, everywhere."



Can’t the compiler do it?



A little review...



By Agner Fog. Technical University of Denmark.
Copyright © 1996 - 2014. Last updated 2014-02-19.

(AMD Piledriver)

SQRTSS/PS 13-15
VSQRTPS 14-15
SQRTSD/PD  24-26
VSQRTPD 24-26

http://www.agner.org/optimize/instruction_tables.pdf



By Agner Fog. Technical University of Denmark.
Copyright © 1996 - 2014. Last updated 2014-02-19.
(AMD Piledriver)

FSIN 60-146
FCOS ~154

FSINCOS 36-141
FPTAN 36-204
FPATAN 60-352

http://www.agner.org/optimize/instruction_tables.pdf



Tony Albrecht — Technical Consultant

Developer Services
CSCYiPUBLIC P ——

Besssens @
CPU/Memory performance

100,000

FO Q00 [rrerrrrrrrernnssrsnnsmnmnmsnnnrmrnmerisssmmmsmmmmsrmisioriisssttsisttsmioriimsistsimmttsiersssismsssnsntnrssssssssnsessessssss agualler Wessesrssnsasssns
Q 1000 ......................................................................................................................................................................
g
)
£ Processor
S ot Processor-Memory
- TR {4 4 G P B .~ B R LA K e AN RS
4 Performance Gap

12 5| DR PEs e S e R 1, SR A A R AT S (e PRy e T ey P RO A P e BRPOR O Pt e e r e
Memory
1 1 1 1 1
1980 1985 1990 1995 2000 2005 2010 ‘
Year Ot

- = m— x.*d 50 3(“ % X :
¢ll? P ' 5 Slide 17 Computer architecture: a quantitative approach + * i - sl -
' PaySuion By John L. Hennessy, David A. Patterson, Andrea C_ Arpaci-Dusseau * 3

http://research.scee.net/files/presentations/gcapaustralia09/Pitfalls_of Object_Oriented Programming_GCAP_09.pdf



Memory Caching
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http://www.gameenginebook.com/SINFO.pdf




The Battle of North Bridge
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|2 cache misses/frame

(Most significant component)



http://deplinenoise.wordpress.com/2013/12/28/optimizable-code/ Andreas Fredilksson
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class GameObject | San Fernando, CA - deplinenoise.wordpress.com

float m Pos[2];
float m Velocityl[2]:
char m Name [32];
Model* m Model;

// ... other members

float m Foo;

void UpdateFoo(float f)

float mag = sgrtf|
m Velocity[0] * m Velocity[O0] +
m Velocity[l] * m Velocityl[1l]):;

m Foo += mag * f;



MiBGameOhbhject?UpdateFooEf :

BBHA:

-Ltmph =

# P_ZN1BGameObject?UpdateFooEf

.cfi_startproc

pus hg

vihx

.cfi_def cfa offzet 16
$16,. #rsp

suhg

.cfi_def cfa offzet 32

.cfi_offset xyrbhx,. —-16

movss
mow

MmoOVsSs
movss
mulss
mulss
addss
callg
mulss
addss
movss
addg

popq
ret

.51Ze

wuxmmB, 12Cxprspr # 4-byte Spill
#»rdi, 2rbx

B8 Cxrbhx), #*xmml

12C:rhx> . #xmmd

#»yxmml, *xmml

wxmmd,. *xmm@

wxmml, >xmmB

agrtf

12Cxprspr,. #“xmmd ## 4-byte Folded Reload
184 C<rbx»,. ¥xmm@

wxmmi, 184Cxrbx)

%

“rhx

_ZN18Game0Obhject?UpdateFooEf . .Ltmpbh—_ZN1B8GameOhject?UpdateFooEf

-.cfi_endproc




MiBGameOhbhject?UpdateFooEf :

BBHA:

-Ltmph =

# P_ZN1BGameObject?UpdateFooEf

.cfi_startproc

pus hg

vihx

.cfi_def cfa offzet 16
$16,. #rsp

suhg

.cfi_def cfa offzet 32

.cfi_offset xyrbhx,. —-16

movss
mov g
mMoVsSs
movss
mulss
mulss
addss
callg
mulss
addss
movss
addg

popq
ret

.51Ze

wuxmmB, 12Cxprspr # 4-byte Spill
#“rdi, #rbx

B8 Cxrbhx), #*xmml

12C:rhx> . #xmmd

#xmml . Xxmml

wxmmd,. *xmm@

wxmml, >xmmB

agrtf

12Cxprspr,. #“xmmd ## 4-byte Folded Reload
184 C<rbx»,. ¥xmm@

wxmmi, 184Cxrbx)

%

“rhx

_ZN18Game0Obhject?UpdateFooEf . .Ltmpbh—_ZN1B8GameOhject?UpdateFooEf

-.cfi_endproc




MiBGameOhbhject?UpdateFooEf :

BBHA:

-Ltmph =

# P_ZN1BGameObject?UpdateFooEf

.cfi_startproc

pus hg

vihx

.cfi_def cfa offzet 16
$16,. #rsp

suhg

.cfi_def cfa offzet 32

.cfi_offset xyrbhx,. —-16

movss
mow

MmoOVsSs
movss
mulss
mulss
addss
callg
mulss
addss
movss
addg

popq
ret

.51Ze

wuxmmB, 12Cxprspr # 4-byte Spill
#»rdi, 2rbx

B8 Cxrbhx), #*xmml

12C:rhx>» . #xmmd

#»yxmml, *xmml

wxmmd,. *xmm@

#yxmml, *xmmB

sgrtf

12Cxprspr,. #“xmmd ## 4-byte Folded Reload
184 C<rbx»,. ¥xmm@

wxmmi, 184Cxrbx)

%

“rhx

_ZN18Game0Obhject?UpdateFooEf . .Ltmpbh—_ZN1B8GameOhject?UpdateFooEf

-.cfi_endproc




MiBGameOhbhject?UpdateFooEf : # P_ZN1BGameObject?UpdateFooEf
.cfi_startproc

BBH#A:
pus hg » 1 b

.cfi_def cfa offzet 16
suhig $16,. #rsp

.cfi_def cfa offzet 32

.cfi off=et xyrbx,. —-16
movss wuxmmB, 12Cxprspr # 4-byte Spill
mow g “pdi, xrbx
movss B8 Cxrbhx), #*xmml
movss 12C:rhx> . #xmmd
mulss #»yxmml, *xmml
wxmmd,. *xmm@
waemmd  cesemmiA
agrtf
LLVAPSPY . AXmmy # 4—pyte Folded Reload
184 C<rbx»,. ¥xmm@
wxmmi, 184Cxrbx)
%
“rhx

-Ltmph =
-size _fAN18GameObject?UpdateFooEf . .Ltmp5—_ZN1B8GameObject?UpdateFooEf
-.cfi_endproc




MiBGameOhbhject?UpdateFooEf :

BBHA:

-Ltmph =

# P_ZN1BGameObject?UpdateFooEf

.cfi_startproc

pus hg

vihx

.cfi_def cfa offzet 16
$16,. #rsp

suhg

.cfi_def cfa offzet 32

.cfi_offset xyrbhx,. —-16

movss
mow

MmoOVsSs
movss
mulss

mulss
addss

FoRC B P

e e g

mulss
addss

movss
addg

popq
ret

.51Ze

wuxmmB, 12Cxprspr # 4-byte Spill
#»rdi, 2rbx

B8 Cxrbhx), #*xmml

12C:rhx> . #xmmd

#»yxmml, *xmml

wxmmd,. *xmm@

wxmml, >xmmB

e I

g e wa

12Cxprspr,. #“xmmd ## 4-byte Folded Reload
1853 rhxy, ZAxmm#l

#»xmmB, 184Cirhx>

%

“1rhx

_ZN18Game0Obhject?UpdateFooEf . .Ltmpbh—_ZN1B8GameOhject?UpdateFooEf

-.cfi_endproc




MiBGameOhbhject?UpdateFooEf :

BBHA:

-Ltmph =

# P_ZN1BGameObject?UpdateFooEf

.cfi_startproc

pus hg

vrhx

.cfi_def cfa offset 16
$16,. #psp

suhg

.cfi_def cfa offzet 32

.cfi_offset xyrbhx,. —-16

movss
mow

MmoOVsSs
movss
mulss
mulss
addss
callg

mu oo

addss
MmoOVsSSs
addg

popq
ret

.51ZE

“»xmmB, 12C<pspr # 4-byte Spill
#»rdi, 2rbx

B8 Cxrbhx), #*xmml

12C2rhx> . »xmmd

#xmml, *xmml

#xmml, ¥xmmd

#»xmml, >xmmB

agrtf

12 xwand ¥ xmmid #t 4—hyte Folded Reload
184 C<rbx»,. ¥xmm@

wxmmi, 184Cxrbhx)

216, »r=p

wrhx

_ZMN18Game0Object?UpdateFooEf . .Ltmpbh—_ZN1BGameOhject?UpdateFooEf

-.cfi_endproc




ZN1@GameObject?UpdateFookEf : # P_ZN1BGameObject?UpdateFooEf
.cfi_startproc

BBH#A:
pus hg » 1 b

.cfi_def_cfa_offset 16
suhig $16,. #rsp

.cfi_def cfa offzet 32

.cfi_offset #“rbhx, —16
movss wuxmmB, 12Cxprspr
mow g “pdi, xrbx
movss 8 Cxrbx),. xxmml
movss 12Cxprhx>,. #“xmmB
mulss wxmml . *xmml
mulss wxmmB,. *xmmB
addss #»xmml . *xmm@
callg agrtf
mulss 12Cxprspr,. #“xmmd ## 4-byte Folded Reload
addss 184 Crbx>, #xmmB
movss wuxmmB, 184C:rhx)
addg %
popg b
ret
-Ltmph =
.zize _ZM1B8GameObject?UpdateFooEf, .Ltmp5—_ZN1B8GameOhject?UpdateFooEf
-.cfi_endproc




ZN1@GameObject?UpdateFookEf : # P_ZN1BGameObject?UpdateFooEf
.cfi_startproc

BBH#A:
pus hg » 1 b

.cfi_def_cfa_offset 16
suhig $16,. #rsp

.cfi_def cfa offzet 32

.cfi_offset #“rbhx, —16
movss wuxmmB, 12Cxprspr
mow g “pdi, xrbx
movss 8 Cxrbx),. xxmml
movss 12Cxprhx>,. #“xmmB
mulss wxmml . *xmml
mulss wxmmB,. *xmmB
addss #»xmml . *xmm@
callg agrtf
mulss 12Cxprspr,. #“xmmd ## 4-byte Folded Reload
addss 184 Crbx>, #xmmB
movss wuxmmB, 184C:rhx)
addg %
popg b
ret
-Ltmph =
.zize _ZM1B8GameObject?UpdateFooEf, .Ltmp5—_ZN1B8GameOhject?UpdateFooEf
-.cfi_endproc




MiBGameOhbhject?UpdateFooEf : # P_ZN1BGameObject?UpdateFooEf
.cfi_startproc
BB#A:
pus hg » 1 b
Ltmp2:
.cfi_def_cfa_offset 16
suhig $16,. #rsp
-Ltmp3:
-.cfi_def_cfa_offset 32
Ltmp4d:
.cfi_offszset xrbhx, —-16
movss wuxmmB, 12Cxprspr
mow g “pdi, xrbx
movss 8 Cxerbx),. »uwmml
movss 12Cxrhx),. ¥xmmB
mulzss »xmml, *xmml

Compiler can solve about 1-10% of the problem space.
I.e. the vast majority of problems are things the compiler can’t reason about

-Ltmph =
-size _fAN18GameObject?UpdateFooEf . .Ltmp5—_ZN1B8GameObject?UpdateFooEf
-.cfi_endproc




Compiler cannot solve the most
significant problem:s.




