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Performance Pitfalls

Control flow can
negatively affect performance.



Performance Pitfalls

Pipeline Stall - execution delay in an
instruction pipeline to resolve a
dependency




Hardware: CPU versus GPU
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Performance Pitfalls

Pipeline Stall - execution delay in an
instruction pipeline to resolve a
dependency




Performance Pitfalls

Pipeline Stall - execution delay in an
instruction pipeline to resolve a
dependency

Warp Divergence - threads within a

warp take different paths and the
different execution paths are serialized
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Warp-Aware Trace Scheduling

Schedule instructions across basic block
boundaries to expose additional ILP...



Warp-Aware Trace Scheduling

Schedule instructions across basic block
boundaries to expose additional ILP...

while managing and
optimizing warp divergence.




Origins: Microcode Trace Scheduling

...generalizing local and disparate vertical-
to-horizontal microcode compaction

Step Description
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...generalizing local and disparate vertical-
to-horizontal microcode compaction

Step Description
1. Trace Selection
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...generalizing local and disparate vertical-
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Step Description
1. Trace Selection

2. Trace Formation



Origins: Microcode Trace Scheduling

...generalizing local and disparate vertical-
to-horizontal microcode compaction

Step Description
1. Trace Selection

2. Trace Formation

3. Local
Scheduling



Origins: Microcode Trace Scheduling

...generalizing local and disparate vertical-
to-horizontal microcode compaction

Step Description
1. Trace Selection |partition basic blocks
Into regions

2. Trace Formation|facilitate local scheduling,
potentially adding nodes

and edges

3. Local schedule instructions
Scheduling within each region






Annotate CFG

- dynamic profiling o0 A

- static branch prediction
oWk
100
BOY
D
87 50

g 13 |99 50 @
100 100
F) . 1000

H) |92



Annotate CFG

- dynamic profiling o0 A
- static branch prediction
| o B) [w
while there are unvisited
nodes 100 G
|00p 95 5
Find the next D
unvisited node, 87
with highest edge g 13 log 50
weight

50

100 100
Add node to trace e . 100 G
end loop
end while 8

92




Annotate CFG : |
- dynamic profiling (A | é
- static branch prediction |

while there are unvisited

nodes 100 G
Ioop 95 5
Find the next D
unvisited node, 87 W
with highest edge 13 |99 50
weight e @
100 100
Add node to trace G 1 100 G
end loop
| G
end while 8

H) |92



Annotate CFG 7
- dynamic profiling /60
- static branch prediction//

/ “110
while there are unvisited @
nodes 100 G
|00p 95 5
Find the next D

. 87
unvisited node,

with highest edge g 13 |99 50

weight

50

100 100
Add node to trace G 1 100 G
end loop
_ G
end while 8

92



Annotate CFG NN
- dynamic profiling o A)
- static branch prediction// /

/

. . H \ N
while there are unvisited ~_ M
nodes \190 \\\ é
IOOp 95 5

Find the next D
unvisited node, 87 W

with highest edge 13 |99 50
weight e @

100 100
Add node to trace G 1 100 G

end loop

end while 8

m 92




Annotate CFG NN
- dynamic profiling o A)
- static branch prediction// %
. - < {10 Trace # 1
while there are unvisited \\ : rase
\100
nodes l\ G \

loop r__% &
I

Find the next » 87l D) ! 0
unvisited node, ' |

with highest edge ; 13 |99 50
weight e @

100 100
Add node to trace G . 100 G

end loop

end while 8

H) |92




Annotate CFG NN
- dynamic profiling /%0 A)
- static branch prediction// /7
. o / 110 Ti # 1
while there are unvisited \\ | rase
nodes \l(io \\3
loop ///\g ~ 5
Find the next ,é; D) » o
unvisited node,gé/ %
with highest ed 113 lo9 50
weight e @
100

100
Add node to trace | e . 100

end loop
G

end while 8

H) |92




Annotate CFG NN
- dynamic profiling o A) »
- static branch prediction// /7
Ve 110 #
while there are unvisited \\ AN frace = 1
nodes ~100 AN
\ 5
loop ///\g 5
\/
Find the next /é; D) » 0
unvisited node, gé/ //
with highESt ed 13 99 50
weight e @
100 100
Add node to ta} G NG
end loop G
end while 8

H) |92




Annotate CFG NN
- dynamic profiling /60 P
- static branch predlctlon// /7
, - < {10 Trace # 1
while there are unvisited \\ \\
nodes ~00 ™\
\ 5
loop ///\g 5
\/
Find the next ,é; D) » o
unvisited node, 7 %
With highest edgé e 13 |99 s0 @
weight NN X
00

