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Mausdienas dazadas zinatnes nozar€s
notiek konvergence un attistiba. Var apgalvot,
ka arhitektira var tikt saistita ar teju jebkuru
citu nozari, neskatoties uz to, vai ta ir zinatne
vai fikcija. Tas nozimée, ka masdienu arhitektam
jaseko Iidzi pédgjiem sasniegumiem  visas
iespéjamajas zinatnes un tehnologijas nozares.

Bez eksperimentiem ar jaunakajiem
instrumentiem meés varam nonakt sevis cikliska
atkartoSana un zaudét inovitati. Pateicoties
Peteram Eizenmanam (Peter FEisenmann),

Sodienas pieeja projektiem notiek, izskaidrojot
to procesus. Vinu interes€ process, ta tiriba,
formalas valodas sp&ja pieradit lietas, veidojot
j€gas nozimigumu. Peters Eizenmans apgalvo:
,(Gala rezultats patiesam nav svarigs.” Masdienas
ar modernam pieejam arhitektdras batiba ir
tada pati ka agrak, tikai jauna progresivo
arhitektu paaudze kartona vieta lieto trisdimensiju
modeléSanas programmatiras. Tagad arhitektiem
ir programmatiras un NURBS (non-uniform
rational b-splines, anglu val. — nevienmerigi
racionalas b-liklinijas, plasi lietots apzim&jums
datorgrafikas nozar€) speks. Formala sistéma
ir atkariga no ta, cik noteikumu tiek izvirzits.
Logika aiz radosas formas ir ta pati, kas balstita
uz Comskija (Chomsky) [1] darbiem vai izpratni
un datoriem, un ta turpinot lidz pat Palladio
(Palladio).

Pieeja digitalajai arhitektiirai no
parametriska skatpunkta

Parametriski asociativa programmatira
ir, iesp€jams, viens no vislabakajiem veidiem,
lai izteiktu kompleksas attiecibas, kuru rezultata
veidojas harmoniskas proporcionalas sist€mas.
Sada programmatiira tiek izmantota lidmasinu
projektéSana (pieméram, Boeing, Airbus, Francu
Mirage Jet utt.) un progresivaja inZenierija,

40

kur vairakas vienlaicigas izmainas projekta
var tikt izlabotas, ieprieks uzstadot attiecibas starp
objektiem. Faktiski vesela virkne noteikumu tiek
uzbuveti sistéma, kuru iesp&jams neierobeZoti
paplaSinat un kur vienigais ierobeZojums
ir datoru aparatdras apstrades procesoru jauda
(kas mauasdienas vairs netiek uzskatits par
ierobeZojumu). Kompleksas sisttmas  tiek
ieviestas arl skaitloSanas sisttmu arhitektaras,
un tas tiek attistitas visu laiku.

Visbiezak parametrisko modelu

izmantosSana digitalas arhitektiras projektéSanas
lauka ataino faktu, ka liels daudzums arhitektairas
programmatdru, kuras izmantojam  Sodien,
sakotngji tika veidotas aviacijas, kugubives,
automobilu _un produktu dizaina industriju

vajadzibam. L.idz ar parmantotu uzsvaru noturét
geometrisku kontroli un darba plasmas efektivitati,
Sajas programmatras izmantotie parametriskie
modeli ir ieklauti procesos un ierobeZojumos,
kas ietekm& sarezgitu &ku  geometriju
racionalizéSanu, kura radusies citu nozaru dizaina
procesa rezultata. Arhitektdra parametriskas
kontroles izvér§ana ir primari pielagota kompleksu
geometriju  racionalizéSana.  Visizplatitakais
gadfjums ir dubulti izliektas fasades, kuras
veidotas ka parametriski definéta sisteéma, kas
var tikt relativi atri adaptéta nenoverSamas
izmainas kopé€ja struktora. Saja parametriskaja
modelT ir ietverti geometriskie dati, kas ir batiski
raZoSanai un bavniecibai, un tade] tas tiek viegli
parrékinats un atjaunots. PatieSam, prasme,
kas nepiecieSama, lai sasniegtu geometrisku
sarezg$itibu, kura sastopama daudzas nesenas
arhitektaras ikonas, ir pastavéjusi jau sen, bet
tikai tagad ar parametriska pécracionalizacijas
procesa palidzibu ta ir kluvusi reali pieejama.
AtSkirba no alternativas datorizetas raZzoSanas
(Computer Aided Manufacturing — anglu val.)
ka generativa un neatnemama vaditdja dizaina
procesa, asociativa modeléSana var sniegt batisku
pamatu integrala dizaina attistibai, kas drizak




balstita uz materialu sisttmam, nevis funkcioné
vienigi ka darba procesu atvieglojoss instruments.
[2]. Logikas pamats parametriskaja dizaina Seit
var tikt izspeléts ka alternativa dizaina metode,
kura  geometriski izsmeloSa  parametriska
modeléSana var tikt izveérsta, lai taja integrétu
raZoSanas ierobeZojumus, montazas logiku
un materialu TpasSibas vienkarSu komponentu
definéSanai, kurus pécak nepiecieSams pavairot
lielakas sisttmas un vienota &kas apjoma
kompleksa. ST metode izmanto parametrisko
mainigo pétisanu, lai saprastu S$adas sist€mas
izturéSanos un talak izmantotu So izpratni, veidojot
strat€giju ar sistémas atbildes reakciju pret vides
apstakliem un ar&jiem spekiem.

