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Acceleration

JIT Cached Model

HD Scene Image

Processor Graphics
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Scene image resolution limited in software implementations

BB Set



Sliding Window
B = 0

for (s in scales)

for (y in height)

for (x in width)

if (classify(x,y,s))

B = B | bbox(x,y,s)

endif

endfor

endfor

endfor

Core to object detection applications



Parallelism

Window threads autonomous

Hundred thousands classifications

Thread private, split object buffer

Bulk resources shared, read-only 



Classify Kernel

H = 

𝑖=0

𝑁

𝛼𝑖ℎ𝑖 (N = 200)

ℎ = f( 𝐼𝑚𝑎𝑔𝑒(𝑥, 𝑦, 𝑠)) ≥ 𝜏 ?+1 ∶ −1

Viola-Jones

Series of Integral Image operators, large dot product



Working Set

Inputs

Integral 
Photo

Ensemble

Features

Outputs

Split 
Object 
Buffer

shared, 
read-only thread local, 

write-only

Ideally, all resources reside in L3



Feature Compute Sample
inline _GENX_ 

float r2c2(SurfaceIndex photo, float variance,

const Rect r0c0, const Rect r0c1,

const Rect r1c0, const Rect r1c1,

float x, float y, float scale)

{

float f = .0f;

f += Black * integral(photo, r0c0, x, y, scale);

f += White * integral(photo, r0c1, x, y, scale);

f += White * integral(photo, r1c0, x, y, scale);

f += Black * integral(photo, r1c1, x, y, scale);

return f / variance;

}



Experimental Setup

Compute platforms
◦ C-for-Media 2.4 – runtime and inline compiler

◦ OpenCL 1.0 – offline compiler

Processor Graphics

Former
Code Name

Graphics 
Generation

Frequency 
(GHz)

Skew EUs Max 
Threads

Machine
Instructions

Sandy Bridge (SNB) PG6 1.3 GT2 12 60 869

Ivy Bridge (IVB) PG7 1.1 GT2 16 128 859

Haswell (HSW) PG7.5† 0.8 GT3 40 280 859
†pre-silicon, extrapolated results



Scalability
IPS increasingly less relevant

Compute energy

𝐼𝑃𝑆

𝑊𝑎𝑡𝑡
=
𝐼𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛𝑠/𝑠𝑒𝑐

𝐽𝑜𝑢𝑙𝑒𝑠/𝑠𝑒𝑐
=
𝐼𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛𝑠

𝐽𝑜𝑢𝑙𝑒
= 𝐼𝑃𝐽

Gating, normalized IPJ†

SNB IVB HSW

1.0 1.12 1.79

†assuming identical power envelope



PG6 vs. 4-Threaded, 4-Core IA
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PG6 Parallel Efficiency
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PG7 vs. 4-Threaded, 4-Core IA
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PG7 Parallel Efficiency
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PG7 vs. PG6 Running Time
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Avg. 1.4X PG7 Arch Advantage



PG7.5 vs. 4-Threaded, 4-Core IA

5.92008
6.45216

7.42684
8.08409

8.65908
9.12499

9.51771

0

2

4

6

8

10

132 156 180 204 228 252 276

Sp
ee

d
u

p

ThreadsHSW-GT3



PG7.5 Parallel Efficiency
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Improvements

Sustainable load balance

Compact photo representation

Content split object buffer

Kernel optimization 





Summary

Sliding Window broad value proposition

IVB vs. SNB advantage attributed to L3

Seek increased scalability on BDW and SKL† 

HSW vs. IVB 1.4X max parallelism gain   

†BDW – Broadwell, SKL - Skylake


