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About Franz Inc.

• Privately held, Self-funded, Profitable since 1984

• Headquartered:       Oakland, CA

• Flagship product:     AllegroGraph

• Compiler History:     Common Lisp and Prolog

for Artificial Intelligence and Complexity

• Industries: Healthcare, Intelligence/Defense, Pharma/Biotech

• Key Customers:       Siemens, BlueCross/BlueShield, Novartis, Wells Fargo, 
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Mitre, Smart Logic, MongoDB, TopQuadrant, Expert                   
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Knowledge Graphs in the intelligence world

• Police: advanced tracking of People of Interest.

• Recording and annotating meta data about satellite pictures





A knowledge graph in healthcare



Montefiore/Franz built a 

Knowledge Graph for Healthcare

• A single data centric 

platform that can serve any type 

of analytic without building a 

new data mart for every new 

question.

• Currently 2.7 million patients

with 10 years of data

• Fit for both transactional and

analytical processing.



But first, we need to integrate all Electronic Medical Records (EMR)



One Knowledge Graph environment for all healthcare analytics



Respiratory failure is very dangerous. More than 

40 % mortality even if it occurs in hospital



Needs instant intubation if at risk; but when?



Montefiore Hospital developed a predictive model for 

respiratory failure on top our Knowledge Graph

• A random forest model detects respiratory 

failure up to 48 hours before the event. 

Faster than doctors and nurses

• The model uses 46 complex variables,

a doctor in general looks at 3 to 4 variables.  

• A mix of lab results, (real time) measurements, diagnostics, other

• Complex: give me largest difference between the value for SerumCalciumLevel and the 

midpoint 9.5 in the range of 0 to 20 for the last 24 hours.

• Greatly reduce unnecessary intubation with same clinical outcome

• Save ~$4 million per year



Ok: so now let’s talk about 

• Artificial Intelligence and 

Knowledge Graphs 

for Enterprise Data Warehouses



Some people say the end of EDW is near



[1] Data sprawled all over heterogeneous silos

Imagine you do this in your EDW:

• Data about entities and events might be in more than 4000 different tables and 20,000 columns. 

• Just the many ways the start and end times are ‘named’ in the tables is mind blowing (250 in one 

database we know of)

• Less than a handful of people know the entire EDW structure, sometimes even NO one. 

it takes months to train a person on how things fit together.

• Query 1 would take tens of pages of SQL and many seconds to minutes to execute.



[2] Vocabularies and Taxonomies NOT built into EDW

Imagine you do this in your EDW

• Note that there are many types of lung cancer that even don’t have the string ‘lung’ or 

‘cancer’, think Adenocarcinoma. 

• Note that there at least three major taxonomies for ecommerce to classify products

• Taxonomies can be deeply nested hierarchies, an EDW is not built for deeply nested 

hierarchies and recursive queries over hierarchies. 



[3] Machine Learning results NOT integrated into EDW

• Imagine you do this in your EDW

Ideally one would

• Enrich a customer with their risk factor for payments

• Have a complete statistical co-occurrence, oddsratio or association graph for any 

combination of diagnostics

• Take the similarity between on-line products, based on more than 10 features, and create a 

full similarity graph in the database that contains all ecommerce



Challenge

Can you have a solution 

that keeps your EDW as the ‘truth’ 

but fixes all these problems?

Yes, 

our knowledge graph solution 

that we developed with our customers.



Solution [1] from Data Sprawl to very 

concentrated data

we turn everything into an EVENT

From thousands of tables to one event table (well: event graph)

• Healthcare: everything that can happen to a patient is a time based (sub) 

event: Check In, Check Out, Test, Diagnosis, Procedure, Medication 

administration, Medication order, Sensor reading for vital signs, Invoice, 

Bill payment, Non-bill payment, all insurance interactions. Yes: doctor’s 

notes too.

• Telecom: everything that happens with a telco user is a time based (sub) 

event: telephone call, sms, whatsapp, web site visit, location record, crm

call, bill pay, non-bill pay. Yes: CRM agent notes too.



Solution [2] Vocabularies & Taxonomies built into the 

Knowledge Graph 

• Our terminology system is a combination of 180+ medical and life science 

vocabularies, taxonomies, ontologies and thesauri into one terminology 

system/knowledge base

• Ultimately linked to the structured events data in our Unified Clinical Event 

Ontology via think ICD9 and ICD10, CPT, LOINC, NDC.



