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Convolution - Input Image
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Im2col: Convolution = GEMM
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Col2im & Backward Operators
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Col2im & Backward Operators
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Overlapping Im2col & Col2im




Overlapping Im2col & Col2im

- Im2col: Duplicates 1123145 Im2col
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Overlapping Im2col & Col2im
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The DaVinci
Architecture - Altore

- Fractal Memory Layout
- Im2col & Col2im Instruction




DaVinci - Al Core

- Cube Unit
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DaVinci - Al Core / ni
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DaVinci - Al Core / e ol

- Scratch-Pad Memories

4 5 o ’
- SCU: Storage LOA LOB Unified Buffer
. . Buffer Buffer A A
Conversion Unit ; AL X ‘
3
( SCU: Im2col/Col2im )
2

\\\\ L1 Buffer AI fiij//




DaVinci - Al Core / E7 \

- Global Memory
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DaVinci - Fractal Memory Layout
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Im2col Instruction

- Loads fractals
- NC,HWC,




Im2col Instruction

- Loads fractals
- NC,HWC,

Im2col_Load
(xk,yk) = (0,0)




Im2col Instruction

- Loads fractals
- NC,HWC,
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Col2im Instruction

- Inputs are fractals
NC,HWC,




Col2im Instruction
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Col2im Instruction

Col2im_Instr
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- Inputs are fractals
NC,HWC,

ﬂ/ 9




Col2im Instruction

Col2im_Instr
(Xk,yk) = (0,0)
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Col2im Instruction

Col2im_Instr
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Im2col & Col2im Based Pooling




Forward Pooling
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Forward Pooling
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Forward Pooling
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Forward Pooling
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Forward Pooling
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Forward Pooling + Mask
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Forward Pooling + Mask
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Im2col-Based Forward Pooling (+ Mask)
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Unified Buffer

Backward Pooling

(| [ 'sov: Im2co1/cor2im 3
| 2
| L1 Buffer AT ?
¥
[ 1
[ =M ][ por  |[L2 Buffer |

Global Memory

Gradient Output_Mask|
Mask UB UB UB Merge—» Output UB
A A |
Load Load Store
I I \ 4
Gradient
Mask GM oM Output GM




Backward Pooling

Unified Buffer
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Backward Pooling
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Backward Pooling

Unified Buffer
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Backward Pooling
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Backward Pooling
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Col2zim-Based Backward Pooling
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Avgpool
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Experimental
Evaluation - InceptionV3 Comparison

- Stride Tests




Maxpool Inputs in CNNs

CNN Input 1 Input 2 Input 3 Input 4
InceptionV3 147,147,64 71,71,192 35,35,288 17,17,768
Xception 147,147,128 74,74,192 37,37,728 19,19,1024
Resnet50 112,112,64 - - -
VGG16 224,224.64 112,112,64 56,56,256 28,28,512




InceptionV3 - Maxpool Forward
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InceptionV3 - Maxpool Backward
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Stride Tests - Speedup
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Stride Tests - Slowdown

Stride =(1,1)
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Stride Tests - XY Split O

Stride =(2,2)
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Conclusion

- DaVinci’s Im2col & Col2im Instructions
- Im2col/Col2im Based Pooling in DaVinci

- Experimental Evaluation
Speedups up to 5.8x
Improvements for all but (1,1) stride
Superior to the X-Y split
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