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Definition of an Artificial Cognitive System  
and the mission of uCepCortex 

uCepCortex defines an ACS as a system 

 

(i) which is artificially made by humans  

(ii) in order to enhance the cognition or abilities of humans  

(iii) for one or more aims which have to be defined explicitly  

(iv) to recognize or even predict or foresee complex events (like environmental situations, natural 

catastrophes, economical or political forecasts, health hazards, etc.) and  

(v) to react on such complex events as a self-contained system if possible or to notify affected 

humans and advise a helpful decision-making 

The main idea of the uCepCortex project is  

 

to enhance human abilities by a complex cognitive system which adds and supplements senses and 

integrates the information of these senses for an optimal output, thereby overcoming the limitations 

of the human brain. Its typical limitations are:  

• the amount of events that can be processed at any one time: The human brain can only process 

around 120.000 events per second unconsciously and less than ten consciously; 

• the number of event types we can consciously integrate at any one time: integrating of multiple 

information sources requires tracking, memorizing and retrieving of past, recent and current 

events;  

• the performance and scalability of the event processing and the correlation of actually 

meaningless basic events to senseful complex events; 

• the sensitivity ranges (modalities) of the five senses what a human can hear, see, smell, taste 

and feel; 

• the degeneration of the number and the sensitivity of senses: loss or damage due to aging, 

illness or accident and the feasibility and manageability is missing to substitute or add additional 

senses. 



What is new in uCepCortex 2G: 
How to build, influence and modify a matrix  

- applications and demonstrators -  
clinical applications,  

human enhancements,  
autonomous robots and swarms of robots with their own matrix,  

robot companions for humans 

We will in addition to the project proposal for Call-9 investigate how an autonomous robot or Cyborg 

would be started with a basic modeling of its special matrix according to what this Artificial Cognitive 

System (ACS) respectively Cyborg should do and how it would autonomously learn and enhance its 

matrix or world model. 

 

We will also explore how a swarm of robots would mutually exchange information according to the 

theory of quantum information  

(see as the first C.F. von Weizsäcker http://www.scilogs.de/kosmo/blog/astronomers-do-it-at-

night/wissenschaft-fur-alle/2009-11-14/quanten-und-information-anton-zeilinger-in-hamburg-carl-

friedrich-von-weizs-cker-vorlesungen-2009, Görnitz http://iopscience.iop.org/1742-

6596/237/1/012011/pdf/jpconf10_237_012011.pdf,  David Bohm, John Wheeler, David Deutsch or 

nowadays Dieter Lüst http://www.chbeck.de/Luest-Quantenfische/productview.aspx?product=8552073, 

Vlatko Vedral http://www.amazon.co.uk/Decoding-Reality-Universe-Quantum-

Information/dp/019969574; see also Nick Bostrom and his formula on page 7  http://www.simulation-

argument.com/simulation.pdf).  

 

Such a swarm would remodel the swarm's matrix more and more complex, according to the Entropy or 

the second law of thermodynamics. Question is whether such autonomous robot swarms would  build a 

parallel, own "reality" and act or "live" in it, and how the mankind would guarantee the control for a 

symbiotic coexistence and cooperation (see the flipside of the coin of HET as it is presently 

discussed http://forum.complexevents.com/viewtopic.php?f=13&t=261&p=1463#p1463). 
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The basic idea of the uCepCortex project as a Cognitive System 

FPGA or cognitive chips  
based cognitive 
architecture implements: 

global cloud of basic events 

service cloud-1 service cloud-n 

uCepCortices as global or location-based observers 

personalized and configurable exocortices 

Economics 
stock feeds 

other RSS feeds 

Weather 
solar storm 

earth quake 
tsunami 

BioMed 
radioactivity 

UV 
CO2 

- enhanced senses 
- additional senses 
- biosensing, 
- biomarkers, 
- autotreatment… 

Belt or BrainPort receives a complex event 
and „notifies“ the brain. The notification 
generates a „thought“ pattern or action 
planning pattern 

publish and subscribe 
arbritrary services 

notification of subscribed complex event patterns 

billions of events per sec  - filtering, enriching, correlating,  processing … 

direct communication 
between exocortices 

my private cloud of 
experienced events –  
unlimited capacity 

enterprise cloud of  
its specific events 

store and use events 
experienced in my life  



Middleware 

Monitor / Analyze / Act 

Process 
Modeler 

Event 
Modeler 

Monitoring Cockpits 

Event 
Store 

 