See also:

fabs();
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Today’s subject:
The 90% of problem space we
need to solve that the compiler
cannot.

(And how we can help it with the 10% that it can.)



Simple, obvious things to look for
+ Back of the envelope calculations
= Substantial wins



What’s the most common
cause of waste?



http://www.insomniacgames.com/three-big-lies-typical-design-failures-in-game-programming-gdc10/






http://deplinenoise.wordpress.com/2013/12/28/optimizable-code/ Aé‘(iﬁfeiozze?oﬂfwffgn

Sr Engine Programmer at Insomniac Games. Asm and C. SIMD. Cigars.
Dreams of Common Lisp. Slide guitar. Vim. Git. Build Systems. All opinions
are my own, etc

class GameObject | San Fernando, CA - deplinenoise.wordpress.com

float m Pos[2];
float m Velocityl[2]:
char m Name [32];
Model* m Model;

// ... other members

float m Foo;

So how do we solve for it?

void UpdateFoo(float f)

{
float mag = sgrtf|

m Velocity[0] * m Velocity[O0] +
m Velocity[l] * m Velocityl[1l]):;

m Foo += mag * f;



|2 cache misses/frame

(Don’t waste them!)



MiBGameOhbhject?UpdateFooEf :

BBHA:

-Ltmph =

# P_ZN1BGameObject?UpdateFooEf

.cfi_startproc

pus hg

vihx

.cfi_def cfa offzet 16
$16,. #rsp

suhg

.cfi_def cfa offzet 32

.cfi_offset xyrbhx,. —-16

movss
mov g
mMoVsSs
movss
mulss
mulss
addss
callg
mulss
addss
movss
addg

popq
ret

.51Ze

wuxmmB, 12Cxprspr # 4-byte Spill
#“rdi, #rbx

B8 Cxrbhx), #*xmml

12C:rhx> . #xmmd

#xmml . Xxmml

wxmmd,. *xmm@

wxmml, >xmmB

agrtf

12Cxprspr,. #“xmmd ## 4-byte Folded Reload
184 C<rbx»,. ¥xmm@

wxmmi, 184Cxrbx)

%

“rhx

_ZN18Game0Obhject?UpdateFooEf . .Ltmpbh—_ZN1B8GameOhject?UpdateFooEf

-.cfi_endproc




MiBGameOhbhject?UpdateFooEf :

BBHA:

-Ltmph =

# P_ZN1BGameObject?UpdateFooEf

.cfi_startproc

pus hg

vihx

.cfi_def cfa offzet 16
$16,. #rsp

suhg

.cfi_def cfa offzet 32

.cfi_offset xyrbhx,. —-16

movss
mow

MmoOVsSs
movss
mulss
mulss
addss
callg
mulss
addss
movss
addg

popq
ret

.51Ze

wuxmmB, 12Cxprspr # 4-byte Spill
#»rdi, 2rbx

B8 Cxrbhx), #*xmml

12C:rhx> . #xmmd

#»yxmml, *xmml

wxmmd,. *xmm@

wxmml, >xmmB

agrtf

12 2psnry . »xmmB # 4-bute Folded Reload
184 C<rbx»,. ¥xmm@

wxmmi, 184Cxrbhx)

516, xrsp

“rhx

_ZN18Game0Obhject?UpdateFooEf . .Ltmpbh—_ZN1B8GameOhject?UpdateFooEf

-.cfi_endproc




MiBGameOhbhject?UpdateFooEf : # P_ZN1BGameObject?UpdateFooEf
.cfi_startproc

BBH#A:
pus hg » 1 b

.cfi_def cfa offzet 16
suhig $16,. #rsp

.cfi_def cfa offzet 32

.cfi_offset #“rbhx, —16
movss wuxmmB, 12Cxprspr
mow g “pdi, xrbx
movss 8 Cxrbx),. xxmml
movss 12Cxprhx>,. #“xmmB
mulss wxmml . *xmml
mulss wxmmB,. *xmmB
addss #»xmml . *xmm@
callg agrtf
mulss 12Cxprspr,. #“xmmd ## 4-byte Folded Reload
addss 184 Crbx>, #xmmB
movss wuxmmB, 184C:rhx)
addg %
popg b
ret
-Ltmph =
-5izZe _ZN18Game0Obhject?UpdateFooEf . .Ltmpbh—_ZN1B8GameOhject?UpdateFooEf
-.cfi_endproc




MiBGameOhbhject?UpdateFooEf :

BBHA:

-Ltmph =

# P_ZN1BGameObject?UpdateFooEf

.cfi_startproc

pus hg

vihx

.cfi_def cfa offzet 16
$16,. #rsp

suhg

.cfi_def cfa offzet 32

.cfi_offset xyrbhx,. —-16

movss
mow

MmoOVsSs
movss
mulss
mulss
addss
callg
mulss
addss
movss
addg

popq
ret

.51Ze

wuxmmB, 12Cxprspr
#»rdi, 2rbx

B8 Cxrbhx), #*xmml
12C:rhx> . #xmmd
#»yxmml, *xmml
wxmmd,. *xmm@
wxmml, >xmmB
agrtf

12Cxprspr,. #“xmmd ## 4-byte Folded Reload
184 C<rbx»,. ¥xmm@
wxmmi, 184Cxrbx)
%

“rhx

_fH18Gamne0bhject? Ef
-.cfi_endproc




Estruct FooUpdateIn {
float m Velocity[2];
float m_Foo;

s

Estruct FocUpdateOut {
float m _Foo;

s

Flwvoid UpdateFoos(const FooUpdateIn* in, size t count,
i
for (size t i = @; 1 < count; +1i) {
Tfloat mag = sqrif(
in[i].m Velocity[@®] * in[i].m Velocity[@] +
in[i].m Velocity[1l] * in[i].m Velocity[1]);
out[i].m Foo = in[i].m _Foo + mag * f;

FooUpdateQut* out, float T)




Estruct FooUpdateIn {
float m Velocity[2];
float m_Foo;

s

12 bytes x count(5) =72

Estruct FocUpdateOut {
float m _Foo;

s

Flwvoid UpdateFoos(const FooUpdateIn* in, size t count,
i
for (size t i = @; 1 < count; +1i) {
Tfloat mag = sqrif(
in[i].m Velocity[@®] * in[i].m Velocity[@] +
in[i].m Velocity[1l] * in[i].m Velocity[1]);
out[i].m Foo = in[i].m _Foo + mag * f;

FooUpdateQut* out, float T)




Estruct FooUpdateIn {
float m Velocity[2];
float m_Foo;

12 bytes x count(5) =72

I
Fstruct FoolpdateOut { 4 bytes x count(5) = 20
float m _Foo;
I

Fwvoid UpdateFoos(const FooUpdateIn* in, size t count, FooUpdateOQut* cut, float )
i
for (size t i = @; 1 < count; +1i) {
Tfloat mag = sqrif(
in[i].m Velocity[@®] * in[i].m Velocity[@] +
in[i].m Velocity[1l] * in[i].m Velocity[1]);
out[i].m Foo = in[i].m _Foo + mag * f;




Elstruct Foolpdateln { 12 bytes x count(32) =384 =64 x 6
float m Velocity[2];

float m_Foo;

s

Estruct FocUpdateOut {
float m _Foo;

s

4 bytes x count(32) =128 =64 x 2

Fwvoid UpdateFoos(const FooUpdateIn* in, size t count, FooUpdateOQut* cut, float )
i
for (size t i = @; 1 < count; +1i) {
Tfloat mag = sqrif(
in[i].m Velocity[@®] * in[i].m Velocity[@] +
in[i].m Velocity[1l] * in[i].m Velocity[1]);
out[i].m Foo = in[i].m _Foo + mag * f;




Elstruct Foolpdateln { 12 bytes x count(32) =384 =64 x 6
float m Velocity[2];

float m_Foo;

s

Estruct FocUpdateOut {
float m _Foo;

s

4 bytes x count(32) =128 =64 x 2

Fwvoid UpdateFoos(const FooUpdateIn* in, size t count, FooUpdateOQut* cut, float )
i
for (size t i = @; 1 < count; +1i) {
Tfloat mag = sqrif(
in[i].m _Velocity[®] * in[i].m Velocity[@] + (6/32) = ~5.33 loop/cache line
in[i].m Velocity[1l] * in[i].m Velocity[1]);
out[i].m Foo = in[i].m _Foo + mag * f;




Elstruct Foolpdateln { 12 bytes x count(32) =384 =64 x 6
float m Velocity[2];

float m_Foo;

s

Estruct FocUpdateOut {
float m _Foo;

s

4 bytes x count(32) =128 =64 x 2

Fwvoid UpdateFoos(const FooUpdateIn* in, size t count, FooUpdateOQut* cut, float )
i
for (size t i = @; 1 < count; +1i) {
Tfloat mag = sqrif(
in[i].m Velocity[@®] * in[i].m Velocity[@] + .
in[i].m Velocity[1] * in[i].m Velocity[1]); (6/32) = ~5.33 loop/cache line
out[i].m_Foo = in[i].m_Foo + mag * +; Sgrt + math = ~40 x 5.33 = 213.33 cycles/cache line




Elstruct Foolpdateln { 12 bytes x count(32) =384 =64 x 6
float m Velocity[2];

float m_Foo;

s

Estruct FocUpdateOut {
float m _Foo;

s

4 bytes x count(32) =128 =64 x 2

Fwvoid UpdateFoos(const FooUpdateIn* in, size t count, FooUpdateOQut* cut, float )
1
for (size t i = @; 1 < count; +1i) {
Tfloat mag = sqrif(
in[i].m Velocity[@®] * in[i].m Velocity[@] + .
in[i].m Velocity[1] * in[i].m Velocity[1]); (6/32) = ~5.33 loop/cache line
out[i].m_Foo = in[i].m_Foo + mag * +; Sgrt + math = ~40 x 5.33 = 213.33 cycles/cache line
+ streaming prefetch bonus




Elstruct Foolpdateln { 12 bytes x count(32) = 384 = 64 x 6
fleoat m Velocity[2];

float m_Foo;

s

Estruct FocUpdateOut {
float m_Foo;

s

4 bytes x count(32) =128 =64 x 2

Fwvoid UpdateFoos(const FooUpdateIn* in, size t count, FooUpdateOQut* cut, float )
i

for (size t i

float mag = . . :
in[i].m Ve Using cache line to capacity™ = .
in[i].m_Ve 10x speedup (6/32) = ~5.33 loop/cache line
cut[i].m_F Sqrt + math = ~40 x 5.33 = 213.33 cycles/cache line
1 + streaming prefetch bonus
I

* Used. Still not necessarily as
efficiently as possible




Estruct FooUpdateIn { 1
fleoat m Velocity[2];
float m_Foo; 3. Can
I

Estruct FocUpdateOut {

s

i

float m_Foo;

for (size t 1 =@; 1 < count; ++1i) {
float mag = sqrif(
in[i].m Velocity[@®] * in[i].m Velocity[@] +
in[i].m Velocity[1l] * in[i].m Velocity[1]);
out[i].m Foo = in[i].m _Foo + mag * f;

In addition...
. Code is maintainable

2. Code is debugable
REASON about cost of change

Fwvoid UpdateFoos(const FooUpdateIn* in, size t count, FooUpdateOQut* cut, float )

(6/32) = ~5.33 loop/cache line

Sqrt + math = ~40 x 5.33 = 213.33 cycles/cache line
+ streaming prefetch bonus



In addition...

