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Silicon scaling will end because 

of economics, not physics

Minimal 

cost/transistor 

(7, 5, 3 nm?)

Lower TCO 

might justify 

one more node

But the 

economics are 

tough and will 

happen late
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Catapult V0
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• 1U rack-mounted

• 2 x 10Ge ports

• 3 x16 PCIe slots

• 12 Intel Westmere

cores (2 sockets)



Bing Ranking Implementation Details
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Catapult V1 Accelerator Card
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• Altera Stratix V D5

• 172.6K ALMs, 2014 M20Ks

• 457KLEs

• 1 KLE == ~12K gates

• M20K is a 2.5KB SRAM

• PCIe Gen 2 x8, 8GB DDR3

• 20 Gb network among 

FPGAs

Stratix V

8GB DDR3

PCIe Gen3 x8



Mapped Fabric into a Pod
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• Low-latency access to a local FPGA

• Compose multiple FPGAs to accelerate large 
workloads

• Low-latency, high-bandwidth sharing of storage and 
memory across server boundaries
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1,632 server pilot deployed in production datacenter
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Catapult V2 Architecture
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Bing Production Results

software 

FPGA 

99.9% Query Latency versus Queries/sec
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Gone to Scale: Azure SmartNIC Host

SmartNIC
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CPU



Scalable Hardware Microservice fabric

Web search 

ranking

Traditional software (CPU) server plane

QPICPU

ToR

FPGA

CPU

Hardware acceleration plane

Interconnected FPGAs form a separate plane of computation

Can be managed and used independently from the CPU

Web search 

ranking
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Accelerators as a First-Class Network Citizen
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Example: Bing Hardware Microservices

CPU FPGA CPU FPGA
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Project Brainwave Engine



Using Project Brainwave for land use mapping

Data Build Train Deploy Intelligent Apps

ActionIntelligenceData

Stored on 
Azure Premium 

Storage

Azure Machine 
Learning

10
01

Land Classification Model
ResNet-50

NAIP Data

20TB, 200M images

Visual Studio Tools 
for AI

Geo AI Data Science 

Virtual Machine

Using FPGAs for ultra-fast inferencing different types of land use for the entire United States 

( ESRI NAIP Data, 20+ TB), ~10 minutes, $42

Azure Batch AI

Ultra-fast Inferencing 
using FPGAs

Satellite Images 

for the Entire US

Location: Kent Island Year: 2015
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Software Developers Should Program Hardware

C

Assembly

PDP-11 System/370

???

HDL

Intel FPGA Xilinx FPGA ASIC
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Project Catapult + Brainwave History

2011:  Project Catapult Launched

2013: Bing pilot runs decision trees 40X faster

2015: Bing ranking throughput increased 2X

2016: Azure Accelerated Networking delivers industry-leading cloud 

performance

2017:  Over 1M servers deployed with FPGAs at hyperscale

2017: Hardware Microservices harness FPGAs for distributed 

computing

2017: FPGAs enable real-time AI, ultra-low latency inferencing without 

batching; Bing launches first FPGA-accelerated Deep Neural Network

2018: Project Brainwave launched in Azure Machine Learning

Field Programmable 
Gate Arrays

29
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Backup slides



Demo | AI for Earth

http://www.microsoft.com/aiforearth
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References

Pixel-Level Land Cover Classification Using the Geo AI Data Science Virtual 
Machine and Batch AI
https://blogs.technet.microsoft.com/machinelearning/2018/03/12/pixel-level-land-cover-classification-
using-the-geo-ai-data-science-virtual-machine-and-batch-ai/

How to Use FPGAs for Deep Learning Inference to Perform Land Cover Mapping 
on Terabytes of Aerial Images 
https://blogs.technet.microsoft.com/machinelearning/2018/05/29/how-to-use-fpgas-for-deep-
learning-inference-to-perform-land-cover-mapping-on-terabytes-of-aerial-images/
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Azure 

Rough: Storyboard Notes/Flow of Deck

Straw-man flow:

• Azure all up slide

• Cloud inflection point

• Azure global deployment and scale

• Digital transformation and what it means to companies

• Cloud and edge story. Supercomputer, Sphere (security) Starbucks example

• Data centers. Dublin DC, underwater DC

• Palix, Re-thinking traditional storage system design, co-designing future hardware & software 
infrastructure for the cloud and building a completely new storage system 

• AI: OpenAI deal; general trend toward super AI

• End on an aspirational note…i.e. quantum
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Links to other deck:

1. [Link to top level folder] 

2. Mark Russinovich Presentations including 

a) Mark LinkedIn deck

b) Inside Azure Architecture

c) Mark’s Build deck
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Azure Datacenters & 
Architecture
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Azure global infrastructure
54 total Azure regions: 44 generally available + 10 coming soon
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3x 
BeastAzure servers: General purpose

