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Ths paper describies nesearch camed out 1o devebop a pammetric urban shupe gpromamar for the Zaouss Lakhdar quarier of
the Modina of Mamakech in Momoco. The poal i b0 create the hasis for o wwatern that could copture wime leatises of the
exting urban fsbnc =nd spoly them in consemporary ahan planneng and archssecneml design. The mcthodalgy asad is
descnbed. from the initial nsoncal sabysis and fieldwork 1o the identificaon of thiee sobgrammen peceaan B emcode
the complexity of the whan precuistencoes: the urban gramenay, the Bepotatn gramivar, sl the houung premmar. Top-
down and beiofr up appmiaches 1o prammar design ar analyzed and compared. The botioen-up wrban grammar developod
i then desenbed, and o hand denvatson of the exinting urban fshnc is proposed. Visual, symiolic, and tagged compeser -
plementation of shape grsmman are bacfly discuvsad and a novel dovign genensted by the Ligged (marpecter i prosental
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L INTRODUCTION

This paper describes research carried out 1o develop a pars-
metn< shape pramenar able o capture, and replicale i other
coniexts, some of the wban, architectural, end morphological
characteristes of the ancient fabric of the Marrakech Medina,
namely its Zaouial Lakhdar quaner. This rescarch 1s pari of a
larger progect that aims & incorpomting shape grammars
(Stiny, 1980) with an existing pemerative design syem based
on genetic algorithems (GAs ). The project s final goal is 1o de-
velop a computational system able 1o generate novel urban
and housing configurations thal are more environmentally
sustainable and energy efficient. while reapecting certain cul-
tural and spatial qualithes a captured by the shape grammar,
The final computational model should act st two different
scales: the urban scale, where the layout of a neighborhood
is outlined; and the architectural scale, where the interior
typology of individual houses is defined. The development
of 1wo other grammany required for describing the whole ur-
grammar—will be presented elsewhere. The rescarch
described in this paper is focused on the creation of a shape
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prammiar (o describe the urban features of the specific quarter
ol the Mamkech Medina refierned 1o sbove

There were three reasons for choosing the Marmkech
Mledina as the case stody fow this expenment. First, this par-
ticular urban fabric was atiractive becawse of the ntncale
coanections between the urban configungions and the patio
hotses (Figs. 1=3), Second. previows work (Rocha, 1995)
on ihe Zoouial Lakhdar quaner, simed al charmctenang
morphelogically and wrchitecturally the wrban and srchitec-
tural pattems of this area, suggested that 3 uyhistscally coher-
enl corpus. of designs existed, and that 1t had enough vanety
and nchness to fit the reseanch objectives. Thind, the popula
tion mcrease that occumed in Marmakech during the laa
decades, as in most nocth Afncan asd Middle East cities,
has led 80 an uncontrolled urban grvwth tha produced urban
envimnmenis lseking the spatial rchiess found @ hisoncal
vernacular sreas. Thus, this rescarch meenids 1o provide a com-
putational framework thal can assist designers in the design of
wrban envimnments thal malnlam rodsbonal spatial and
compositional principles while satistying the requirements
of contempoarary life.

This research draws on previous implementation of o
pencrative syslem using GiAs (Cablas, 2000, 20051 and on
the application of shape pramman 1o customized mass Bous-
ing (Duarte, 2000, 2005), but the work presemed here takes
the Marrakech Meding as its anchitectal precedent.
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L HISTORIC AND CULTURAL CONTEXT

In Didame Muslims pray towand the Kot in Mecca the sacred
durction or giflo, The cormelation between the yibda and ihe
sreel paklern tn imporas) b0 undendand the relabonships
amimg e relipon buldings asd the surmounding fubric. 1
the Mosgise was buill firs, as (€ alten i the case m many
Iibamic cities, ihem the srecl patiem would evolve amound
and fmm the Mosque. The loendation of Marrakech is relaied
by an important sub-Saharsn caravan moule, ol wihen 1 be-
came the capital of the Almoravids in 1107 i alresdy had
1NN imhabitanis {Baomne, 1900, Mortada, 20005 The on
gm of the Zaouiat Lakhdar quaner, one of the olded i the
Medina is related with the comsiruciion of the Beii Youwssoud
Meowue in the 12th century, Citles of Muslim orgin shire
specific cultare and social values which are embedibed in their
everyday syuem of social organization, snd, thenelore, in ar-
chivecture & well 1a this section, we klentily and put forwand
4 haconct contenualization of these cultumd and religroen
¥alses that have fis be taken i consideration in any interes
faoe of [alumuic archilecture. Social emi cullural charsctensiics
of wtban plapming and archaecture as well ax many aspects of
ilamic social behavior ure relaged 1o the Tslamic low ko),
and certiim principles foud in urhan envimsments of Idams
Citles are a trihuae 10 share o They are clearly founded in the
banic source of the shorrak, the Garan and the sunmah (life
o the Prophei ], wheneas ochers siem from tuditional Bailalimg
“"L-_" melated b, inherilance il endowment laws, This sl of
Feligions ars) socasd valies and niles determine ey of the

{ i Marrmebes i Meadina

Flg. X An seosl manbsnsl) s of Fasms | absiar

i ey aned 8 urbam amd arch

s ial panierms of Jals

spatiad configuraisons. An ulmoss hlamic o
immy wsial nelptionahip i andeddined by the concepl ol

Munsdion socscly, where strong Tomily tes see evpecied o
lasl. This parieally explains the organimanm of domesi
anchiteciural \paces thad nre cline (o each cither amid contain

i milafunctional space surounding o coairtyand. 1E alw par

ar inbal problems fownd
o spatial
such as the \_|||'|'||:|}' ol 4 aerdy, & dewd-emd wreet. the ¢
of its direetion, ihe destriction ol o bouse for its division
o dectsioms about lamd divison among {amiby memben
and dinpuies of inhenitnce goods. hlamse societies have
baikiing and urban codes thal are organized with crilena
thaat strongly differs from (hose. m the Western world. Talam
thmugh i shar'ak has |'u1.l-.|d|:-,l |'|I'Ih\'||!|fx tha detemmine
the way of life of Mulim communimies and insdsvnduals

which in pm, shapes the whan envimament. Oleg Cirnbar
sy &0 hin sty on imditional Muosiim urbas envimnmeni
=T s Iadam which pave pesilience o he MMushm ey and 1o
ils bomirgeodsie, not because il wis pecessanly aware of all ur