Sstruct FooUpdateIn { 1. Code |s.ma|nta|nable
float m_Velocity[2]; 2. Code is debugable
float m Foo; 3. Can REASON about cost of change
1s
Hstruct FoolpdateOut { lgnoring inconvenient facts is not engineering;
float m_Foo; It’s dogma.

s

Fwvoid UpdateFoos(const FooUpdateIn* in, size t count, FooUpdateOQut* cut, float )

1
for (size t 1 =@; 1 < count; ++1i) {
float mag = sqrif(
in[i].m Velocity[@®] * in[i].m Velocity[@] + .
in[i].m Velocity[1] * in[i].m Velocity[1]); (6/32) = ~5.33 loop/cache line
out[i].m_Foo = in[i].m_Foo + mag * +; Sgrt + math = ~40 x 5.33 = 213.33 cycles/cache line
+ streaming prefetch bonus




Let’s review some code...



D default~ &, ~ ] ' ogre / OgreMain / src / OgreNode.cpp

| P8 569ec69 2013-10-15 [ Full commit

This source file is part of OGRE
(Object-oriented Graphics Rendering Engine)
For the latest info, see http://wwm.ogre3d.org/

Copyright (c) 2000-2013 Torus Knot Software Ltd

NV A WN -



Matias N. Goldberg

@matiasgoldberg roLiows you

Geek, Programmer, Ogre3D dev, Accountant, somewhat of an artist.
Oh and... | make games!

Argentina - yosoygames.com.ar

Mike Acton reviewed the 1.9 version. Perhaps it would've been more interesting to

see a review of the which has been refactored to better fit Data Oriented

Design principles (and I'm sure there are things | wrote to criticize). Many of the

things he criticizes of 1.9 have been fixed. Nevertheless there are things we can

learn. Note that if he weren’t right, then it would be hard to explain why there was a
between 1.9 and 2.0.

http://yosoygames.com.ar/wp/2013/11/on-mike-actons-review-of-ogrenode-cpp/



45  namespace Ogre {

46

47 NameGenerator Node::msNameGenerator( ' 'Unnamed_");

48 Node: :QueuedUpdates Node::msQueuedUpdates;

49 S v e v vk e s s e e e kO ks e e ko
590 de: :Node()

51 :mParent(9),

52 mNeedParentUpdate(false),

53 mNeedChildUpdate(false),

54 mParentNotified(false),

55 mQueuedForUpdate(false),

56 mOrientation(Quaternion: :IDENTITY),

57 mPosition(Vector3: :ZERO),

58 mScale(Vector3: :UNIT_SCALE),

59 mInheritOrientation(true),

60 mInheritScale(true),

61 mDerivedOrientation(Quaternion: :IDENTITY),
62 mDerivedPosition(Vector3: :ZERO),

63 mDerivedScale(Vector3: :UNIT_SCALE),

64 mInitialPosition(Vector3: :ZERO),

65 mInitialOrientation(Quaternion: :IDENTITY),
66 mInitialScale(Vector3: :UNIT_SCALE),

67 mCachedTransformOutOfDate(true),

68 mListener(9),

69 mDebug(@)

70 {

71 // Generate a name

72 mName = msNameGenerator.generate();

73

74 needUpdate();

75

76 }



45
46
47
48
49

51
52
53
54
55
56
57
58
59

61
62
63

65
66
67
68
69
79
71
72
73
74
75
76

namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

—tiodeoNodal)
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),

mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),

mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(®)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

(1) Can’t re-arrange memory (much)

Limited by ABI

Can’t limit unused reads

Extra padding



Can a C++ compiler re-order elements in a struct

http://stackoverflow.com/questions/916600/can-a-c-compiler-re-order-elements-in-a-struct

In theory...

Here's the relevant part of the standard:

Section 9.2.12;

Nonstatic data members of a (non-union) class declared without an intervening access-specifier are
allocated so that later members have higher addresses within a class object. The order of allocation
of nonstatic data members separated by an access-specifier is unspecified (11.1)"

share | improve this answer edited May 27 '09 at 16:54 answered May 27 '09 at 16:20
- lalf
OM 136k »220 197 0412



In practice...

las= Foo

ubhlic:
uint8_t
wintlb_t
uint8_t
hool

uint8_t
uintlé_t
uint8_t
hool

uint8_t
uintlb_t
uint8_t
hool

las= Bap

public: wint8_t
public: wintl6_t
public: wint8_t
public: hool

public: wint8_t
public: wintl6_t
public: wint8_t
public: hool

public: wint8_t
public: wintl6_t
public: uwint8_t
public: bhool




In practice...

las= Foo

ubhlic:
uint8_t
wintlb_t
uint8_t
hool

uint8_t
uintlé_t
uint8_t
hool

uint8_t
uintlb_t
uint8_t
hool

las= Bap

public: wint8_t
public: wintl6_t
public: wint8_t
public: hool

public: wint8_t
public: wintl6_t
public: wint8_t
public: hool

public: wint8_t
public: wintl6_t
public: uwint8_t
public: bhool

Cint)offsetof(
Cint)offsetof(
Cint>offsetof(
Cintdoffsetof
Cint>offsetof(
Cint>offsetof(
Cintdoffsetof
Cint>offsetof(
Cint)offsetof(
Cint)offsetof(
Cint>offsetof(
Cintdoffsetof

R R T T
LI I B L B I I I B B |
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47
48
49
50
51
52
53
54
55
56
57
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59

61
62
63

65
66
67
68
69
79
71
72
73
74
75
76

namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

de: :Node()
S

mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),

mQueuedForUpdate(false),

mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),

mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),
mInheritScale(true),

mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),

mDebug(@)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

(2) Bools and last-minute decision making



bools in structs...

lass= __attrihute__((__packedl_)) Foo

ublic:
uintd_t a#@;
uintl6_t hA;

At 4+ ~[=

hool dBa;

uint8_t al:
uintlbe_t bl
wint8_t ci:
hool di;

wuint8_t aZ:
uintlbe_t hZ;
uint8_t c2;
hool d2;




bools in structs...

lass= __attrihute__((__packedl_)) Foo

ublic:
uint8_t
uintlb_t

At 4+

hool

uint8_t
uintlb_t
uint8_t
hool

uint8_t
uintlb_t
uintd_t
hool

af;
hA;

~[=

da;

als;
bhis;
cl;
di;

a2;
hZ:
c2:
d2:

m_MeedParentUpdate;
m_MeedChildlUpdate;
m_ParentMotMotified;
m_ObjectWorld;
m_InheritScale;
m_InheritOrientation;

00

m_MeedParentlUpdate:
m_MeedChildUpdate:
m_ParentMotMotified:
m_Objectlorld:
m_InheritScale:
m_InheritOrientation:




bools in structs...

lass= __attrihute__((__packedl_)) Foo

ublic:
uintd_t a#@;
uintl6_t hA;

At 4+ ~[=

hool dBa;

uint8_t al:
uintlbe_t bl

wint8_t ci:
hool di;

wuint8_t aZ:
uintlbe_t hZ;
uint8_t c2;
hool d2;

o0

m_HeedParentUpdate; npleeulleon sl e =
m_NeedChildUpdate ; m_NeedChildllpdate:
m_ParentMotNotified; m_ParentMotNotified:
m_ObjectWorld; m_Objectlorld:
m_InheritScale; m_InheritScale:
m_InheritOrientation; m_InheritOrientation:




How is it used? What does it generate? (2) Bools and last-minute decision making

int
ElFoc::Bar{ int count )
1
int value = 8;
for (int i=B;i<count;i++)

: if { m_NeedParentUpdate )
1
value++;
¥
¥

return (value);




?BarfiFco@@QEAAHHEZ PROC 3 Foo::Bar, COMDAT

3 1696 int wvalue = @;
BEEEE 33 cB Xor eax, eax
3 1697 for (int i=8;i<count;i++)
Mee82 85 d2 test edw, edx
Baaad Je 11 jle SHORT ZLN2fBar
3 1696 int wvalue = @;
eeeBs 44 2a @1 mowv rgb, BYTE PTR [rcx]
ee89 8b ca maw ecx, edx
fLLO@Bar:
; 1698 : {
3 1699 : if { m_NeedParentUpdate )
aeeeb 45 84 c@ test réb, réb
BEaEe 74 82 je SHORT SLN1e@Bar
3 1786 : {
3 1781 : value++;
eeale T ce inc eax
fLN1B@Bar:
3 1697 for (int i=8;i<count;i++)
eea12 48 ff c9 dec rox
aeals 75 4 jne SHORT ZLL9fEBar
ELNZ2@Bar:
;3 1782 : }
3 1783 @ }
3 1784 return (value);

3 1785 @ }



?BarfiFco@@QEAAHHEZ PROC 3 Foo::Bar, COMDAT

3 1696 int wvalue = @;
BEEEE 33 cB Xor eax, eax
3 1697 for (int i=8;i<count;i++)
Mee82 85 d2 test edw, edx
Baaad Je 11 jle SHORT ZLN2fBar
3 1696 int wvalue = @;
eeeBs 44 2a @1 mowv rgb, BYTE PTR [rcx]
ee89 8b ca maw ecx, edx
411 9gEar: Re-read and re-test...
; 1698 : {
3 1699 : if { m_NeedParentUpdate )
aeeeb 45 84 c@ test réb, réb
BEaEe 74 82 je SHORT SLN1e@Bar
3 1786 : {
1701 valueit:
00010 ff co inc  eax Increment and loop...
fLN1B@Bar:
3 1697 for (int i=8;i<count;i++)
eea12 48 ff c9 dec rox
aeals 75 4 jne SHORT ZLL9fEBar
SLN2@Bar:
;3 1782 : }
3 1783 @ }
3 1784 return (value);

3 1785 @ }



?Ear@lr:m@@QEMHI-@Z PROC : Foo::Bar, COMDAT V. | S |0
3 1696 int wvalue = @; Isua tu IO

BEEEE 33 cB Xor eax, eax
3 1697 for (int i=8;i<count;i++)
Mee82 85 d2 test edw, edx
Baaad Je 11 jle SHORT ZLN2fBar
3 1696 int wvalue = @;
epeRs 44 3a el mov réb, BYTE PTR [rcx] . ..
00889 b ca mov  ecx, edx Super-conservative aliasing rules...?
411 9gEar: Re-read and re-test... P . g
Member value might change?
; 1698 : {
3 1699 : if { m_NeedParentUpdate )
aeeeb 45 84 c@ test réb, réb
BEaEe 74 82 je SHORT SLN1e@Bar
3 1786 : {
1701 valueit:
00010 ff co inc  eax Increment and loop...
fLN1B@Bar:
3 1697 for (int i=8;i<count;i++)
eea12 48 ff c9 dec rox
aeals 75 4 jne SHORT ZLL9fEBar
SLN2@Bar:
;3 1782 : }
3 1783 @ }
3 1784 return (value);
3 1785 @ }



And thus./

What about something more aggressive...?