Liektam virsmam piemtit lielisks potencials
arhitektiras dizaina lauka. Sis potencials ir
vienlaikus  geometrisks un topologisks, ar
batiskam atskanam uz dizainu, raZoSanu, uzvedibu
un ietekmi uz materiala formu [2].

Dizaina cikla darba gaita

Darba gaitas procesa autori eksperimentéja
ar parametrisko pieeju projektéSana, izveloties
stratégiju, nevis precizu apjoma formu.
Sis dizaina projekts var tikt aprakstits vislabak
tieSi ar Siem trim vardiem: Forma atrod
funkciju. Tzmantojot diagrammas un stratégiju,
tika atrasta piemérota forma. Sada darba
metodika musdienu arhitektdra tiek arT saukta
par augSupvérstu projektéSanu  (bottom-up
design — anglu val.), Kkurpretim standarta
arhitektdras projektéSana ar precizam objekta
apjoma prasibam, defingjot nepiecieSamibu
pec telpiskas konfiguracijas jau projektéSanas
uzdevuma, ir pazistama ka lejupveérsta
projekteSana (top-down design — anglu val.).
Bija prognozgjams, ka Sis projekts sevT ietvertu
sintétiski kritisku un analitisku izpéti gan
genctiskas darba gaitas lauka, gan negaiditi
raduSajas sistémas, jaunajas tehnologijas un art
maksimalas skaitloSanas jaudas izmantoSana.
Projekta uzdevums bija atrisinat kompleksu
telpu ar mainigu programmu un
daudzfunkcionalitati, ka arfatklat jaunas strategijas
projektésana. Kad Sis projekts bija pabeigts, tas
atgadinaja ciklu, kuru varétu atkartot no jauna.
Tas tadel, ka skaidra darba gaita pielava bagatas
un daudzgjadas variacijas katra cikla solrt.
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Pilsetas ir kompleksas sisteémas. Transporta
un cilvéku plasma pilséta ataino tadas sist€mas
negaidito uzvedibu, kuru radijis liels skaits
individu lémumu, ka arf vinu mijiedarbiba citam
ar citu un ar pilsétas transporta infrastruktaru.
Péc definicijas, kompleksas sist€émas ir nelinearas
un jutigas pret sakotn€jiem apstakliem, pat
nelielas izmainas Sados apstaklos var radit vetrainu
reakciju globala méroga [3].

Pirmais solis ietvéra procesu noveéroSanu
projekta atraSanas vieta — Lesseps laukuma,
kas, iesp&jams, ir viens no vissareZgitakajiem
pilsétas urbanajiem mezgliem Barselona, Spanija.
Laukums sastav no loti daudzam satiksmes
plismam un cilvekiem, kas visu laiku ir steiga
no viena punkta uz otru.

Otrais solis — datu apkopoSana un rastra
kartéSana péc GIS (geografiskas informacijas
sisttmas) principiem. Tika analizéti dazada
rakstura dati no dazadiem informacijas avotiem,
lai atrastu tadus, ar kuriem iesp&jams stradat talak.
Turpmakam darbam tika izveléta informacija
par satiksmes un cilveku kustibu. Izmantojot
GIS principus, vektoriala tipa dati no 344
hektaru lielas platibas (630x545 metri) tika karté&ti
péc rastra principa Excel elektroniskaja tabula,
izveloties par datu matricas lauku 45x39 Stnas,
kas ir 1755 daZadas Sonu vienibas katra
elektroniskaja tabula (1. attéls). Reducétas
rastra Sunas lielums Saja GIS sisttma bija
14x14  metri. Jebkuri piederigi linearas
informacijas dati tika interpoléti starp STm SGnam.
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1. att. Datu matricas lauks, kas sastav no 45x39
Stinam, ietverot visus seSus informacijas limenus.
Fig. 1. Data matrix field that consists of 45x39 cells,
including all six information layers.
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2. att. Autoru izstradatais Excel elektroniskas tabulas instruments.
Fig. 2. Author’s developed Excel spreadsheet tool.
Lai atvieglotu talako darbu, visi dazadie datu Ceturtais solis — virsmas generéSana
tipi par Lesseps laukumu $kérsojoSo automobilu  ar parametriska pamata reZga palidzibu. Seit
skaitu, piesarpojuma CO, izmeSus gramos  autori turpinaja testet parametriskas
uz km? trokSpa Imeni decibelos, cilvéku  programmatiiras neierobezotas iespgjas,

daudzumu, atrumu km/h un blivumu uz m? tika
interpoléti skaitlu vertibas no 1 1idz 5, ar iespeju
tos kalibreét seSas atseviskas elektroniskajas
tabulas vienlaikus, mainot Sos ciparus tikai
vienuviet.

