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• Established in 1956
• 45+ different nationalities
• Open Collaboration:

• Horizon2020: 43 funded projects and 500+ partners

• Two Nobel Prizes:
• 1986: Nobel Prize in Physics for the invention of the scanning 

tunneling microscope by Heinrich Rohrer and Gerd K. Binnig

• 1987: Nobel Prize in Physics for the discovery of high-temperature 
superconductivity by K. Alex Müller and 
J. Georg Bednorz

• Binnig and Rohrer Nanotechnology Centre opened 
in 2011 (Public Private Partnership with ETH 
Zürich and EMPA)

• 7 European Research Council Grants



Technical R&D today: The three pillars

R&D
in the 

IT Era

Theory/Knowledge

Experiment

Simulation

Massive improvements:

• Applicability & ease of use
• Simulation fidelity
• Scalability
• Throughput

thanks to Supercomputing 



5

Success in Petascale computing: Study what was previously 
impossible: Discover new electrolytes for LiAir batteries

Source: Top500.org

Implementing Exact-Exchange in CPMD
>99% Parallel Efficiency to over 6.2M threads
Studying Li-Air Batteries, 1736 atoms, 70Ry cuttof

V. Weber, T. Laino, C. Bekas, A. Curioni, A. Bertsch, S. Futral IPDPS 13
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Cloud cavitation collapse ACM Gordon Bell Prize 2013
14.4 PFLOP/S @73% of peak perf., with I/O
2 orders of magnitude improvement in 
• scale of the problem (from 128 to 15K bubbles)
• time to solution

Compute specifics:
13 Trillion elements, 1.2TBytes compressed I/O 
per time step, 6.4 M threads
IBM, ETHZ, TUM, LLNL

Success in Petascale computing: CFD can achieve Linpack
like sustained performance 
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Mantle Simulations
ACM Gordon Bell Prize 2015
97% of sustained scalability for
a fully implicit solver. 1.6M cores
3.2M MPI processes
602B DoF, 

IBM, UT Austin, NYU, CALTECH

Success in Petascale computing: Implicit linear solvers do 
scale! 
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New 
Product

Opportunistic
Discovery
by Humans

Simulation

Experiments

R&D Today

But we cannot beat complexity with brute force simulation.  Traditional 
discovery has limits: We need a new, data driven, holistic approach 











Big Data 

Content 
Analytics

IBM Technology Depth

Business 
Analytics

Databases / Data 
Warehouses

2880 Processing Cores

16 Terabytes Memory (RAM) –
20TB Disk

System Specifications

90 IBM P750 
Servers

80 Teraflops (80 trillion 
operations per second)

Workload Optimized 
Systems

Watson in 2011



Natural Language 
Processing
Machine Learning
Question Analysis
Feature Engineering
Ontology Analysis



Personality
nsights

In 2017 there are more than 60 
Watson APIs in the IBM Cloud

Natural Language 
Processing
Machine Learning
Question Analysis
Feature Engineering
Ontology Analysis



Research & Development
Change ages old practices



Research & Development
Change ages old practices



New 
Product

Simulation & Inference

Experiments
Comprehensive 
Discovery by
Cognitive

Cognitive Discovery

Cognitive Discovery: Knowledge based. Uses A&I to target which 
simulations to run and the best way to execute them 
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Technical R&D today: Disruption opportunity

Companies need to easily access 
quickly growing and widely 
diverse information sources.
• Highly unstructured/dark
• Current human based 

approach not scalable

Domain related inference is largely 
missing. Setting up and deploying the 
right simulations is very hard.
• Human capital intensive, non 

scalable

Internal evidence and experiments 
are driven primarily empirically, 
often brute force, and their results 
are isolated from wider knowledge 
space.

Knowledge

Evidence & Experiments

Inference & Simulation 
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The way forward: Cognitive Discovery

Create technical area specific 
knowledge space from all relevant 
sources. Link with company data.