 

analyse 
history… 

Low Level Event 
Streams 

Event Type 
Adapters 

Normalized events, 
build higher level events 

Process Engine 
tbd: Process Execution 
Language 

CEP Engine  
tbd: Event Processing 
Language for U-CEP 
 IF … 
AND … 
FOLLOWED BY… 
WITHIN… 
ACTION 

Event  
Processing 

Model 

e.g. GPS-signal 

• Which events 
   are important? 

• How are events 
   correlated? 

• When and how  
  should we react? 

Process  
Models 

The Principle of U-CEP – Reference Model – basic components of a uCepCortex 

Domain specific 
reference models for 
event patterns 

„unus 
mundus“ 

+  
Internet 
services 
and their 
events 

e.g. Traffic Message Controls 
e.g. Weather Forecast 

e.g. JMS pub/sub 

e.g. RFID … 



event 

cloud 

. . . 

. . . 

. . . 
. . . 

transaction 

processes 

instance-1 

instance-n 

e.g. ATM‘s in Tokyo, Rome, Munich 

e.g. Internet banking 

adapter for 

event type-1 

adapter for 

event type-n 

needed to process 

thousands of 

events per sec 

needed to reduce the 

amount of suspicious 

event patterns 

needed to filter 

unkown suspicious  

event patterns 

suspend 

transaction 

process 

. . . 
fraud management processes 

alert alert alerts 
Real-time BAM, 

statistics… 

known suspicious event 

patterns: 

. . . 

trigger fraud 

management 

process 

CEP-

engine 

input: current and 

historic discriminant 

values  

event filtering, enriching, correlating 

decision tree 

discriminant analysis 

output evaluation 
neural 

network  

feed forward step 

preclassification 

fraud 

suspicious 

not fraud 

suspicious 

A Reference Model of non-deterministic uCepCortex 
example of Fraud Management, simply to be adapted for e.g. Emergency Management, etc. 



NEXOF-RA to be enhanced by ED-BPM and U-CEP  
(red marked = enhancements) 



ShipmentCommonData

- @ShipmentType [1]

- @Package [1..*]

- ShipmentID [1]

- +TrackingEvent [1..*]

PackageCommonData

- PackageID [1]

- +DeliveryPoint [1]

- +PostalAddress [1]

@ ShipmentTypeData

- Shipment

- Transmittal

- Reconsignment

- Forewarding

- ...

EventCommonData

OrderEventType

- OrderID [1]

- +Shipment [0..*]

- +Service [0..*]

- +Customer [1]

- +Regulator [1..*]

OrderEvent

- @MajorVersion [1]

- @MinorVersion [0..1]

- @FixVersion [0..1]

CustomerCommonData

- @Gender [0..1]

- CustomerID [1]

- +PostalAdress [1..*]

- +TelephoneNumber [1 ..*]

- Email [0..*]

- +BirthDay [0..1]

@ Gender

- Male

- Female

ServiceData

- ServiceID [1]

- SeviceName [1]

- +Partner [0..*]

PostalAddressCommonData

- <choice>

- +Name [0..1]

- +Organization [0..1]

- </choice>

- +Address [1]

- @Severity [0..1]

- @Priority [0..1]

- @Mode [0..1]

- SequenceNumber [1]

- +EventDateTime [1]

- EventDescription [0..1]

- SourceName [0..1]

- <choice>

- +SourceURI [1]

- SensorID [1]

- </choice>

- Instance [0..1]

- BusinessUnit [0..1]

- +OrganizationalHirarchy [0..1]

PostalAddressCommonData

- <choice>

- +Name [0..1]

- +Organization [0..1]

- </choice>

- +Address [1]

NameCommonData

- GivenName [1]

- SurnamePrefix [0..1]

- Surname [1]

- NameQualifier [0..1]

- Qualification [0..*]

- FormOfAddress [0..1]

- Function [0..1]

OrganizationalCommonData

- OrganizationUnit [0..1]

- OrganizationName [1]

- LegalStatus [0..1]