lang version 3.4 (tags/RELEHQE_34/Fina1)
arget: xB6_b64d—unknown—linux—gnu
hread model: posix

- Lype A, i unction
ZM3Foo3BarEi: # B_ZN3Foo3BarEi

.cfi_startproc
BEB#A:
»xorl “eax, Xeax
testl »esi, xesi
Jjle .LBB1_2
BB#1 : # ».1r.ph

movzhl <(xXrdid,. xeax

neqgl wean

andl “esi, ¥eax
LBB1_2:

ret

Ltmp3:
-5ize _ZN3Foo3dBarEi, .Ltmp3-_ZN3Foo3BarEi

.cfi_endproc




And thus./

What about something more aggressive...?

lang version 3.4 (tags/RELEHQE_34/Fina1)
arget: xB6_b64d—unknown—linux—gnu
hread model: posix

ype ‘ i unction

ZM3Foo3BarEi: # B_ZN3Foo3BarEi
.cfi_startproc
B'I:H-I-ﬂ -

worl Yeax, Xeax Test once and return...
testl »esi, »esi

Jjle -LBE1_2

ul, L]

movzhl <(xXrdid,. xeax
neqgl wean
andl “esi, ¥eax
LBB1_2:
ret
Ltmp3:

-5ize _ZN3Foo3dBarEi, .Ltmp3-_ZN3Foo3BarEi
.cfi_endproc




Okay, so what about...

int
Foo::Ba»< int count >

int value = BA;
for (int i=B;:;i<count;i++)
£
if ¢ m_MeedParentlUpdate
{

value ++;

>
>
return valuel;

count >

int value = BA;
for (int i=B;:;i<count;i++>
£

if < Bay<count?> > A >

{

value ++;

>
>
return ‘value;




lang version 3.4 <tags/RELEASE_34-finall
arget: xB6_64—unknown—linux—gnu

@_ZN3Foo3BazEi hread model: posix

.cfi_startproc

xorl XEAN, XEAX
testl wesl, xesil
Jle .LBE2_7
*.1lr.ph

»xorl HEAN, XEAX We” at |eaSt |t |n||ned |t’P
movl #esi, xpBd

andl -2, »r8d

je .LEBE2_2

movl #»r8d, xecx
worl “r9d,. »r?d
.align 16, Bx78
-.LBB2_4: #uvector._body
=»*Thiz Inner Loop Header: Depth=1
movzhl C(xpdi), xedx
negl wedx
testl “esi, xedx
sety »dl
movzhl »#dl,. xedx
addl »edx, xeax
addl edx, »pr9d
addl §-2. ¥ecx
jne .LBB2_4
Jjmp .LBE2_&

»xorl #»r8d, xrid
worl “r9d,. »r?d
#»middle.bhlock
addl “r?d, xeax
cmpl #esi, xpBd
Jje .LBB2_7
.align 16, B@x78
#_ZMN3Foo3BarEi.exit
=»>This Inner Loop Header: Depth=1
movzhl C(xpdid, “ecx
negl KECX
testl “Eesi, XeCX
setyqg #cl
movzhl #cl,. xecx
addl HBCX, XEAX
incl #»rBd
cmpl #»r8d, xesi
jne .LBE2_&
.LBB2_7: ¥._crit_edge
ret
.Ltmp4:




BopRa 33
3 1711

gaeai 83
gaoad 7e

gagasc 44
2aeas 44
aaaac 44
ZLLAEBaz:

gaga+ 33

2aall 49
fLL17@Baz:
3 1699 :

aaeld 45
aaely 74

3 1781 :

gagls +f
ZLN18@Baz:

;3 1687 :

g2elb 48
gaals 75

3 1713

gaeza 83
gaezi 74

3 1715

gagad +f
ZLN3g@Baz:

3 1711

gaeze 49
aaezs 75

W&l RO = —

@ ¥or egx, eax

for (int i=@;i<count;i++)

d2 test edx, edx

25 jle SHORT $LMZ2@Baz

gz 11 mow rléb, BYTE PTR [rcx]
8b ca maw rod, edx

8b c2 mov réd, edx

9 xor BCH, BCX

8b dl may rdx, ro

if { m_NeedParentUpdate )

84 d2 test rléb, rléb

a2 je SHORT $LN1Bg@Baz
value++;

cl inc ECHK

for (int 1=0;i<count;i++)

f ca dec rdx
fa ine SHORT $LL17@Baz

if ( Bar(count) )

9 test eCx, ecx

a2 je SHORT $LMN3@Baz
value++;

ca inc eax

for (int 1=0;i<count;i++)

f c8 dec ré
ed ine SHORT §LL4EBaz

pq Visual Studio

MSVC doesn’t fare any better...



int

ElFco::Bar( int count )
i (4) Ghost reads and writes
: ..

bocl need update = m_NeedParentUpdate; I
Er;'“n;ﬂh:%,muunt,lm Don’t re-read member values or re-call functions when

t you already have the data.

if ( need_update )
1

value++;

¥
¥

return (value);

¥

int
ElFoo::Baz( int count )

1

int  wvalus & -

bool need update = Bar(count) > @; I
Tor 1Nt 1=B;1<count;1TT)

{ if ( need _update )
1
value++;
h
¥

return (value);




BAM!

ZN3Foo3BazEi:

BE#A:

LBB2_2:

-.cfi_startproc

woprl YEAX, ABax
testl “esl, ¥esi
Jjle .LBB2 2

movzhl <xrdi), xecx
neqgl HECM

»xorl MEAM, Heax
test]l wesl, HeECX
cmovgl xesi, ¥eax

ret

## @_¥2 M3Foo3Ba=Ei

# »_1r.ph

#t » YN3Foo3BarEi.exit

lang version 3.4 <tags/RELEASE_34-finall

arget: xB6_64—unknown—linux—gnu
hread model: posix




3 1697
gaged 44
pape3 33
papas 45

; 1698 :
pagag 85
Boeas Je

3 1711
Boedac 8b
fLLL18@Baz:

y 17ea
gagas 45
gaall 74
gaal3 41

ELNGEEaz:

; 1698 :
gaele 48
gaels 75

LLNB@Baz:

3 1712
gaalb 45
gaagle 41

3 1713
Baa22 85
gaag2d Je
paB2e 8b

ELLASEaz:

; 1715
Ba@28 45
gaezb 74
Bag2d £

£LN3@Baz:

3 1713
goe2f 48
gaes2 75

LLN2@Baz:

3 1728

bool need_update = m_NeedParentUpdate;

3@ B89 mav réb, BYTE PTR [rcx]
ca Hor eax, eax

33 cB Hor ri8d, r8d

for (int 1=0;i<count;i++)

d2 test edx, edx
Bf Jle SHORT SLNSEBaz
int wvalue = @;
ca mow ecx, edx
if { need_update )
84 c9 test réb, rob
a3 je SHORT $LMIg@Baz
ff c@ inc réd
for (int 1=0;i<count;i++)

f+ 9 dec rex
f3 jne SHORT $LL12@EBaz
bool need_update = Bar(count) > @;

85 c@ test réd, rad
af 9f co s=setg raéb

for (int i=8;i<count;i++)

d2 test edx, edx
ae jle SHORT %LN2@EBacz
ca mow ecx, edx

if { need_update )

84 cd test réb, réb
a2 j& SHORT $LMN3@Baz
c@ inc Eax

for (int i=8;i<count;i++)
ff 9 dec rex
fa jne SHORT $LL4EBaz

return (value);

pq Visual Studio



int
EFoo::Bar{ int count )

bocl need update = m_NeedParentUpdate;
if ( need_update )
1

Tor (1ntT 1=ﬁj1{cnunt;1++}

1
value++;
1
1

return (value);

¥

int
ElFoo::Baz{ int count )

1

el i L s
bocl need update = Ba
if { need update )

1

r{count) > @;

Tor (1Nt 1=8;1<count;i++)

1

value++;

¥
¥

return (value);

¥

(4) Ghost reads and writes

Don’t re-read member values or re-call functions when
you already have the data.

Hoist all loop-invariant reads and branches. Even super-
obvious ones that should already be in registers.



JBaz@Foo@BQEAAHHET PROC : Foo::Baz, COMDAT V' | S t |'
3 1711 @+ int walue = @; Isua u IO

gogad 33 ca wor eax, eax

3 1688 & if ({ need_update )

peeaz 3% @l cmp BYTE PTR [rcx], al °
gogad 74 a7y je  SHORT SLMW3@Baz
e
;3 1eg9 = 1
» 17ea : for (int i=0;i<count;i++)
gaeae 85 d2 test edx, edx
29888 Je 83 jle SHORT ELN3@Ba:z

3 1712 bool need_update = Bar(count) > &;
3 1713 if { need_update )

gogas af 41 c2 CMOVE eax, edx
£LN3g@Baz:

3 1714 i

3 1715 ¢ for (int i=@;i<count;i++)
; 1716 : 1

3 1717 valug++;

3 1718 = ¥

3 1719 T

1728 return (wvalue);

3 1721 @ %

gagad c3 ret a8
}Baz@Foo@E0EAAHHZY ENDP ; Foo::Baz



JBaz@Foo@BQEAAHHET PROC : Foo::Baz, COMDAT V' | S t |'
; 1711 @ int walue = @; Isua u IO

gogad 33 ca wor eax, eax
3 1688 & if ({ need_update )
peeaz 3% @l cmp BYTE PTR [rcx], al °
gogad 74 a7y je  SHORT SLMW3@Baz
[ ]
;3 1eg9 = 1
»o17es for (int i=@;i<countji++)
gaeae 85 d2 test edx, edx
29888 Je 83 jle SHORT ELN3@Ba:z
3 1712 bool need_update = Ear(cnunt} » B
;1713 if { need_update . . .
’ ( need_update ) A bit of unnecessary branching, but more-or-less equivalent.
I gogas af 41 c2 CMOVE eax, edx I
3 1714 i
3 1715 ¢ for (int i=@;i<count;i++)
; 1716 : 1
3 1717 valug++;
3 1718 = ¥
3 1719 T
1728 return (wvalue);
3 1721 @ %
gagad c3 ret a8

}Baz@Foo@E0EAAHHZY ENDP ; Foo::Baz



int
EFoo::Bar{ int count )

bocl need update = m_NeedParentUpdate;
if ( need_update )
1

Tor (1ntT 1=ﬁj1{cnunt;1++}

1
value++;
1
1

return (value);

¥

int
ElFoo::Baz{ int count )

1

M % SV u NI =~
bocl need update = Ba
if { need update )

1

r{count) > @;

Tor (1Nt 1=8;1<count;i++)
1

value++;

¥
¥

return (value);

¥

(4) Ghost reads and writes

Don’t re-read member values or re-call functions when
you already have the data.

Hoist all loop-invariant reads and branches. Even super-
obvious ones that should already be in registers.

Applies to any member fields especially.

(Not particular to bools)
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namespace Ogre { The story so far... How can you help the compiler?

NameGenerator Node::msNameGenerator( 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

—tladeochiodel)

:mParent(9),

mNeedParentUpdate(false),

mNeedChildUpdate(false),

mParentNotified(false),

ueuedForUpdate(false),

mOrientation(Quaternion: :IDENTITY),

mPosition(Vector3: :ZERO),

mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),

mInheritScale(true),

mDerivedOrientation(Quaternion: :IDENTITY),

mDerivedPosition(Vector3: :ZERO),

mDerivedScale(Vector3: :UNIT_SCALE),

mInitialPosition(Vector3: :ZERO),

mInitialOrientation(Quaternion: :IDENTITY),

mInitialScale(Vector3: :UNIT_SCALE),

mCachedTransformOutOfDate(true),

mListener(®),

mDebug(@)

7 Generate a name
mName = msNameGenerator.generate();

needUpdate();
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namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

—hiode o hodal)
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),

ueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),

mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

The story so far... How can you help the compiler?