Tresaja solt uzdevums bija saistits ar

nopietnu  Excel savstarp€ju  aprékinaSanas
programméSanu, lai uzbavétu datu vaditu
instrumentu, kas var€tu tikt pielietots un

interpretéts gandriz bezgaligi iesp&jamos veidos.
Iesp€jamais izmantojums varétu but parametri
asociativajiem modeliem, geometriska formas
generéSana vai jebkura cita veida trisdimensiju
manipulacijas. Ta ka izvéletais datu daudzums
likas parak liels Sada veida pétniecibas projekta,
tika ieviesta izmantojamo datu S$Gnu robeZa.
Stnas, kas parklaj Lesseps laukumu un
ta aptverosas &kas, ar nelielu ietekmes
paplasinajumu arpus laukuma robeZam noteica
robezstavokli. Galigais Excel elektroniskas
tabulas instruments ietvéra precizu regulé-
Sanu, ar kuras palidzibu jebkur§ no seSiem
datu kalibréSanas Itmeniem (tapat ka otraja
sol) diapazona no 1 lidz 5 var tikt mainits
vienlaikus, to darot vienuviet. Sis instruments
bija darba turpinasanas ideologiskais pamats
(2. attels).
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lai uzkonstruétu sistému virsmas generéSanai.
Skaitliski dati no trim informacijas avotiem
par automobiliem un no trim informacijas
avotiem par cilvekiem tika noskirti ta, ka
katrs no tiem generéja neatkarigu trisdimensiju
punktu tiklu, kur divi Sada veida raditi tikli

atrodas viens virs otra neatkarigi no
diferenciacijas apjoma, kas ievadrts
kalibrétajos parametros. Bazes punkti tika

izvietoti uz regularu laucinu tikla, sekojot
precizai datu atraSanas vietai GIS sisteéma.
Virsmas  konstruéSanas logika ienes GIS
elektroniskas tabulas, tas izplatot divos Iimenos.
Dala no datiem vadija punktus uz augSu, kamer
citi tos izklaja aplos un péc tam  trijstdros.
Tika atrastas jaunas koordinatas. Izmantojot
trts Sadus punktus, tika atainota jauna virsma
trisdimensiju telpa, savienojot visus elementus
kopa (3. att€ls). Apaksgja triangulacijas
virsma  ataino  automobilus,  augseja
cilvékus. Velak, lai precizak regulétu vélamo
rezultatu, tika izmantoti specifiski starprékinu
vienadojumi, saglabajot pamata logiku stipra
parametriski konstruéta modelf.

Piektais  solis eksperimentéSana ar
daZzadam formam, kas varétu tikt uzbavétas starp
diviem generétajiem trisdimensiju punktu tikliem.
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3. att. Divas trisdimensiju virsmas, kas iegiitas triangulacijas procesa gaita no punktu tikla.
Fig. 3. Two 3D surfaces, obtained during the process of triangulation from the mesh of points.

Viena no iesp&jam bija izveidot divus tetraedrus,
kas tiktu savstarpgji Skelti un skeluma vietas
tiktu izveidoti jauni membranu atvérumi. Vel
viena iesp&ja ietvéra triangulacijas ltknes, kas
savienotas divos punktos, tad€jadi veidojot
membranu ar atvérumiem starp Sunam. Cits,
loti komplekss variants ar 480 definétiem garuma
parametriem radfja $Gnu starp trisdimensiju tikla
katriem 7 punktiem (4. attéls). Saja varianta
dazas no Stnam dalas un daZas savienojas,
veidojot  saliedétu  geometriju.  Rezultata
izveidojas forma, kas ir lidziga ziedam, un
atvérumi kopa ar visiem citiem izmériem bija
precizi konfiguréjami dazadu performativo tpasibu

4. att. Viskompleksakais Stinas pamatelementa
variants (projekta talak netika izstradats).

Fig. 4. The most complex option of a basic cell (was
not developed further in this project).

vajadzibam. Laikietilpigie testi tika pabeigti
ar vienkarsu, taja pasa laika kompleksu cetru
malu §0nu, kurai pa vidu ir atvérums. DiemZél
péc datu ieneSanas savienojuma nekas no STs
sisttmas nedarbojas, un darbs pie parametriski
asociativo kladu laboSanas tika turpinats péc
nakama sola.

Sestais solis — sistemas kalibréSana un
telpiska definicija. Eksperimenti pieradija, ka pat
mazaka kluda sagrauj sistemu, tadel, lai So sistému
lietotu projektéSanas procesa, bija nepiecieSami
pamatoti lémumi par to, ka darbu turpinat talak.

S. att. Projekts parametriska modela sistéma pirms

ta savienoSanas ar digitalo novietnes topografiju.

Zila krasa paraditas tas Stnas, kas savienojas, violeta
krasa — Sanas, kas nesavienojas.

Fig. 5. Project in the parametric model system before
its connection to the digital site topography. Blue
color shows the cells that touch, violet — cells that are
splitting apart.
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6. att. Projekta tomografiskie griezumi, atainojot lielako atveérto telpu zona, kura dalas Sanas.
Fig. 6. Project’s sliced tomography sections, revealing the biggest open space in the area of splitting cells.

