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I Introduction

In this white paper, we develop a point of view on the most relevant areas and concepts in cognitive computing, which includes Artificial Intelligence (AI) and Intelligence Augmentation (IA) components. The ongoing technological revolution that this area drives touches on practically all aspects of our social and economic life. Consequently, the need for education is almost ubiquitous and ranges from teaching the most basic competencies in using cognitive technology to educating the future developers and visionaries of cognitive computing. In between lies the large space of teaching the next generation of practitioners in all kinds of professions -- doctors, journalists, lawyers, sociologists, bankers, designers, and even educators themselves -- on best practices and most beneficial ways how they can integrate cognitive technologies to augment and complement their work.
The level of knowledge of the internal workings of cognitive technology obviously varies accordingly. In this paper, we start with a curriculum for the future designers of cognitive systems, from an applied mathematics and computer science point of view. Later, we show how this structure may also serve as a starting point for the cognitive side of an interdisciplinary Intelligence Augmentation (IA) curriculum. Alternatively, it can also serve to set the requirements for cognitive computing as a “major,” whereby another discipline (biology/medicine, material science, social science, psychology, design, journalism, etc) complements and specializes the curriculum in a “minor” (the requirements for the minor are then to be set by the other discipline). 
To be relevant, any curriculum needs to evolve over time and cannot only consist in a content list but must be brought to life through the ways the content is taught and learned. A document like this one cannot fulfill this alone, but it can inform and set a starting point for educators to prioritize and structure the learning content. This is the objective of this white paper.

II Curriculum for Future Designers and Developers of Cognitive Systems
We begin with a proposal for a comprehensive cognitive curriculum as it could be taught at colleges and universities throughout the world. The target for this curriculum are math and computer science students who want to learn how to build cognitive systems. Cognitive courses have exactly one of the following categories: Foundational, Core, Elective, or Graduate Level. All but the three foundational courses are partitioned into five cognitive areas: 

Learning | Reasoning | Perception | Interaction | Knowledge.

A meaningful set of requirements for an undergraduate cognitive program would be to enforce that all foundational and core courses must be covered, plus three elective or graduate courses that span at least two of the five cognitive areas. A graduate program should require at least five elective or graduate level courses in at least three different areas, whereby one area must be covered completely (i.e. all elective and graduate courses in that area must be taken). 

Course List 

In the following we propose a list of courses, including a short list of topics covered as well as their classification by area (learning, reasoning, perception, interaction and knowledge) and level (foundation, core, elective, and graduate).
Foundations
A: Introduction to Programming
B: Mathematical Foundations, with special focus on Experimental Analysis 

C: Theory of Programming

 

Learning
11: Introduction to Machine Learning | Core | Probabilities, HMMs, Bayesian Learning, Graphical Models, Regression, Lasso, Naive Bayes, Decision Trees, Neural Networks (http://www.cs.ubc.ca/~nando/340-2012/lectures.php ), Human Interpretable Models

12: Optimization | Elective | Solving systems of non-linear equations, Non-linear optimization for unconstrained and constrained minimization problems, Stochastic Gradient Descent, Limited-Memory BFGS, Hessian free techniques, Regularization  

111: Advanced Machine Learning | Graduate | Ensemble Learning, Inference in Factor Graphs, Expectation-Maximization, Restricted Boltzmann machines, Object recognition, Word and Document Modelling, Auto-Encoders, Collaborative Filtering, Recurrent Neural Networks, Non-linear Dimensionality Reduction, Data Bias and Data Attacks on Learning 

 

Reasoning

21: Fundamentals of Decision-Making | Core | Search & Heuristics, Game Playing, Linear Programming, Mathematical Modelling, Constraint Satisfaction, Satisfiability, Scheduling, Reasoning, Planning, Uncertainty & Probability, Sequential Decision Making, Human Understandable Explanations
22: Advanced Decision-Making | Elective |  Common-sense Reasoning, Case-based Reasoning, Bayesian Inference, MDPs, Value Iteration, Policy Iteration, POMDPs, Dynamic Programming, Stochastic Dynamic Programming, Linear Programming & Optimization
121: Modeling Decision Making | Graduate | Planning Representations, Decision-Theoretic Models (MDPs/POMDPs), Reinforcement Learning, Bayesian Models, Bayesian Learning, Statistical Models, Statistical Relational Learning.