Ban problems bat because it had the ahsaract {orm m wihich all
of them coulil be resolved” (Gmbar, 1976, p. 1001 These
laws, which are constanily appled in everyday hife, foem a
dynamdc st ol niléa that sctwate in g botlom up (ahion o
shape e urban tissue This imdition deserves 1o be pee
served, bt at the same wme. encoded in e KOS TPy
warys af [iving within the Islamic culiure, F!:,. thies v irwean 1o
secure beiter sanidary conditions, mcluding adequate infm-
sirscianes and proper aceess to daylight and natural ventila
ton, while mamtasming the basic firmal structure of the wrban
fabric aml the huses

Bally explams the amsolved [

in certmim areas, which can lesd i

3, METHOIHILOMGY

The methodology waed 10 develop the

Lakhdar quarter

chopmenl of ah experrine o

CAORTApLILET o these rules, and fieldwork 1o ood

lect sdduion

3.1, Frevious work

In previcsie wilk I was Frepothesiasd B he Marakech Me

dina urban ivioe, o olher hilsmec cties, wan organaned @ a
PrUsgrEsE A TS ‘m.""l'. PR W [ETETRAl FNOPE
rsalivin '|'||: 45 | machiag the eracy of the poted boase

e predonumant urhan bype e thes part of the Modina (Bocha,
19E5L The patio {s the place where the vuldoor acnvites of
I farmmly take place. The puio i alse te e o provide day

lipht and ventilarion 10 the buogse, contmry o rditenal Eo

mopezan configumisoms iy which the main exiernal spooe w the
sireel, mndd Batldimgs are B and venilaiod primandy toough
skrort- lacing lacades. Eviermnad hinsang [acades in the Marmakech
Mloading are momily chsed. with very ke openings. Bocose
lighimng mnad vemidsion peguirements g nol sigmificos @ e
design of weet-lacmg aades, privacy docs i i @ v
cither, and street widih can be conssderably nmuluced. The street
thim heonmes mainly adevice [or physsczlly acoessing the house
enirance, causeng it i become very nars and oflen covernd
wilh comaractions From the fies Moo on. callad sabsba, thereby
gencrating oomelor-like confrpurations called denfs

12 Experimental program

Fielbrwing the mrsal hypotbesis menbiome) abowe, several
conjectuml aemnpls were carmied owl 10 simabie what coukd
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have been the urban gromcth of Marrukech The sdes was not
s miach 1o peach a final amd conclusive model Bt jo gxplone
the problem and o klenialy maodeling mases. A siiple sape
grammar composed ol len paameine miles wa developed
Then, it was encoded 1m0 a cOPpuURer Propram impiemenizd
i Aol 15T e observe the behavior of the awadel sisnlsting
urtan growth, delined by the susoessive and slematrve appia
tsom of reles. Fenally, the program wis run wath 40, 100, 200
500, snad 1000 Heraisoms (Fip 53 heer peoblenis could be

phserved. Firg, grosth became joo slow, presenling the poly
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gathenag spevulaive anformation regandang the o

neighborbsod amd the ressoms forcenain spabind configursinms
Finadly, the foarth source was a satelbie phisto of Mamakech
sogiined Imom ChonckBerd The amalvass of these wounics of
anfiirmation led e the elabormtbon ol o muee accurnle plan
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4, URBEAN GRAMMAR. SEGOTIATION
GHAMMAR, AND HOUSE GRAMMAR

The wiew of the Medina of Mamakech sug@ested an ongunic
and almost chaotic city growth. However, a clowe analyiis
umvetlad & wellesabBvhed onder wih repeated  wrban
paiiems. For cxample, the way lols gre plscad on drrb comcrs
are simdlar. Such paiterns are not geismetrcally bot wopolog
cally siemilar, meaning that they can differ in lhe values of
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il b fully sndependent In fxcl, the fupcibonad cepaniraton

ol the houses seemed iobe partly esponschie o8 e goometny
etenl oo
I
the g

o therr permister Muoresn et the perimeler ol
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of existing hog
Lweeh L dhesi gm ool the eowises and the urban Layost and a thend

pramimar was progosed as a nealdi Thyis geroomarmur, called “nege

s grammar. mediabes between e other 1Wo grumamars

okl regulies the permnutabion of spaces between sdpwent 1ods

FERRSIE Wy Lhe necessties of thew oamcrs. 1 s ol ceriain

that his “negotration” between neighbon ook place & Bt

enoigh hisoral evidence was found However, conssdening
ihe chwe Tarmilics thes tha chamciense Blamic socety, o g
sitder thal it dad exid seems reasemahile. In focw only @ wecicty
with 1his tight-knit social enviomment coald have produced
wigh compley spalal conligurations Fipun: 7 illustrates e
ke
prammar will be desenibed in this paper

nt sages meached by thewe prammuars, and the urbian

5 PREVIOUS URDAN GRAMMARS

(rher wrban grummars have been developed in the past
Cahenne Teeling (1996) designed o pramumar 0 enonde



Fig. 7, Tive thrme alges sbachusd oy la sargramemsan (e arhes

muhmﬂmﬂmhﬂum
th ol cthet existang scctions of (e city. Beirko and Diarte
30180 also addrevied the topec of urhan gramman in adesgn
audio heid s Lesbon Technkcal University Schmd @l
Architecture. The goal wan i e urhan pramman. 48 4
mribdolugy for Mevibe rban design The wea wan (ha
mmmunmwﬁ-mq-wﬂ

aggregated them io liamn the urban fbas in o sosdetermini:
e way. In the latier case, Uhe final shape of (be plan wa nid
determined o the cutset, but depended on the panicalar size
and shaps of thr urben usits inseried dunsg the design
process. Becane implementation wis not 3 concem. the
pirublesns of nusdeterminean reised by botem sp apprma e
uummmm:mﬁam
it were simplified and incomplets. In the next section. we
discuiss ways of encoming these peoblema.

£ INFERRING AND STRUCTURING
THE GRAMMAR

Giivem the scalc of the Medina of Mamubech, the devebopinenl
of the grammar raised tao problens: one relaed 1 the mier-
enet priscess, znd the ather 1 the anactising uf the ramima

