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Introduction

Inthe Anthropoceneepoch,characterized
bysignificanthumanimpactontheenviron-
ment,wewitnessrapidtechnologicalad-
vancementsandacompletedigitalization
ofourworld. Thesechangeshavefunda-
mentallyalteredourlifestylesandinterac-
tions. Amongthemostpivotalstructuresfor
ourdigitalexistencearedatacenters,which
havetraditionallyoperatedatthefringesof
human-centricspaces.Asourrelianceon
digitalinfrastructuregrows,thesecenters
havebecomecentraltomanagingandpro-
cessingthevastamountsofdatanecessary
formodernurbanoperations. Thisthesisex-
plorestheevolutionofanewarchitectural
typology,theurbandatacenter—termed
‘Data-DrivenA-Type—throughtheinnova-
tiveuseofartificialintelligence(Al),affirm-
ingtheincreasingmultimodalityandcom-
plexity of architecture as a discipline.
AnthropocenetoPost-Anthropo-
cene Shift

The Anthropoceneerahasledtosignifi-
cantenvironmentalchanges,necessitating
atransitiontoamoreharmoniousrelation-
shipwithnature. Thisthesisexaminestheshift
fromthe Anthropocenetothepost-Anthro-
pocenefromtheperspectiveoftechnolog-
icalprogressanditsenvironmentalimpact.

/ PHASE 2

/ Solar Envelope + Building Mass

Usingthedatafromthesunpathcalculationsandthecon-
textprovidedbythesurroundingbuildings,Iengagedthe
LadybugsSolarEnvelopecomponent. Thistoolhelped
definethemaximumpermissiblevolumesfornewbuildings
Withthesolarenvelopesdefined,Iproceededtocreate

the building masses.

Foreachgeneratedlocation,itwasdecided
tousevariantEPW datafromdifferentparts
oftheworldtoenlargethevarietyofthesam-

ples in the data set.

/ North Direction

Inordertoincreasethetotalamountofsam-
plesinthedataset,Idecidedtocalculatethe
setofnorthanglevaluesforeachlocation.
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/ Sun Path

Leveragingtechnologicaladvancements
isessentialtotransitioningtothepost-An-
thropoceneera.Subsequenttechnologies
designedtomitigateandnormalizeenvi-
ronmentalimpactsarenecessarytopro-
gressivelyminimizetheoverallenvironmen-
talimpactthroughcontinuoustechnological
innovation.Innovationsinrenewableener-
gy,sustainableagriculture,andecological
restorationarepivotalinfacilitatingthistran-
sition. Thedevelopmentofdigitaltechnolo-
giesandthelnternetof Things(IoT)further
enablesmoreeflicientresourcemanage-
mentandmonitoringofecologicalsystems.
Architecture and Data Centers
Datacentersareintegraltomanagingand
processingthevastamountsofdatanec-
essaryformodernurbanoperations. These
facilities, which stand devoid of human
presence,havebecomecentraltofunctions
rangingfromtrafficmanagementandpub-
licsafetytoenergydistributionandwaste
management. Datacentersarecompared
toancientlibraries, highlightingtheirsig-
nificanceinstoringand processingdata
integraltomodernlife. Theyarebecom-
ingculturallandmarksofthedigitalage,
symbolizingourshiftintoafullydigitalized
society. However,therapidgrowthofthe
datacenterindustryhasledtosignificant

= / DISCRETE AGGREGATION

STRUCTURE

Thedistributionofdatacentersandgreenmodulesis
completedafterusingprecalculatedboundaryvolume
andfieldlogic.Forthestructurecreationanddistribution
ofdataandgreenmodules,thefieldlogicwascalculat-
edtoincreasethedistributionchanceofgreenmodules
tothetopborderofthesolarenvelopecalculatedinthe

previous step

data/green 90/10

data/green 70/30

TheLadybugSolarEnvelopecomponentusespre-calcu-
lateddatabasedontheLadybugSunpathcomponentto

generateaccuratesimulationsofthesunspathatdifferent
timesoftheyear. Thesunpathswerecalculatedforeight
differentnorthdirections. TheSunPathconstructionprovid- data/green

edpointsofsunpositionduringtheobservedtime,which
werethenusedtocalculatesunvectors. Thesesunvectors