Vairums elementu, kas no ieprieks€jiem testiem
darbojas labi, tika uzstaditi jauna sistéma,
kura jauni noteikumi kontrol€ja, ka parametriem
jadarbojas. Test€jot divos triangulacijas tiklos
to, ka datu vaditais Excel instruments generéja
telpu, bija nepiecieSama papildus preciza
konfiguréSana, lai izlabotu nulles stavok]us
ar kladu korekcijas vertibam. Kad visbeidzot
tas tika savienots ar paraléliizstradato parametriska
modela sistému, daudzas iesp€jas saka sniegt
ieskatu par to, cik bagatigs dizaina izvelu spekitrs
bija atverts (5. attéls).

Septitais  solis — parametriska Sunu
uzbuves logika un to parametri — vislabak bitu
salidzinams ar gajputnu lidojumu. Putni izkarto
baru péc vienkarsa likuma, pieméram, visu laiku
sekojot savu kaiminu pozicijai, nekad nelaujot
distancei klot parak lielai vai parak mazai.
Cilveki pali izturas lidzigi, vini izvairas no
sadursmeém, konstanti sekojot tuvako kaiminu
pozicijam [4].

Astotais solis — variacijas, lai izprastu veidu,
ka izgatavot projekta maketu. Autori izvelgjas
to izgatavot méroga 1:100. Projekta geometrija
bija sareZgita, jo saskaras tikai  stdri,
bet konstruktivo stipribu nodroSina ar iekSeju
telpisko re7zgi, kuru veido strukturalie gridas
un griestu elementi. Lai atvieglotu montazu,
tika izveleta stratégija maketa izgatavoSanai,
triangulgjot apjoma  geometriju  vienkarsas
plaknés, visbeidzot veidojot to izklajumu
un sanumuréjot malas. Nakamais solis bija
izpéte, ka izveidot nepiecieSamos komponentus
ar datorizétas ciparvadibas (Computer Numeric
Control — anglu val.) iekartu palidzibu. Viena
Sina sastav no 24 trijstiriem, katru SOGnas
komponenta sanu plakni veido tfTs trijstari.
Projekts bija tik liels, ka tika izlemts izgatavot
tikai vienu — maketa rietumu dalu, kas parada
visus iesp€jamos Sunu stavoklus un telpiskas
konfiguracijas, un sastav no 319 fréz€jamam
detalam. Izveletais materials bija 1 mm biezs

7. att. Skats no ielas ITmena. Dinamika un izliekumu briva plasma akcenté So eku pilsetvidg, to organiski
sapludinot ar apkart&jo pilsetvidi.
Fig. 7. View from the street level. Dynamics and free flow of the curvature is accenting this building in the urban
environment, blending it organically to the surrounding.
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8. att. Daudzfunkcionalais centrs Lesseps laukuma. Objekts ar savu formu saplast kopa ar laukumu, ar vislielako

cienu respekt€jot apkartejo apbavi.

Fig. 8. Multifunctional center in Lesseps square. Object blends in with its shape to the square with the utmost

respect to the surrounding.

polipropiléns, un nebija nekadu iesp&ju iekartai
laut iegriezt locTjumu Iinijas Sada materiala no
iekSpuses un no arpuses, tapéc pusi no atlikusa
darba bija javeic, grieZot ar rokam. FrézéSana
tika veikta ar firmas Axyz Corporation iekartu,
un visas fréz€jamas detalas tika konvertetas
iekartai nolasama ciparvadibas faila formata.
Maketa montaZai bija nepiecieSamas divas
nedelas.

Devrtais solis — telpiskas konfiguracijas
planoSana. Ta ka augSupversts projektESanas
process sevi ietver citada veida domaSanu un
sapratni par procesiem arhitekttras projektésana,
sistémas kalibréSana un statistikas dati radija
abpus€ju planojumu visu laiku. Tur, kur ir
daudz satiksmes, €ka pacelas no ielas limena.
Un vairak cilvéku nozime, ka taja punkta
€ka ir lielaks telpiskais tilpums. Projekta
izdalamas septinas galvenas izmantojamas telpu
grupas, apskatot tas no augsas uz leju:

1) iekseja jumta Itmena telpa, kura var tikt
izmantota rekreacijas un konferencu
vajadzibam;

2) atvertas terases kafejnicam un bariem;

utilitaram

3) augSgjais servisa Itmenis
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komunikacijam, pieméram, ventilacijai
utt.;

4) biroju telpas vienibas tajas Stunas, kas
savienojas vienota slégta klasterT;

5) daudzfunkcionala telpa  izstadeém,
teatriem vai kinoteatriem (lieclaka
atverta telpa zona, kura dalas Sanas,
kas vislabak redzams tomografiskajos
griezumos, 6. attéls);

6) apaksgjais servisa ITmenis utilitaram
komunikacijam, pieméram, wdens-
apgadei, kanalizacijai utt.;

7) atbalsti pieejai ar kapném un citam
vertikalam komunikacijam.

Papildus tam ir planotas, bet pagaidam
tehniski neatrisinatas pazemes platibas ar auto
novietném. Ekai, kas nosedz gandriz Cetrus
futbola laukumus, iepriekSminéto telpu kopéja
platiba sastada 14412 m? no kuras lietderiga
izmantojama platiba ir 10240 m2 Sai &kai
ir mainigs augstums ar maksimalo augstuma
atztmi 20,8 m virs ielas limena.

