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Medication

Qral blood glucose lowering medication + insulin several times a day

Start date |Name Dose

28-01-2010 |asparaginase injpoeder 10.000ie {coli} fl 1D2EH

04-02-2010 |insuline glargine injvlst 100e/ml fl 10ml 0-0-0-10EH

24-09-2010 |paracetfascorb 500/30mg pdr 3D2EH

04-03-2011 (paracet/codein S00/10mg tab 4D1EH

Treatment team
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Diabetes Demo - Praktijk Portavita Demo - portavita

home - terug - Indicatoren Type 2 diabetes 24-06-2011 12:13:09

Show data based on knowledge of: E 07-05-2011 j Change

Type 2 diabetes Mot type 2 diabetes
Data based on the

All patients in health

knowledge of Patients of Praktijk Portavita Demo Patients of Boonekamp, FWM Patients of Duiser, K Patients of portavita
07-05-2011 care group
Parameter Number Percentage |MNumber Percentage Abnormality | Number Percentage Abnormality |Number  Percentage Abnormality) Number Percentage Abnormality
[ Total number = A =
of active patients 269 100% 7 2,6% 1 14,3% 5 71,4% 1 14,3%
% patients with
self-checks in last |32 11,9% - 14,3% & 295, 0 0,0% ¥ -14%. 1 20,0% # 69%. 4] 0,0% ¥ -14%,

year

[#{ Blood pressure
of patients 47 17,5% 2 28,6% 4+ 11%. 1 100,0% + 71%. 1 20,0% ¥ 9%, 0 0,0% ¥ 299,
measured last year

Of which patients
with mean

[ systolic blood
pressure < 140

27 57,4% 2 100,0% 4 43%, 1 100,0% 0%. 1 100,0%  0%. 0 0,0% ¥ -100%.

Waarvan
patiénten met
gemiddelde syst
140 t/m 160

Of which patients
with mean
systolic blood
pressure > 160

Of which patients
with mean
diastolic blood

14 29,8% 0 0,0% ¥ -30%. a 0,0% 0%. 0 0,0% 0%. 0 0,0% 0%.

B

6 12,8% 0 0,0% L 4 -13%. ] 0,0% 0%. 0 0,0% 0%. 0 0,0% 0%b.

&

S 4R

16 34,0% 0 0,0% ¥ -34%. ] 0,0% 0%. 0 0,0% 0%. 0 0,0% 0%.

5/34



Portavita's growth
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Scaling up

Several months
orientation period,
talked with VARSs

Took three months to
Implement
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Cost of scaling up

8/34



Bene ts of scaling out

parallelize tuple streams for
Increased speed

eliminate single server memory
bandwidth, processor and IO
bottlenecks

control query latency with
shard size

machines can be each others
replicas

no negative economy of scale
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The MGRID Solution

Make parallel PostgreSQL
that can scale out
that has built-in redundancy
that allows online adding of
hardware
that supports all features of core
PostgreSQL (ACID, stored
procedures, etc)

That supports medical data
1ISO-21090 Healthcare Datatypes
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Healthcare Datatypes



Physical Quantities: example

create table patient (name text, height pq, weight pq);
CREATE TABLE

insert into patient values

('Jack' , '1.92 m', '92 kg')

,( "Julia® , '150 cm', '50 kg')
,('John" , '188 cm', '84.3 kg' )
,( 'Luke' , '78 cm', '11800 g');
INSERT 0 4

create or replace function bmi(height pqg, weight pq)
returns pq
as $3$

select convert($2, ‘'kg' ) / convert($1, 'm')N2;
$$ language sqgl immutable ;
CREATE FUNCTION

select *, bmi(height, weight) from patient where height > '1.70 m'
order by weight;

name | height | weight | bmi

------ ey --
John | 188 cm | 84.3 kg | 23.8512901765504753 kg/m2
Jack | 1.92 m | 92 kg | 24.9565972222222222 kg/m2
(2 rows)
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Physical Quantities: example

create table patient (name text, height pq, weight pq);
CREATE TABLE

insert into patient values

('Jack' , '1.92 m', '92 kg')