(1) Can’t re-arrange memory (much)
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namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

—hiode o hodal)
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),

ueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),

mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

The story so far... How can you help the compiler?

(1) Can’t re-arrange memory (much)

Arrange memory by probability of access.
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namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

—tiodeoNodal)
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),

mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),

mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

The story so far... How can you help the compiler?

(1) Can’t re-arrange memory (much)

(2) Bools and last-minute decision making
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namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

—hiode o hodal)
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),

mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),

mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

The story so far... How can you help the compiler?

(1) Can’t re-arrange memory (much)

(2) Bools and last-minute decision making

Hoist decision making to first-opportunity.
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namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

—tiodeoNodal)
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),

mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),

mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(®),
mDebug(®)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

The story so far... How can you help the compiler?

(1) Can’t re-arrange memory (much)

(2) Bools and last-minute decision making

(3) Extremely low information density
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namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

—tiodeoNodal)
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),

mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),

mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(®)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

The story so far... How can you help the compiler?

(1) Can’t re-arrange memory (much)

(2) Bools and last-minute decision making

(3) Extremely low information density

Maximize memory read value.
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namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

—tiodeoNodal)
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),

mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),

mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

The story so far... How can you help the compiler?

(1) Can’t re-arrange memory (much)

(2) Bools and last-minute decision making

(3) Extremely low information density

Maximize memory read value.

How can we measure this?



oid
Foo: :Update<>

fFloat choose RandFloat{>;
bool is_spawn {choose < m_SpawnChance>;
if C(is_spawn2?
{
Spawn<);
m_SpawnChance = @A.0f;




oid
Foo: :Update<>

float choose RandFloat(): What is the information density for is_spawn

bool  is_spawn {choose < m_SpawnChance>; over time?
if (iz_swauni
{

Spawn<);

m_SpawnChance = @A.0f;




oid
Foo::Update<?

float choose = RandFloat<>; What is the information density for is_spawn
bool is spawn = Cchoose < m_SpawnChance?; over time?
printf{'d . is_spawn?l1:-H);

it C(is_spawn?

L

Spawn i
m_SpawnChance = H.8f;

The easy way.
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ARARAARANARRRARARAR1 PARARAREANANA1 ARARARARARARA]1 AIREARARRRARAR1 PARARARAREREAR] HRRARARARARARARAREAA] HARRRARARA1 ARARARAREARARABAAA
1888HAAARRARAAA1 ARARAR1 FARARHARRERRARARARARARARARAR] ARREREABAA1 HARARARABAAA] HRRREABARARARARARARARNARRRREARAA1 HERARABABARARARAR
A1 AAAAAARARARRARA1 ARARARARRANARRARAARARA1 ARARARARAAARARARAARA1 ARARA]1 AIRAAAA1 ARRARRARARARARARA] AIRARNAARARARARAA1 HARARARAAAAA1 ARAA
ARARAARANARARAA1 PARARARARAAEANARAEARARARARAR]1 FARAREARARRRARARARARARARARAAA] IRRARARARARAR]1 FARAREARANARARARARA1 ARARARAREAEARAEAAA
AARAAAARAARARRARARARARAAAARAA1 ARRERAEAR1 BARARARARARARAAARAA1 ARARARARARARARAARA1 ARRRARARARAR]1 HARAAAA1 ARRERRARARAA1 FARABABAAARERAA
ABA1 AARARARRRARARARARA]1 AIRARRANARRRRRARARARAR]1 FARAARARARARRRAR1 PARARARARAARARARA1 ARARARARARARARAARANARARA]1 AIRARARARARA]1 ARRARA1 AEA
APBRBRARRRARARABRARAERRARERRER1 ARERRRRBRABRRAR1 ARBRBRABRNARARRBRERARRRARAREE1 A0RERNARERABRA1 ARREG1 B0ABRBARAE01 BRE1 ABRBRRBREBRA0A
ARARAAAAAAARANA1 ARARARARARARAANARRARAA1 ARARARARARA] IRARARARRARARARARARARAARA] AIRARARRARARAA]1 HARARAAAANARRRRRARARARARAR] ARRAAARARAN
1980AARANARRRARARA1 ARARARAAEANA1 ARRRARARARARARARAAEARARRRRRARARANARARA] AIREARANARAA1 PARARARARAREARANARARARARARA1 AIRARAREARARARAAA
A1 A8AAAA1 ARERRARAA1 PERARARARHARRA1 BRBARARARARARARARAR] ARREAR1 BARARARABARAARRRREREABARARARARARARAA] AREREARARAE] AIRARARABARARARAR
100AAAAARARAA1 ARARARAR]1 IRRRANARRARAARARARARARARAA1 ARRARARARRARARARARA]L AIRRARARRAAA1 RRARARARARAAAANARRAAA1 PARARARARAA]1 AAA1 AERAA
ARARAARANAA1 FARARARARARARAAEANARAA1 ARARARARARARAA1 AIAEREARARARARARARARAAEA1 ANAEARA1 ARARARARAAEARANARARARARARA1 ARARA]1 AAEAA]1 BREA
ARAA1 ARRRRARARRARARARARAA1 IRRRARRRRRARARARARARARA] HRRAR]1 HRRABA1 ANARARARARAARAA1 RRABARARARA] AIBARARRARRRAA1 PARARARAR]1 IRBAAARARAR
ARARAARARARRRARARARAR]1 RARARRANARARAA1 PARARARARARAARAR] FRRARARARARAR] HARAAA] IRRARRRARARARARARARAARANARAA1 PARAA1 HARARARAAA] FRERAA
APBRBRARRRARARABRARAE1 IRPA01 BRBRRERRRRERARRRARARA1 ABRARRRARARRE1 B0ARRNARERRE1 ARRERNARERABRRARARRBRANABRRARARRBRA1 ABRBRRBERA1 BB0A
ARARAAAAARARARRARARARARARARAA]1 ARRARAARARARARAR]1 RARARARARA1 ARRARARARARAR]1 ARARRARARAAA1 BARARARARAAAANARRARRARARARARARARARAAA] ARAA
ARAREARAR1 IRRARARARARARARAARANARAA1 PARARARARAR1 AIEARARRRRRARARARAR]1 HAREARARARRARARARAR1 HARARAARARARRRARARARARA] AIRARERRARARRRARAAL
HARAAAARRARAAA1 BARARARABA]1 IRHRARERRARAA1 PERARARARARARAEREAA1 BARARARABARARARAREABRARAR1 BARARARARRRAREARARARAR]1 PARARARARARERERAAA1
ARAAAAA1 IRARARRARARARARARARAANAAA1 ARRARARARARARARAAAA1 ARAARARARAA]1 FARAARARARRARAARARARARARAARAAA]1 HRRRARRARARARARARAA]1 ARRARAERAR
ARARAARANARARARARARARARA]1 AIREARAR]1 RRARARA1 ARARA]1 AIREARARREARARARARARA]1 AIREREARANARARARA1 ARARARA]1 HAEANARARARARARARARARA]1 AAEARAEA1 A
AARAAAARAARAARARARA1 ARA]1 ARRARARRA1 BRRABARARARAR]1 IARARRRAA1 ARARARARARARARAARARARARARA1 ARARARARAAAANARAAA1 ARARARARARA] AIBARARARAA
ABAA1 AARARRRARA1 ARARA1 AIRARRANARARRRARARARA]1 AIRARAARARARA1 AIRARARARARARARAARAR] RRARARARARARARAARA] FRRARRRRRARARARARARARAEARARAA1 BA
APBRBRARRRARA1 ABRBRAERBARNBRRERRRAERRE1 B0ABRRARA1 IBRBRARRRARARERRA1 ABRPA1 AREBRIARRERNARERA1 IBRRARRBRBRABRBRRARRE1 B0RBRBRRBRERRA0A
ARARAAAAAAA1 ARRARARARARARARAANAA1 AIRERRARARARARARA] ARARAR1 ARARARARARARARARAARARRARARARARARARAR]1 ARAAARARRARRARARA1 ARARARARAAARARANA
ARAREARA1 ARRPARARARARARAAEAEA1 ARRRARARAA1 PARARAAA]1 IRRRRRRARARARAR]1 HAREARARRRRARARARARARARAREANANARARA1 ARARAR]1 HARARERRARRRRRARAAL
HBARAAA1 IRARBRBRARARAE] AIRHRAR1 AHAARERERRARARARARA] ABARARARARAA1 ARARARARARARAAAA1 ARREABARARARAR]1 HARARHA1 AREABARARERARARABARARARANA
A1 AAAAAARARARRARARARARARA]1 IRRARRARAARARARARARARAAAAAA1 ARARRARARARARARAAAARAARARAARARARARARA] ARARNAARARARARA1 ARARARARAA1 ARRARAR
ARARAARANA1 ARARA1 ARARARAAAAA] HARABARARARARARARARAAEARARREARARAA1 HARARARAREARANARARARAA1 HARARAREARANARARARARARARARAR]1 IEARAEABABA
198AAAARAARAARARARA1 ARRRARAANARARA1 BRRARA1 ARARARARARAARRRRRARARARARARAR1 IRRRARARRRARARARARARARAAAANARRARARARAA1 HARARABABAA1 ARRAA
ARAA1 AIARARRRARARARARARARAARANANARARARAA1 PARARARAARARARRRARA1 ARARARARARAARARAR]1 PRRARARARARARAAA] FRRARRRRRARARARARARA]1 ARRARAEARAA
APBRBRAA1 IARARABRARARRRARA1 ABRB01 BRRRRBRAER1 AFERRBRBRARRA1 FERRBRBRRE1 IARERRBRARRERNARERARRAAR1 ARBRBRABRBRRARRBRERRAER1 BAREREBRA0A
A1 AAAAAARARARRARARARARARAA]1 AIRNARRRRARARARARARAR]1 RARARARARARAA1 ARARARARA] ARAARRRRARRARARARAR]1 FARAAAANARRARRARARARARARARABAAA] ARAR
ARAAA1 IARAPRPARARARARARARAA]1 ARAR]1 RRARARARARAR]1 A1 AIRRRREARAR1 PARARARAREREARANARARARARARAR]1 FERAARANAR]1 PRRARARARARARARA]1 HARRBEAAA
HARAAAAARARAAA1 PARARARABABABH] IRERERBARARARARARARARARARAR1 ARARARARARARABAA1 ARREREARARARARARARAAARHNARARAAA1 BARARARARABABARARARAR
ARARAARARRARAAA1 AARA1 ARARAA1 ARNARRARAEARAA1 PARARARARRARRARARAARARARARAR]1 AIRRRARRARARAAAA1 ARARARARAAAANARRARAARARARARARAARAAA] ARERAA
ARARAARANARA1 ARARARARARARA]1 HARARABARARARARAR1 HA1 AIREARARREARARARA1 ARARARAAEARANARARA1 ARARARARAAEARANABNAA1 PARARARARARAREAEARABABA
ARAAA1 IRRRARRRRARAA1 PARARARRARARARA1 BRRABARARARARARARAAARARRARARARA1 ARARARAARARRRRRARARARARARAAAAAANA1 ARRRARARARARARARAAAAAA1 BEA
ARARAARARAA1 PARARARARARARAARANANA1 ARARARARAR]1 FARAARARARRRARAR1 PARARARARARRARANARARARAR1 HARARARAARANA1 ARRRARARARARARARAARA1 ARRAA
APBRBRARRRRRARRBRARA1 APARBRRBRBRAERRRRERAG1 IRRRRRBRBRABER1 AFERRBRIBRRERRARERRBRAAA1 ANARERABRA01 ARRBRBRABREA1 ARRBRBRRERE1 ABRA1 AB0A
ARARAAAAA1 ARERRARARARARARARAANARRARA1 ARARARARARARAA] ARRARAARARARAR]1 FARARAARRARARARARARA1 ARARARAAAA1 ARRARRARARARARARARARAAARARANR
ARARAAEAR]1 IRRARARARARARARAARANANARARA1 ARARARARA]1 AIRERRARRRARARA1 ARARARAREREARANARARARARANA]1 AIRAREARANARARARARARANARARAREARARAEAAA
A1 AHRAARRARARRARARAER1 FHRARARHARREREABRARARARARA] ABARARARAERAEAR1 BARARARABARAAAARAAR1 ARABARARARARARARHAAA1 ABABARARARARARABARARARANR
ARARAARARRARARRARARA1 ARRRARRANARRARAARARAA1 PARARARAAA]1 AIRERAARARARARARA] AIRAARRRRARAARARARARAR]1 AIRAAANAARA1 BRRARARARARARAAAAARARANA
ARAAAAA]1 FAARRARARARARARARAAEANANAEARA1 ARARARARARAAEAR] FREAA1 PARARARARA]1 AIREARANARARARAA1 HARARAREARANARARARARARARARARAAEAA] ARBAAA
AARAAAARAARARRARARAA1 FARARAA1 ARRERAA1 ARARARARARARARAAARARRARA1 ANARARARARAARAR1 RRABARARARARAAAAAA1 ARRRRRARARARARARA] AIBRRARARAA
ARARAARARARRRARAA1 HARAR]1 IRARANARRRARAA1 PARARARAARARARRRRRARARARARARARAAA] FRAAA1 PARARARARAREARANARRRARAR]1 HARARARARAARARARRRARAAL
B9BPBRARRRARARABRARAERRARA1 HBRBRRERRRRERA1 IBRRERRBRBRARRRARAE01 BRBRARRNARARRBRA01 BRNARERABRRARARAER1 ARBRBRRERRBRBRNERBRRERERRA0A
1AAAAAARARARRARARARARARARA] HARRARRARARARAR]1 FARARARARARARRARARARARARA] ARAARRRRARRARARARARARA] AIRARRARRARRARARARARARARARAAARAA1 A
ARARAARANARRRARARARARARAR]1 IEARANARRRARARARARARARAA1 AIRRRRRARARARARARARAR]1 IEARANARARARAA1 PARARAREARANARARARARARAR]1 FARAREARARABAAA
HBARAA1 ARRARERRARARARARABA]1 IBHAAREREARARARARAR1 HARARARAREREAR1 BARARARARARAARARRRREARAA1 PARARABARARHARRAA1 ABARARARARARABARARARAR
ARARAARARAARAA1 ARARARARA] AIRRARARRARAARARARARARARAAAAAA1 AAR1 ARARARARAR]1 AIRRRARRRRARAARARAA1 HARAA1 AIRRRAARARARARAA1 HARARARAAAAAAA1 B0
ARARAARANARARARARARARARAAAA1 AINARABEAA1 PARARARARARAAEAR] IRERRARARARAR]1 HARAREARANARA1 ARARARARARAAEARANARARA1 ARARARARARAREAEARAEAEA
ARARA1 AIRRRARERRARARARARAAAARAA1 ARRERRARARARARARARAA1 ARRARERRARAA1 HARARARARAARAR1 RRARARA1 ARARARAAARNARRRRRARARARA]1 AIRARARAAARARAA
ARARAARARARA1 ARARARARARARAARANANARARAA1 BAA1 PARARAAAAR] A1 FRRARARARARARA] AIRRARARARARARARARARARAARA] FRRARRRARARARARARARARAARARAAA1 A
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AAREARANARRRARARAR1 PARARAREANANA1 ARARARARARARA] AIRERRARRRRAEAA1 PARARARARAREAR] HARRRARARARARARARARA]1 HARABRBEARA1 ABAI