 
Perception
31: Introduction to Computer Vision | Core | cameras and optics, segmentation, visual recognition, stereo matching; motion estimation and others (http://cs.brown.edu/courses/cs143/)
32: Introduction to Computational Linguistics | Core | component modules comprising the field of computational linguistics including morphology, syntax, semantics, discourse; linguistics, statistical and machine learning approaches

33: Introduction to Machine Translation | Elective | Covers range of approaches to machine translation including direct, transfer, interlingua methods & statistical, hierarchical, syntax models & neural network machine translation
131: Deep Learning for Visual Recognition | Graduate | Convolutional Neural Network Architectures for visual analysis, Deep Networks for Spatial Localization / Object Detection, Convolutional neural networks for Video Analysis, and others (http://cs231n.stanford.edu/syllabus.html)

132: Advanced Theory and Practice of Machine Translation | Graduate | In depth study of statistical machine translation and hands-on experience on system building (i.e. implementation) including model training & decoding (search); neural machine translation system building with open source deep neural network software

 

 

Interaction

41: Cognitive Modeling | Core | Cognitive Psychology (Perception, Sense-making, Information Processing), Social Psychology, Machine Learning 
42: Establishing Trust in Cognitive Systems | Core | Testing Cognitive Systems, Consensual Decision Making, Rapport, Supervision, and Reporting

43: Interaction Design | Elective | Human-Centered Design, User Research, Interaction Techniques, Brainstorming, Sketching, Storyboarding, Wireframing, Prototyping

141: Ubiquitous Computing | Graduate | Context-Aware Computing, Automated Capture and Access Systems, Smart Home, Healthcare and Assistive Applications, Energy Monitoring and Sustainability, Mobile Social Networks, Location and Activity Sensing, Input and Output Techniques, Programmable/Autonomous Physical Environments, Deploying and Evaluating Ubicomp Systems, Privacy and Social Concerns, Gadgets, Sensors, Activity Recognition

 
Knowledge

51: Intro to Knowledge Curation | Core | Knowledge Bases / Knowledge Graphs, Knowledge Storage, Querying and Reasoning, Linked Data, RDF, OWL, Knowledge Extraction, Mapping Data to Knowledge | Explanations, Traces, Data Governance and Provenance 

52: Advanced Knowledge Curation | Elective | Linguistic Essentials, Word Sense Disambiguation, Markov Models, Part-of-Speech Tagging, Topics in Information Retrieval, Text Categorization (see textbook by Manning & Schütze that covers these topics) 
151: Big Data Processing for Cognitive Computing | Graduate | Big Data Platforms, NoSQL/NewSQL, Distributed Data Management, Large-Scale Knowledge Extraction, Data Exploration & Curation
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On top of these courses, cognitive computing majors should be required to pick several elective courses that bridge into other disciplines, such as applied statistics, bioinformatics, neuro science, psychology and medicine, sociology, urban and political sciences, business, finance and economics, engineering, physics, and the arts (see, e.g. http://cds.nyu.edu/academics/pre-approved-elective-courses/).
III Cognitive Curriculum as a Service to Other Disciplines

As side-discipline, the cognitive computing curriculum developed in Chapter II can serve as a buffet from which other disciplines select whatever they find most useful to aid their specific focus. In this setting, or when cognitive computing itself serves as minor to some other discipline, there are a number of courses that should be taken as foundation.