Structured patient data combined with complex 

integrated terminology



Queries are dramatically simplified

How many patients had ‘gallbladder calculus’ in 2010 and later

SPARQL SQL

Select (count(distinct ?pt) as ?count) where {

?pt cdm:encounter ?enc .

?enc timew3c:begins/upper:value ?date ;

cdm:diagnosis/upper:correspondsTo/skos:exactMatch ?cui.

filter (?date > '2010-01-01T00:00:00'^^xsd:dateTime) 

?cui mth:chd* mth:C0497327.}

(Part 1 of 3)
Select dx.dxCode, dx.dxCount, cl.dxClassName, cl.ClassCount

From (select distinct c.person_source_value as person, 

c.condition_source_concept_id as dxCode, f.concept_name as 

dxName,

a.concept_id_2 as dxClass, e.concept_name as dxClassName from 

omopv5.concept_relationship a

join cdrn.condition_occurrence c on 

a.concept_id_1=c.condition_source_concept_id join 

omopv5.concept_ancestor d

on d.descendant_concept_id=a.concept_id_2 join omopv5.concept e 

on e.concept_id=d.ancestor_concept_id

join omopv5.concept f on f.concept_id=d.descendant_concept_id

where a.relationship_id='Maps to' and

d.min_levels_of_separation=2 and e.standard_concept='S') dx JOIN 

(select distinct c.person_source_value as person,

c.condition_source_concept_id as dxCode, f.concept_name as 

dxName, a.concept_id_2 as dxClass, e.concept_name as

dxClassName from omopv5.concept_relationship a join 

cdrn.condition_occurrence c on

a.concept_id_1=c.condition_source_concept_id join 

omopv5.concept_ancestor d on 

d.descendant_concept_id=a.concept_id_2

join omopv5.concept e on e.concept_id=d.ancestor_concept_id join 

omopv5.concept f on f.concept_id=d.descendant_concept_id

where a.relationship_id='Maps to' and d.min_levels_of_separation=2 

and e.standard_concept='S') cl on dx.dxClass=cl.dxClass

order by cl.dxClass desc



Solution [3] Output of Machine Learning directly 

Integrated into Database

• By adding results of machine learning back into the database 

we create learning systems.



Odds ratio

The Odds Ratio is a way to quantify how strongly the presence or absence of  property A 

is associated with the presence or absence of property B in a given population







Association rules

Association rule learning is a method for discovering interesting relations

between variables in large databases.





A summary of how we solved the EDW problem with 

an AI based Knowledge Graph

Data sprawled all over the place

Unified entity and event model, can be 

organically grown, no more repetitive ETL

Taxonomies and vocabularies NOT built in Fixed!

Machine learning NOT integrated Fixed!

Domain knowledge and rules NOT built in Linked Open Data integrated

There is a graph in your EDW Ready for any graph algorithm!



Or let us say this in a positive way

The future of the smart enterprise is Knowledge Graphs

• Deeply simplified schema centered around entities

• Vocabularies and taxonomies built in

• Knowledge bases built in

• Artificial Intelligence built in from the ground up. 

• Symbolic:  Inferencing, Prolog, Rules, ETC

• Statistical: Machine Learning, Deep Learning, Predictive Analytics, etc.

• Graph analytics built in from the ground up.

And this is all BIG DATA



But what if you have a 100 Billion triples?

• Distributed AllegroGraph to the rescue



Normal operation
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• Normal operation like any triple store

• A client communicates with a 

repository in a server in using the 

SPARQL Endpoint protocol.



AllegroGraph Federation (same machine)
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• A federation object is a virtual semantic 

graph database.

• Repositories on same machine (or 

node)  are in the same memory space

• SPARQL runs in the federation object 

over a set of cursors from each 

repository.

• A client still communicates with the 

federation object using the SPARQL 

endpoint protocol.

• Performance is close to a single store 

database that combines all repositories.



AllegroGraph Federation (multiple nodes)
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• We can federate 

to remote nodes

• But not as 

efficient as same 

machine 

federation



Parallel SPARQL (new in 7.0)
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• For data that allows for 

logical partitions 

• We created a PARALLEL 

SPARQL

• Now we can use all 

resources on all nodes and 

achieve maximum efficiency

• But what if you have un-

partitionable knowledge 

bases and linked open data 

and you need that to be 

accessible in each partition?



We store a replica of all knowledge bases on each node
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A hybrid parallel/federated SPARQL
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The End

• Contact me for questions at ja@franz.com

• Website at http://franz.com

mailto:ja@franz.com