In previous studics, shaps grameman weee developed based
on 1 corpus of deffercnt designs within s goven style. The Lipe
and scale of designs ranged from Chiness wiindows (Stny,
19773 1o Palladian villas iStiny & Muichell, 19781 ln the
curreni sudy, Uhe goal was 1o develop a prammar il pencraed
uirfan Layouts, 8 desgn of a convidershly larger scale. The
Meding is composed of inany neighbotbisods, e alteagh
these might lmok similar, they s duite vaned o temms of

o T

_mwﬂ_ﬂmbmnmw

L P fhaprte o1 al

. srere Iy, wrhan culiwre, aed way of living
fais Lukhdar, ane of the cldedt neighborhoods. has 3
M-mmm;m.wn- inhabitanis sorm
._m.mwﬂm,mmup lilie, amdl relivve
cconnmic welfane It haa & ilerfs-baned vonfigimiiin itk beo
doemripant cnthergonal Jemctons. The unigue charscacrisios of
oot Lakiar o if the mosd appealisg of all U vistied
i arad s wans acleiad i the el foe the deve|.
w“"mm A sich, the ool of @nisling
desigts was esancted 10 3 single deslgn To overcom (ks lim-
mhm.ﬂihﬂ'ﬂ'wm‘ﬂ o divide the
esgibertacead Im seciues by comsadenmng that (he ¢luter of et
acessend by a pusticullaw et Sormend n sector. This penmiied the
creastion of a corpus of sevesal partidl desgin
1 required a decision on whetler o

from larper o smaller sciles. In the specific cane discued
Iﬁr.m:ﬂmhihﬂwumﬁhm.ﬂlﬂm
Faonitai Lakhda b sectors with sceews (o the suanund-
lq;m-wl'makf#.-ndmmﬂlhu The advan-
bape of his sppenach inthat the relain betweer smafler parts
s comtrlled from the begimming vl the compaitation. wilh the
hidt b malller scabes only cocurring when problems of Larger
scabes are wndved This meant. [or instance. that an eventisl
el uf derby would be svoided becawe each had its prede-
fineal area of nfluence, provided that ancas were delined by
tuking imto aconunt the legal dimensions ol ki

The batoméiap approach offers & decentalised form of
comamlling the devign, bsied on Ui independent behayion
of ias pants, In this spproach, larper seale probless are subved
b sedving smill-scale pacs. In the sidicd case, uthan growih
winidd be hased om The inslividsal yet Inlerdependent, grmih
ool dlewhs cimpled with ibe ansertinn of lots Each deri would
grow ancrementally taking it surmoundings into considera
ton. This spproach rmises wime difTiculties, namely, hiw 10
sodve all larger scale problens, such as the clah of derb,
the slignment of lots, and wo forth, The genorsbon of a valsd
deshpn might sequise an algorithm with considenble embed-
ded imtellipence Iis sbvantage i thal i penerstes devgns in
an organic wiry, which might do befter justice 10 (he orgsni
charier ol the urhan [ahric

MNow enough hidoneal evidence was Toand (o determane
which of these apprasches onpinated the Faoual Lakhdar of
whether fhey ook place simullaneousty, intewined, o

Vwwwiling she sivas sure of the Shurralech Mreana

sapuerritially  Acconding w Wilhaun (300} jhe righboe
{wuad's ures wan (ird devubed in seas belonpng i delleen
fmrnihes. and then each was drosded into s socesed by one
iherts. This wouhl explain why many derdin o named afier
mmilies fu g, deel Jm or deeb et Ot basbonass. clasm
il wrban s'hﬁ'l.h wils o[ A ] Orgamic; e houses
o hd amlapl tr the Fxpding viuatem, s derbs wees e ernpty
apicrs Bell vner [l Wora plispuoses Rideully, e gerssaison
priwens eonbodideel i i grarimer dumkd seploate te atiad
pvelduiiom ol the urhan lebnc, Noetbelos @ thee s
emough isorical evidenoe wr suppen the chose of e a5
prosach, the pros ol coen of pach Bt e chape prasumar
wiew poant weere cosuilered and then one wi eclectod

1. Tugediawn spprasch

The tog-down appach mguanes the decomgoution of ihe
neiphhortasad il sinslier stas, This can he momplibed
i 1w aengey an dlisgrammed in Figuer 8 Gl by recursively
Al iy e meighibutaonnd intn urlley wess untsl s ot

Tt s sanadied (aeps 1= 170 e sooonl, by eamnging the
lirurts o wach areas wo tha aill can e accewsed T the eueno
{sdegw 04-200) The probiem with this appmach s hos W dide
recunvely treglar fimme wheses divinion can ekl fonms tha
s iobosgically diffenerd from the onganal ones. This cam be
vercoame by inacaibiag e gulad fieema into rectangalar frames
Then these lexmes are divided parametncally mio beo of four
wraller fremes usmy ome of two orthogunal bres. Then the
orijginal frume o deleted aod the dividing lines ant trimmed
iy thail, iey do nod eutend bevonid the limies of the neyghbeos

sl aned beconse the lamiis of smaller sreas. The computains
proceeuds urinl soure comdition i saliified. [ example, all i
pes hune prodeline] sess and dimisisions thal pusnnios

(0]

they can be moeved Bumugh derfes ol ihvided o “epa
bmn, Tows 1ypes il pman will pemull (nesi the cosmpuisiam In
prriphcral s ks se Aoy acorvad e e seraning
sreets sl bnt consmersial Tenctions. T snner e, bots o
anesvod from derbs and org rmaemved e uing

fi.l. Battom-up spprosch

Thet bustvim-up appevach emphasinzs by memm of gt
raiher than diveusm. W repiines shape roles tha deflse buoth
the mecrrmental expamsm of derdn gnd the crsieme s
i wal Wibe (Fag. 90 The heassac idica is (Bl entrasce pumtids o
defined 1 the perimeter of the neighhorhond (deq 20, ol
then drrhs prow idepesdondy from ca® oo Laks ik
Burr chireed accsi [ e warmmendhing siort s defined &
am parky sage e 11 Liv rbs Biem greve sl Gl i the ermpty
spue w ith botu unfii pome i el gnd the =l soighboris o
Is pached | deps V160 T probeen o ihal gremssh Cams b
{ully hslend or mdeprraient. SRy bocal = aln ool bl al
mores mimld be condantly ol el Bw el teeen
peaghbering s woukl bty seer be oo e Thes &
vectasn bevel of imelliprnce has s e erabedosd dvin oW
v bbb the chemce of fubes W prossosy greseth and m
the wuy iy arr appled partcelarhy = by g eprETEE] o
valuey W0 rale parataion. Thers wr tee sy ol wiiving tis
Thie & prusel sidutios Fgueres periormeny ocsl analvim i de
ieeriene which mule b spply amd the sioyasle gsagnmEmt of
vadimes. The g pedvrion solution mmples spplving o given
rule with & proen sssgnment of valhass wd fhee i periem
st 10 chesh whethor the insernd Jderf or bt ¢ Lgihers wuh
guiating formmy, o mt, f reshuans part of e dewigm and the
CoMmpULIIN T, (s 1w, 1 o sdeletnd and another &
weripd i made wung a dillerent malgamen of values or @

$995999
ggveT e

Fig B Thr o s sharns wiecst oot 1 Sactitam Lok buden spuaed
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shillerent rule. I a hotiom-up grammar i s be implemenied
and rum nn'l.nm.ﬂl.:dly, it wall be nocessary o Mtthj‘l' wing
af such hugher level syslerna to determime whetber aml how
growth rules can be applied