Dinamika un izlieckumu briva plasma
starp citiem ilustr§joSiem terminiem ir tikai dazi
vardi, lai izteiktu So arhitektonisko objektu,



kas saplust ar pilsétvidi ieverojot vislielako cienu
pret apkartéjo apbavi un visbitiskako originalas
koncepcijas argumentaciju, kas balstita uz
realiem statistikas datiem (7. un 8. att€ls). Objekts
tika ieglits ar 99% reag€joSa parametriski
asociativa dizaina palidzibu, kura neviens
subjektivs projektétaju lémums nav izdarits
citadi, ka tikai, lai izveidotu paSu sistemu.

Secinajumi

1) Nobeigums var klat par sakumu. Tiklidz
noteiktas sist€émas projektéSana ir pabeigta, ta
sak dzivot un sniegt neierobeZotas iesp&jamas
nakotnes. Turpretf ar tradicionalu projektéSanu,
lidzko dizains ir izstradats, tas klast par
pabeigtu projektu.

2) Arhitektaras projektésSanas procesa
pastav daudzas atvieglojoSas ras€Sanas un
modeléSanas programmatiiras, bet neviena no
tam nav generativa vai radoSa neviena izpratné.
Tapéc vislielakais sasniegums Saja izpétes
eksperimenta ir savas sist€émas izveidoSana,
lai ta kalpotu par spécigu instrumentu ar lielu
izmantojamibas faktoru nakotné.

Autoru  izstradatais instruments ir ar
arkartigi  lielu  veiktspgjas  kapacitati,
parprogrammé&jamibu un iesp€ju to nakotné
papildinat.

3)

4) leguta projekta rezultata estétiska kvalitate
ar ta ieklauSanos apkart€ja pilsetvide ir
labs parametriskas pieejas piemérs tadas
problematiskas vietas, ka, pieméram, Lesseps
laukums Barselona. Tas Jauj jaunajam objektam
saglabat esoSo infrastruktdru, neklastot par

skersli no konteksta viedok]a.

PARAMETRIC APPROACH IN DESIGNING LARGE SCALE URBAN ARCHITECTURAL

OBJECTS

A. Riekstins, J. Brinkis

Keywords: Parametric architecture, associativity, bottom-up design, statistics, GIS, multifunctionality

Today all disciplines of various science
fields are converging and developing. Nowadays
we can even say that architecture involves and
can be linked to almost any field, nevertheless
itis science or fiction. It means that a contemporary
architect must keep up with any advances
in all possible fields of science and technology.
Author underlines, that without experimenting
the latest tools, we may run into self-repetition
and loosing of innovativeness. Thanks to
Peter Eisenmann, today we approach a project
and we explain processes. He is interested
in process, its purity, the capacity of this
formal language to prove things, generation
of meaning signification. Final result is really
not important. Nowadays, with contemporary
approaches meaning is same as before, only new
generation of advanced architects now use 3D
modeling software instead of cardboard. Now
architects have the power of software and the
power of NURBS (non-uniform rational b-splines).
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The formal system is depending in how many
rules you have. Logic behind generative form
is the same, based on works or understanding
on Chomsky [1] and computers, on and on
back to Palladio.

Approaching digital architecture from
parametric viewpoint

The parametrically associative software
is probably one of the best ways to express
complex relations, resulting in harmonic
proportional systems. Such software is being used
in airplane design (for example, Boeing, Airbus,
French Mirage Jet etc.) and advanced engineering,
where many simultaneous changes in design
can be fixed by setting up relations beforehand.
In fact, whole set of rules is being built up
in a system that can be expanded practically



to infinite, where the only limitations are those
set by hardware processing (nowadays it is
not concerned as a limit anymore). Complex
systems are being introduced also in architectures
of computational systems, and they are being
developed all the time.

Most often the utilization of parametric
models in the field of digital architectural design
reflects the fact that much of the architectural
software in use today was originally developed
for the aeronautical, naval, automobile and
product-design industries. Due to an inherited
emphasis on maintaining geometric control and
workflow efficiency, the parametric models used
in these programs are embedded with processes
and constraints, which lend themselves to the
post-rationalization of complicated building
geometries derived from other design processes.
In architecture, deploying parametric control
is primarily geared towards processes of
rationalizing complex geometries, the typical
case being the doubly curved facades
rationalized as a parametrically defined system,
which can then be relatively quickly adapted
to inevitable changes in the overall scheme.
The geometric data relevant to manufacture and
construction is contained within this parametric
model and is therefore effortlessly recalculated
and retrieved. Indeed, the skills for achieving
the geometric complexity found in many recent
iconic buildings have long existed but are only
now, through the process of parametric post-
rationalization, becoming affordable. Not
dissimilar to the alternative use of CAM
(Computer Aided Manufacturing) as a generative
and integral driver in the design process,
associative modeling can provide a critical
cornerstone in the development of an integral
design based on material systems rather than
being a merely facilitative tool [2]. The
underlying logic of parametric design can be
instrumentalized here as an alternative design
method, one in which the geometric rigour of
parametric modeling can be deployed first to
integrate manufacturing constraints, assembly
logics and material characteristics in the
definition of simple components, and then
proliferate the components into larger systems
and assemblies. This approach employs the
exploration of parametric variables to understand
the behavior of such a system and then uses this
understanding to strategize the system’s response
to environmental conditions and external forces.
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Curved surfaces yield great potential
for architectural design. This potential is both
geometrical and topological, with significant
repercussions on the design, production, behavior
and effect of material form [2].