- MaileeRoleDescriptor [0..1]

AddressCommonData

- SupplementaryDispatchData [0..1]

- AddresseRoleDescriptor [0..1]

- Door [0..1]

- Floor [0..1]

- Wing [0..1]

- +DeliveryData [0..1]

- StreetNumberOrPlot [0..1]

- +Thorougfare [0..1]

- District [0..1]

- Town [0..1]

- ProximateTown [0..1]

- Region [0..1]

- Country [0..1]

- Postcode [1]

DeliveryCommonData

- DeliveryServiceQualifier [0..1]

- DeliveryServiceIndicator [0..1]

- DeliveryServiceType [0..1]

- SupplementaryDeliveryPointData [0..1]

- DefiningAuthority [0..1]

- BuildingConstructionType [0..1]

- BuildingConstruction [0..1]

- ExtensionIdentifier [0..1]

ThorougfareCommonData

- SecondaryThoroughfareType [0..1]

- SecondaryThoroughfareName [0..1]

- ThoroughfareType [0..1]

- ThoroughfareQualifier [0..1]

- ThoroughfareName [0..1]

@TypeCode

- CustomIdentifiedEvent

-CustomerAddedEvent

OperatorCommonData

-@OperatorName[0..1]

-@WorkerID[0..1]

-@OperatorType[0..1]

CustomerEvent

- @MajorVersion [1]

- @MinorVersion [0..1]

- @FixVersion [0..1]

-@TypeCode[1]

SourceURIType

BusinessUnitCommonData

-@Name[1]

-@TypeCode[1]

DateTimeCommonData

-@TypeCode [1]

CustomerEventType

-@TypeCode[1]

-+Customer[1]

-+Operator[0..1]

-+Workstation[0..1]

CustomerCommonData

-@Gender [0..1]

-<choice>[0..1]

-CustomerID[1]

-+CustomerDemographic[1]

-+IDDemographicDataPair[1]

-</choice>[1]

-+Name[0..1]

-+Address[0..1]

-+TelephoneNumber[0..1]

-+Email[0..1]

-PrivacyOptOut[0..1]

-BirthDayMonth[0..1]

-BirthYear[0..1]

EventCommonData

- @Severity [0..1]

- @Priority [0..1]

- @Mode [0..1]

- SequenceNumber [1]

- +EventDateTime [1]

- EventDescription [0..1]

- SourceName [0..1]

- <choice>

- +SourceURI [1]

- SensorID [1]

- </choice>

- Instance [0..1]

- BusinessUnit [0..1]

- +OrganizationalHirarchy [0..1]

Customer Event Domain Model of NEARetail 

“Common Postal Address” Architecture of NEALogistics 

Order Event Architecture 

TrackingEventType

- @TrackingType [1]

- TrackingID [1]

ShipmentCommonData

- @ShipmentType [1]

- @Package [1..*]

- ShipmentID [1]

- +TrackingEvent [1..*]

PackageCommonData

- PackageID [1]

- +DeliveryPoint [1]

- +PostalAdress [1]

@TrackingTypeData

- PickupEvent

- CommitalEvent

- DepartureEvent

- EntryEvent

- DeliveryLineEvent

- DeliveryEvent

- EscapeEvent

@ ShipmentTypeData

- Shipment

- Transmittal

- Reconsignment

- Forewarding

TrackingEvent

- @MajorVersion [1]

- @MinorVersion [0..1]

- @FixVersion [0..1]

EventCommonData

- @Severity [0..1]

- @Priority [0..1]

- @Mode [0..1]

- SequenceNumber [1]

- +EventDateTime [1]

- EventDescription [0..1]

- SourceName [0..1]

- <choice>

- +SourceURI [1]

- SensorID [1]

- </choice>

- Instance [0..1]

- BusinessUnit [0..1]

- +OrganizationalHirarchy [0..1]

PostalAddressCommonData

- <choice>

- +Name [0..1]

- +Organization [0..1]

- </choice>

- +Address [1]

Tracking Event Architecture 

EventCommonData

- @Severity [0..1]

- @Priority [0..1]

- @Mode [0..1]

- SequenceNumber [1]

-+EventDateTime [1]

- EventDescription [0..1]

- SourceName [0..1]