6.3, Aixed npproaches

The 1op-divan and the bottom-up apprssches can be com-
bined 10 two differeit ways 10 develop muned approabes,
The firm (Fig. 10, 1op) uwses a op-down apprach 1o divide
ihe given site mlo different smeas s dewnibed o Section
.1, and then a bottom-up approach to pack each of the result-
ing arcas with derbs and bots. The botlom.up stage also suns
inos thee type of problems referred bo above, but these are sum-
pltficd [ fact, =v each area has only ome indepencem derk,

there s no need te check other derba 10 avosd collsaen dunng
groath The second mined appronch (Fyr 10, batom) en-
COMPEsAEs 4 Batioinup Mage o ifisen et wned their sones
ol miluence, and o wp-down sage o divvade such sones 1mo
acoexible [ois n this case, the probbem s bo avond the clak
ol differest roncs. and w0 an imelligent algonthay sumbar o
ke one memtioned 10 Secton 6 2 needs 1o be considersd in
1he bottom-up slage

64, Selecied apprvach
Iy analysng ikhe differemt ways of stiuctuting the grammer
dscissed above, we came 10 the conclusson thal, despite

the advanlages presented by fop-down approaches, the bl
spproach [or despgming and developing the Manmuliech

Fig 18, The (topi wop-dosws toltors up meved spepmsch And Phistzsen| b g, ol minnd mppwsech A coli verss of s

Tigeme san e wiewel nlient o woww vl carebosd pe dry |

Lhverde ihe vavtiee of the Mipreatecly Medvg

P
0 s A
nf' A

Fiig: 1), Hubss bow nrmadacomy (e iniial dape and defin R T [ Nap—————

Eraiiiiiar das a naa] By wp oome In othe FTLaptrsty il -..h_;rg
pnlnmahduchlptd i ihe laa %0 vesrs, fog insiance the Pal-
adean gramenar (Sty & Michell, 1975) and the Qracen
Anne prismimar (Flemming, 19875, desigme are peneraied in
o topedown Fasheon Boltm-up oppeosles o meore com
misnly weed i s or e lhiled sutomais, Nevertbe less wie e
lseve thai o hasitom-up appevach wall reflecy paore hone wily the
aegamc chamter of the urban fabric and will eventuslly vigld
muee comgiles desipn solatims. Moreoer, the desien of the
grammar should become more challenping and Enberesling
Irorm & Corngratational vigwpoinl Conseguenily, o hotiom
up prumiaad has been developed and s dewnbed in the
menl section

T. GHAMMAR

The proposed Marmkech ghisimar v a parametne Jhape gram

miar definee] in the Canesan product of the LW s algeben

Weaghts are wsed 1o ditinguisy areas occupicd with plots o
those that are cinpry il The desvsabion of designs proceeds
thrsagh s stages: define the fimits of the nesghbathoosd. imsert
enlratices Lo derfis, insen extenders and atwulsions foming
et insert lots alvay (he bonbening street and derb” extend

e, insert lols al derha’ eods, sod maslily ihe layout of derfs
amd Iets These sages ane nol necessanly sequential as niles
from dillenent stages may be appliod ablermately. Bevause of
space rednclicing, il s ol pissible 10 desenbe and show all
the rubes ol ihe proposed. grammar in detail. The: remeaning
mules and further detm] are presemied in Appesdis A, For a
quack grasg of the type of st porioemed i gach of he
six stages af the prammar, see the shbrevised denvation pm

videdd iy the Tigune ol the end of Section 7.1 4

Iede’ =l e
fFede® = lm e

el = T 0
XX a (An E)

7.1 Hules

71D Seage | Define limmits of the meipiphe i)

Slape | defines a polypon nepresenting the limis of e
neighbarbaasd This moy vars ip swre, gooiseiry. snd numiber
il wides, b thie edges bl be. o
marimurm depth of a boi (e, 2
hetween edpes should be bagper shas

this stape |1 mnad 12 0Fig 11} a
inangular poly pon thal oomstinates e imimal shape snd rule
1.2 enbrodinoes 3 veriex imto an edge of the pulygon wo tha

more compley polvgous can be obtained. By recurively
applymg rule 12 1o the edpges ol an svolving polygon. &
penmeter like the one chaa limins faousal Lakbdar moobtaned
Techaically, thiv wage v nocewary lor the design of ke
gramumar, but it maght be defined dilferontly m the Taiure
ompater implamentism as poelygons mughi be known @
ithe puiset

T2 Neagr 2 Inerr eniraniny b derba

Rules 21,22 and 2 1 spply u this saape (Fig 12) Bachol
ihese rules introduces an emtrance point B i sch a way that
cach edpe cannot have mire than two entrance pomnis. In rule
2L A4 s an edpe of the polygon, and X and X e ihe
chonesd R lod posinas b0 A’ arsd A° mspectivedy. They can be e
ther pdher vemices of the polygon | An i or entrance point (E)
T guaananioe that Jots with sdexjuate dimensions can be smser-
1o later in the computation, the disance between o conse
culive entrance polply measused on the perimmeter canmel be
smaller than iwsce the length ol the minimum g depih
(hm_gi Conditions on both the kelt- and right-hand sides oi
the rule puasamice that this i the case

e s
e = 2am g Al E il w
X, X" & [An E} e = am e

Fig. 11 Twir ol the rules fon prseneng ERUree paosils
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FAT Stage £ Iseet extenders and sricidators fomwing
derbs

The: thiird sage comssts of the msemon of derfy, and 18 en-

compeisses Roles 3.0 theough 310 Derdy are composed of
extenders that exteni e der in a predefined dinecisin and
are labeled with am empty trranghe. and ansculators thal define
new directions for the derb and are Labeled with filled triasg-
bes. Im the penemmtion of a derd, rules thal generste exteniers
and articulators ase allemately applicd. so that an exiender 1n
always follewed by an aniculator, Although the urban fabnc
e the Zaomat Lakhdsr qaner is nol onhognnal, derin
tiend 1o Ml v somewhat perperilicular daections. Thess-
fome, thse alivewtinms defined by e anicilalors are redrncied s
1hit the angrle #herween a subsequent exterder and ane of the
Bwin perpendicular dineet oms as wathum 20 and the angle /3 be-
hween sequentisl extenders i between 300 and (80 The
combination of these twn mestnctions defines an inserval,
specific o cach rale applicanon asd eventully composed
of noncontmuous subimeervals. wathen whacl new directions
far the derfs can be chosen

Rule 3 1 inserts the initial extender of a dee (Fig 13 I
this case, B defines the angle between the perimeter of the
neighbarhood and the dimectron of the extender, Rules 3.2
theoaigh 39 inseet an artsculator alter a extender They differ
1 the type of the mserted miculmon. Rule 32 imserts sn s
mh:pmmmnmm:mmkrwimdmmg
1t direclion.