Gen 2

Processor 2 x 6 Core 2.1 GHz

Memory 32 GiB

Hard Drive 6 x 500 GB

SSD None

NIC 1 Gb/s

Godzilla

Processor 2 x 16 Core 2.0 GHz

Memory 512 GiB

Hard Drive None

SSD 9 x 800 GB

NIC 40 Gb/s

Beast

Processor 4 x 18 Core 2.5 GHz

Memory 4096 GiB

Hard Drive None

SSD
4 x 2 TB NVMe, 1 x 
960 GB SATA

NIC 40 Gb/s

Gen 6

Processor
2 x Skylake 24 Core 
2.7GHz

Memory 768GiB DDR4

Hard Drive None

SSD
4 x 960 GB M.2 SSDs
and 1 x 960 GB SATA

NIC 40 Gb/s + FPGA

Beast v2

Processor 8 x 28 Core 2.5 GHz

Memory 12 TiB

Hard Drive None

SSD
4 x 2 TB NVMe, 1 x 
960 GB SATA

NIC 50 Gb/s

Optimized Gen 7

Processor
2 x 26 core 
Cascade Lake

Memory 192 GB DDR4

Hard Drive None

SSD 5 x 960 GB M.2 NVMe

NIC 50 Gb/s + FPGA

Optimized Gen 6

Processor
2 x 24 core 
Skylake Lake

Memory 192 GB DDR4

Hard Drive None

SSD 4 x 960 GB M.2 NVMe

NIC 40 Gb/s + FPGA

Azure Sphere

Processor 2 x M4 Core @ 200 MHz

Memory 64KB RAM

WiFi 2.4/5.0 GHz 802.11 b/g/n

0.00000000533 
Beast
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Azure architecture

Azure Portal CLI
3rd 

party

Resource 

Provider
Compute Networking Storage

PaaS 
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Web Application Firewall integration at edge

• IP restriction

• Geo filtering

• http parameters

• request methods

• size restriction

Microsoft Global Network

CDN

IP restriction rules in region 

allows access from AFD only

WAF

Front Door

Region 1

Web Application

Region 2

Web Application

SQLi, XSS

Malicious Bots
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Secure Application Containers
Compartmentalize code for agility, robustness & security

On-chip Cloud Services 
Provide update, authentication, and connectivity

Custom Linux kernel
Empowers agile silicon evolution and reuse of code

Security Monitor

Guards integrity and access to critical resources

App Containers for 
POSIX (on Cortex-A)

App Containers for 
I/O (on Cortex-Ms)

OS 

Layer 4

On-chip Cloud Services
OS 

Layer 3

HLOS Kernel
OS 

Layer 2

Security Monitor
OS 

Layer 1

Azure Sphere MCUsHardware

Azure Sphere OS Architecture
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Simplify development

Focus your device development effort 

on the value you want to create

Streamline debugging 

Experience interactive, context-aware 

debugging across device and cloud

Collaborate across your team

Apply tool-assisted collaboration across 

your entire development organization
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Azure SmartNIC – Accelerating SDN



Inside Azure Servers
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Gen 2

Processor 2 x 6 Core 2.1 GHz

Memory 32 GiB

Hard Drive 6 x 500 GB

SSD None

NIC 1 Gb/s

Gen 3

Processor 2 x 8 Core 2.1 GHz

Memory 128 GiB

Hard Drive 1 x 4 TB

SSD 5 x 480 GB

NIC 10 Gb/s

HPC

Processor 2 x 12 Core 2.4 GHz

Memory 128 GiB

Hard Drive 5 x 1 TB

SSD None

NIC 10 Gb/s IP, 40 Gb/s IB

Gen 4

Processor 2 x 12 Core 2.4 GHz

Memory 192 GiB

Hard Drive 4 x 2 TB

SSD 4 x 480 GB

NIC 40 Gb/s

Godzilla

Processor 2 x 16 Core 2.0 GHz

Memory 512 GiB

Hard Drive None

SSD 9 x 800 GB

NIC 40 Gb/s

Gen 5.1

Processor 2 x 20 Core 2.3 GHz

Memory 256 GiB

Hard Drive None

SSD
6 x 960 GB PCIe Flash 
and 1 x 960 GB SATA

NIC 40 Gb/s + FPGA

GPU Gen 5

Processor 2 x 8 Core 2.6 GHz

Memory 256 GiB

Hard Drive 1 x 2 TB

SSD 1 x 960 GB SATA

NIC 40 Gb/s

GPU 2 x 2 Compute GPU

Beast

Processor 4 x 18 Core 2.5 GHz

Memory 4096 GiB

Hard Drive None

SSD
4 x 1920 GB NVMe
and 1 x 960 GB SATA

NIC 40 Gb/s

Gen 6

Processor
2 x Skylake 24 Core 
2.7GHz

Memory 768GiB DDR4

Hard Drive None

SSD
4 x 960 GB M.2 SSDs
and 1 x 960 GB SATA

NIC 40 Gb/s

FPGA Yes

RAM

Cores

Mega Beast

Processor 4 x 18 Core 2.5 GHz

Memory 12,288 GiB

Hard Drive None

SSD
4 x 1920 GB NVMe
and 1 x 960 GB SATA

NIC 40 Gb/s
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Cold Aisle 
Servicing