Cognitive Computing Service Foundation

B: Mathematical Foundations, with special focus on Experimental Analysis 
11: Introduction to Machine Learning | Core | Probabilities, HMMs, Bayesian Learning, Graphical Models, Regression, Lasso, Naive Bayes, Decision Trees, Neural Networks (http://www.cs.ubc.ca/~nando/340-2012/lectures.php ), Human Interpretable Models
21: Fundamentals of Decision-Making | Core | Search & Heuristics, Game Playing, Linear Programming, Mathematical Modelling, Constraint Satisfaction, Satisfiability, Scheduling, Reasoning, Planning, Uncertainty & Probability, Sequential Decision Making, Human Understandable Explanations
One of

31: Introduction to Computer Vision | Core | cameras and optics, segmentation, visual recognition, stereo matching; motion estimation and others (http://cs.brown.edu/courses/cs143/)
32: Introduction to Computational Linguistics | Core | component modules comprising the field of computational linguistics including morphology, syntax, semantics, discourse; linguistics, statistical and machine learning approaches
One of
41: Cognitive Modeling | Core | Cognitive Psychology (Perception, Sense-making, Information Processing), Social Psychology, Machine Learning 
42: Establishing Trust in Cognitive Systems | Core | Testing Cognitive Systems, Consensual Decision Making, Rapport, Supervision, and Reporting
And

51: Intro to Knowledge Curation | Core | Knowledge Bases / Knowledge Graphs, Knowledge Storage, Querying and Reasoning, Linked Data, RDF, OWL, Knowledge Extraction, Mapping Data to Knowledge | Explanations, Traces, Data Governance and Provenance 

IV Intelligence Augmentation (IA) Curriculum Components
As outlined above, the core IBM Cognitive Computing Curriculum for science, engineering, and mathematics majors with programming skills builds directly on traditional Artificial Intelligence (AI) curriculum components: learning, perception, reasoning, interaction, and knowledge components.  However, Cognitive Computing differs from traditional AI, primarily because of its emphasis on Intelligence Augmentation (IA).   In this section, the five main curricular components of IA are presented, namely science, design, business, society, and interdisciplinary components.   

The core curriculum outlined in Section II above provides an understanding of the building blocks of digital cognitive systems: learning, perception, reasoning, interaction, and knowledge.  However, to be of value, these building blocks must be assembled into well-designed solutions. These solutions should augment the performance of entities (people and organizations) on real-world processes, including business tasks, social interactions, and academic pursuits.  The solutions are part of the digital transformation of business, society, and education. Therefore, these solutions will eventually span across and transform all business occupations, societal roles, and academic disciplines, in some way large or small.
Science: What can be learned by studying the evolution and development of intelligence and intelligence augmentation in biological, human and organizational (distributed) cognitive systems?
Design: Why is it so hard to build digital cognitive systems to augment the intelligence of people?
Business:  What should executives and managers know about this rapidly advancing technology? What should students know about the full range of market opportunities?
Society:  What should everyone (citizens of the 21st century) know about the practical, political, and philosophical implications?
Interdisciplinary: How will all academic disciplines be transformed in the cognitive era, including the key aspects of teaching, research, entrepreneurship, and knowledge integration that draw on disciplinary knowledge?  
The proposed core IBM Cognitive Computing Curriculum draws most heavily from traditional Artificial Intelligence (AI) courses that focus on intelligence in machines (digital cognitive systems), including core AI machine learning, reasoning, perception, interaction, and knowledge representation courses.  However, more is needed to address the needs of learners who do not have advanced programming and math skills, for example:

Science (Learning): Before AI there was HI (Human Intelligence), and people learning.  An interdisciplinary science curriculum must, to an appropriate degree, also address the evolution and development of intelligence in brains (biology) and organizations (systems science, especially socio-technical systems, or smart service systems). These topics are often covered to some degree in existing developmental psychology and cognitive science courses today, but even more is needed.  Learning, reasoning, perception, interaction, and knowledge are important to understand in the context of brains and organizations, as well as machines. This provides a broader view on the implementation, development, and measurement intelligent system capabilities, including performance on a range of real-world tasks.   
Design (Perception):  Effective solutions are designed and experienced by people (perception).  Intelligence augmentation of people requires a design of that experience.  An understanding is needed especially of the role of data (from both machines and experiences of people) to properly design digital cognitive systems, from a human-computer interaction as well as a computer-supported collaborative work and performance support systems perspectives.  These considerations span a wide range of contexts from interaction with devices and environments with local machine intelligence, through systems engineering and human factors of collaboration in teams of augmented individuals in diverse contexts, to design of work in global organizations with support from crowd-sourced and machine intelligence in the cloud.   
Business (Reasoning):  Market opportunities are changing.  Reasoning about future opportunities is challenging as data becomes an abundant primary resource for businesses.  The historical business case studies of the applications of AI in business, successes and failures, as well as the challenges and opportunities of doing startups or transforming existing large enterprises are part of the new curriculum.  This will include history, state-of-the-art, and projected future of business considerations, including competitive analysis of capabilities. The economics of AI and IA at multiple levels of business and society are the focus of this portion of the curriculum.    
Society (Interaction):  New technologies transform society, requiring public policy and other fundamental changes in the governance of people’s interactions.  A cognitive era curriculum must also include a range of topics, both practical, economic, political, and philosophical in nature. As people adopt intelligent assistants into their lives on smartphones, in cars, in the home, and at work, there are a range of practical matters associated with AI and IA in our day-to-day lives. From a societal implications perspective, if the goals of AI and IA are successful, what it means to be a programmer and a mathematician is likely to change dramatically in the next ten years, and this will impact the curriculum outlined above.
Interdisciplinary (Knowledge):   Universities are knowledge factories.  These knowledge factories combine knowledge from many disciplines, and are major drivers of economic growth and quality of life in regions.  The cognitive era will have a major impact on academic disciplines, including teaching (learning), research (discovery), entrepreneurship (application), and integration (ongoing re-modularization) of knowledge.   As with experts like Kasparov (chess) to Jennings (Jeopardy!), and so eventually for more and more faculty, knowledge experts will have their performance compared to the performance of a smart machine, that is faster and more accurate on some set of challenges.  Eventually, AI and IA come to all areas of human expertise, all business occupations, societal roles, and academic disciplines.
Science
The Brain: Structure, Function, and Evolution
https://www.amnh.org/learn/resources/brain.pdf
The Symbolic Species: The Co-Evolution of Language and The Brain
http://uberty.org/wp-content/uploads/2016/02/Terrence_W._Deacon_The_Symbolic_Species.pdf
The Social Brain: The Neuropsychology of Social Behaviors
http://disabroad.org/wp-content/uploads/sites/4/2015/07/fa16-psy-cph-the-social-brain1.pdf
Social Evolution

http://www2.econ.iastate.edu/tesfatsi/socevol.htm
Organization Theory

http://woodypowell.com/wp-content/uploads/2016/09/Org_Theory_Fall_2016-with-URLs.pdf 
Organization Analysis
http://online.stanford.edu/course/organizational-analysis
Mindware
https://www.amazon.com/Mindware-Introduction-Philosophy-Cognitive-Science/dp/0195138570
The Construction of Social Reality

https://www.amazon.com/Construction-Social-Reality-John-Searle/dp/0684831791/
The Master Algorithm

https://www.amazon.com/Master-Algorithm-Ultimate-Learning-Machine/dp/0465065708
Design (and Data Issues)
Design

https://dschool.stanford.edu/groups/k12/wiki/332ff/curriculum_home_page.html
Cognitive Systems Design

https://www.upf.edu/csim/information/syllabus/
Intro to Data Science & Data Ownership Issues
https://www.udacity.com/course/intro-to-data-science--ud359
http://hubofallthings.com/
https://www.youtube.com/watch?v=kgxKl_OCOaQ
Case Studies
Design of Products for Google's "AI-first-world" 
https://www.youtube.com/watch?v=q4y0KOeXViI
Data Privacy and Design: Episodic Memory Design in AI Systems

http://www.theatlantic.com/technology/archive/2015/01/how-the-camera-doomed-google-glass/384570/
Human-Computer Interaction

