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Agenda



Media is focused on B2C but  t he “killer app” is in B2B
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Digit al t echnologies are driving new innovat ion in indust rial market s

Virt ual/ augment ed 
realit y
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net working Big dat a

Cloud comput ing Cybersecurit y Connect ivit y Blockchain
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machines Machine learning
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Not e: re la t ive  s ize  o f indus t ry fo r a dva nced  econom ies
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Indust rial market s primed t o adopt  digit al t echnologies

Time

Digit al S-Curve
Level of  
digit alizat ion

ABB end-m arke t

Ot her indus t rie s

Com p ut ing  + connect ivit y + cloud  + ana lyt ics  s e t  t o  unlock va lue
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Task:
• Model complexit y
• Opt imizat ion horizon
• Opt imizat ion st ep size
• Real-t ime
• ...

Cus t om er 
requirem ent s

Ap p lica t ion t o d ig it a l p ower s ys t em s

1. Para lle l Op t im iza t ion (Mult ip le  Shoo t ing )
2. Para lle l Algorit hm ic Different ia t ion
3. Para lle l s o lut ion of equat ion s ys t em s

Direct Mult ip le  
Shoo t ing

So lut ion o f
equat ion s ys t em s

PARADOM approach:

PARallel Algorit hmic Dif f erent iat ion in OpenModelica
f or real-t ime simulat ion and opt imizat ion
(Mai 2016 – April 2019)

This present at ion
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Id ea :

• Des crib e  cont ro l t ra ject ory wit h 
cont ro l p a ram et ers   

• Int rod uce init ia l s t a t es  o f each int erva l a s  
op t im iza t ion va riab les

• Para lle l s o lut ion of init ia l va lue  and  
s ens it ivit y p rob lem s  for each int erva l 

• Trea t  junct ion cond it ions  b et ween 
int erva ls  a s  op t im iza t ion cons t ra int s

Parallel Opt imizat ion wit h cont rol vect or paramet erizat ion (direct mult iple shoot ing)
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• Treat  power t rans m is s ion s ys t em  wit h 
nodes  and  adm it t ances

• Equat ion bas ed  fo rm ula t ion in Modelica

• Trans la t ion t o  FMU wit h OpenModelica

• Inves t iga t ion o f d ifferent  m od i fo r 
m odel fo rm ula t ion, in part icular:

• Modus II
Opt im izer t unes  genera t o r nodes
(e lim inat e  load  and  int erna l nodes –
cf. ODE m ode)

• Modus IV
Tune genera t o r and  load  nodes  
(e lim inat e  int erna l nodes  –
cf. DAE m ode)

Genera t o r  and Load flows

Applicat ion t o planning of  power product ion (dynamic opt imal power f low problems)

Clem ens  Grind le r: Unt e rs uchung  pa ra lle le r Met hoden de r Op t im alen St euerung  im  Kont ext  de r Le is t ungs flus s op t im ie rung  für Energ ieübert ragungs ne t ze , 
Mas t e ra rbe it , KiT, 2017
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Modus II Modus IV

Spy mat rices of  model Jacobians

• Sp ars e  s t ruct ure
• Many s m all eq ua t ion s ys t em s

• Dens e s t ruct ure
• Few la rg e eq ua t ion s ys t em

Jacob ian Mode l 14, Modus  2 Jacob ian Mode l 14, Modus  4
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s equent ia l MS, CPU t im es  and  s peedup  fo r up  t o  12 CPUs , Model  14

Result s f or dif f erent  sparse solvers for equat ion syst ems

• Com p aris on of eq ua t ion s ys t em  s o lvers  PARDISO, Sup erLU, UMFPACK und  BKP
• Mod el wit h 14 nod es : 24 res p . 8  t uned  va riab les
• PARDISO s hows  b es t  p erform ance fo r Mod us  II, BKP for Mod us  IV
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Result s f or dif f erent  sparse solvers for equat ion syst ems

• Com p aris on of eq ua t ion s ys t em  s o lvers  PARDISO, Sup erLU, UMFPACK und  BKP
• Mod el wit h 89 nod es : 92 res p . 22 t uned  va riab les
• PARDISO s hows  b es t  overa ll p erform ance and  g ood  s p eed up  for s p a rs e  Mod us  II

Sequent ia l MS, CPU t im es  and  s peedups  wit h 12 CPUs , Model 89
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Result s parallel mult iple shoot ing

• Para lle l m ult ip le  s hoot ing  increas es  s p eed up
• Sp eed up  of up  t o  4  in Mod us  IV wit h 9 CPUs

para lle l MS, CPU t im es  and  s peedup  fo r up  t o  12 CPUs , Model  14
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Result s parallel mult iple shoot ing

• Para lle l m ult ip le  s hoot ing  increas es  s p eed up
• Sp eed up  of up  t o  9 wit h 12 CPUs  in Mod us  IV (b ecaus e m ore work is  d one ins id e  p a ra lle l FMUs ) 

Para lle l MS, CPU t im es  and  s peedups  wit h 12 CPUs , Model 89
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• Left  p lo t : CPU t im e increas es  if #Int erva ls  exceed s  #CPUs  
• Rig ht  p lo t : s ub s t ant ia l s p eed up  s t a rt ing  from  61 CPUs  when having  60  int erva ls