Rules 31 1Fg. 14) =id 3.4 insen elbowlike amculsors. and
rules 3.5 anid 3.6 et #-like arviculatons Bule % 7 imsers an ar-
mewlike articuluor, rube 3.8 3 y-like sticulator, and nale 39
erkalike sriculaor. Finally, e 310 connects an extender

#0 an aicubaor marked with @ filksd tnangular Latel The pa
rarmeters 1w s rule ans the length ) and Ih!:rnlmgnujm I
of the exiender: Iy asspming u vales 0w, the extemder may
have 1 varying widih as depacted m e fipure In Gl in Zaooul
Lakbudar, most aferfy g pod huve o constant w

T 1A Swge 4 froverd et adong borolerang woeet s derbs
ritemdery

Im stage 4 the lols are inseried slong the bordering sireet
ind the derbs The ks along the strect may have loar ar
five aides anid ure wied mainly for commerce 1n o cases
ihoe: Ioes abomp the derby are abmost rectangular asd, in the pro
poscd shape prammar, this quadniateral shape s capured by
o gencml topodogcal schemo wilh specific consbrsnts
(Fig. 15) The value of intemal angles anil the dimensiom
of their sides muay vary between specified itersabs, Further
more, the proportion af the fot is confined Lo the imierval he-
twees |l and 23, meaning thai its geometry may vary rom a
sqaare 10 A rectangle m which the length cannii exceed 15
ieies the wiclth. Nod all bots are quadnlaterabs, as some may
have moee than four sides. Howeser, it is pussible to entify
4 maain guaidritateral shape i sich loes, which s Hen tised G

" wlE [wd, [.5w2)
¥ Br e [P0, 120]n, € {1,234
o -
ll—'l-—a.-

Fig 15, Gestral inpilispical s o the slanilenil bl

Umvrafiag dhae strwcrane of the Mareepbec by Aleding 137
| M
i i
> e 42 . [

label lahel |

Fig. I8 Daampies of rules (o sssesting s glong e
malching the schema on the lefi-haml ssle of Al A lols this sfape, s b is espeenathle Bor e i wm wl ke First
[l the penerl lopodopscal schoma just described. the lisn il the iferls amd i ks |mio @ t ik
intemal shape parameters are nod shovan o the rules for imsen neighhothood. Rule 4.2 1Fig. 1h b w0 mrw dol
g lois for simsplilication pusposes. The imseftion of fots pro nhung an extemder that has fit been illed W
ceoids whale 1he dierb g incrementally with the addision of An exiender is wembified & emply oo full Phaosgh Libels E
exlenders and articulaon. The rales ae dewnbed helo or F, respectively Ruke 4.2 only applics o sifatiom whers

Nole that adiked bals lave a daker shade of pray o woprose
legibiliy

Ruales 4.0a-d are ined 10 sisen |ois along the bordene g
sreet; Rules 4 (la anad b imyer a quadnioieral umd 3 pentagonal
It pespectively, al 2 seect comer, wheeeas Rules 30 amd d
it ihem s (he mddle Buoles 4 1-2 % define the imsertion
of loas dlomg extenders. Rules 46=1 13 define dilferent forms
of imerting lots om tw vuder swle of elhow ke aniculiion,
andd rules o Ld=8 16 do ike cijirvalenl ofi the Her swle
Finally, rubes 4 17— 2] deal wily the sitaations createdd by
dher amculdon. Rule 4 1 (Fg. 1B, bop)oas the seed rule ol

- L

woe [{L maxdol]

the exiender b the label E and i keeps il inchanged Rule
I % does the same as Rele 4.2 except that i1 fills ihe exiender
therehy changing the label 1o F. Rubes 4.3 and 4.5 are applied
when the extender” available length s smaller than the bot s
munemen widih Rule £.4 changes the label bo F withoul add
i a lod. Evive an elbow like arculaior has been added b the
entender, mule 4 5 einmluces o kot et vresches bevond the
lirmit o the mtscalsor

Riiles 4 h<b 11 desl with all the possible siluahons (hat
can e created by the introdecton of elbowlile aniculsomn
I the application ol parametne mbe 4 6 (Fig. 175, thee

o

=k
L

¢ & [ lim1] o [0, lim2]
feg=0

¥l = (90, 1804

ifyl =90=>yl & [0 B}

sl = 180-P=>y2 & |90,
1 8-}
HesD

%2 & |90, 1RD-[)

Fig. 17, Ad eaasnple if the muli for ipsereg Wi on cihewlis srnulsss
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parmmeters e, ¥ and 7§ need G he assagned valoes: ¢ 1y
the disance of the limi of the Jol o e limar of the
artculator. 1 b messurnd on an auatliary sas, whose ongia
i (0 with positive values on the lefl Depending on the
value of e angles ¥l and ¥2 can ke one of two values
to alige the lhmut of the o wilh the iscening exiender or
the vulgoang extender. I ¢ < 0, then the angle ¥1 s nol de-
limed and ¥ can have one of two values, 90 or (80 — A
with @ defining he anghe between the two extenders 17 ¢ =
0, then ¥1's value can be either W o8 120 - 0 I ¥ =
A {ve the bman s perpendicular 1o the mcoming exten-
derl, then ¥2's value can be either %0 0e & lie, the
lots" Bmat b either pamilel 10 the meoming exlender or
perpendicular o the ougong [evesder). IF ¥l = 130" -
B ie. the s limit is perpendicular 1o the csilguing ex-
lemader), then y2's value can be cither W or 180 — g
fne. the bots” limml is exther perpendicular jo 1he Dusgiing v
temider or paradled b the mcuming vac) The closed polygonal
shapes of ihe Iots 2 nol fully representad i the nde As the
fule specifies ihe relatson beiween the lois and the exenders
o which they e connceted (in Lhis case. an incoming e
iender. an elbowlile sticulsor, amd an oigning estenderi
harwe the polygon is closed 5 nol imporant. The remaining
neles fullow 5 similar seheimne Noe that bn all the rules, angle
32 b4 sich thai hhrﬁ:ﬂﬂ:lunpmﬂduﬁmg
extender or perpendicular Lo the oulpomg exkenider