Design cycle workflow

In the workflow author experimented
by choosing strategy, not exactly the form to
design a large scale urban architectural object —
multifunctional center. With these three words
the design project could be described in the best
way: Form Finds Function. And using diagrams
and strategy the appropriate form was found.
Such methodology of working in contemporary
architecture is also being called bottom-up
design, whereas standard architectural design
with an exact object’s volume definition, defining
needs for spatial configurations already in the
design task, is known as top-down design. It was
expected that this project would include both
synthetically critical and analytical investigations
in the field of genetic workflow, emergent systems,
new technologies and also in the use of maximum
computational power. The design task was
to resolve a complex space with varying
program, multifunctionality and new strategies
for design. Once this project was finished,
it resembled a cycle, which could be re-run.
That is because the clear workflow allowed rich
and multiple variations at every step.

Cities are complex systems. The flow of
vehicles and people within a city represents the
emergent behavior of such a system, produced by
the large numbers of decisions of the individuals,
and their interaction with each other and with
the transport infrastructure of the city. Complex
systems are, by definition, nonlinear and sensitive
to initial conditions, so that small changes in such
conditions may produce turbulent behavior at the
global scale [3].

First step involved an observation of
processes going on in Lesseps square, the
location for the project, which is probably one
of the most complicated urban junctions in the
city of Barcelona, Spain. It contains lots of traffic
flows and peoples rushing from point to point.

Second step involved data collection and
raster mapping by GIS (Geographic Information
Systems) principles. Different kind of data was



analyzed from various information sources
to find data that could be used for further working.
Information about traffic and people’s movement
was chosen for further work. Using the principles
of GIS, vectorial data from area of 34,4 hectares
(630x545 meters) was raster mapped to Excel
spreadsheet, choosing data matrix size of 45x39
cells, which is mere 1755 different cell units
in each of the spreadsheets (Figure 1).
The reduced raster cell’s size for this GIS
system was 14x14 meters. Any relevant linear
information data was interpolated between these
cells. To simplify further work, all various data
types of amount of cars passing Lesseps, pollution
in grams of CO, per km’ noise in decibels,
amount of people, speed in km/h and density
of people per m* was interpolated to digits from
1 to 5, with ability to calibrate them in six
different spreadsheets at a time just changing
these digits once.

In the third step author’s work involved
serious Excel inter-calculation programming to
build a data driven tool, which could be applied
and interpreted in almost infinite possible
ways. The possible use could be parameters
for associative models, geometric form
generation or any other kind of 3D manipulations.
As the chosen amount of data seemed to be
too big for a research project like this, margin
of usable data cells was being introduced. Cells
which cover Lesseps square and its surrounding
buildings with slight influence extension
outwards the square set up the border condition.
The final Excel spreadsheet tool included
fine-tuning ability wherein any of six data
calibration levels (in the same way as in the
second step) from 1 to 5 can be changed at once by
doing it in one place. This tool was the ideological
base for continuing the work (Figure 2).

Fourth step was the surface generation
with the help of a parametric base grid.
Here author continued on testing the infinite
possibilities of parametric software to construct
a system for surface generation. Numeric data
of three information sources about cars and
three information sources about people were
separated, so that each of them was generating
an independent 3D mesh of points where the
two resulted meshes stand on top of each other,
nevertheless the size of differentiation that is
introduced by calibrated parameters. Base points
were set on a regular square grid, following the
precise position of the data in the GIS system.
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Surface construction logic imports spreadsheet
data of GIS, distributing it in two levels. Part
of the data drove points up, while other drove
them into circles and then triangles. The triangles
lowest right and top sides were connected,
and in this connection line a new center point
was found. Using three such center points a
new surface was represented in a 3D space,
connecting all of the elements together (Figure 3).
Lower triangulated surface represents cars,
while the upper represents people. Specific inter-
calculation equations were being used later for
fine-tuning the desired result, keeping the basic
logic in a strong parametrically constructed
model.

Fifth step was experimenting with various
shapes that could be built in between of two
generated 3D meshes of points. One of the options
was producing two tetrahedrons that were being
intersected together and new membrane openings
were being made at their intersection places.
Another option included triangulated curves that
were connected in two points and they formed
a membrane with openings between cells.
Another very complex option with 480 length
parameters resulted a cell in between 7 points
of the 3D mesh (Figure 4). Part of the cells
split and part of the cells touch forming a solid
geometry. A certain similarity to flowers could
be drawn, while openings and any dimensions
were  strictly configurable to  different
performative features. Author finished time-
consuming tests with simple yet complex
four sided cells that have a hole in the middle.
Unfortunately after data import linking nothing
of this system worked and the work on fixing
parametrically associative errors was continued
after the next step.