Use knowledge space to 

• Drastically augment internal know-how & modeling

• Focus on which experiment is relevant

• Embed results in knowledge base

Use inference on the knowledge space 
& simulation on the models 

• To augment the knowledge space

• Sharpen simulation models

• Make precise decisions

Cognitive Discovery
Drastically accelerate pace 

of systematic discovery 
and maximize ROI for R&D 

Rapid and Precise Materials R&D 
drives new value for our clients

Pharma Materials Engineering &
Manufacturing

Science, 
Products &
Economics

Simulations Experimental 
Results

Knowledge Inference & Simulation

Evidence & Experiments



Weeks

Deep 
Search

Lab tests 
experiments data

Simulation 
& Inference

Scientific literature 
& internal reports

Design alloys to avoid 
catastrophic failure that can 
lead to huge liabilities
• Corrosion
• Cracks
• Special environmental and 

deployment conditions

The Materials Discovery Case Study

DAYS

Knowledge 
space

• Atomistic simulations
• Deep Learning based  

property prediction



Ingesting PDF

Pdf-parser:

• Parses the pdf-code and presents 
the raw data of the pdf (text-cells, 
embedded images and vector-
graphics in consumable format)

Pdf-interpreter:

• Captures ground truth by massive 
Crowd-sourcing big Data system

• Uses HPC for ML-techniques 
(Deep Leaning), to train automatic 
annotation models

Semantic-representation:

• Uses HPC & Big Data systems to 
to obtain a semantic 
representation in JSON-format of 
the original text

Billions of documents
Millions of concurrent users



Putting it all together. Greatly expedite discovery of new 
materials: From years to weeks

Ingestion
• Tens of thousands of patents ingested in days

Deep Search
• Search for properties, compositions, processes

Inference
• Detect salient trends in the data

Simulation
• Fill in knowledge gaps with simulation
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Credits: Technical University of Munich Credits: Mercedez-Benz

An Engineering Case Study: Enriching knowledge space with simulation
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Missing Link in Knowledge 
Graph

Inference
Design Simulation

Valve geometry nodePiston geometry node

CFD simulation
No link

Value

Link with 
weight

Knowledge Graph 
• Academic literature & information on 

internal combustion engines
• Links lab data with literature: fuel 

combustion + piston geometry + …

New cylinder/piston/injector geometries
• Use Knowledge Graph to quickly rule out 

non-viable design directions
• Augment missing information & perform 

validation with advanced CFD

Where to augment: Knowledge analytics
• Adding link if significantly changing the 

quality of the knowledge graph  
• Only specific and well defined simulations 

need to be done

An Engineering Case Study: Enriching knowledge space 
with simulation

WHAT WAS TAKING YEARS CAN NOW BE DELIVERED IN DAYS



TOWARDS COGNITIVE COMPUTING

COMP
Cost

O(N)

O(N3)

O(N2)

Graph Analytics

Knowledge Graph 
Creation

Clustering

Dim. Reduction

Simple DB 
queries

Information Retrieval

Uncertainty
Quantification

HA
DO

O
P

HP
C

DATA 
Volume

PB

TB

GB

MB

Beating complexity:

We need both new collaboration & new computing paradigms 



© 2016 OpenPOWER Foundation

Accelerated	innovation
through	collaboration	of	

partners	

Driving	industry	
performance leadership

Vibrant	ecosystem through	
open development

OpenPOWER
OpenPOWER is an open development community 

using the POWER Architecture



Data from 
www.green500.org

DOW target for 2020: 20 
MWatt/EXAFlop

Data from www.green500.org

• We start to see an exponential behavior in the Green500. But is this really affecting the top line? 
5 years ago: 2.1 GF/W, now 1.9 GF/W

• OpenPOWER brings more than 3x improvement in M/W performance wrt top line systems

OpenPOWER



New Horizon: OpenPOWER + INEXACT ACCELERATION: 
Transprecision Computing Architecture



Actual implementations on OpenPOWER 
Inference: 103KJ to 0.3KJ: 300x improvement
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POWER7 
BASELINE BLAS3

SINGLE/DOUBLE PREC.
SENSOR POWER MEASUR.