Rales d 14, 4 15, and £ 16, are weexd 10 010 inner Iineag |
comens (cormen delined by the imteesection of one incomung
and one oo extender with lols 15 181 These coimers,
meed not ke exclasevely denved fram tbe insersin ol clbo
like artculators, any coener with an angle smaller or sgual s
W) can be tacklod wath these miles, regandless of the spetfic
aticalatar involves. The problem s addnessed mthe: [oliow -
ing way Hule 4 14 places a label Pon the veries, of the Taxt hut
that s e distant from the comer Between the incomang and
imilputiig extenden 1 ibhe distance of between poini P and the
ewpomg extender is larger than the mininmum widih of o o,
then rule £ 5 15 applied 1o transform cthe (o8 inlo 4 cumer
Fot 10 00w smakler, then male 4 16 transiers the tabel P io the
last busl one ot and deletes the last kot This rle i agplied
recursively uniil mle 415 can then be applied
Rules 417 and 418 (Fig. 190 wsert a b in an oaiier comer
iemrmer defined by the niersection of two notgome extenders),
which may be vielded by mules 3.5, 5 & and 3.9 Four vanables
e immived in these paramsetne rules; wl and w2 are the fmat
dimensivns ol the 1ot and they can take any value in the imterval
definesd by mimhot snd manhod |8 and 18 morespectivedy, in this
cascl and o] and o are the anples between the lumigs of he ki
andl the extenders, which can vary froem 7 1o 110 each Rule
+ 19 defines the sertion of lots in the specific case where the
moming dirction comcales with one of the wo cutgoig
ones In this cas, a continwity of extenders s ubnerved and

Wi, w2 & [minks, maiol]

Fg. 1w, hwﬂhnﬂuhmhnm“mﬂﬂmhm

asraling the st nare of the Morrabech Meding

rule &1 -

129

Tule 3.1 -

Flg 3 Lounpies ol miles o Irmstrimg loie @ the ending exuedey of o deri

iy he penmoraiod by nides 35 3 6, and 3 1 For ths nale m be
applied, the destance ¢ between the right mosd Tt of te last
fol il the articulator has o be wlenor g given bl Then
the valucs of the paramelers on the npht-hamd side of the
rule s be satisfied: ol aml a2 can vary e 76 g0 110,
wh st be possive, anid 2 ol o Dasdib azd depin nues be
between minbot and maxdor Fusadly, rubes 4 20 and 421 handle
the ipsertion ol lals on the ssator defined by the inierseciion of
the outgiing extemders, whesever rule 5 7or mule 3 8 have been
previmisly agppliad

T1A Supe 5 frserd oo ar derbs” eruls

Slape d deals with the maerien of lots in e ending eviender
al a derte There ame xiy possible lavoa configumtions that can
be foumid on the lefi-band sule of the nales e soge These
comfigurations dlfer in the positions o the lea bots reldsely o
the end of the extender. bor each of these configumtion, tere
are several warvi i whach lods com e ploced an the el i Lhe
extender und these are ewoded inlo the ngl-hand side of
the rubes. Rule 5 | o shosan m Frgune 20 Thas rule msens theee
Iots W ermd 04 the deet. For the mule o be applied, the pos
Lt il e Last Jols o Beoth sides of the extender musd be such
thid the dastances bebween thear lemits amd the end of ihe ex-
temudet (] and o respectively bare sialler then the mmmam
ahimernsaon permatied for a lod, minlol, whsh means Ut no (ur
ther lods could have been placed using rale 4 2 The constamints
i Uhe dimensions. ammd J.ILH’E\ ol I1|.;':‘,d |n s those o Lhe
general scheme, descnbed dhove The emammg rules iniles
5 2-5 1% warrk in 2 swlar fashion

TLA Swaee 6 Modify the doramat of derbs amd borr

Finalty. siage fencompasses miles tha mshiy the exising
s 10 create semaller or Iarg{r Bobs. tey acoess Iocked lods, or b
reach locked empiy spaces 10 resume growth, Frgure 21
shirws somee ol these rules. and the remasang can b fourl
m Appendin A The modificasos inwoduced by these miles
ui the lals respect ihe peneral topologscal scheme descnbed
Section 72 Assuch, the specilic constraimis on the shapes of
mufified bols are omatied i the mules. Rule 61 divades a
Larges Ton pdo two simuller oncs Rules 62 and 6 3 enpand a

Bl

:
|

lol al the eapense o an emling exiender dlocmlly a dead

el oblew . Hule &4 mmets an extender perpenhicular v an
eanling exlemder @ the expense of o bt o provede access i
& Jocked b or ooan emgly lexkad area Rube 605 thimagh
67 are similar, excepd that o ke 66 ke new exlonder s
algned with the existing one, and m mnules 66 and 67 2
change ol direction reguises the mimducison of an artivalaton
Hule 6 % a8 samular encepl thal s PUTpOsE by £ lpsmeds 10
provide avess o locked loas and mo fanher prosth ol the
dert o forescen. Rule 69 sla provides aecess b a ookl
Ior, bist by eosdityang s Wopology al the sxpense on wijsen)

lat, prstesed of meseing an eviender Bide 6010 provides s
cess (o a lol tha is connectod wroa ek salely st s venes
D this case Abe wspologies of twa Jots aie fsodilied sinilid s

enlmnce area is gensmiad all the Ied thai is wlemly woessahle
through the deed Finally, mile & 11 conitects twao derln by
means 0l a diagonal direction, 1o general sitwain inowhech
adlerfe is Jocked wittn 1he wrbsan Tabmg do nat exist bl local

modifbcaisons mimduced in lots may peneraic such situations

7.2 Partial derivabion of e existing Zaouil Lakkdar

The primmar just dewcnbal 4 mndelermusisgie and open

ended In general moee than one rube can be applied al o given
sep in the denvation. Funhermone, a single rule can generac
diiizreni solubions -:lepembu.g tlﬂtl‘}!lnrul.'\iL\\IFrrl'd i e

ters. This meansihat from the same penmseter dafferem apphica-
fieins of the gricanas rales woill hkely vield different solutsoms
Consequenily, the application of the grammae gercrics unpre-
dictable rwilts, Fagure 22 dhea s the partial geseistion of the
Lo Lakhdar neighborhocd: the Tt three steps shiow The
design after the application of the nles Tmom stages | thmugh
fopadacaled in the image The lolliwang deps show the desien
wher appeovemately 2% rules applications each The complete
generation of Aol Lakhdar can be joend in a"q.ﬁserhll'l. H

. INTEKPRETER

Previsus implementainons of shape grammsrs van be classafied
it theee proups. hased on the tvpe of representatian used for

Fig. 11, Evemples of nies o maify evsbng keis
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goal is b wse this model in the planning and dewgn ol nes
snghborhoods tha huve vimiler spatial lestures amd Set 2w
umproved from the envimnmenial viewpomt The moded
sy alAQE FERTITAR. i enouals the enderiving wntats mukes
amd A o “optimise~ soluthoss. | enoompavees theee gram-
mars a grummas o penerae the urban Bhne, a grammar Lo
pererme ilse howwes, anid & gramines o ale spaces amiong
adyacent howses. This paper doscrahes the firg of these gram-
ey hd ik cismpuier imphemendstion In the neat sections
the hmutstions of the comrent prammer s discusend and
tuture wek s ouakined.