http://www.cc.gatech.edu/~stasko/6750/syllabus.html
https://www.amazon.com/Designing-User-Interface-Human-Computer-Interaction/dp/013438038X/
Computer Supported Collaborative/Cooperative Work

http://presnick.people.si.umich.edu/courses/Fall03/OnlineCommunities/
http://rd.springer.com/bookseries/2861
http://courses.washington.edu/hcde505/syllabus505.html
http://cleo.ics.uci.edu/teaching/Fall08/153/syllabus.html
Electronic Performance Support/Pervasive Interaction Design (PIxD)
https://www.amazon.com/Electronic-performance-support-systems-application/dp/0964622300/
http://mwnewman.people.si.umich.edu/courses/pixd/syllabus.html
Mohr: Socio-Technical Systems Design

https://www.amazon.com/gp/offer-listing/0692510036/
Smart Mobs

https://www.amazon.com/Smart-Mobs-Next-Social-Revolution/dp/0738208612
Things that make us smart

https://www.amazon.com/Things-That-Make-Smart-Attributes/dp/0201626950
Augmenting Human Intellect

http://www.dougengelbart.org/pubs/augment-3906.html
Creating Socially Adaptive Electronic Partners
https://pdfs.semanticscholar.org/e799/711bae39ce151c5d997ddb5493ea226ac456.pdf
Business

Artificial Intelligence Industry – An Overview by Segment
http://www-935.ibm.com/services/us/gbs/thoughtleadership/cognitiveindustry/
http://techemergence.com/artificial-intelligence-industry-an-overview-by-segment/
http://www.mckinsey.com/business-functions/strategy-and-corporate-finance/our-insights/artificial-intelligence-meets-the-c-suite
http://www.gartner.com/webinar/3306419
Case Studies from Recent Press

http://www.inc.com/lisa-calhoun/see-13-of-the-artificial-intelligence-companies-checking-you-out-today.html
http://www.nytimes.com/2016/07/01/business/self-driving-tesla-fatal-crash-investigation.html?_r=0
Societal Implications

AI: Philosophy, Ethics, Impact

http://web.stanford.edu/class/cs122/
Preparing for the Future of AI

http://www.research.ibm.com/cognitive-computing/ostp/rfi-response.shtml
https://www.whitehouse.gov/blog/2016/09/06/public-input-and-next-steps-future-artificial-intelligence
Superintelligence

https://www.amazon.com/Superintelligence-Dangers-Strategies-Nick-Bostrom/dp/1501227742
NetSmart

http://hci.stanford.edu/courses/cs047n/readings/rheingold-net-smart.pdf
AI100
https://ai100.stanford.edu/2016-report
Interdisciplinary

Kline: Multidisciplinary Thinking

Introduces SysReps and the Socio-Technical Systems Design Loop

https://www.amazon.com/Conceptual-Foundations-Multidisciplinary-Thinking-Stephen/dp/0804724091
http://prod.sandia.gov/techlib/access-control.cgi/2011/114500.pdf
Abbott: Chaos of Disciplines and The System of Professions
https://www.amazon.com/Chaos-Disciplines-Andrew-Abbott/dp/0226001016
https://www.amazon.com/The-System-Professions-Division-Expert/dp/0226000699
Chronicle of Higher Education
http://thechronicleofeducation.com/2016/08/10/four-ways-artificial-intelligence-can-benefit-universities/
http://thechronicleofeducation.com/2016/05/23/artificial-intelligence-will-change-higher-education/
http://er.educause.edu/articles/2015/11/the-future-of-the-university-speculative-design-for-innovation-in-higher-education
AI Disruptions of Universities

http://www.universityaffairs.ca/features/feature-article/how-artificial-intelligence-is-about-to-disrupt-higher-education/
AI Benefits to Universities

https://www.universitybusiness.com/article/how-artificial-intelligence-makes-higher-ed-smarter
Summarizing, the proposed core IBM Cognitive Computing Curriculum draws most heavily from traditional AI courses, and therefore provides an excellent starting point for learners with strong programming and mathematics skills. The proposed Intelligence Augmentation (IA) components provide a pathway for learners who may or may not have strong programming and mathematics skills, as well as a broadening for those learners who do go deep in the core AI areas. Learners who master both the deep AI and broad IA curriculum will be better T-shaped professionals, with depth and breadth.  T-shaped professionals are a type of future-ready talent that is highly sought after, including at business transformation firms like IBM, design firms like IDEO, and holistically managed city-states such as Singapore.
Appendix