198HRAAARARAAA1 BARARAR]1 HARARHARRARRARARARARARARARAR] ARRAREABRAA1 HARARARARABA]1 HRRRERRABARARARARARABHRARRARAERAAA1 BAI

A1 AAAAAARARARARARA1 ARARARARAANARRARAAARAAA1 ARARARARARAAARARAAAA1 ARARA]1 ARARAA1 ANAARARRARARARARA]1 AIRARRARRARAERAEAA1 BAI

ARAAEARANARARAA1 PARARARARAAEANANARARARARARAR]1 FARARAAEARAEREARARARARARARAARA] HARARAEARARAA1 HARARARARRARAERBEARA1 ABAI

ARARAAAARAARARRARARARARAAARAA1 ARRRRRAA1 BARARARARARARAAARER1 AABARARARARARAAAA1 ARRERRARARAA1 HERARAA1 ARRARERRARAA1 |

A8A1 FARANARRRARARARARA]1 AIRARRANARARRRARARARAR] FARARAARARARRRAA1 PARARARARARRARANA1 ARRRARARARARARARAANANAAA]1 ARAARAAAI

ABRBRABRRARARABRARAARRARBRRBER1 ARERRBRBRARRRAR1 ARBRBRRERNARERARRARRARRRRANAG1 IRRARRBRBRAERA1 IBRAEB1 ARERERRA01 BRA;

ARARAAAARRARAA1 ARARARARARARAANAAAARAA1 ARARARARARA] ARARARARARRARARARARARARA] ARRARRERRARAA1 HARARARARRARRARERAEARAAAI

1980ARANARARARARA1 ARARARAREANA1 ANRRARARARARARARAREARARRRRRARARARARARA] AIREARANARAA1 PARARARARARARAARARARREARARA1 Al

A1 38HAAA1 ARERBEARAA1 BARARARARHRAAARA1 BRRARARARARARARABAR] AEREAA1 BABARARABARABARRARRERRABARARARARARAR1 ARRAREREAAA1 A1

100AAAARRARAA1 ARARARAR1 IARARRARRARARRARARARARARAA1 ARRARARARRARARARARA] AIRARRARAARA1 ARRARARARARARARARARAARA1 ARARAAAI
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APBRBRARREARARRBRERAA1 IRRA01 BRBRAERRARERABRARAERE1 ARREBRRRRERPA1 AREBRRRRERPA1 B0ABRRRRERRRRERARRERRARNBRERARRAAAEA FEEEEEEEEEEEEEs
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HARAAAARRARAAA1 BARARARABA]1 IRHRARERRARAA1 PERARARARARARAEREAA1 BARARARABARARARAREABRARAR1 BARARARARRRAREARARARAR]1 PARARARARARERERAAA1
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oid What does that tell us?
Foo: :Update<?

fFloat choose RandFloat{>;
bool is_spawn {choose < m_SpawnChance>;
if C(is_spawn2?
{
Spawn<);
m_SpawnChance = @A.0f;




oid What does that tell us?
Foo: :Update<?

Figure (~2 L2 misses each frame ) x 10,000

float choose RandFloat{}; If each cache line = 64b,

bool dis_spawn {chooze < m_SpawnChance>; 128b x 10,000 = 1,280,000 bytes
if C(is_spawn2?
{

Spawn<);

m_SpawnChance = @A.0f;




oid What does that tell us?
Foo: :Update<?

Figure (~2 L2 misses each frame ) x 10,000

float choose RandFloat{}; If each cache line = 64b,

bool is_spawn {choose < m_SpawnChance); 128b x 10,000 = 1,280,000 bytes
if C(is_spawn2?
L

Cpawnt>;

m_SpawnChance = @.8f; If avg information content = 0.732bits/frame

X 10,000 = 7320 bits
/ 8 =915 bytes




oid What does that tell us?
Foo: :Update<?

Figure (~2 L2 misses each frame ) x 10,000

float choose RandFloat{}; If each cache line = 64b,

bool is_spawn {choose < m_SpawnChance); 128b x 10,000 = 1,280,000 bytes
if C(is_spawn2?
L

Cpawnt>;

m_SpawnChance = @.8f; If avg information content = 0.732bits/frame

X 10,000 = 7320 bits
/ 8 =915 bytes

Percentage waste (Noise::Signal) =
(1,280,000-915)/1,280,000

0.99928515625



What're the alternatives?



(1) Per-frame...



(1) Per-frame...  (decision table)

1 of 512 (8*64) bits used...




(1) Per-frame...  (decision table)

1 of 512 (8*64) bits used...

(a) Make same decision x 512



(1) Per-frame...  (decision table)

1 of 512 (8*64) bits used...

(a) Make same decision x 512

(b) Combine with other reads / xforms



(1) Per-frame...  (decision table)

1 of 512 (8*64) bits used...

(a) Make same decision x 512

‘ (b) Combine with other reads / xforms ‘

Generally simplest.
- But things cannot exist in abstract bubble.
- Will require context.



(2) Over-frames...



(2) Over-frames...

i.e. Only read when needed



(2) Over-frames...

i.e. Only read when needed

oid
Foo: :Spawnt?

uint32_t next_spawn_frame = HextSpavnmFrameC>;

InzertCommand{ this, CMD_SPAWN. next_spawn_frame J;

M

Foo:Spawn




45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

61
62
63

65
66
67
68
69
79
71
72
73
74
75
76

namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

—hiode o hodal)
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),

mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),

mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

The story so far... How can you help the compiler?

(1) Can’t re-arrange memory (much)

(2) Bools and last-minute decision making

(3) Extremely low information density

Maximize memory read value.

How can we measure this?
(Try it.)
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namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

—tiodeoNodal)
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),

mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),

mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

The story so far... How can you help the compiler?

(1) Can’t re-arrange memory (much)

(2) Bools and last-minute decision making

(3) Extremely low information density

Maximize memory read value.

How can we measure this?
(Try it.)

All these “code smells” can be viewed as symptoms

of information density problems...
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namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

—tiodeoNodal)
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),

mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),

mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(®),
mDebug(®)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

The story so far... How can you help the compiler?

(1) Can’t re-arrange memory (much)

(2) Bools and last-minute decision making

(3) Extremely low information density

(4) Ghost reads and writes
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namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

—tiodeoNodal)
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),

mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),

mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(®)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

The story so far... How can you help the compiler?

(1) Can’t re-arrange memory (much)

(2) Bools and last-minute decision making

(3) Extremely low information density

(4) Ghost reads and writes

Don’t re-read member values or re-call functions when
you already have the data.
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namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

—tiodeoNodal)
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),

mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),

mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

The story so far... Hoevcoanpitar belptthelpomigiter?

(1) Can’t re-arrange memory (much)

(2) Bools and last-minute decision making

(3) Extremely low information density

(4) Ghost reads and writes

Don’t re-read member values or re-call functions when
you already have the data.