The curtemt. prasumar i+ bedimenssonal e adiionsl -
b ervirmuments m flemc aoes prese V0 complesmy
The compuaier implerreniation imtridusces the thenl dimensios
by evinmbing the 2-D shapes of the kots sp 0 an spproprste
mamber af florn. However, the morphadogy ol an ladmic
ciry such s Marrakech cannol be descnibed an the simple e
trusion of hadimenwional foems defised in plan. Ha varety &
st s nich in socton @ i is in plen. Consider, for imaance.
the mabbety it conrr the derbi. B addsison 1o conunuling
anch aschiseciural featare of proeal formal plastkaty. they exid
for several measosn, of which some s W provade senctunal
siabulsty i neurtye howses, 0 orrase shade for envsronmental
comnfort, amd fo eviensd hogang spaces o fulfill lamly pecds
Ancther featurs with smilar impacts is the trading of spaces
amng adjaceni hiwses that cawses the permetens of diifarent
Mise i et bis goiments. Festares like e canmot be fulls
et in rwen dimenuicns, bu have imponan (mpacts on
fumctional orgasration and envissnments] performance.
Therefors, they ar omporont for e e of “opumiESse™
ryeiad with e el and W e work wall be ooncemned
itk e suionen of te curtenl prmeEner B eckade i

dimenoons. This can be accomplishad either by anang pamalied
Framaman. s the pramime fior Sira™s Malapuoera hbosises i Dusne
XM ox by developng the prareme o the U algebm

O o the iustey reised by the askopuion of & paramstns ur-
m.‘mmmmﬁtLhﬂmg“hﬁ\ for mude
parsmeters. Une imermaing posabibty s the dnve o unprove
it performance indicaton. thereby guiding the solusion o
wand geain desimhle chamcenidcs. The tape grasisnar pre
seeniedd an this paper will be coupled with o A To fomm & peners -
tive deskpn svsiem ihet performn. guidad wesrch [or irgeved
urban pattor @ b we peeher 1o that of optermsaom

Thun puidend search may a0t 38 the wrban soabe. where potes
teal fignesn fumctions for the GA may be related 1o e of
demaity, mtlo of peblic verans privele space. manimum length
of derb, anild o om Cruded search may alwr a0t al the level of
e private padio houses, by imprning the environnaenial per
Tormance ol the houses und prosading modem lving stan:
dard in termms of daybighimg, senidabon, shermal perion
msnoe, andd othet envimoamental design paraselens. Civen a
ornun bt detormined afier the applicatron ol the whas
prammar, many desipn choies will hne a deep infloenoe
o the hogpis desapn, by pe of Fagade and ool openings deugn
aisd layoul, omsimechon matenah, cobors, and external fin
by, among others

Although the cumrent study v based on the suady of the
Medans of Marrakech. the ubimate goal w thal by inmoducing
vaniations b the grmenar rules, the model might be applicd
o new coly districts mot omby in Masrakooh bt alwo in other
cities. Becamse of the demographic boom, the shanage of
qualified perwnmel, snd the wwarcity of funds, we would
apuc bl thes bool 1 parscularty appropniase for o i the
devpn amd planmeng of Cites in this regon

U'mywitfirg e are pave of the Momrabao b Minding

Al this stape of the Fesganch, i nod ¢lear w bether obiam-
g solitioms thal aseed contemporany bivong condin m can be
accomiplished by seanchimg through the univesse ol solistkois
defmed bt curmem pranaman or requines filanmcntal
chamges 8o this pramemar. We expect luture sescarch o claniy
enacthy than ioae Thie means that our research shisahd deter
mine to which eviesd the traditions] arban faboe of Manhm
socigBes i Northem Afrva i compatible with modemn
wandanhs of bving. amd then belp despnang wolutions duil
mre as chine m possthle e sech 2 fabdwe and et met the me
i fils

10, GUESTIONS ANIF ANSWERS
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Crabd yow qommiment os the waslelpes of deupa wpvanls
won Engaages @ b ol e, madabnloy, detnaggatnhing
eic, s thiy bas begn done in the programming Limpuages
woerymaindy ! That i dalbersiil languapes hanve dilferent aflor
ibamces— Bow dis we usedsa ihe pasticuber alfordenmees ol ade
g repeeseniation Linpuanpe *
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We goime tha the exprewson “deipn representation L
peapes’ relers b shope pravman and other techacal lomml
i mndd b0 fepresend desepn Languages  Shape pramtrs
were created o explam. in & compuatatonal and visally un
derstandable way, how designs dre genertded within a pancu
Lar design bmpuage This understandiag is smposand o make
themn eavier 10 revse by people who did nid panicpate ia the
proGess ol nl.l:'l.rll:lpm; the prammar

Thee First ahape prammue deveboped by Sty and Gigw To
abwiract compoeiites werr very socesslul m ihin epasd The
umphicity af the gramman and the designy they pencrasad
e 46 pavaihlec 10 use shape narken W contrl the pemers
ton of desigrs, while keepeng the process viaally clear
Havaever. the grumeiars [or omabarra desigiin Jl!‘ltﬁw.l
alersard, for watance, the prammar for Palladuan plias, e
il the wse of more comples conir] devices This led o
the creatm of algebra of symbolic Labels ihat when com-
bined with ulpehras of shapes puaraniced comtrol over the
pencrabion process. Later on, the creation of dewntion pram-
mans perrstied w10 deal with cven more comples. infonns
o asaiciatod with ithe procew of devgning amd o pain a
hetter control of the denvaton process. Thin oontnad of the @
manitic spects of design n imgusitant 1o guue the peneraison
of wolighans fvsand specific performance goals fuser adapta
ton. struciurzl stabality, envircmmenial sustamability, eic )

As the techmical apparsius of shape grunrmas grow e
complex. they became miwe difficul io read and debug
Readabilgy aml debuggability are parmicularly  difficuty
when the grammar i entendod 10 be encoded im0 a conyiter
interpezter and hereloe neads W incorporsie 8 conskkerabie
smount of informatin The computer implementabion of