1 . 100
Add node to tr N >
e to trace \\ G

end loop Trace # 2

end while 8




Before

Y aee—

I 10 mov.u32m %rll, %ctaid.y;
11} add.s32  %rl2, %r8, 1; I
I 12| mov.u32  %rl, %tid.y;
13 mov.u32  %r2, %tid.x; |
I 21| setp.ne.s32 %p2, %r2, O: |
I 22| @%p2 bra BB2;
I
~N BBO
~ 90 ~
~
~N ~N
BBlﬁ B|32~|
. 39 BB2:
mul.wide.s32 %rd13, %r4, 4; I 40 |d.shared.f32 %f5, [%rd3]; I
add.s54 %rd14, %rd2, %rdl13; 41] Id.shared.f32 %f6, [%rd3];
cvt.s64.s32 %rd7, %r6; 42| mul.f32 %f7, %f5, %f6;
add.s64, %rd8, %rd6, %rd7; 43 st.shared.f32 [%r2], %f7;
bra.uni BB3; 44] bra.uni BB3;

|
~/

BB3:
mul.wide.s32 %rd15, %r3, 4;

add.s64 %rd12, %rdl, %rdl5;
shl.b64 %rd16, %rd4, 6;
mov.u64 %rd1l7, _param_O;
add.s64 %rd18, %rdl17, %rdl16;
mul.wide.s32 %rd19, %r2, 4,

add.s64 %rd2, %rdl8, %rd19;
Id.global.f32 %f4, [%rd2];

>

After

T ae—

10
11
12
13
21
22

mov.u32m %rll, %ctaid.y;

add.s32  %rl2, %r8, 1;
mov.u32  %rl, %tid.y;
mov.u32  %r2, %tid.x;

setp.ne.s.‘,.éZ %p2, %r2, 0;
©@%p2 bra BB2;

~N

~ BBO
~ 90 ~
~N
BBlﬁ
39 BB2:
mul.wide.s32 %rd13, %r4, 4; I 40| |d.shared.f32 %f5, [%rd3];
add.s54 %rd14, %rd2, %rdl13; 41] Id.shared.f32 %f6, [%rd3];
cvt.s64.s32 %rd7, %r6; I 42| mul.f32 %f7, %f5, %f6;
add.s64, %rd8, %rd6, %rd7; 43| st.shared.f32 [%r2], %f7;
bra.uni BB3; ) 44] bra.uni BB3;
100 -~ 100
”~
”~

N

BB2~|
I

I

BB3:
mul.wide.s32 %rd15, %r3, 4;

add.s64 %rd12, %rdl, %rdl5;
shl.b64 %rd16, %rd4, 6;
mov.u64 %rdl7, _param_O0;
add.s64 %rd18, %rdl17, %rdl16;
mul.wide.s32 %rd19, %r2, 4,

add.s64 %rd2, %rd18, %rdl9;
Id.global.f32 %f4, [%rd2];
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I 21| setp.ne.s32 %p2, %r2, O: |
I 22| @%p2 bra BB2;
I
~N BBO
~ 90 ~
~
~N ~N
BBlﬁ BB}l
39 BB2:
mul.wide.s32 %rd13, %r4, 4; I 40 |d.shared.f32 %f5, [%rd3]; I
add.s54 %rd14, %rd2, %rdl13; 41] Id.shared.f32 %f6, [%rd3];
cvt.s64.s32 %rd7, %r6; 42| mul.f32 %f7, %f5, %f6;
add.s64, %rd8, %rd6, %rd7; 43 st.shared.f32 [%r2], %f7;
bra.uni BB3; 44] bra.uni BB3;

|
~/

BB3:
mul.wide.s32 %rd15, %r3, 4;

add.s64 %rd12, %rdl, %rdl5;
shl.b64 %rd16, %rd4, 6;
mov.u64 %rd1l7, _param_O;
add.s64 %rd18, %rdl17, %rdl16;
mul.wide.s32 %rd19, %r2, 4,

add.s64 %rd2, %rdl8, %rd19;
Id.global.f32 %f4, [%rd2];

