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An Instruction Allocation Method for Accelerating GPU Applications
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Recently, graphics processing units (GPUs) are providing increasingly higher performance
with programmable internal processors, namely vertex processors (VPs) and fragment proces-
sors (FPs). Such newly added capabilities are driving us to perform general-purpose compu-
tation on GPUs (GPGPU), in addition to traditional visualization. Although VPs and FPs
are structured in a pipeline, many GPGPU implementations utilize only FPs. Therefore, such
implementations may result in lower performance due to the highly loaded FPs, namely the
performance bottleneck in the pipeline execution. The objective of our work is to improve
the performance of GPGPU programs by eliminating this bottleneck. To achieve this, this
paper presents an instruction allocation method that is capable of reducing the FP workload
by moving some instructions from the FP program to the VP program, both written in an
assembly language. Our method makes clear the requirements for moving such instructions
without changing I/O specification between the CPU and the GPU. To achieve higher per-
formance, we also consider the limitation on resources available on VPs and FPs. As a result
of applying it to a Gaussian filter program, we find that our method successfully improves
the performance with reducing the GPU execution time from approximately 19 ms to 11 ms.
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Fig.1 GPU pipeline architecture.
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01 vpOOOODOO+«x0ODOOOOODOOOODCO
Table 1 Registers in vertex processors (VPs).

0o oo ooooo
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oFog™* [ oPos[]
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R,e0000O00O0 a0* Read /write

02 FPOOOOOOO«DOOOOOOOODOOOO
Table 2 Registes in fragment processors (FPs).
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0001 mov oPos, v0
0002 mov

02 vVvPOOOODODDODOOOOOOOO
Fig.2 Example of VP program for convolution.

oT0.xy, vl

0001 mov r0.z, t0.y

0002 mov  rl.y, c4.x

0003 mov  r0.y, c4.x

0004  rcp rO.w, c3.x

0005 mov  10.x, -10.w

0006 add rl.x, r0O.w, 10w
0007 add r0.xy, 10, t0
0008 add rl.x, rl.x, r0.x
0009 add rl.y, r0.z, rly

0010 texld r2, 10, s0

0011  texld r0, rl, s0

0012 texld rl, t0, s0

0013 mul r2, r2, c0.x

0014 mad rl, clx, rl, r2
0015 mad 10, c2.x, 10, rl

0016 mov  oCO0, r0

038 FPOOOOOOOOOODOODO
Fig.3 Example of FP program for convolution.
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038 FPOOODOOOOODOOODO
Table 3 Opcodes executable only on FPs.

Capability Opcode

Texture reference texkild texldO texldb texldp
Conditional selection cmpl] cnd

Dot product and add dp2add
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0001 mov oPos, v0
0002 mov oTO0xy, vl
— 0003 mov 0.z, vly
— 0004 mov rl.y, cd.x
— 0005 mov 0.y, cd.x
— 0006 rcp r0.w, c3.x

— 0007 mov r0.x, -r0.w

— 0008 add rlx,

rO.w, 10.w

— 0009 add rO.xy, 10, t0
40010 mov oTlxy, r0.xy

— 0011 add rlx, rl.x, 10x
40012 mov o0T2.x, rl.x

— 0013 add rl.y, r0.z, rly
40014 mov oT2.y, rl.y

04 0OO0O0OOO VPOODOOOOOOODOOOOO
Fig.4 Example of VP program after moving instructions.

0001 texld r2, t1, s0

0002 texld rO, t2, s0

0003 texld rl, t0, s0

0004 mul r2, r2, c0.x
0005 mad rl, cl.x, rl, r2
0006 mad r0, c2.x, 10, rl
0007 mov  oCO, 10

05 000000 FPOOOOOOOOOODOODO
Fig.5 Example of FP program after moving instructions.
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Table 4 Experimental environments.

