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Scope of presentation

1. Multimodel method : motivation and usage

2. Extension of Multimodel method for BIM design 
space exploration

3. Integration of uncertainty in BIM information
space

4. Simulation and collection of computed metrics
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Á Multimodel:

Á Initially developed in German research project ĂMefisto ñ (2009-2012), 
further development since then : 

Á buildingSMART ĂMMC Projectñ

Á DIN -SPEC 91350

Á ISO/NP 21597 (Information Container for Data Drop)

Á Proposes a method and a data exchange model for integrating and linking 
together information from different engineering domains

Á Offers a exchangeable project data resource for enabling and easing 
collaboration in building design and construction.

Á Integrate heterogeneous and domain -specific data into a common data 
exchange model while maintaining native data formats.
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Intentions
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Á Goals of this work :

Á Enabling building design optimization with regard to several criteria
reflecting different engineering domains . 

Á Integrate different heterogeneous information from different 
application domains for the sake of a energy -efficient building design

Á Allow for making and modelling several changes in this information

Á Support uncertainty analysis of different building design options

Á In one single simulation request , simulates n (1 to hundreds ) different 
building design options

10/08/2017

Intentions
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ÁApplication Model

ÁEmbedded or referenced

ÁMultiple files and formats (IFC, 

GaebXML, CSV, etc.) 

ÁLink Model 

Álinks.xml

ÁLinkModel.xsd

ÁMultimodel metadata

Ámulitimodel.xml

ÁMultiModel.xsd

ÁContainer

ÁContain all data mentionned above

(e.g. as zip file)

10/08/2017

Background: multimodel method

Multimodel = set of m application models and n link models + annotations as metadata.
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Example of Multimodel for construction
planning

. . .. . .

. . .

. . .Process 1

Process 2

Process 3

Process 4

Process 5

Process 6

Resource A

Resource B

Resource C

Resource D

Resource E

Resource F

MM

Multimodel

Item
ID = 1.3.10

IfcColumn
ID = i$aQq12

Task
ID = 343456

Unit Price

. . .
Storey

. . .
Start

49,76 ú

16

21.06.2013 

12:00:00

Link Model Link

Schedule [MS Project]

Building [IFC]

Bill of Quantities 

[GAEB-XML]

Multimodel:

Explicit, neutral & ID -based links between the application models elements
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Á Simplified BPMN diagram of a design workflow focusing on building energy

10/08/2017

Multimodel Container used as exchange
model within a collaborative design work
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Extension of MM for support of different 
design solutions and uncertainty analysis

3 levelsof Multimodel 
data variations: 

Á Design alternatives:

Á oneIFC modeleach

Á Design variants: 

Á Basedon design 
alternatives

Á oneLink Model 
each

Á Stochasticrealizations:

Á Basedon design 
variants

Á Set of randomly
sampledvaluesof
somespecific
variablesIFC modelascentralproductmodel Data from other applicationmodels: product templates, district

energysystemmodel, etc.
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Dedicated 

Stochastic 

Analysis

Application

Deterministic 

Simulation

Application

Sampling Service

Links

Building 
element 

properties

Failures

Occupancy

Outdoor 
Temperature

Stochastic Variables

Design Variables

BIM
Link

Link

LinkLink

Link

Target Performance Value RangeTolerance Tolerance

10/08/2017

Integration of uncertainty in analysis 
workflow

Å Someapplicationmodelsare
associatedwith uncertainty: e.g. 
occupancymodel, climate
model, energysystemΧ

Å Sampling-basedapproach
applicablewith existingmarket
solvers(e.g. TRNSYS, 
EnergyPlusΧύ

Å Stochasticvariables transformed
into a setof sample values
includedinto MMC
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Risk metrics derived from uncertainty and 
its simulation

SustainabilityKRIs

Energydemandvariance

CO2 emissionvariance

Χ

CostKRIs

Operation costsvariance

Maintenance costsvariance

Investment costsvariance

Χ

Climate

Building usage

Componentfailures

Stochasticvariables (Regressors)

VulnerabilityKRIs

System failure rate

Average unvailability

Mean Time to Failure

Χ
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Occupancy modelling for energy simulation:

Á Occupants interact with the energy system in two ways, indirectly by emitting heat, 
and directly by interacting with the energy system or energy relevant appliances (e.g. 
light switches)

Á Foundation for both is the presence of the occupant

Method: 1st order Markov Chain (Richardson et al., 2008)

Á Simulates number of present/active occupants per zone

Á Differentiates between zone types (e.g. kitchen, bureau, é) and day types (e.g. 
weekday, weekend)

Á Flexible modelling and fast computation time

Sampling service:

Occupancy data (room types and max nb of occupants) preliminary linked with IFC model 
in MMC

Use of ñtransition probability matricesò 

Generation of samples (time series of occupant numbers)

10/08/2017

Occupancy Modelling
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Data generated by sampling for occupancy:

Á From each transition matrix, an arbitrary number of samples can be generated

ü Time series representation:

ü Tabular representation for further usage in energy simulation tools:

10/08/2017

Occupancy Modelling

Exampleof 4 sampleswith 10 
minute time stepandoccupancy
density(occupant/m²)

Graphicalrepresentationof 1 
sample of occupantnumbers
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Á For enhanced accuracy, the climate data samples are real weather data records from 
the past that are formatted in the weather data format TRY.

10/08/2017

Climate data

Exampleof weatherdatatime seriesin the
TRY format. Data for Chemnitz, Germany, 
retrievedfrom DWD (Deutscher 
Wetterdienst)

Variables: 
- Outdoor temperature
- Wind speed
- Wind direction
- Humidity
- Solar radiation
- EtcΧ
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Application to reliability analysis of energy
system
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Application to reliability analysis of energy
system

SaS ouput RAS output

time Component AComponent BComponent C Χ component N time

instant 0 1 1 1 Χ 1 instant 0 1

instant 1 1 0 1 Χ 1 instant 1 1

instant 2 1 1 1 Χ 1 instant 2 1

Χ 0 1 1 Χ 1 Χ 0

Χ 1 1 1 Χ 1 Χ 1

Χ 1 1 0 Χ 1 Χ 1

Χ 1 1 1 Χ 0 Χ 0

Χ 1 1 1 Χ 1 Χ 1

Χ 1 0 1 Χ 1 Χ 1

Χ 1 1 1 Χ 1 Χ 1

Χ 0 1 1 Χ 0 Χ 0

instant n 1 0 1 Χ 1 instant n 1

Energy system component failures Energy system 

failures

Failure
Simulation

Top/Down curvesexpressedasa set time series
embeddedin the Multimodel Container andlinkedto
relatedES components:
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Data variation model example for energy
simulation in early design 

RelatedIFC-GUID (one
IfcBuildingand 20 IfcRoom

entities)
3 design variants

1st sample

1 Cimate
+ 
20 occupancy
time series

n samples