546 secs / 104 KJ 
210 W  peak / 140 W idle

POWER7
TRANSPRECISION COMPUTING

SENSOR POWER MEASUR.
54 secs / 9.6 KJ 

170 W peak 140 W idle 

POWER7 + FPGA
FIXED POINT/8b/16b/32b PREC.
REDUCED DATA ACCURACY
SENSOR POWER MEASUR.

10 secs / 0.2 KJ
FPGA: 19 W peak / 15 W idle 

POWER8’-9 + ASIC
FIXED POINT/8b/16b/32b PREC.
REDUCED DATA ACCURACY

STOCHASTIC DATA TRANSFER
Projection: 0.5-1 sec / 0.05 KJ

2015 2016/201820122011

CUSTOM
STOCHA

STIC ARITH. & DATA 
MOVEMENT & 

STORAGE
Projection: 0.1 sec / 

0.001 KJ

2020+

10x

50x / 500x

1000x / 2000x

LIBRARIES

NEW TECH.

POWER8 + K80
TRANSPRECISION COMPUTING

SINGLE-DOUBLE PRECISION
~5 secs

100xOpenPOWER + INEXACT 
ACCELERATION

Transprecision Computing 
Architecture

Research Roadmap: Accelerating Big Data workloads
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Brain Inspired
Computing

Quantum 
Computing



Neuromorphic Computing

Cognitive Systems
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262,144

256

2011

Neurosynaptic 
Cores

Programmable 
Synapses

Programmable 
Neurons

256 million

4096

1 million

Now

TrueNorth Chip (SyNAPSE)





Use only unsupervised learning and 
consume very low power

Searching Big 
Data, Pattern 
Recognition, 

IoT Data

Detecting Correlations with a Spiking Neural Network



Brain Inspired Computing: Electronic Blood
▪ 98% of the energy of a computer is for cooling
▪ Liquid removes heat 4000x more efficiently than 

air
▪ The brain is powered and cooled using liquid, 

can we do the same for computers?
▪ The result: a 1 PetaFlop supercomputer 

in 10 liters



Classic Bit Qubit

0

1

0

1

Building a Universal Quantum Computer 

▪ IBM is building the first Universal Quantum Computers for business and science - IBM Q 
systems with ~50 qubits in the next few years

▪ IBM Quantum Experience allows the public to program qubits in the cloud

▪ The release of an upgraded simulator on the IBM Quantum Experience can model circuits 
with up to 20 qubits.

▪ Applications: Drug and Materials Discovery, Supply Chain, Financial Services, Artificial 
Intelligences and Cloud Security



Superconducting Qubit Processor – A Closer Look

Microwave Resonator as:
• read-out of qubit states
• multi-qubit quantum bus
• noise filter 

Superconducting Qubit:
• non-linear Josephson Junction (Inductance)
• anharmonic energy spectrum => qubit
• nearly dissipationless => T1, T2 ~ 70 µs





Chemistry

Security

Materials
Science

Machine
Learning

Big Data

Optimization

Measurement

Weather
Services

▪ Chemistry, e.g. for catalyst design

▪ Material Science, e.g. for energy 
efficient devices

▪ Life Sciences, e.g. for drug 
development

▪ Optimization, e.g. for cognitive 
computing and business processes

▪ Cryptography, e.g. for secure 
communication and information 
processing

▪ Education, e.g. to train engineers for 
the future quantum industry

Industry Applications in Quantum Computing



Cognitive Discovery: A new way to do R&D

Knowledge 
Space

Simulation

Weeks

Evidence/Expe
riments

• Supercomputing

• Quantum and new computing 
paradigms

• Inference (ML)

Ingest data and 
create massive 
knowledge spaces

Link evidence with 
knowledge spaces. 
Drive deep search
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