LA

shupe gromiars s peseitheless procind ki Uscilitse ibeir s
and schicve st of thesr mesd iapartanl promeses, namely,
Ak Last gesscralson of desgn abicrmagngs thal s adspeed u
parkisnlan desipn Comiewiy. Im ihese cases, e an oeriainly
arpe e prammans sk delestimp thes il poal of sl
Clahity, therrby kowing [\.I'!d'\ll win e fulmess. A weleisos o this
ke s o devichop o simeplified veron of the grammass m
eermlled 1o the maee Comypien one. T amphiod prammar de
ooy & language s w egumalen b e mosy cotpley, ong
but s deiTerenn pffonlanges one enahles compaier 1mpks
membation wlencas b other Lacilitaies readimg, musing., sl
debuggping. Thin solution wan el lin islence. o ihe
prammar for Suen s Malagueirs houses which emcompassed
spveral paral lel pramans, one Do each vies g § plans, seq
1sons, ehevations, 5.1 views and desonpiions ) (ne of 1heoe
sarvpusinds wids vimple oo o ifule the Edalie] piv e
stually heat, thereby falitsling the anmny sod s of
the pranumer by otber poople. This soluts
im o st ol exponmeniy i whach people st salind 5 e
the gremmar o gemerate Malopocira hooses Ly paiticolan
chients (Thasrie, 20N

Amither sibufion Bt consdituies 3 imore sy ssoed verdon
of the previows ong is 1o develop e computer impiicota
i i such & way that 1 pemuls us 1o wisaalise Vicwoinis
with dalierent bevels of detail This solislon soquares a comid
erable smvestmeni im the deugn of the iteriae tomake ol e
Im-ml{;, I s 1s done succesaludly, 8 should permal weirs
with differem inscrirms and degrees of knovw bedge 10 imleract
with the isterproier m an appropoate muaner. Usen whoae
concern was Io develop nee desdgne withar am dbready de-
fined Linpudpee wioiald nod need 1o have acoess o all the lech
mical detals o the grammar. The interpreber could even e
plain the muanale behimd the genaerstion of & givem desugn
Ll lwiwee poal was 1o desapn @ new pramamar soubd aoess
the detaih of the gramomar, but they did nisd noed to deal with s
PRSEEAUMEN ] I.|.|1.F|.u-g.|- They would develop the pramumes by
manspulateng thapes o akdtin. thin idesl shape grsmmar
editor aonbd possess debug ping Capahiliises vimilar o thoe
Hengnad i other language culibons Uﬂh i el ool i de -
welopiag sich an imerpreter would we be able jo ke advan
tagee o Wie full postential ol shape grammaes. To sccomphish
ihin we need w0 pvercome same i ihe delficaliies mellised
in Section B i (e paper. In the meanume. we shoubd be
apgy with the asdvanisges permitied by the curment date of
the arl ansd wudely documentod im the Likeratiee:

e 6 work
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“Womld people acvept this techmigue for arban form design ®
Huw do you deal with sule n your prammar ™

104, Amswer 2

“Antempts b achicve shy sepree of deskpn sulomatien ey
encounier two types of reacton U the one hand, we have the
peopile who e agaanad the wlea These prople depan froam a



I

philisophical viewpeint that 1ends bo perueive desig 85 an -
hereaity buman activay, somenwhat infitv, and oo coreplex
4o e capares thronigh & process that necessarily requines sir-
ﬁmmumm;mm
wha favor the approach. These people value ;
& Ibeings about, even b the abwtraction that it entails reducch
compleany and rivks leaving some meaningful mfomtion
ol They consider that the model of realily {8 impdies requincy
abatraction and, Iike any ather model, it is valul as long 2 &
mﬂl.mMMHFWmtmﬁ
wilhin the spproprisie conkesl
i it o fodamte, Newon's physis are eful i
ome’s gual is o explain the movement of plancts in the solar
sesteen and build u spaceship 1o reach the moan. However. if
e’ s aiem 13 1o explain the origing of the uriverse, the model
15 himited and requires the e of guantum physacs.

wnar prupevt. For instance, i does fiol tale 080 sccoumt opogri-
phy and other imponant contestual infoemation. However,
such @ simplified moded s already wselul. I makes i posuble
to gain a beiter understanding of the fivmal structare behend
erachitional Islamic urban [sbacs. Mareover, once we complete
the implementation by linking the prammar o the genetic alpo-
rithm that will improve solutom from perfismance view-
painis, we will be able uniberstand the trade-ofls among differ
ent design aliemaives. The tool proposed., s this stage. is nol
designed ms a peneral urban dexign spplication, but 10 is highly
comiext dependent. 11 relates 1o the paricular sisustion of thes
Islamic medina, whene urban fabric chamoienstics are dogply
comnecied b the charmeienistics of the patio houses. [n this con-
where & preciie sed of rales for generating howses is ibo deeply
rooied in ibe origin of miles for genonating wrhan desigrs.
Previous mestings in Marmbech with members of the
Agrnce Urhaine and of the Minissére de |a Cidiuze (Inspection
des. Monuments Historiques of Sues de Mamkech) shovwed
that the peesent research was acveplsd with great inlerest.
Moreover, s poal malches curment Jocal concemi shout the
uncontrofled urban prowth of the Mammkech Medina and the
lak of available wchnolegy and qualifial profesacnals o

planning und deaign is the comendone of the pope.

Al this stage, the project adidresses two mein scales, The
fird in the urhan scale. In the peogect this comeponds o the
sie plamning scale. In uther words, the project is miended
tor ddress omly dhe scale of wrban quasters. nol the city wale.
Thiese quancrs are conatituted of housing snd commerce and
do nai inchide other building types: therefore. the project
dioes not encoimpass the compler rules msociated with larger
cales, thereby greatly simplifying the problem. The second
scabe i the housing scale, which i the scale that corresponds
o extended-lamily howses. The propassd model deals with

LB Dhucirie er g

thete scales i bW ways First. 1 comsaders thiee grammap,
s described i Section 4 of tsis paper: (1) the wrban grammyy
wenerstes urhan quarters surmounded by sircets from whicl
cmerpe derkr (narmw dead-cml stneetah thal give access 1y
{2) the housing grammar yields courtyard louses fioy
the plois, and (3) the negntintion accuunts [or the generyign
aof 10 comples. housing configumstions by trading pace,
Im the second scake, 1 wsures compatihility among these
wales thrsugh the contral of pammeter values in all o
ihem For instance, the shapes an sizes of quaners wnd plos
were determined after corclisl analvas of the Mamakech Meg.
ima, Limitations on the sire of quaners ensuee that the prm.
mar dioes pol gxceed the site planning scale. Limitations on
sure and shape o lots make sure that erban configuration
mmwmm:wﬂﬁrd and housing config.
urstsons. In addition. the lenpth of deeb i relaled o the g
ceplable sipes for housing lots The anghes that derbii can es-
gablish among themselves ane also related o the acoeptable
angles for howsing lots
Fir an explanation of the problem posed by wcale (o the
inference of urhan gramimss anid bow B wirs lackled inthe de-
velopment of the proposed grammar, see Section b in ihe
paper”
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APPENINX A: COMPLETE SET OF GRAMMAR RULES
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