Easy to confuse compiler, even within the 10% space
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namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

Node: :Node()
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),
mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

Are we done with the constructor?
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namespace Ogre {

NameGenerator Node: :msNameGenerator('Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

Nbde::Node()l“

Parent(@),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),
mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(@),
mDebug(@)

/7 Generate a name
mName = msNameGenerator.generate();

needUpdate();

Are we done with the constructor?

(5) Over-generalization
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namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");

Node: :QueuedUpdates Node: :msQueuedUpdates;

Nbde::Node()ln

Parent(@),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),
mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

Are we done with the constructor?

(5) Over-generalization

Complex constructors tend to imply that...
- Reads are unmanaged (one at a time...)



45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

61
62
63

65
66
67
68
69
79
71
72
73
74
75
76

namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");

Node: :QueuedUpdates Node: :msQueuedUpdates;

Parent(@),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),
mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

/7 Generate a name
mName = msNameGenerator.generate();

needUpdate();

Nbde::Node()ln

Are we done with the constructor?

(5) Over-generalization

Complex constructors tend to imply that...
- Reads are unmanaged (one at a time...)
- Unnecessary reads/writes in destructors



45  namespace Ogre { Are we done with the constructor?
46

47 NameGenerator Node::msNameGenerator( Unnamed_"); . .

48 Node: :QueuedUpdates Node: :msQueuedUpdates; (5) Over-generalization
49 e e e S o e A e s T o S e e

50 Node::Node()ln

51 Parent(@),

52 mNeedParentUpdate(false),

53 nt;eedChilduzdazg(falsg), Complex constructors tend to imply that...
54 mParentNotified(false), .

se BissueiEoibiitet falze) - Reads are unmanaged (one at a time...)
56 mOrientation(Quaternion: :IDENTITY), - Unnecessary reads/writes in destructors
57 mPosition(Vector3: :ZERO), : ; :

i nScaleCVector3: :UNIT_SCALE), - Unmanaged icache (i.e. wrtuals?

59 mInheritOrientation(true), => unmanaged reads/writes

60 mInheritScale(true),

6l mDerivedOrientation(Quaternion: :IDENTITY),

62 mDerivedPosition(Vector3: :ZERO),

63 mDerivedScale(Vector3: :UNIT_SCALE),

64 mInitialPosition(Vector3: :ZERO),

65 mInitialOrientation(Quaternion: :IDENTITY),

66 mInitialScale(Vector3: :UNIT_SCALE),

67 mCachedTransformOutOfDate(true),

68 mListener(9),

69 mDebug(@)

70 {

71 // Generate a name

72 mName = msNameGenerator.generate();

73

74 needUpdate();

75

76 }



45  namespace Ogre { Are we done with the constructor?
46

47 NameGenerator Node::msNameGenerator( Unnamed_"); . .

48 Node: :QueuedUpdates Node: :msQueuedUpdates; (5) Over'general'zat'on

49 .

50

51

52 fals

53 mNeedChildUpdate(false), Complex constructors tend to imply that...
54 mParentNotified(false), .

se BisueiEoniibditet falze). - Reads are unmanaged.(ong at a time...)
56 morientation(Quaternion: : IDENTITY), - Unnecessary reads/writes in destructors
g; :z:s‘“°”(v"’Ct?"'3’ ZERO), - Unmanaged icache (i.e. virtuals)

59 | mInheritOrientation(true), => unmanaged reads/writes

50 minheritScale(true), _ - Unnecessarily complex state machines (back to bools)
6l mbDerivedOrientation(Quaternion: :IDENTITY), A

62 mDerivedPosition(Vector3: :ZERO), - E.g. 277 states

63 mDerivedScale(Vector3: :UNIT_SCALE),

64 mInitialPosition(Vector3: :ZERO),

65 mInitialOrientation(Quaternion: :IDENTITY),

66 ois =S 5

67 | mCachedTransformOutOfDate(true),

68 e

69 mDebug(@)

70 {

71 // Generate a name

72 mName = msNameGenerator.generate();

73

74 needUpdate();

75

76 }
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namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");

Node: :QueuedUpdates Node: :msQueuedUpdates;

Nbde::Node()ln

Parent(@),

mNeedChlldUpdate(ralse),
mParentNotified(false),
mQueuedForUpdate(false),

mﬁrlentatlonZQuaternion:: ENTITY),

mPosition(Vector3: :ZERO),

mInheritOrientation(true),
mInheritScale(true),

mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),

mCachedTransformOutOfDate(t:ue), \
sl s

mDebug(@) .

/7 Generate a name
mName = msNameGenerator.generate();

needUpdate();

Are we done with the constructor?

(5) Over-generalization

Complex constructors tend to imply that...
Reads are unmanaged (one at a time...)
- Unnecessary reads/writes in destructors
- Unmanaged icache (i.e. virtuals)
=> unmanaged reads/writes
- Unnecessarily complex state machines (back to bools)
- E.g. 277 states

Rule of thumb:
Store each state type separately

Store same states together
(No state value needed)
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namespace Ogre {

NameGenerator Node::msNameGenerator( ' 'Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

Node: :Node()
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),
mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: : IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(@),
mDebug(@)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

Are we done with the constructor?

(5) Over-generalization

(6) Undefined or under-defined constraints
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namespace Ogre {

NameGenerator Node: :msNameGenerator('Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

Node: :Node()
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),
mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

/7 Generate a name
mName = msNameGenerator.generate();

needUpdate();

Are we done with the constructor?

(5) Over-generalization

(6) Undefined or under-defined constraints

Imply more (wasted) reads because pretending you
don’t know what it could be.
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namespace Ogre {

NameGenerator Node: :msNameGenerator('Unnamed_");
Node: :QueuedUpdates Node: :msQueuedUpdates;

Node: :Node()
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),
mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

// Generate a name
mName = msNameGenerator.generate();

needUpdate();

Are we done with the constructor?

(5) Over-generalization

(6) Undefined or under-defined constraints

Imply more (wasted) reads because pretending you
don’t know what it could be.

e.g. Strings, generally. Filenames, in particular.
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namespace Ogre {

NameGenerator Node: :msNameGenerator('Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

Node: :Node()
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),
mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

/7 Generate a name
mName = msNameGenerator.generate();

needUpdate();

Are we done with the constructor?

(5) Over-generalization

(6) Undefined or under-defined constraints

Imply more (wasted) reads because pretending you
don’t know what it could be.

e.g. Strings, generally. Filenames, in particular.

Rule of thumb:

The best code is code that doesn’t need to exist.
Do it offline. Do it once.
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namespace Ogre {

NameGenerator Node: :msNameGenerator('Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

Node: :Node()
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),
mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(@),
mDebug(@)

/7 Generate a name
mName = msNameGenerator.generate();

needUpdate();

Are we done with the constructor?

(5) Over-generalization

(6) Undefined or under-defined constraints

(7) Over-solving (computing too much)

Compiler doesn’t have enough context to know
how to simplify your problems for you.
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namespace Ogre {

NameGenerator Node: :msNameGenerator('Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

Node: :Node()
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),
mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

/7 Generate a name
mName = msNameGenerator.generate();

needUpdate();

(5) Over-generalization

Are we done with the constructor?

(6) Undefined or under-defined constraints

(7) Over-solving (computing too much)

Compiler doesn’t have enough context to know
how to simplify your problems for you.

But you can make simple tools that do...

E.g. Premultiply matrices
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namespace Ogre {

NameGenerator Node: :msNameGenerator('Unnamed_");
Node: :QueuedUpdates Node::msQueuedUpdates;

Node: :Node()
:mParent(9),
mNeedParentUpdate(false),
mNeedChildUpdate(false),
mParentNotified(false),
mQueuedForUpdate(false),
mOrientation(Quaternion: :IDENTITY),
mPosition(Vector3: :ZERO),
mScale(Vector3: :UNIT_SCALE),
mInheritOrientation(true),
mInheritScale(true),
mDerivedOrientation(Quaternion: :IDENTITY),
mDerivedPosition(Vector3: :ZERO),
mDerivedScale(Vector3: :UNIT_SCALE),
mInitialPosition(Vector3: :ZERO),
mInitialOrientation(Quaternion: :IDENTITY),
mInitialScale(Vector3: :UNIT_SCALE),
mCachedTransformOutOfDate(true),
mListener(9),
mDebug(@)

/7 Generate a name
mName = msNameGenerator.generate();

needUpdate();

Are we done with the constructor?

(5) Over-generalization

(6) Undefined or under-defined constraints

(7) Over-solving (computing too much)

Compiler doesn’t have enough context to know
how to simplify your problems for you.

But you can make simple tools that do...
- E.g. Premultiply matrices

Work with the (actual) data you have.
- E.g. Sparse or affine matrices



Finish your derivations, please Fabian Giesen

@rygorous
hund.

http://fgiesen.wordpress.com/2010/10/21/finish-your-derivations-please/

Is the compiler going to transform this...

float alpha = max( acos( dot( v, n ) ), acos( dot( 1, n ) ) )
float beta = min( acos( dot( v, n ) ), acos( dot( 1, n ) ) ):

C = sin(alpha) * tan(beta):;

Into this... for you?

float vdotn = dot (v, n):;

float ldotn = dot(l, n);

C = sgrt((1.0 - vdotn*vdotn) * (1.0 - ldotn*ldotn))

/ max (vdotn, ldotn);



While we’re on the subject...
DESIGN PATTERNS:

Christer Ericson

@ChristerEricson roLows you

Director of Technology @ Sony Santa Monica. Author of Real-Time Collision
Detection. This is my personal account with personal opinions only!

Los Angeles - realtimecollisiondetection.net/blog/

d{d Design patterns are spoonfeed material for brainless programmers incapable of independent
thought, who will be resolved to producing code as mediocre as the design patterns they use to
create It.

http://realtimecollisiondetection.net/blog/?p=81
http://realtimecollisiondetection.net/blog/?p=44



Okay... Now a quick pass
through some other functions.
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void Node::translate(const Vector3& d, TransformSpace relativeTo)

{

switch(relativeTo)
{
case TS_LOCAL:
/7 position is relative to parent so transform downwards
mPosition += mOrientation * d;
break;
case TS_WORLD:
/7 position is relative to parent so transform upwards
if (mParent)

{
mPosition += (mParent->_getDerivedOrientation().Inverse() * d)
/ mParent->_getDerivedScale();
}
else
{
mPosition += d;
}

break;
case TS_PARENT:
mPosition += d;
break;

}
needUpdate();
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void Node::translate(const Vector3& d, TransformSpace relativeTo) (2) Bools and last-minute decision maklng
{

switch(relativeTo)
{
case TS_LOCAL:
/7 position is relative to parent so transform downwards
mPosition += mOrientation * d;
break;
case TS_WORLD:
/7 position is relative to parent so transform upwards
if (mParent)

{
mPosition += (mParent->_getDerivedOrientation().Inverse() * d)
/ mParent->_getDerivedScale();
}
else
{
mPosition += d;
}

break;
case TS_PARENT:
mPosition += d;
break;

}
needUpdate();



oid
odesTranslatelocalsY Mode* nodes. int count, const Uectord& d4d >

for <int i=H;i<count;i++>
£
Mode* node = &nodes[ils
node—>m_Position += node—>m_Orientation * ds;