@ 180’ @ 225 @ 270" ® 315

/ Footprint

A footprint of the
buildingwasdrawn
for each structure

= / Process

Twopre-trained,open-sourcemodelswere
adaptedtoexploretheinterplaybetween Al
andarchitectureforthethesismethodology.Ini-
tiallyfine-tunedandsubsequentlytrainedwith
prepareddatasets,thesemodelsweretrans-
formedintoabespokearchitecturaltool. The
processinvolvestwosequentialpix2pixmodels:
thefirstmodelprocessesthefootprintsketch-
esto generateaheight map of the proposed
structure,whilethesecondmodelanalyzesthis

heightmaptodeterminethebuildingsstructural ~ efficiency.

pix2pix : footprint2hightmap
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(target for training)

GENERATED IMAGE

/7 Configuration theory

wereusedtocalculatethesolarenvelopebydetermining
the angles at which sunlight hit the site.

data/green

data/green

representation,datamodulesandgreenmod-
ulesratio. Thismethodologyculminatesinthe
developmentofatoolthatenablesarchitects
tosketchabuilding’sfootprintwithinaspecific
contextinitially;thetoolthengeneratesacor-
respondingmapofbuildingheights,whichis
utilizedtodefinetheinternalstructure. Thistool
demonstratesthepracticalapplicationofad-
vancedmachine-learningtechniquesinarchi-
tecturaldesign,enhancingbothcreativityand

DISCRIMINATOR

RegardlessothowthespatialschemesoftheUDC
buildingareobtained,whetherusingtrained ML
orcalculationfromscratchusingalgorithmspre-
sented in the diploma section devoted to data-
setgeneration,theassemblyisbasedondiscrete
logic. Thediscretenatureoftheassembly,divided
intosteps,eachassociatedwithauniquepart,al-
lowed for the creation of a state-based fabrica-
tionprocess. Thisapproachidentifiesvariousstates
oftheroboticsystem,enablingtheintegrationof
multipleassemblers,externalsensing,actuation
equipment,andhuman-machinecollaboration.
Thestate-basedmodelmaintainscontrolofeach
element,allowinginstructionmodificationsbased
oninformationfromotherassemblers. Combined
withsemi-automaticpathplanning,thismodelen-
hancesflexibilityandinteractionduringexecution,
blurringthelinebetweendesignandfabrication.
Thestructureisagraphwithanexactstartandsev-
eralendpoints. Thisgraphwillserveasaguidefor
theroboticsystemusedtoachievetheprogramma-
blebuildingresult. Everynodeofthegraphrep-
resentsatypeofunit:dataunitorgreenunit.Each
unitfollowsitsdiscretelogicatthelevel ofnode
spacecreation. Theentireconstructionisrepresent-
edasaroboticconstructionsystemfollowingthe

assembly sequence.
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/ PHASE 2

environmentalconcernsduetosubstantial
energyconsumptionandresultantcarbon
footprint. Thisthesisdiscussesthechallenges
andopportunitiesofintegratingdatacenters
into urban environments.

Data Center Challenges
Datacentersfacesignificantchallengesre-
latedtoenergyconsumption,environmental
impact,andtheneedforadvancedcooling
systems.Sustainablepracticesandinnova-
tivecoolingmethodsareessentialtoad-
dresstheseissues. Thecoolingsystemsem-
ployedindatacentersincludeconventional
airconditioning,chilledwaterairhandlers,
liquidcooling,freecoolingusingoutsideair,
hotaisle/coldaislecontainment,andraised
floorcooling. Eachmethodhasitsadvan-
tagesandlimitationsintermsofenergyefti-
ciencyandenvironmentalimpact. Thisthe-
sisexploresthesecoolingmethodsindetail
andexamineshowtheycanbeoptimized
forbetterperformanceandsustainability.
Urban Integration
Integratingdatacentersintourbanenviron-
mentsiscrucialforthedevelopmentofsmart
cities.Urbandatacenters(UDCs)shouldbe
conceptualizedasmultifunctionalspaces
thatsupportvariousurbanfunctionssuch
astrafficmanagement, publicsafety,en-
ergydistribution,andwastemanagement.