Sixth step — system calibration and spatial
definition. The experiments proved that even
the smallest error ruins the system, so to apply it
to the design process meant reasoned decisions
on how to proceed further. The most elements
that worked well from previous tests were set
up in a new system, where certain new rules
controlled how the parameters should behave.
By testing on simple two triangulated meshes
how the data-driven Excel tool generated space,
more fine-tuning was needed to fix zero conditions
with error correction values. Once linked with
alongside developed parametric model system the
possibilities just started to give a clue how rich
spectrum of design choices was open (Figure 5).



Think of birds in a swarm. The birds are
executing a basic flocking rule, like checking the
position of their neighbors all the time. As long
as they are swarming, they keep on checking,
they never let the distance become too big or
too small. People in a crowd perform similar
behavior; they do avoid collisions by constantly
checking the positions of immediate neighbors [4].
The description of a swarm best match with
seventh step — construction logic of parametric
cells and their parameters.

Eighth step was going further to understand
the ways of how to make model of the project.
Author chose to make it from the basic
components in scale 1:100. The geometry itself
was in a way complicated, because it holds
together in corners and the internal space frame,
which is being formed from the structural floor
elements. To facilitate the assembly, author
chose a strategy to make the model by
triangulating the geometry to simple planes
and then unfolding them and enumerating the
edges. Next step involved a research on how
to produce the necessary components with the
help of CNC (Computer Numeric Control)
machinery. A cell consists of 24 triangles, every
side of a cell component is formed out of three
triangles. Basically, the project was so big that
author decided to make only one, Western part
of the model, which shows all the possible cell
conditions and spatial configurations, consisting
of 319 millable pieces. Chosen material was 1
mm thick polypropylene and there was no way to
let the machine cut the bending lines from inside
and outside, so another half of the work needed to
be done by cutting manually. Milling process
was done on a machine, produced by Axyz
Corporation, and all millable pieces were
converted to a machine-readable numeric control
format. The assembly of the model took two
weeks.

Ninth step was the planning for spatial
configuration use. As the bottom-up design
process involves different way of thinking
and understanding processes in architectural
design, calibration of the system and
statistical data produced a mutual planning all
the time. Where there is lot of traffic, building
is elevated from the street level. And more
people mean that in that point there is more
spatial volume in the building. Author
distinguished seven main usable space groups
as seen from above to below:
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1) internal roof level space that can be
used for recreational functions and
conferencing;

2) open air terraces for cafés and bars;

3) upper service level for utilitary
communications such as ventilation
etc.;

4) office space units in the cells that unite
into one closed cluster;

5) multifunctional space for exhibitions
and theatres or cinemas (the biggest
open space in the area of splitting
cells that can be best seen in the sliced
tomography sections, Figure 6);

6) lower service level for utilitary
communications like water and sewage
etc.;

7) support legs for access with stairs and
other vertical access communications.

More to that there are planned but still
technically unresolved underground areas with
parking allocations. For a building, which
covers the size of almost four football fields,
aforementioned space makes up 14412 m?
out of which usable space is 10240 m>
This  building features  variable  height
with a maximum up to 20,8 m from the
street level.  Calculating roughly, such
a building can provide around 1075 new
workplaces, which is a significant number
for such a relatively small square in the city.

Dynamics and free flow of the curvature
amongst other illustrative terms are just some
words to express this architectonical object
that blends into cityscape with the utmost
respect to the surrounding and the most
relevant proof of concept, based on real statistical
data (Figure 7 and 8). The object was
obtained by 99% responsive parametrically
associative design, where no subjective decisions
of the designers are put in anything else than
designing of the whole system.

Conclusions

1) End can be the beginning. Once the designing
of a particular system is finished it starts to
live and give infinite possible futures. Whereas
with the traditional designing when you finish
the design it is the end of the project.

2) For the design process there are lot of



facilitative drafting and modeling software’s,  4) Aesthetic quality of the obtained project’s

but they are not generative or creative in any result with its blending into the surrounding
sense. So, developing own system for a strong is a good example on a parametric approach
tool with a huge usability factor in future to such problematic urban locations like
is author’s biggest achievement in this research Lesseps square in Barcelona. It allows the
experiment. new object to preserve the existing
3) Author’s designed tool is a device with infrastructure without being an obstacle in the
enormous performative capacity, reprogram- sense of context.
mability and possibility to expand it in the
future.
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A. Rieksting, J. Brinkis, Parametriska pieeja lielméroga pilsétbuvniecisku arhitektaras objektu
projektésana