3 Oou can reason about them

oid
odesTranslateWorlds Mode* nodes. int count, const Uectord& d4d >

for Cint i=A;i<{count;it+)
£
Mode* node = &node=[il;
if ¢ node—->m_Parent >
£
node—>m_FPosition += ¢ node—>m_Parent—>_getDerivedOrientation<?.Inversecdr = d >;
A node—>»m_Parent—>_getDerivedScale(>;
>
else
£
node—>m_Position += d;

oid
odesTrans lateParent? Hode* nodes, int count. const Uector3d& d4d >

for <{int i=Hi;i<counts;it++}
£
Mode*= node = &nodes[il;
node—>m_Position += dj;
3
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odesTranslatelocalsY Mode* nodes. int count, const Uectord& d4d >

for <int i=H;i<count;i++>
£
Mode* node = &nodes[ils
node—>m_Position += node—>m_Orientation * ds;

3 Oou can reason about them

oid
odesTranslateWorlds Mode* nodes. int count, const Uectord& d4d >
for <int i=H;i<count;i++> e values of each case
£
Mode* node = &nodes[ils
if ¢ node-—>m_Parent >
£
node—>m_FPosition += ¢ node—>m_Parent—>_getDerivedOrientation<?.Inversecdr = d >;
A node—>»m_Parent—>_getDerivedScale(>;
3
else
£
node—>m_FPosition += d;

oid
odesTrans lateParent?{ Hode* nodes, int count. const Uector3d& d4d >

for <{int i=Hi;i<counts;it++}
£
Mode*= node = &nodes[il;
node—>m_Position += dj;
3




oid
odesTranzlateLocalEach? Mode* nodes. int count, const Uectord= t 2

for <int i-B;i{count;i++>
£

Mode* node = &node=s[il;
Uec3d& d = =t[i];

nﬂdﬂ_}m_PﬂSitiﬂn += nDdE_}m_nl‘iEntatiﬂn * d; tates SO you Can reason about them

>

oid age
odesTranslateWorldEach{ Mode* nodes, int count, const Uectord= t > & .

the relative values of each case
for (int i=MAji{count;i++)

< * count
Mode* node = &nodesl[il;
Uecld d = #t[il;
if ¢ node—>m_Parent 2
£
node—>*m_Position += ¢ node—->m_Parent—>_getDerivedOrientationt?.Inversetd = d >;
s node—»m_Parent—2_getDerivedScale(;
>
elze
{
node—>m_Position += d;

oid
odezTranslateParentEach{ Node* nodes. int count const Uectord= t > e.g.in-garnezvs.in-ecﬁtor

for Cint i=@;i<count;it++>
£
Mode* node = &nodes[il;
Uec3d& d = =t [1];
node—>m_Position += ds;
>
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odesTranslatelocalsY Mode* nodes. int count, const Uectord& d4d >

for <int i=H;i<count;i++>
£
Mode* node = &nodes[ils
node—>m_Position += node—>m_Orientation * ds;

3 Oou can reason about them

oid
odesTranslateWorlds Mode* nodes. int count, const Uectord& d4d >
for <int i=H;i<count;i++> e values of each case
£
Mode* node = &nodes[ils
if ¢ node-—>m_Parent >
£
node—>m_FPosition += ¢ node—>m_Parent—>_getDerivedOrientation<?.Inversecdr = d >;
A node—>»m_Parent—>_getDerivedScale(>;
3
else
£
node—>m_FPosition += d;

oid
odesTrans lateParent? Hode* nodes, int count. const Uector3d& d4d >

for <{int i=Hi;i<counts;it++}
£
Mode*= node = &nodes[il;
node—>m_Position += dj;
3




oid
odesTranslateLocal( Node* nodes, int count, const Uector3& d > (baCk of the envelope read COSt)

for C(int i=0;idcount;i++)

§ ~200 cycles x 2 x count

node—=>m_Position += m_Orientation 2 d;
2




oid
odesTranslateLocal( Node* nodes, int count, const Uector3& d > (baCk of the envelope read COSt)

for C(int i=0;idcount;i++)

<
node—=>m_Position += m_Orientation 2 d;
2

~200 cycles x 2 x count

truct ModeTranslate

Uec3 m_Position;
Quat m_Orientation; ~2.28 count per 200 cycles
=~88

oid

odesTranslateliocal! NodeTranslate* pnodes. int count, const Uectordd d >

for <int i=H;i<count;i++>
{
node—>m_Position += node—>m_Orientation * d;

>




oid
odesTranslateLocal( Node* nodes, int count, const Uector3& d > (baCk of the envelope read COSt)

for C(int i=0;idcount;i++)

{
node—=>m_Position += m_Orientation 2 d;
>

~200 cycles x 2 x count

truct ModeTranslate

Uec3 m_Position;
Quat m_Orientation; ~2.28 count per 200 cycles
=~88

oid

odesTranslateliocal! NodeTranslate* pnodes. int count, const Uectordd d >

for <int i=H;i<count;i++>
{
node—>m_Position += node—>m_Orientation * d;

>

t = 2 * cross(g.xyz, V)
vl = v + g.w * t + cross(g.xyz, t)



oid
odesTranslateLocal( Node* nodes, int count, const Uector3& d > (baCk of the envelope read COSt)

for C(int i=0;idcount;i++)

{
node—=>m_Position += m_Orientation 2 d;
>

~200 cycles x 2 x count

truct ModeTranslate

Uec3 m_Position;
Quat m_Orientation; ~2.28 count per 200 cycles
=~88

oid

odesTranslateliocal! NodeTranslate* pnodes. int count, const Uectordd d >

for <int i=H;i<count;i++>
{
node—>m_Position += node—>m_Orientation * d;

>

(close enough to dig in and
measure)

t = 2 * cross(g.xyz, V)
vl = v + g.w * t + cross(g.xyz, t)



Apply the same steps recursively...

oid
odesTranslatellorldEach{ Node* nodes, int count, const Uector3* t >

for (int i=0;i{countii++)
{
Mode* node = &nodesl[il;
Uec3& d = tl[il;
if ¢ node->m_Parent >
{

node—>m_Position += ( node->m_Parent—>_getDerivedOrientation().Inverse(d * d );
/ node—>m_Parent—>_getDerivedScale();




Apply the same steps recursively...

oid
odesTranslatellorldEach{ Node* nodes, int count, const Uector3* t >

for (int i=0;i{countii++)
4
Mode* node = &nodesl[il;

llec?g d = tlil: U can reason about them
if < node->m_Parent >

L

node—>m_Position += ( node->m_Parent—>_getDerivedOrientation().Inverse(d * d );
/ node—>m_Parent—>_getDerivedScale();

Root or not; Calling function with context can distinguish



Apply the same steps recursively...

oid
odesTranslatellorldEach{ Node* nodes, int count, const Uector3* t >

for (int i=0;i{countii++)
4
Mode* node = &nodesl[il;

llec?g d = tlil: U can reason about them
if < node->m_Parent >

L

node—>m_Position += ( node->m_Parent—>_getDerivedOrientation().Inverse(d * d );
/ node—>m_Parent—>_getDerivedScale();

Root or not; Calling function with context can distinguish



Apply the same steps recursively...
oid
odesTranslatellorldEachRoot<{ Node* nodes. int count,. const Uector3d»* t )

for (int i=0;i{count;i++)

{
NMode*»* node &nodesl[il;
Uec3& d = ¢t[il; eason about them
node=>m_Position += d;

7

oid
odesTranslatellorldEachlWlithParent{ Node* nodes. int count,. const Uector3d=» t )

for <int 1=0;i<count;i++)
{

Node* node = &nodeslil;

Uec3& d = tl[il;

node=>m_Position += {( node->m_Parent—>_getDerivedOrientationC>.Inverse() * d >;
/7 node—>m_Parent—>_getDerivedScale();




Apply the same steps recursively...
oid
odesTranslatellorldEachRoot<{ Node* nodes. int count,. const Uector3d»* t )

for (int i=0;i{count;i++)

{
NMode*»* node &nodesl[il;
Uec3& d = ¢t[il; eason about them
node=>m_Position += d;

7

oid
odesTranslatellorldEachWWithParent{ Node* nodes, int count, const Uector3d»* t )

for <int 1=0;i<count;i++)
{

Node* node = &nodeslil;

Uec3& d = tl[il;

node=>m_Position += ( node->m_Parent—>_getDerivedOrientationC>.Inversed) * d >;
/7 node—->m_Parent—>_getDerivedScale();

Can’t reason well about the cost from...



in reason about them

oid
odesTranslatellorldEachilithParent< char* nodes,. int parentCount, const Uectord=* t

int k=8;

for <int i=B:i<parentCount;i++)

€
Quat = derivedOrientationInverse CQuat=)nodes;
nodes += sizeof (Quatl;

float derivedScale #{float*)nodes ;
nodes += si=zeof<float>;

wint3?2_t childCount #{nint32_t+=*=>nodes;
nodes += sizeof {uint32_t

for (int j=8;:j<{childCount;j++_ k++)
€

Uectordd d

Uector3®& childPosition

= t[kl;
nodes += sizeof{Uectordd;

#*{UectorI*dnodes;

childPosition += {derivedOrientationIlnverse = d / derivedScale;




in reason about them

oid
odesTranslatellorldEachilithParent< char* nodes,. int parentCount, const Uectord=* t

int k=8;
for <int i=B:i<parentCount;i++)
€
Quat = derivedOrientationInverse CQuat=)nodes;

nodes += sizeof(Quatl; ues of each case

float derivedScale #{float*)nodes ;
nodes += si=zeof<float>;

wint3?2_t childCount #{nint32_t+=*=>nodes;
nodes += sizeof {uint32_t

for (int j=8;:j<{childCount;j++_ k++)
€

Uectordd d

Uector3®& childPosition

= t[kl;
nodes += sizeof{Uectordd;

#*{UectorI*dnodes;

childPosition += {derivedOrientationIlnverse = d / derivedScale;
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And here...

//’ _______________________________________________________________________
void Node::rotate(const Quaternion& q, TransformSpace relativeTo)
{
/7 Normalise quaternion to avoid drift
Quaternion gnorm = q;
gnorm.normalise();
switch(relativeTo)
{

case TS_PARENT:
// Rotations are normally relative to local axes, transform up
mOrientation = gnorm * mOrientation;
break;
case TS_WORLD:
// Rotations are normally relative to local axes, transform up

mOrientation = mOrientation * _getDerivedOrientation().Inverse()
* gnorm * _getDerivedOrientation();
break;
case TS_LOCAL:

/7 Note the order of the mult, i.e. g comes after
mOrientation = mOrientation * gnorm;
break;

}

needUpdate();



Before we close, let’s
revisit...



Elstruct Foolpdateln { 12 bytes x count(32) =384 =64 x 6
float m Velocity[2];

float m_Foo;

s

Estruct FocUpdateOut {
float m _Foo;

s

4 bytes x count(32) =128 =64 x 2

Fwvoid UpdateFoos(const FooUpdateIn* in, size t count, FooUpdateOQut* cut, float )
i
for (size t i = @; 1 < count; +1i) {
Tfloat mag = sqrif(
in[i].m Velocity[@®] * in[i].m Velocity[@] +
in[i].m Velocity[1l] * in[i].m Velocity[1]);
out[i].m Foo = in[i].m _Foo + mag * f;




Good News:
Most problems are
easy to see.



Good News:
Side-effect of solving the 90%
well, compiler can solve the 10%
better.



Good News:
Organized data makes
maintenance, debugging and
concurrency much easier



Bad News:
Good programming is hard.
Bad programming is easy.



PS: Let’s get more women in
tech