Educators will decide what the best ways are to teach the content of each course as outlined above. For hands-on experiences, we list a set of IBM® and IBM Bluemix® Assets that may help bring the content to life in practical projects. 

Learning
11:  Introduction to Machine Learning
Alchemy API (https://new-console.ng.bluemix.net/catalog/services/alchemyapi/)
Apache Spark Service and Data Science Experience                                                                              (https://new-console.ng.bluemix.net/catalog/services/apache-spark/)
CADS (https://ibmnext.stage1.mybluemix.net/assets/cognitive_automation_of_data_science)
12: Optimization

CPLEX

111: Advanced Machine Learning
Alchemy API (https://new-console.ng.bluemix.net/catalog/services/alchemyapi/)
CADS (https://ibmnext.stage1.mybluemix.net/assets/cognitive_automation_of_data_science)
 SystemML (https://ibmnext.stage1.mybluemix.net/assets/https_github_com_sparktc_systemml)

LibSkylark (https://ibmnext.stage1.mybluemix.net/assets/libskylark)

Dynamic Boltzmann Machines (https://ibmnext.stage1.mybluemix.net/assets/https_git_sl_cloud9_ibm_com_osogami_jp_dybm_release)

Melanoma Detection (https://ibmnext.stage1.mybluemix.net/assets/melanoma_diagnostic_support_service)

IMARS (https://ibmnext.stage1.mybluemix.net/assets/cognitive_imars)

 
Reasoning
21: Fundamentals of Decision-Making 
Top-K Planner (https://ibmnext.stage1.mybluemix.net/assets/sppl_top_k_planner)
CADS (https://ibmnext.stage1.mybluemix.net/assets/cognitive_automation_of_data_science)
22: Advanced Decision-Making 
Top-K Planner (https://ibmnext.stage1.mybluemix.net/assets/sppl_top_k_planner)
DOCIT Journey Planner (https://ibmnext.stage1.mybluemix.net/assets/docit_asset)
Dynamic Risk Analytics & Optimization (https://ibmnext.stage1.mybluemix.net/assets/dynamic_risk_analytics)
CADS (https://ibmnext.stage1.mybluemix.net/assets/cognitive_automation_of_data_science)
Data Privacy & Consent Manager (https://ibmnext.stage1.mybluemix.net/assets/consent_manager)

121: Modeling Decision Making 

 DOCIT Journey Planner (https://ibmnext.stage1.mybluemix.net/assets/docit_asset)
 Dynamic Risk Analytics & Optimization (https://ibmnext.stage1.mybluemix.net/assets/dynamic_risk_analytics)
FARCAST (https://ibmnext.stage1.mybluemix.net/assets/farcast_tool) 

DAVOS (https://ibmnext.stage1.mybluemix.net/assets/davos_decision_analytics_system) 

CADS (https://ibmnext.stage1.mybluemix.net/assets/cognitive_automation_of_data_science)
Data Privacy & Consent Manager (https://ibmnext.stage1.mybluemix.net/assets/consent_manager)
Razor (https://ibmnext.stage1.mybluemix.net/assets/razor_tool)

Perception

31: Introduction to Computer Vision 
Melanoma Detection (https://ibmnext.stage1.mybluemix.net/assets/melanoma_diagnostic_support_service)

IMARS (https://ibmnext.stage1.mybluemix.net/assets/cognitive_imars)