>

After

r————————————l

@D 10| mov.u32  %rll, %ctaid.y; [
EX) | 11fadd.s32 %rl2, %r8, 1; I
ax 12| mov.u32 %rl, %tid.y;
axn 1_3 mov.u32 %r2, %tid.x; |
900 21 setp.ne.;3.2 %p2, %r2, O; l

| 48|shl.b64  %rd16, %rd4, 6; I
axo 49| mov.u64 %rdl7, param_O;
! so|addses  %rdis, %rd17, %rdie; | |
X 51| mul.wide.s32 %rd19, %r2, 4; I
axo 52| add.s64 %rd2, %rd18, %rd19;
000) 53| Id.global.f32 %f4, [%rd2]; |
@D, 22| @%p2 bra BB2;

l

34
35
36
37
38

mul.wide.s32 %rd13, %r4, 4;
add.s64 %rd14, %rd2, %rdl13;
cvt.s64.532 %rd7, %r6;
add.s64, %rd8, %rd6, %rd7;
bra.uni BB3;

43

44

st.shared.f32 [%r2], %f7;
bra.uni BB3;

~
~N
~
Blj BB2~|

39| BB2:

40| |d.shared.f32 %f5, [%rd3];
41| |d.shared.f32 %f6, [%rd3];
42| mul.f32 %f7, %f5, %f6;

- BB3 7
| 45BB3:
@I | 46| mul.wide.s32 %rd15, %r3, %rds; l
ax | 4:7 add.s64 %rd12, %rdl, %rdl5; |
e ———————



Comparing Speedup and IPC Using Dynamic Profiling

g

(Ddl1)3pAD Bd peInIeX 3 SUOIPNIISU|

X
3

M 8 X | ¥ g 8 8 N
— — — — — — — — A
_ _ _ _ Al«Axﬂ,
&/4,047 &‘&
, e
_Am,zm_ 83Ucﬂmrnom i &w&v
douda2 | , |
mB nc a e v &
mBo_ nco_m- ,%/O.ﬁc&
Q<3_u8nr_63m_ 0\%/0&/ &/m/
kern , W [ &%p
e LS
likelihood_kernel &
_n_:o_-:_a_@h_asm_ <
3&8588 shared2 i %
3@83 nco_m- B 00
eudlid & S
U::EAm_ﬁm_ ] AOV
::33m6_oc_Am,3m_
lud_ Q_m@osm_ |/OO @
__<_m<_n kerne %To%
Q__mﬁmr_asm_ m N O
_AQJQ @_oc cu /@Ao o
_ABmmsm_uo_:ﬁ ” An%
| N\
_3<m_A Bmc_o_sm %@c
| AN
nm_nc_mﬂmr_“@:_o mO@M%W
nco_m noBccﬁ@:cx &
_Amﬁm_w | |
ﬁ & o
_Amﬁm_ | &§
UU:: _m<m+oﬂ<<ma ncc> 4
x x x X X x x x X
m ® 8 /& A =22 &8 8 7
— — — — — — — — o

dnpseds pu))



Backup Slides



Restricted [6] | General [0] Boosting [36] Deviant (GPU)
excludes texture, shared
Scheduling Restrictions |Legal and Safe Legal none and cons.tant mamory
operations and all
store instructions
shadow register file
Hardware Support none n_on-trap.pl ng| shadow store buffer,, none
instructions and support for
re-executing instructions
Exception Handling for prohibited ignored supported absent

Speculative Instructions




GPU Programming Model
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GPU Programming Model
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GPU Programming Model
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Characterizing the Grid...

Grid

«— gridDim.y —»

«— gridDImx ———»



Characterizing the Grid, Blocks...

Block (0,1)

L

< blockDim.x >

«— gridDim.y —»
<« blockDim.y —»

«— gridDImx ———»



Characterizing the Grid, Blocks...

Block (blockldx.x,blockldx.y)

L

< blockDim.x >

«— gridDim.y —»
<« blockDim.y —»

«— gridDImx ———»



Characterizing the Grid, Blocks, and

Threads

Block (blockldx.x,blockldx.y)

Thread (0,1)

< blockDim.x >

L

«— gridDim.y —»
<« blockDim.y —»

«— gridDImx ———»



Characterizing the Grid, Blocks, and

Threads

Block (blockldx.x,blockldx.y)

Thread (threadldx.x,threadldx.y)

L
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«— gridDim.y —»
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Warp Divergence Examples

Assuming one block of 128 threads...

Example Divergence?

if (threadldx.x < 32) { }
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Warp Divergence Examples

Assuming one block of 128 threads...

Example Divergence?
if (threadldx.x < 32) {} NO
if (threadldx.x > 15) { } YES
if (threadldx.x > 65) { } YES

if (Blockldx.x > 1) { }



Warp Divergence Examples

Assuming one block of 128 threads...

Example Divergence?
if (threadldx.x < 32) {} NO
if (threadldx.x > 15) { } YES
if (threadldx.x > 65) { } YES

if (blockldx.x>1) {} NO



