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• “Notice all the 
computations, 
theoretical scribblings 
and lab equipment, 
Norm.  …  Yes, 
curiosity killed these 
cats.”



platform
• 0) math / algorithms 

• 1) basic virtual machines (juypter) 

• 2) cloud software (unix) 

• 3) edge (local mobile/embedded) 

• 4) custom hardware (tpu, volta, asic)



training
• -1) python, roulette 

• 0) calculus/linear algebra basics 

• 1) fast.ai 2018 sequence, pytorch 

• 2) read, practice 

• 3) get into real world





five easy pieces
• storage.googleapis.com/tfjs-examples/mnist/

dist/index.html 

• modeldepot.github.io/tfjs-yolo-tiny-demo/ 

• magenta.tensorflow.org/js-announce 

• poloclub.github.io/ganlab/ 

• blog.mgechev.com/2018/10/20/transfer-learning-
tensorflow-js-data-augmentation-mobile-net/
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https://poloclub.github.io/ganlab/
https://blog.mgechev.com/2018/10/20/transfer-learning-tensorflow-js-data-augmentation-mobile-net/
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tensorflow.js demo
• github.com/brettkoonce/mobilenet-tfjs 

• mobilenet + tensorflow.js 

• docker/node container 

• ibm/openwhisk cloud function 

• curl + POST + base64 image

https://github.com/brettkoonce/mobilenet-tfjs


swift



overview

• tensors, flows, combined 

• current state of the art 

• llvm + swift 

• glimpse of the future



tensors
• matrices + algebra 

• aX + b  —> cX + d  —> 
rules for combining rules 

• algebra over matrices 

• …over graphs, type theory



network flows

• pytorch, eager execution, tensorflow 2



neural turing machines

• qui





faster hardware



smaller operations

8X
16X

32X





• 3500 * dgx-1: scaling, nvlink, nccl, volta



fp16 case study
• fast.ai dawnbench recipe: 

• algorithms + 

• quantized hardware 

• quantized software 

• distributed training



llvm + swift
• opencl, gpu transition 

• objective-c, memory, 
thread safety 

• swift, functional 
programming 

• bytecode, recompiled for 
each device



tensor comprehensions



future workloads



data types
• int8 (tpu, rtx) 

• bfloat16 (tpu, intel) 

• int4 (turing) 

• -/0/+ networks, signsgd 

• bnn, bytenet



quantized nn



qnn cifar 10 results
• resnet18 control: fp32 

• 8/7/6/5/4/3/2/1 bit resnet18 
variants 

• github.com/eladhoffer/
quantized.pytorch 

• demo running on t4 (int4) 
hardware (THANK YOU 
GOOGLE CLOUD)

https://github.com/eladhoffer/quantized.pytorch
https://github.com/eladhoffer/quantized.pytorch


recap

• current state of the art hardware/
software 

• fp32 —> fp16 —> int8 transition 

• llvm + swift 

• 4-bit qnn resnet 18 software/hardware



int4 at scale: 2020
• 4 bit hardware + software 

• cluster of t4’s (~2070 rtx, 260 int4 ToPS) 

• cluster of 256 * dgx-3 —> 4k gpu 

• $100 / hr —> ~25k/hour —> ~1 exaops 

• dgx-1 ~= 1 petaflop —> 1000x scale



thanks for coming!



links
• nvidia turing architecture 

• blog.inten.to/hardware-for-deep-learning-
part-3-gpu-8906c1644664 

• github.com/brettkoonce/mobilenet-tfjs 

• quarkworks.co 

• brettkoonce.com

https://www.nvidia.com/content/dam/en-zz/Solutions/design-visualization/technologies/turing-architecture/NVIDIA-Turing-Architecture-Whitepaper.pdf
https://blog.inten.to/hardware-for-deep-learning-part-3-gpu-8906c1644664
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https://github.com/brettkoonce/mobilenet-tfjs
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http://brettkoonce.com


papers
• neural turing machines 

• tensorflow 

• tpu 

• Exascale Deep Learning for Climate 
Analytics 

• tensor comprehensions



bnn/qnn papers
• Compressed Optimisation for Non-Convex Problems 

• Neural Machine Translation in Linear Time 

• Binarized Neural Networks 

• Accelerating Binarized Convolutional Neural 
Networks with Software-Programmable FPGAs 

• Scalable Methods for 8-bit Training of Neural 
Networks 

• Minimum Energy Quantized Neural Networks