- <choice>

-+SourceURI [1]

- SensorID [1]

-</choice>

- Instance [0..1]

- BusinessUnit [0..1]

-+OrganizationalHirarchy[0..1]

CustomerCommonData

- CustomerID [1]

- @Gender [1]

-+Name [1]

-+Address [1..2]

-+TelephoneNumber [1..2]

- Email [0..1]

- Birthday [1]

InternalAccount

CommonData

- AccountNo [1]

- @AccountType [1]

- BankCode [1]

- IBAN [1]

- BIC [1]

DebitCardCommonData

- CardNo [1]

- @CardType [1]

- ValidTo [1]

AccountTransactionType

- TransactionID [1]

- @TransactionType [1]

-+Name [1]

- Description [1..4]

- Amount [1]

- @PostingType [1]

- PostingDate [1]

- ValutaDate [0..1]

- @TransactionState[1]

-+AccountSource [1]

-+AccountDestination [1]

-+Customer [1]

- AccountBalance[0..1]

-+Card [0..1]

ExternalAccount

CommonData

+ Name [1]

<option>

<optionNational>

- AccountNo [1]

- BankCode [1]

</optionNational>

<optionInternational>

- IBAN [1]

- BIC [1]

</optionInternational>

</option>

CreditCard

CommonData

- CardNo [1]

- @CardType [1]

- Vendor [1]

- Limit [1]

- ValidFrom [1]

- ValidTo [1]

- CVC2 [1]

CardCommonData

-+Name [1]

AccountTransactionEvent

- @MajorVersion [1]

- @MinorVersion [0..1]

- @FixVersion [0..1]

@AccountType

- Checking Account

- Interest Checking Account

- Money Market Account

- Savings Account

- Certificate of Deposit

...

@TransactionType

- Incoming Payment

- Withdrawal

- Withdrawal ATM

- Withdrawal Check

- Check Payment

- Savings Transfer

- Debit Interest

- Credit Interest

- ...

@PostingType

- Debit Posting

- Credit Posing

@TransactionState

- Posted

- Declined

- Booked

 @CardType

- American Express 

- Diners Club 

- Visa

- Mastercard

- ...

 @CardType

- Maestro

- Visa

- Mastercard

- ...

AddressCommonData

<choice>

+Name [0..1]

+Organization [0..1]

</choice>

+Address [1]

AccountCommonData

 

Model of the “AccountTransactionEvent” of 

NEAFinance 

Domain-specific Notification Event Architecture for Thought –  
NEAR(etail) could be used as template for a probably complex class diagram of „Thought“ as a NEAT 
standard for a Brain-Machine-Brain interface and communication in the field of Mind Reading 
(More about NEAR see http://www.nrf.com/modules.php?name=News&op=viewlive&sp_id=155) 



Standardizing Event Processing Languages?   
A controversial discussion until today 

EPL-Approaches CEP-Platform Usability / User Type 

Pseudo-SQL - Coral8 (CCL) 
- StreamBase (StreamSQL) 
- Esper (EQL) 
- Aleri 
- ?Oracle (CQL)? 

- skilled EPL-programmers 
- not the community of SQL-programmers?! 

Special Rules Languages - AMiT 
- ?Apama? 
- Tibco 
- ?Oracle? 

- skilled proprietary EPL-programmers 
- will never be a community 

Java- or other 3GL generated Code - Tibco 
- Apama 
- Esper? 
- Aleri Studio 
- ?Oracle? 

- community of Java-programmers 

Proprietary 4GL-based approaches - ?Aleri XML? 
- ? 

- skilled proprietary 4GL-programmers 
- will never be a community 

GUI-based approaches (graphical 
editors) and code generation 

- ?AMIT? 
- ?Apama? 
- AptSoft 
- StreamBase 

- C-level managers? 
- marketing employees? 
- appropriate for all requirements of  
  applications? 
- only GUI or additionally to a EPL? 