Intel, AMD, ARM64 CPUs

High density GPU expansion for HPC/AI

NVM (DRAM+battery) and 3DXP for low-latency

High density HDD and Flash expansion 

Microsoft custom designed SSDs

40 going up to 50 Gbps networking

Accelerated VMs using FPGAs
Microsoft SSD
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Norbert Wiener, U.S. News and World Rep, 1964; Mikhail Neiman, Radiotechnika, 1965; Church et al, Science, 2012; Goldman et al, Nature, 2013

Let’s store data in DNA!

The number of 

transistors doubles 

every 18-24 months

The industry 

roadmaps are based 

on that continued 

rate of improvement

Arrange the atoms 

the way we want

DNA molecules use 
approximately 50 
atoms for one bit
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Bases: 

Data: Bits Base

00 A

01 C

10 G

11 T

Simple mapping:

Store data in synthetic DNA strands

…

150 to 300 bases

G T

TT G GG T G GT

10000111001001
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VS.

Cold Storage: 1EB

Size: Two Walmart Supercenters

It’s here!
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(Credit: Philipp Stössel/ETH Zurich)

DNA “synthetic fossils” survive 2,000 – 2,000,000 years

Extreme density makes these conditions cheap and easy to keep
56



800 Kbases/day 80 Gbases/day 10 Gbases/day

Size of a mainframe Size of a workstation Size of a portable SSD

Same medium as read technology improves:
G T TG
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Same medium as read technology improves:
G T TG

Medium changes as read and write technology improves:

58



Problem
How to improve performance for batch-of-1 inferences at scale with low cost?

Solution

Hardware accelerated models using FPGAs

Goals

Provide large-scale, performant, and affordable real-time AI inference services
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Real-time AI at cloud scale with phenomenal performance and affordable cost

Ultra-fast DNN performance with accelerated ResNet50
Extreme speed: Object classification on FPGA in <1.8 ms per image

Affordable: Only 20 cents per million images during preview

http://aka.ms/aml-real-time-ai

Models are easy to create and deploy into Azure cloud

Write once, deploy anywhere – to intelligent cloud or edge

Manage and update your models using Azure ML & IoT Edge
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Data Build Train Deploy Intelligent Apps

ActionIntelligenceData

Stored on 
Azure Premium 

Storage

Azure Machine 
Learning

10
01

Land Classification Model
ResNet-50

NAIP Data

20TB, 200M images

Visual Studio Tools 
for AI

Geo AI Data Science 

Virtual Machine

Using FPGAs for ultra-fast inferencing different types of land use for the entire United States 

( ESRI NAIP Data, 20+ TB)

Azure Batch AI

Ultra-fast Inferencing 
using FPGAs

Satellite Images 

for the Entire US

Location: Kent Island Year: 2015
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Image Answer Answers for Multimedia Images

QP MLBERT Quantus query passage ranking 

Bling SD Web Intelligence model to produce semantic document body

Vortex Intelligent Search (QnA, Captions) & Ranking

WaveNet & QRNN Text to speech for Bing Mobile & Microsoft Assistant Commute

ANN Approximate nearest neighbor search 

TP1, Deep Think v2, Deep Think v2.1, Deep Scan, Deep 

Scan v2, Deep Scan v2.1,  Deep Read, Poly Math v4.1, 

Poly Math v5, Poly Math 5.1, Universal PM1, AGI 

encoder/decoder

Intelligent Search (QnA, Captions) & Ranking

LiRIC List Reading and Inference using Comprehension

ResNet-50, ResNet-152, DenseNet-121, VGG-16, SSD-

VGG

Computer vision scenarios for Azure ML/3P

Universal Deep Think v1 Intelligent Search (QnA, Captions) & Ranking

Smart Reply, Meeting Insights, Key Points Intelligence for M365

Scenario & 

Model Analysis

HW Development 

(if needed)

Implementation 

& Optimization

Quantization & 

Fine-Tuning

Flighting & PROD 

Deployment
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http://aka.ms/rtai

brainwave-edge@microsoft.com 

Models are easy to create and deploy into Azure cloud

Write once, deploy anywhere – to intelligent cloud or edge

Manage and update your models using Azure IoT Edge
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Project Natick
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Retardance Polarization Angle

Data stored in quartz glass 
Written using femtosecond lasers

25µm
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Storage Stamp

REST FILE

DFS Layer

Intra-stamp replication

LB

Partition Layer

Front-Ends

Storage Stamp

LB

Partition Layer

Front-Ends

DFS Layer

Intra-stamp replication

Geo replication
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