Pentium4 3.0 GHz

CPU FSB 800 MHz
64 bit FSB
Main memory 1GB

AGP 8X

ATI Radeon X800 Pro
Core clock 475 MHz
Memory 256 MB

Graphics bus

GPU Memory width 256 bit
Memory clock 900 MHz
6 PEs for VP
12 PEs for FP

OS Windows 2000

Rendering API DirectX 9.0
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05 KxKOOOOODOODOOOOOODOK =130
Table 5 Execution time for K X K neighborhood Gaussian filter, where K = 13.

VOslotD | FOslotO | N Filter GPU—CPU Total S0 GFLOPSO
tOmsd | t/t,0 %0 0 msO TOmsO | T/T,0 %0
256 1.1 100 2.0 3.4 100 9.7
) 63 512 4.7 100 5.3 10.4 100 8.7
768 10.5 100 11.9 23.0 100 8.7
1024 18.7 100 21.0 40.6 100 8.8
256 0.7 71 2.0 3.0 90 13.7
. 0 512 3.5 74 5.3 9.1 88 11.7
768 7.8 74 11.9 20.2 88 11.8
1024 13.8 74 21.0 35.7 88 11.9
256 0.7 69 2.0 3.0 89 14.1
. 10 512 3.4 72 5.3 9.0 87 12.0
768 7.6 72 11.9 20.1 87 12.1
1024 16.5 72 21.0 35.4 87 12.1
256 0.7 66 2.0 3.0 89 14.6
1 48 512 3.3 70 5.3 8.9 86 12.4
768 7.4 70 11.9 19.9 86 12.5
1024 13.2 70 21.0 35.1 86 12.4
256 0.7 64 2.0 2.9 88 15.1
u r 512 3.2 68 5.3 8.8 85 12.7
768 7.1 68 11.9 19.6 85 12.9
1024 12.7 68 21.0 34.7 86 12.9
256 0.7 62 2.0 2.9 87 15.7
" 26 512 3.1 66 5.3 8.8 84 13.1
768 7.0 66 11.9 19.5 85 13.2
1024 12.4 66 21.0 34.3 84 13.2
256 0.6 60 2.0 2.8 85 16.1
% i5 512 3.0 64 5.3 8.7 83 13.5
768 6.7 64 11.9 19.2 84 13.7
1024 11.9 64 21.0 33.9 84 13.7
256 0.6 53 2.0 2.8 84 18.4
18 43 512 2.8 59 5.3 8.4 81 14.8
768 6.1 58 11.9 18.6 81 15.1
1024 10.9 58 21.0 32.9 81 15.0
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06 FPOOOOUOODODDODOODOOODOOO
Table 6 Number of movable instructions.

Kernel d | Vo | Py |V | P | P/P,0%0O
2D convolution | 9 2 55 | 40 | 47 85
1D convolution | 13 2 63 | 23 | 44 70
Sort 5 2 40 | 14 | 40 100
Sum 4 2 16 9 9 56
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Table 7 Number of instructions movable from kernel

programs in fluid simulator 18),

Kernel Vo Py \%4 P P/Py0 %0
Clear — 2 2 100
Copy 2 2 2 100
Add — 6 2 6 100
Splat — 9 2 9 100
Vortex 16 2 16 100
Scroll — 11 8 4 37
Scroll2 — 11 8 4 37
Advect — 34 2 34 100
Divergence — 17 10 9 53
Jacobi — 21 10 | 13 62
Subgradient — 19 10 11 58
Display — | 41 10 | 33 80
ActuallyRender — 1 2 1 100

08 ODO00OOLDOODOODOOOOOOOOOO
Table 8 Number of instructions in shader programs.

Shader Vo|Po |V | P|P/Py0%0O
Ambient shading 6 |— |6 |— —
Diffuse shader 9 9

Lambertial diffuse shader | 12 | — | 12 | — —
Phon-blinn 25| — |25 | — —
Multitexture shader 83|83 100
Shilhouette shader 20| — |20 | — —
Toon shader 281 9 |28 9 100
Dot-3 bump mapping 19| 3 |19( 3 100
Fresnel shader 20| — |20 | — —
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