Different types of users for different monitoring-views and needed skills  

(from 2007, a lot has changed in the meantime) 



Existing standards and current research projects  
related to edBPM and to be enhanced by U-CEP 



How to build, influence and modify a matrix 
- applications and demonstrators - 

 
clinical applications, 

human enhancements, 
autonomous robots or swarms of robots with their own matrix, 

robot companions for humans  



uCepCortex and clinical applications 

Carel Meskers/LUMC 



uCepCortex and clinical applications – U-CEP based automatic treatment  

- Biomarkers as complex event patterns, and therapeutics as (pre-) modelled processes 

- „Understanding“ and „rebooting“ the brain 

- Mind reading for clinical applications and for HETs 

VPH-FET 2011, Marco Viceconti et al. 

Paper 2012 Filippo Castiglione, Andrea Gaggioli et al „Physio-environmental sensing and live modeling based on U-CEP“ 

Biosensors and biomarkers, e.g. 

BrainPort and CN-NINM 

BCI as interface to the brain 

(U Wisconsin / TCNL) 

Mind reading – based on  

(complex) event patterns  

BCI as interface from the brain 

U Würzburg, U Tübingen,  

MPI Leipzig, UCLA, MIT, IBM… http://www.silicon.de/technologie/mobile/0,39044013,41556997,00/gedanken_mal

en_am_computer_bilder.htm,  

http://www.silicon.de/technologie/mobile/0,39044013,41556997,00/gedanken_malen_am_computer_bilder.htm
http://www.silicon.de/technologie/mobile/0,39044013,41556997,00/gedanken_malen_am_computer_bilder.htm


AppServer 

Monitor / Analyze / Act 

Process 
Modeler 

Event 
Modeler 

Monitoring Cockpits 

Event 
Store 

 

 

realize scenario 
process instances  

set parameters 

analyse 

history… 

Low Level Event 
Streams 

Adapters 
e.g. RFID, topics of 
Pub/Sub, … 

Normalized events, 
build business level events 

Process Engine 
e.g. based on BPEL 

CEP Engine  
 
„special“ SQL 
resp. other languages 

IF … 
AND … 
FOLLOWED BY… 
WITHIN… 
ACTION 

Model ^= 
Scenario 

 

e.g. GPS-signal 
e.g. payments show BAM- 

view, 
trigger a BP, 
change BP-
flow… 

Processes 

Enhancing human intelligence and cognitive or physical abilities 
connect humans to more events of the universe (resp. Internet services)  

Domain specific 
reference models for 
event patterns 

„unus 
mundus“

-  
Internet 
services 
and their 
events 

e.g. Traffic Message Controls 

e.g. Weather Forecast 

e.g. JMS pub/sub 

e.g. RFID … 

e.g. Ray Kurzweil: Singularity is Near 

e.g. Bruce H. Lipton: Epigenetics – Intelligent cells 

e.g. Kevin Warwick: Brain Computer Interface - Cyborg 

Extracellular receptors = event adapters 

Intracellular effectors = Event Processing Agents 

Protein 

machinery 

 

 

 

 

 

 

Protein 

 machinery 

 

 

 

 

 

 

Intracellular effectors = Event Processing Agents 

Enhanced abilities 

 

 

 

 

 

 

 

Intracellular effectors = Event Processing Agents 



AppServer 

Monitor / Analyze / Act 

Process 
Modeler 

Event 
Modeler 

Event 
Store 

 

 

realize scenario 
process instances  

set parameters 

analyse 

history… 

Low Level Event 
Streams 

Adapters 
e.g. RFID, topics of 
Pub/Sub, … 

Normalized events, 
build business level events 

Process Engine 
e.g. based on BPEL 

CEP Engine  
 
„special“ SQL 
resp. other languages 

IF … 
AND … 
FOLLOWED BY… 
WITHIN… 
ACTION 

Model ^= 
Scenario 

 

e.g. GPS-signal 
e.g. payments show BAM- 

view, 
trigger a BP, 
change BP-
flow… 

Processes 

Robot Companions for Citizen – Cyborgs, driven by Event Processing 
 

Domain specific 
reference models for 
event patterns 

„unus 
mundus“

-  
Internet 
services 
and their 
events 

e.g. Traffic Message Controls 

e.g. Weather Forecast 

e.g. JMS pub/sub 

e.g. RFID … 

e.g. http://www.icub.org/ 

  

http://eris.liralab.it/yarp/


The basic workpackage structure of uCepCortex 
- to be revised -  



Schematic of the WPs and their main interdependencies 
- to be revised - 


