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Modelli A timisati Uncertainty
Functional Analysis of System Implementation Analysis of Models Multi Criteria Optimisation Scenario Analysis
Pa ra meters + Selection of elements - All Data Layer (e.g. Equipment, Function and Role) items can be turned on or off thus affecting the + Allows Pareto Front Multi Variable Optimisation to optimise selection of choice options and selected model « Morphological Analysis (MA) is a non quantitative technique used to facilitate the resolution of difficult to define problems
. . . L evaluated Properties property and link values in complex trade spaces » Problem is described as a set of Issues with possibilities in each (Analogous to choice and option tree
* To Und_e rstand_the dependencies and interactions within a system « If multiple Equipment Items are provided to perform similar functions in a model then a selection can be used to represent  Allows Constraints to be imposed on solutions structure)
- To prowd_e a rapid earIy, stage A_sse_ssngnt of the _performance, value and costs of a complex system one system configuration by selecting one particular equipment from each of the choice sets available + Allows Rules to be applied to choice combinations and property/link values, reflecting real world practicalities and « Identification of Cross Criticalities which eliminate particular scenario combinations (Analogous to rules
* Toinvestigate a syste[n s value in d|ffe_r|ng Scenarios » Multiple selections can be set up simultaneously thus allowing alternative system configurations to be compared against the engineering constraints definition)
" To compare Alternative system so_lutlons . same requirements  Can find optimum solutions that are robust to Variations in property values + Solution Exploration in which some options are selected and their implications on the other choice options can
" Io |r_1vest|gate the effect of aIt_ernat|ve sub system Options . . « Alternatively role selections or Weightings can be changed for different selections but with the equipment selection kept be explored
" To _ﬁnd the most Cost Effective sub systen_15 from a range of alternative options constant allowing system performance and cost effectiveness to be considered under different requirements - » MA analysis facilities are implemented using the standard model structure
* To investigate the effects of Data Uncertainty A variety of graphical plots can be produced of element properties FIEEt M IX MOdEI » Problem description is set up in a single Data Layer model using a variety of choice options types
+ Sensitivity analysis showing effects on evaluated properties of varying particular or all item values » Rules are set up as for optimisation (The full rule set is compatible with most MA models)
H HH « Intended for assessment of alternative fleet mixes of different ship types * Solution construction is performed from an MA option screen
SYStem MOdeI I ! ng FaCIIItIes : Fleets assessed against multiple operational requirements and concurrencies  Analysis ca.n bseo lelzﬁglr?lilecg anZdSZ;/l?gd ;?e?;?nt:y\?zgljeesletcc??;: issues and sorting possible solutions (once population is
. Model constructed from Multiple Data layers (Up to 10) each built up on a Tree Structure Sub systems | Sub system options ‘menu’ (cost & benefit order) Multi layer m OgsLE%E:gnlgiig iscrimination and understanding of how capabilities delivered by alternative fleet mixes m_anage_able after selections have reduced the total possible number) either through listing or graphically using Multi
« Calculates Multiple Properties of a system through data tree layers and links . Operations Dimensional Scaling (MDS)
- Upwards evaluation of properties - propagate up through layers Sub system A| [ A A2 A3 |[A4 |A5 [As * Ship types
« Downwards evaluation of properties - Equipment properties are evaluated throughout the lowest layer tree data . . » Fleet mixes assessed and optimised against range of capabilities required for operations TR —— = ) ) )
items provided that they are linked through intermediate layers up to the top layer Sub system B| | B1| B2 B3 B - SyStem optlons ] « Operation and overall force structure coherency assured by use of rules and property calculations . Tl‘la! Sele_ctlon (Medlev_al Army!)