32: Introduction to Computational Linguistics 
Language Translator (https://new-console.ng.bluemix.net/catalog/services/language-translator/)
AlchemyAPI (https://new-console.ng.bluemix.net/catalog/services/alchemyapi/)

NLC (https://new-console.ng.bluemix.net/catalog/services/natural-language-classifier/)
Conversation (https://new-console.ng.bluemix.net/catalog/services/conversation/)
Retrieve and Rank (https://new-console.ng.bluemix.net/catalog/services/retrieve-and-rank/)
33: Introduction to Machine Translation 
Language Translator (https://new-console.ng.bluemix.net/catalog/services/language-translator/)
Speech to Text (https://new-console.ng.bluemix.net/catalog/services/speech-to-text/)
Text to Speech (https://new-console.ng.bluemix.net/catalog/services/text-to-speech/)


131: Deep Learning for Visual Recognition 
Melanoma Detection (https://ibmnext.stage1.mybluemix.net/assets/melanoma_diagnostic_support_service)

IMARS (https://ibmnext.stage1.mybluemix.net/assets/cognitive_imars)



132: Advanced Theory and Practice of Machine Translation 

Language Translator (https://new-console.ng.bluemix.net/catalog/services/language-translator/)
Speech to Text (https://new-console.ng.bluemix.net/catalog/services/speech-to-text/)
Text to Speech (https://new-console.ng.bluemix.net/catalog/services/text-to-speech/)
 

Interaction

41: Cognitive Modeling 
Visual Recognition (https://new-console.ng.bluemix.net/catalog/services/visual-recognition/)
NLC (https://new-console.ng.bluemix.net/catalog/services/natural-language-classifier/)
42: Establishing Trust in Cognitive Systems
Retrieve and Rank (https://new-console.ng.bluemix.net/catalog/services/retrieve-and-rank/)
43: Interaction Design 
Speech to Text (https://new-console.ng.bluemix.net/catalog/services/speech-to-text/)
Text to Speech (https://new-console.ng.bluemix.net/catalog/services/text-to-speech/)
Visual Recognition (https://new-console.ng.bluemix.net/catalog/services/visual-recognition/)
NLC (https://new-console.ng.bluemix.net/catalog/services/natural-language-classifier/)
Conversation (https://new-console.ng.bluemix.net/catalog/services/conversation/)
Tone Analyzer (https://new-console.ng.bluemix.net/catalog/services/tone-analyzer/)
Personality Insights (https://new-console.ng.bluemix.net/catalog/services/personality-insights/)
141: Ubiquitous Computing

Speech to Text (https://new-console.ng.bluemix.net/catalog/services/speech-to-text/)
Text to Speech (https://new-console.ng.bluemix.net/catalog/services/text-to-speech/)
Visual Recognition (https://new-console.ng.bluemix.net/catalog/services/visual-recognition/)
Conversation (https://new-console.ng.bluemix.net/catalog/services/conversation/)

Knowledge
51: Intro to Knowledge Curation 
Alchemy API (https://new-console.ng.bluemix.net/catalog/services/alchemyapi/)

IBM Graph (https://new-console.ng.bluemix.net/catalog/services/ibm-graph/)
52: Advanced Knowledge Curation 
AlchemyAPI (https://new-console.ng.bluemix.net/catalog/services/alchemyapi/)
NLC (https://new-console.ng.bluemix.net/catalog/services/natural-language-classifier/)

Tone Analyzer (https://new-console.ng.bluemix.net/catalog/services/tone-analyzer/)
151: Big Data Processing for Cognitive Computing
Apache Spark (https://new-console.ng.bluemix.net/catalog/services/apache-spark/)

Hadoop (https://new-console.ng.bluemix.net/catalog/services/biginsights-for-apache-hadoop/)
NoSQL (https://new-console.ng.bluemix.net/catalog/services/cloudant-nosql-db/)

DashDB (https://new-console.ng.bluemix.net/catalog/services/dashdb/)

IBM Graph (https://new-console.ng.bluemix.net/catalog/services/ibm-graph/)
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