DazZadam zinatnes nozarem konvergéjot un attistoties, veidojas jaunas pieejas miisdienu arhitektira. Autori
pieversas digitalajai arhitektiirai no parametriska skatpunkta, atklajot tas generativo kapacitati, kas aizsakusies
avidcijas, kugubiives, automobilu un paterina precu dizaina industrija. Autori izsmelosi apskata savu dizaina cikla
darba gaitu, izmeginot jaundakas metodikas arhitektiiras projektesand. Dizaina procesa soli ietvéra: novietnes
vertigu statistikas datu ekstrapoldciju trisdimensiju diagrammads, definéjot noteiktu materialitati par veidojamo
apjomu, strukturdlas Caulas un nesosas konstrukcijas vienlaicigus atainosanas veidus, objekta savienosanu ar zemi,
ekas interjera programmas definiciju ar iespejamam telpu grupam, izgatavosanas logiku, prototipa izgatavosanu
ar ciparvadibas frezesanas iekartas palidzibu. Saja petijuma autoru izstradatajam instrumentam ir loti liela
veiktspéjas kapacitate un to iespéjams izmantot daZados arhitektiiras projektesanas merogos. Estetiska kvalitate
var tikt plasi diskuteta lidz pakdapei, kad jauni pieejas scendriji izveido nepieciesamibu péc jaunas arhitektu lomas
klat par hibridiem arhitektiem, kas specializéjas daudz plasaka meroga, neka tas tika dartts arhitektiiras nozarée
tikai pirms vienas dekades.
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A. Riekstins, J. Brinkis, Parametric approach in designing large scale urban architectural objects

When all disciplines of various science fields converge and develop, new approaches for contemporary architecture
arise. Author looks towards approaching digital architecture from parametric viewpoint, revealing its generative
capacity, originating from the fields of aeronautical, naval, automobile and product-design industries. Author
also goes explicitly through his design cycle workflow for testing latest methodologies in architectural design.
The design process steps involved: extrapolating valuable statistical data about the site into three-dimensional
diagrams, defining certain materiality of what is being produced, ways of presenting structural skin and structure
simultaneously, contacting the object with the ground, interior program definition of the building with floors and
possible spaces, logic of fabrication, CNC milling of the prototype. The author’s developed tool that is reviewed
in this research features enormous performative capacity and is applicable to various architectural design scales.
Aesthetic quality can be discussed widely to an extent, whether new intervention scenarios open up the need for
new architect’s role to become a hybrid architect — specializing in more than what we once were doing in the field
of architecture just a decade ago.

A. Puekcrunbi, SI. Bpunkuc, ITapamerpuyeckuii moaxon B NPOeKTHUPOBAHUM MIMPOKOMACIHITAGHBIX
apPXUTEKTYPHBIX 00BEKTOB IPaIOCTPOEHUSI

B npouyecce kongepzauuil u pa3eumuil pa3Hbix OMpacaell HayKi 00pasyomcs Hogble N0OOX00bl K NPOEKMUPOBAHUI)
6 COBPEMEHHOI apxumekmype. AmopblL PACKPbIBAIOM 2eHEPAMUBHYIO eMKOCMb OUUMAAbHOU (Yudposoil)
aApxXUMexnypol ¢ NAPAMEMpPUHECKOU MOYKU 3PEHUSL, KOMOPAsL NOAYHUAA HAYAAO 68 UHOYCMPULL OUSAIIHA ASUAUUL,
KOpabaecmpoenuss, asmomoOULeCMPOCHUS U MOBAPO8 WUPOKO20 NOmpeOaeHUs. A8MOPblL UCHEPNbIBAIOWE
NOKA3bI8AIOM PA3PAOOMAHHYHO MEXHOAOUIO YUKAA NPOCKMUPOBAHU, UCNPOO0BAS HOBEHUE APXUMEKNYPHbLE
memoouxu. Tlpoyecc npoeKmuposanus 6KAYAeN. IKCMPANOAAYUI) UCHHbIX CMAMUCMUYECKUX OAHHbIX 6
MPEXOUMEHCUOHHBIX OUARPAMMAX, ONPEOeNsss MOUHYIO MAMEPUANLHOCTD CO30A8AEMO0 00BEMA, B03MONCHBLE
CROCOOBLL OMOBPANCEHUA CMPYKIYPHBLX 000A0UEK U HECYUUX KOHCMPYKYULL, COeOUHEeHUEe 00eKMA U NOBEePXHOCT
3EMAU, NPOPAMMHOE ONPEOCACHUE UHMEPbePd 30AHUS C BOSMONCHBIMU 2D YRNAMU NOMEUEHUIL, NOUKY NOCMPOEHUS,
a makyce U320MoB.AeHIUe NPOMOMUNA HA (Ppe3epHOM CIAHKe YUPPOB8020 ynpasaenus. B oannom uccaedosanuu
Pa3pabomanHblii. AMOPAMU UHCIPYMEHM UMEEm DOAbULYIO eMKOCMb NPOU3BOOUMEALHOCTIU, YO 803MONCHO
UCNOAL308AMb 8 PASAUUHBIX MACUUMAGAX APXUMEKMYPHO0 NPOEKMUPOSAHUs. MOICHO WUPOKO OUCKYMUPO8amb
npo acmemuyeckKue Kawecmad 00 mo20 MOMEHMA, K020d HOBble CUEHAPUU PA3PAOOMAHHO0 Memood CO30aom
HE0OX00UMOCMb APXUMEKMOPAM HOBOIL POAU CIANMb APXUMEKMOPAMU 2UOPUOAMU, CIEYUAAUSUPYIOUUMUC 8
20pas0o boaee WUPOKUX MACUMADAX, NO CPABHEHUIO C MeM, YMO OblA0 NPUHAMO 8 APXUMEKMYPHOI OMpacau
ele 0ecsamb aem Ha3do.
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