« Allows a Variety of Relationships between properties of different data tree elements and layers, reflecting engineering — * Al to A6 are possible options for choice area « Model features i ot s o | oo | _on | _ewn | s — Selecting options (blue) for an issue will
dependency, redundancy etc. Sub system C| | C1l=" | C2 ca_ A arranged in order of increasing cost, B1 to - Ship inherent capabilities & capacity for deploying off board facilities e.g. USVs etc. * Eliminate possibility of alternative options
« Generates New Properties from existing — . \\ B4 are possible options for choice area B and «  Numbers of Ships with capabilities required by Operations e | poseec] e CF e i oo 0P YEOMAVARCHERS)Z oo | wase| (Whlte) for that _ch0|ce and e_nforce any
* Allows Selection of Subsets of any data tree items for evaluation and sensitivity analyses SubsystemD| | Dy | D21 | D3 | D4 TS So on _ _ «  Numbers of Ships with capabilities above critical level required by Operations e — options (green) in other choices required
« Allows Choices of data items to be set up within data tree structures . * A complete system is made up of one option  Numbers of Ship deployed off board facilities required by Operations S e by the issue rules
Sub system E| | E1 E2 E3 E4 ES5 E from each_ choice area, shown by the «  Critical total capability benefit scores for particular Operations O = oo iy Hor G (BB o oo « Restrict possible options (yeII_ow) to those
_— coloured lines running from top to bottom +  Rules tying one type of Ship to others required within an Operation (i.e. support ship per no. of other e allowed by rules in other choice areas
Sub system F| | F1 F2 F3 F4_— » There are therefore 6x4x3x5x6x4x4x6 = ships etc.) e » MDS plots (below) of remaining options
207,360 possible system squtlor_15 - Operations required by each Concurrency L showmg_ ordering of remaining options
Example Three Layer Model showing Data Tree Layers and Interconnecting Links Sub system G G1 G2 G3 G I'\ * User system _selectlon§ can be_ d'Splaqu and «  Critical Operation benefit scores for particular Concurrencies i with assigned value
! —~_ compared using a variety of different displays «  Relative importance of Concurrencies e [
Sub system H H:q H2 H3 | H4 H5 TH6 _ ; i oo || | prmmm— T ,
| +  Force generation factors for different Ship types = [ =
‘ ‘ ‘ + Manning and associated generation factors for each Ship type oo own| | | T | -
> B System Lowest cost & Possible system Highest cost & *  Costs, both Unit Production Cost (UPC) and Non-Recurring Expenditure (NRE) | — o - 7 b T e e
Solution benefit system ‘thread’ benefit system *  Limits of numbers of a Ship type across fleet (e.g. T45 and T26) {< ~ - En
N - - ‘threads’ ‘thread’ ‘thread’ « Additional items required to support fleet depending on numbers of Ships required & their P - - - - B
- costs/manning - - - - i il -
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T e — . PARETO FRONT X, ¥, Z DISPLAY OF OPTIMUM FLEET MIX Opt|mum Pareto Front (5D front)
> - r———— ... COVBINATIONS COSTS&BENEFITS | . | . Overall benefit scores calculated from
ey : Falile ) wo gumaritions, | L frmte with M1 threeds - : : capabilities for all Operations - = = - C [ =
T _———— M ‘ . ToEaI no. of Ships relfquired for worse case ROb“St Optlmlsatlon Wlth Data Va I‘Iatlon and Uncertalnty
> dig 0 sz ‘ concurrency identified
] o v ———— | | g : | 1 : +  Ships or Facilities required to support fleet « Pareto fronts that are robust to tolerance levels on specified data items can be found. There are two basic methods available
o) auns sz —— o % =1  Fleét identified + The first averages multiple runs of the model at each calculation point with the data values varied according to a specified distribution
O — - G -l manning » Total costs calculated « The results at each calculation point are the average of these multiple runs
F ti R e e e—— - m : + 5 dimension optimisation « This therefore greatly increases the run time and so is only suitable for small models
unctions . ' Total costs (NRE & UPC) Minimise « The second allows the data to vary according to the specified tolerance distribution at each generation of a GA evolutionary process
I ———————— - Total benefits Maximise - It therefore avoids the need for multiple runs at each calculation point. However it does rely on the
ity o ———————————————————————————————————— ; ; : . ) o No. of concurrencies Maximise search requiring a reasonable number of generations to allow a history of variation to be built up,
| = = : : : - Total manning (TLC driver) Minimise particularly when the front is converged
- — : Number of classes (TLC driver) Minimise + As such it can work well on larger models
o E— « Analysis can be extended to include properties representing Value and consequent ordering of possible solutions
A 44 A A 4 A e s o : : : : : :
: ; : : ' ' ' ' ' ' ' ' ' . Robust Optimisation Results
| CAEEASIE Vet RobUS | - An optimisation of the equipment fit on a surface
> Capabilitics : Required cepabilitics N o oA combatant was performed by minimising the total cost of
shest 1 of S Nominal Cost the equipment and maximising the overall benefit across
Fleet Mixes - Extra Capabilities (All Concurrencies, Increasing Costs) Front multiple roles
. . *0 « Triangular probability distributions were applied to cost and
Equipment R Equipment to Function » ‘ (L;I)enelﬁt for some og the equipment okt)tioni that vlverccle stiICI| in
i . i x evelopment in order to represent the risks involved an
Mapping = _ _ Mean Robust Front Fffectivenes the optimisation repeated
o = pltior 11 Optimum Fleet Mixes 7 with Tolerances - Points were taken at three nominal cost points from both
T . oty Ship types in optimum fleet %" Mean Nominal Front | fronts and Monte Carlo evaluations of the overall cost and
A Graphical Plots = piatform & mixes able to meet all ~ with Tolerances benefit values conducted
B ., ‘ Example plots showing capabilities and overall moeem concurrencies shown in T « The results show that the robust front selections have
costs and benefits for different ship types mPittorm increasing order of total fleet B reduced dependency on the development items giving a
assessed against capabilities linked in turn to a = Platform 4 cost (results output to smaller potential cost and benefit range
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