Thisintegrationgoesbeyondtheirtraditional
utilitarianfunctions,incorporatingtheminto
thesocial,economic,andenvironmental
tapestryofsmartcities. Byblendingdata
centersseamlesslyintotheurbanfabric,we
cancreatesmartercitiesthatarecapableof
real-timedataprocessingandefficientman-
agement of urban operations.
DecentralizedDataNetworksand
Edge Computing
Decentralizeddatanetworksdistributestor-
ageandprocessingacrossmultiplenodes,
enhancingdataaccessibility,redundancy,
andsecurity.Byeliminatingsinglepointsof
failure,decentralizednetworksboostsys-
temresilienceandreliability. Edgecomput-
ingprocessesdataclosertoitssource,re-
ducinglatencyandbandwidthusage,which
iscrucialforreal-timeapplicationslikeau-
tonomousvehiclesandsmarttrafficsystems.
Thisthesisexplorestheintegrationofdecen-
tralizeddatanetworksandedgecomput-
ingtooptimizedataflowandenhancesys-
temresilience. Bydeployinglocalnodes
throughoutcitybuildings,wecanminimize
datatransmissiondistances,reducelatency,
and improve application performance.
Heat Reuse and Sustainability
Reusingwasteheatfromdatacentersfor
urbanfarming,districtheating,andother

= / DATASET FINALISATION

INFILL

Everydatacentermodulewillbefilledwithasimple
red plane of 5% transparency, and the green mod-
ule will be filled with a simple green plane of 5%

transparency.

Everystructurecreatedwillbeanalyzedtoextractthe
heightinformationofdistributedmodules. Thisinfor-
mationisdistributedinagradientfromwhitetoblack,
withthesamerangeofheightsasthecontextbuildings
represented at the beginning of dataset creation.

DISCRIMINATOR

pix2pix : hightmap2structure

q

Thecustomizedlibraryisrepresentedinvarious
voxelsdifferentiatedbyfunctionalorspatialusage.
VoxelsA-v,B-v,C-v;D-v;andE-varedesignedfor
spatialaggregationofthestructureinthevertical
direction,whilevoxelsA-h,B-h,C-h,D-h,andE-h
serveforhorizontalassembly. VoxelFrepresents
thedatacenterhardwaresystem. Voxel Hisde-
signedforurbanfarmsystems. Voxel Gservesas
anairtransportationunitfromthedatacenterto
thegreenhouseorasaheat-accumulatingdevice
forfurtherdistribution. Voxellisacomplexunit

thatfunctionsasthemainreinforcingunitofthe
construction,withintegratedpipesforelectricity
and water distribution.

+graph _— + unit —— —l— voxel

horizontal assembly
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horizontal distribution
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The post-processed and optimized
model of the Tokyo urban area se-
lectedfortheexperimentisimported
ascontextforcalculationsandsolar

envelope.

WASP aggregation processing and
outputextractionareintheformof3D
modelrepresentationsofbuildingmass
and spatial structure organization.