Rela t ion s hoo t ing  int erva ls  – CPUs

Result s f or relat ion of  #CPUs and #Int ervals



General Sys t em  Archit ect ure
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ABB OPTIMAX PowerFit  

Technica l Unit s

OPTIMAX®PowerFit
Cent ra l cont ro l and op t im iza t ion

Energ y Manag em ent  /  Trad er
Forecas t s

Delivery Com m it m ent s

Rea l-t im e int erfaces

Availab ilit ies
Diag nos is

Account ing
Rep ort ing

Int erfaces

Plant  Sched ules  
Plant  d a t a

TSO Grid Services

DSO
Grid

Aut om at ion Firewall /  Rout er /  VPN

GPRS /  UMTS /  LTE

 Opt im a l s chedules
 Unit  com m it t m ent
 Ba la ncing group op t im iza t ion
 Ba la ncing power ca lls
 Com bined hea t a nd power 

op t im iza t ion
 Mult i-Energy s it e op t im iza t ion
 Dem a nd  res pons e
 Aut onom ous opera t ion of

d is t ribut ion grids

EEX
EPEX
OTC



Int ernal Archit ect ure
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ABB OPTIMAX PowerFit  

Lightweight
Atomic Host

Docker

Forecast import / 
Schedule export

Field devices

Application
pages

System pages

Web Server
(cockpit/ws)

Optimizer with
- FMU interface
- Task scheduler
- TSV file r/w

Web Service for
application data

OPC UA Client

Data exchange
- SFTP Server
- SQL Server

Operation 
- Web Client
- IEC104 Master

Remote 
Maintenance

Engineering
- Excel Add-in
- OpenModelica

Monitoring,
Control commands

Dynamic Optimization Container
(don/runtime)

IEC 60870-5-104 
Slave

Modbus Master

Security

SSH Server, 
Firewall

User 
Management

Cache
DB

/var/don

File Server
(samba)

File Share



Secure digit al solut ions on-p rem is e , in t he  cloud , and  in an ecos ys t em

Leveraging t he ABB Abilit y™ plat f orm
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Fog Cloud Int ercloud

Lumada

Predix Mindsphere

ABB Abilit y™

Edge

Device

Edge

Device

Cloud

Ecost ruxure

v

v

v

v



Example: OPTIMAX PowerFit
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Azure Storage
PowerFit
Project  

Instance

PowerFit
Project  

Inst ance

PowerFit
Project  

Inst ance

PowerFit
Project  

Inst ance

Local Cont roller

SQL

OPC UA/ MQTT
JSON/ MQTT

PowerFit
Engineering

Power BI Report ing /  
Forecast s

ABB VPN

Azure IoT Hub

OPC UA
(Modbus)

HTTPS

Edge Gat eway

App. Protocol

OPC UA

(red by ABB;
blue by Microsof t )

Secure connect ion
through virt ual devices

St ream Analyt ics

JSON/ MQTT

IoT Toolkit



OPTIMAX PowerFit in Azure (wit h new Cockpit ) – Cloud
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PowerFit Demo applicat ion in Azure



New Microsof t  dashboard sof t ware

PowerBI f or PowerFit – Int ercloud

Februa ry 5, 2018 Slide  19

Accessing Azure st orage writ t en by 
PowerFit Demo applicat ion



Cloud com p ut ing , connect ivit y and  inexp ens ive  com p ut ing  res ources  a re  t hree  d rivers  o f d ig it a l revolut ion

Exp lo it a t ion in ABB Ab ilit y OPTIMAX PowerFit for m anag em ent  o f renewab le  p ower cons id ering  g rid  lim it s

Pa ra lle l op t im iza t ion wit h cont ro l vect or p a ram et eriza t ion (m ult ip le  s hoot ing )

• Solve  m od el and  s ens it ivit y eq ua t ions  in p a ra lle l fo r each t im e int erva l

• Need  t o  find  b es t  com p rom is e  for t rea t m ent  o f eq ua t ion s ys t em s  in m od el vs  b y s o lver 
(cf. ODE vs  red uced  DAE vs  full DAE)

Op enMod elica p rovid es  m od eling  and  t rans la t ion t echnolog y

• Genera t e  FMUs  for d ifferent  m od i (d eg ree  of e lim ina t ion of nod es  in g rid  m od el)

• Well s uit ed  for res ea rch p ro ject s ; s t ill lim it ed  for com m ercia l us e , d es p it e  o f hug e  p rog res s  d uring  la s t  yea rs
(efficiency of m od eling  workflow for com p lex m od els , la cking  encryp t ion of m od el lib ra ries )

PARADOM us ing  Op enMod elica and  HQP

• Succes s ful im p lem ent a t ion of p a ra lle l op t im iza t ion wit h m ult ip le  FMU ins t ances

• New Op enMod elica fea t ure : a lg orit hm ic d ifferent ia t ion of FMUs  (fm i2Get Direct iona lDeriva t ive)
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Conclusions
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