,( "Julia® , '150 cm', '50 kg')
,('John" , '188 cm', '84.3 kg' )
,( 'Luke' , '78 cm', '11800 g');
INSERT 0 4

create or replace function bmi(height pqg, weight pq)
returns pq
as $3$

select convert($2, ‘'kg' ) / convert($1, 'm')N2;
$$ language sqgl immutable ;
CREATE FUNCTION

select *, bmi(height, weight) from patient where height > '1.70 m'
order by weight;

name | height | weight | bmi

------ T T T u USRS --
John | 188 cm | 84.3 kg | 23.8512901765504753 kg/m2
Jack | 1.92 m | 92 kg | 24.9565972222222222 kg/m2

(2 rows)

/* PQ contains most units used in science and engineering and can be used
* outside the medical vertical. E.g. what is the mean travel t ime of light,
* from the sun to the earth?

*/

select convert(pg ‘1 AU" [ ‘[c]" , 's");

convert

499.0047838061356433 s
(1 row)
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Physical Quantities
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Intervals and sets of point in time: example

select canonical(ivl_ts '[2004;2005[" + ivl_ts '[2005;2006[" ) as plus,

canonical(ivl_ts '[2002;2010]" - ivl_ts  '[2004;2005]" ) as minus;
plus | minus
_____________ A o e e e
[2004;2006[ | [2002;2004[;]2005;2010]
(1 row)

create table medication (name text, effectivetime ivl_ts);
insert into medication values ('Pete’ , '[20100316;20100514]" ),
('Pete' , '[20100420;20100701]" ),
('Pete' , '[20101220;20110119]" ),
('John' , '[20100516;20100614]" )
('John' , '[20100620;20100801]" )
)

('John' , '[20101220;20110119]"

INSERT 0 6

select * from medication where effectivetime @> '20100620";
name | effectivetime

______ A e oo

Pete | [20100420;20100701]
John | [20100620;20100801]

(2 rows)

select name, canonical( '2010" - sun(effectivetime)) as nomeds
from medication group by name;

name | nomeds

______ A o e e e e e e,

John | [20100101;20100516[;]20100614;20100620[;]20100 801;20101220[
Pete | [20100101;20100316[;]20100701;20101220]
(2 rows)
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Coded values

Controlled vocabularies in medical informatics
record information unambiguously
allow machine reasoning

HL7v3 Coded value implementation

Support for a large number of codesystems:
SystemizedNomenclature of Medicine —Clinical Terms
HL7v3 vocabularies all Editions
Logical Observationldenti ers Names andCodes
you can add your own

Supports
hierarchical code systems
code system versioning

Indexable
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Coded values: example

select name, code(disorder), codesystemname(disorder),
displayname(disorder) from observation;

name | code | codesystemname | displayname
-------- e e T a— S
Willem | 71620000 | SNOMED-CT | Fracture of femur
Yeb | 66308002 | SNOMED-CT | Fracture of humerus
Henk | 262994004 | SNOMED-CT | Leg sprain
(3 rows)

select name, displayname(disorder) from observation
where disorder << '284003005|Fracture of bone' ::cv( 'SNOMED-CT),

name | displayname
________ L

Willem | Fracture of femur
Yeb | Fracture of humerus
(2 rows)

select name, displayname(disorder) from observation

where disorder << '127279002|Injury of lower extremity' .cv( 'SNOMED-CT);
name | displayname

________ oo

Willem | Fracture of femur

Henk | Leg sprain

(2 rows)