Theprocessofstructuregenerationbasedon WASP

was described in the block devoted to data set cre-
ation.Now,let'sdescribetheextractionof Aloutputs

and compare them with these outputs from WASP.
Totransfer2Dstructurerepresentation,Icreatedapoint
cloudfromanAl-generatedheightmapusinganopen L
3Dlibrarythatworkedinthefollowingway:Firstly, it vertical assembly

readstheheightvaluesencodedintheimage. These

voxel, glass A

heightvaluesarethentransformedintoa3Dpointcloud
bymappingeachpixel’s(x,y)coordinatesandheight
value(z)intoathree-dimensionalspace. Theresulting
pointcloudisthenpost-processedusingmeshgenera-
tioninRhino. ThereisacomparisonofPointCloudbased L

onheightmapoutputfrom Alwithstructureoutputfrom

heat transporter
voxel

WASP. Asyoucansee,thevolumerepresentedwiththe r — —
pointcloudcloselyapproximatesthethe WASPoutput.
Thestructuralrepresentationbasedontheoverlaying |
matrixcanrepresentthattheoverlayingmatrixgreen |
anddatamodulescorrespondtothe WASPoutputwith

alowmarginoferror. The WASPresultwillbeusedto L — —

data center rack

prototypetheUDCforthefollowingiterationsformore voxel
precisecalculationandeasiercasestudyshowcasing.

Usersinputabuildingfootprintsketch,
whichcanbedoneinanypixel-based

graphicprogram,intoapreparedmap structure.
capturewithdefinedbuildingheights
represented in a grayscale gradient

based on the height .

Al-basedoutputintheformoftwo-pix-
el images of the height map and the
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applicationspromotessustainabilityand
reducesenvironmentalimpact. Thisthesis
discussesvariousexamplesofheatreuse,
such asusing waste heat for greenhouse
heating,districtheating,swimmingpooland
spaheating,aquaculture,andindustrialpro-
cesses. Theseapplicationsdemonstratethe
potentialfordatacenterstocontributeto
urbansustainabilityandenergyefficiency.
IntegratingUDCswithurbanfarminginfra-
structureoffersnumerousbenefits,includ-
ingacontinuoussupplyoffreshproduce
throughouttheyearandasignificantre-
ductioninenvironmentalimpactassociated
withtraditionalfarmingandfoodlogistics.
Public Realm and Configurable Spaces
TheintegrationofUDCsintourbanland-
scapesshouldincludepublicspaces,green
spaces,andrecreationalfacilities. These
multifunctionalspacescontributetotheur-
banfabric,promotingpublicacceptance
andunderstandingofadvancedtechnol-
ogies.DesigningUD Cswithflexibilityand
scalabilityallowsthemtoadapttochanging
technologicaldemandsandspatialrequire-
ments.Byincorporatingmixed-useelements
suchas publicspaces, green spaces,and
recreationalfacilities,UDCscanservetheir
primarytechnologicalfunctionswhilecon-
tributing to the urban environment.

DATA-DRIVEN A-TYPE

Methodology
Theresearchinvolvesdesigningandimple-
mentingUDCsusingartificialintelligence
tocreatesustainableandadaptablearchi-
tectures. Themethodologyincludeslocation
structuregeneration,buildingmassing,dis-
creteassembly,datasetfinalization,dataset
samplesrepresentation,androboticsystem
configuration. TheshiftfrommodularitytoAl
andthelearningprocessofmachinelearn-
ingmodelsarealsoexplored. Thisapproach
ensuresthatUDCsaredesignedtomeetcur-
renttechnologicaldemandsandanticipate
futurerequirements,embodyingprinciplesof
sustainability,adaptability,andefficiency.
In conclusion, the Data-Driven A-Type
concept represents a paradigm shift in the
design and implementation of urban data
centers. By integrating advanced compu-
tational methods, sustainable design prin-
ciples, and the practical application of Al,
this research provides a comprehensive
framework for further developing cooper-
ation between architectural disciplines and
artificial intelligence.

DATASET

top view structure

top view heightmap

learningframeworkcomprisespairedrepresentations:thestructure’stop
viewanditscorrespondingheightmaptopview. Theheightmapencap-
sulatesdataindicativeofthestructurescharacteristicscontingentuponthe
surroundingurbancontext.Conversely;thetopviewrepresentationdelin-
eatesthestructurescomposition,encompassingspatialarrangementand
numerical distribution of green and data modules.
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