16/34



Parallel Processing



The Idea — a sketch

Serial Processing Parallel Processing
[=] E-],L =] =]
EL [lj E'] E—_l =1 =1 [ = =1
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- ! e [ — | — | | —
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From serial queries to parallel queries

layout de nes distribution
of tables
on cells
via attributes
using a degree of
parallelism (dop)

relay grid gateway
provides a standard
PostgreSQL interface for clients
plans distributed queries
combines grid results

cells hold partitioned data

redundancy group
one complete copy of the data
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Test platform

Simple grid
one location
one redundancy group
and upto 10 hosts

Each host is
AMD X3 720
16GB PC6400 DDR2
3x WD RE3 250GB SATA
XFS, barrier = off

1Gb network
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Test database

Consider the pgbench ERD:

tid L

bid N
/ tbalance \\
filler
I \
bd = - = - - — — — — - bid
bbalance N _/Zj aid
filler \ y delta
\ aid - mtime
o bid filler
abalance
filler

With a layout “per_account”
distribution key accounts.aid and history.aid
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Select test

Determine read only / select speed

Query

SELECTabalance, filler FROMpgbench_accounts WHERRId = :aid

Platform con guration
single host or
layout per_account dop 2 [2;4,; 9] and # hosts= dop

pgbench con guration:
# clients 2 [8; 16; 32; 64; 96]
scale factor2 [100; 200; 400; 800; 1300, 1800
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Select results
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TPC-B test

Determine “TPC-B” transaction speed

Query

BEGIN
UPDATEpgbench_accounts SET abalance = abalance + :delta WHERERId = :aid
SELECTabalance FROMpgbench _accounts WHEREId = :aid
UPDATEogbench tellers SET tbalance = tbalance + :delta WHEREid = :tid
UPDATEogbench _branches SET bbalance = bbalance + :delta WHERDbiId = :bid
INSERT INTOpgbench_history (tid, bid, aid, delta, mtime)

VALUES(:tid, :bid, :aid, :delta, CURRENT_TIMESTAMP
END

Platform and test con guration as before
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TPC-B results
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Mixed load test

Determine results for a Portavita like mixed load

8
2 select 90%

Query= S tpc-b 9.9%
- complex 0.1% of the time

Where complex is

SELECTa.bid, avg(abalance) AS b FROMpgbench accounts a
WHERER.bid= :bid GROUP Bd&a.bid ORDER B#.bid

Platform con guration as before

pgbench con guration:
# clients= 16

scale factor2 [200; 400, 80C; 1800
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Mixed load latencies, 1 server

single, scale 200 single, scale 400

single, scale 800 single, scale 1800
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Mixed load latencies, grid, constant shard size

single, scale 200 grid2, scale 400

grid4, scale 800 grid9, scale 1800
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Back to Portavita



Deploy with redundancy

application
domain,
load balarcer WAN
public /da;ﬁg)li(ation VPN
network
switch switch switch private switch
data
switch switch switch switch

hosts hosts hosts hosts
redundancy group redundancy group redundancy group redundancy group
location location
admin
network
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Conclusions

Parallel PostgreSQL is a solution for mixed OLTP / OLAI
use cases, provided your data Is partitionable

Control complex query response time with shard size

Healthcare Datatypes as UDTs (instead of ORM)
Increases developer productivity
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HL7v3 reference information model

Source: Grahame Grievc;:.
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Interval and sets of point in time

Point In time Is relevant to every query

HL7v3 Point in Time implementation

Operations supported:
Comparison:overlaps, contains
Arithmetic: +, ,intersect
Aggregation: sum
Construction:intervalafter and friends

Indexable
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Mixed load results
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Mixed load results — zoom
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Mixed load test 2

Determine results for a Portavita like mixed load

8
2 select 90%

Query= S tpc-b 9.9%
- complex 0.1% of the time

Where complex is

SELECTh.tid as teller, SUNidelta), a.aid as account, AVGabalance)
FROMpgbench_history h
JOIN pgbench_accounts a ONa.aid=h.aid

WHERH.bid = :bid GROUP BHN.tid, a.aid ORDER BM.tid

Platform and test con guration as before
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Mixed load results 2
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