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Abstract

While numerous algorithms and approaches have been suggested and applied to the
problem of space-planning there has not been any systematic comparison or evaluation
of these methods. Such an evaluation is important because the spatial configura-
tions produced by such methods vary considerably. In this paper the major space
planning techniques, as well as several new approaches and modifications o existing
methods, are described, compared and evaluated. The use and consequences of certain
options and/or modifications to the basic methods are included and evaluated. The
results for each method using-an identical problem are given, indicating the com-
parative speed and optimality of each approach, as well as the final plans generated.
The implications of these results and their relationship to the design process are
discussed.

Introduction

The past decade has seen a variety of techniques for evaluating and/or automating
the space planning process. To a great extent, these allocation techniques have be-
come very familiar fo many designers and their utilization has become more wide-
spread. Design literature consistently includes applications, extensions, or com-
puter program descriptions which rely on any number of different space allocation
algorithms. The resulting spatial configurations or floor plans are generally pre-
sented with discussion reserved only for the end product. Usually, a particular
algorithm has been implemented, with certain other related decisions inherent to the
chosen approach, and the system or solufions built up from this initial decision.
There is littie explanation, however, as to why the particular technique has been
chosen nor why certain secondary decisions related to the implementation of This
approach have been made. The resulfs of any of the many different techniques are
not, however, the same. Even the secondary decisions that arise as a consequence

of any algorithm yield widely varying solutions. It has, however, rarely been the
case where The results or consequences of using each of the different approaches
have been careful ly evaluated, analyzed or compared.

This paper takes each of the many space allocation techniques available plus several
new approaches and compares and evaluates them with respect to one another.
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ntical example problems are used o clearly demonstrate the differences in re-

s that occur in each case. Comparisons are made of computing Time as well as
"scores" of each resulting solufion. For every technique used, all possible
-options are explained and demonstrated to clearly illustrate the consequences
their use. Thus, when the random generating approach is discussed, the implica-
+Tions of a technique which randomly assigns locations to spaces is compared to one
that switches locations of two randomly chosen spaces and also to one that only per-
forms the switch if the new random location is within a chosen distance of other
elements. Similarly, various approaches and options within the framework of assign-
ment techniques are discussed and compared to one another. Thus, one may see the
consequences of various approaches or rules to the spatial location and choice of
cach incoming element to the plan and/or its dependence toward any or all previously
iocated elements. All approaches are evaluated and compared to one another, and not
only to their related generic types.

The purpose of this paper is fo both clearly define and illustrate the various tech-
niques available for space planning, to carefully and systematically demonstrate the
differences that arise from use of each method, and to evaluate these results. This
paper shows that the initial choice of algorithm does have a profound affect upon
the resulting design-and that the consequences are such as to warrant more serious
consideration of certain methods for particular situations. This paper also, in
illustrating these techniques presents several new approaches, extensions and mod-
ifications of space planning algorithms, heretofore, not presented in the literature.
These new techniques are clearly recognizable as logical extension of the choices or
decisions that would occur during the manual design process but ignored or avoided
previously in the automation of the process,

A Review of Space Planning Technigues

A number of space=-planning or allocation methods have, at various times, been devel-
oped or presented. For the past ten years, design literafture has contained many
applications of space-planning techniques as well as extensions of these methods.
Comprehensive summaries of these various approaches are given by Mitchell{!) and
Eastman{(2), Mitchell not only provides an extensive bibliography of space-planning,
but also a systematic summary and taxonomy of space-planning techniques which will
be referred to in this paper.

With few exceptions, the bulk of space-planning ftechniques fall into the caftegory of
assignment fechniques. Essentially, this is an approach which considers the space-
planning problem as a combinatorial problem of assigning the various required spa-
tial elements to discrete locations or modules in the available space in such a way
as fo satisfy a given sef of constraints and to optimize some objective function.

In general, this objective function relates to the distance between elements and
some type of interaction function. This interaction may be expressed as one or more
weighted values with either an objective (fravel cost, trip volume) or subjective
(relative importance, observed hierarchy) basis.

While other approaches to space-planning have begun fo emerge recently, many of
these are either still in conceptual form and have not been implemented success=—
fully or may not necessarily seek to optimize or improve upon a plan. An example of
the former may be found in Grason's proposal(3) for use of graph theory, which seems
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only successful for small planar graghs. As for the latfer situation, the overlay
techniques used by Grant{4) or Ward(®) locate elements on the basis of greatest
"utility" or "suitability", but this in fact does not seek to improve the relation-
ships between the parts of the plan as much as it seeks fo resolve conflicts between
the available space and each individual element. The work of Johnson, et al

appears closer o resolving the difficulty of other techniques by being best able to
intfernat ly represent the relationships, the boundary conditions, and geometry of the
elements and the space. AT present the major difficulty appears to be the largse
amounts of computer storage and time required for solution and the absence of a
"closed-form" problem, thereby preventing the possibility of obtaining a single
"best" solution but rather producing several alternative results.

One returns, therefore, to consideration of the large group of assignment tfechniques.
They are important for a number of reasons. First, the bulk of work and literature
is centered in this area, mainly because of The relafive ease of problem statement
and structure. Secondly, the algorithms that can be and have been developed for
obtaining solutions by these approaches are such that compufation time is generally
extremely fast. This has generally led to confinued reliance upon and use of these
methods and less fTendency fo seek new or furfther develop more complex, costiier,

and more Time-consuming techniques. Thirdly, despite the relatively large amount of
activity and writings devoted to these fechniques, little if no objective evaluation
or assessment has been made of these techniques. Finally, the structure of the
assignment model, with ifs clearly defined objective function provides the means for
such an evaluation. This is not to say, however, that otfher approaches or methods
cannot be evaluated. However, many of the other methods, some of which rely only on
relationship of element to site of available space, e.g., the overlay techniques,
and do not necessarily possess a sef of interelemental relationship, could not be
"scored" in a similar method and might necessitate a greater reliance upon subjec=
Tive evaluation.

I+ should be noted that the general area of assignment technique comprises a wide
range of methods. The generic grouping is offen assi%ned to any approach that bears
some resemblance to the model! descripftion of Brotchie 7 or possesses one or more of
the attributes or characteristics of that model. |1 is necessary therefore to
clearly define and classify the different methods within a more detailed framework.

Assignment Techniques

Within the broad classification of assignment techniques, one may first divide all
approaches into fwo distinct classes: 1) consfructive or generative procedures

and 2) improvement procedures. The constructive procedures begin with an empty
field and locate each element of The plan successively in accordance with some
given set of rules or algorithm. The improvement procedures take an initial con=-
figuration and attempt to modify it so as fo produce a better or improved config-
uration., White this cilassification provides some means of categorizing the various
techniques, a further breakdown is possible by consideration of the algorithms used
To improve or generate the plans. These algorithms will be considered in the con-
text of each of the fwo classes.

A. Constructive or Generative Procedures. As noted above, the constructive
procedures are typified by an “ex nihilo" approach to the space-planning problem.
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That is, the technique begins with an empty field ("tabula rasa") and locates the
elements in accordance with some algorithm. The technique for choosing which
element should "enter" the plan and for determining its location provides the
means for classification.

1. Random Generation Method. The simplest and most obvious method for gen-
eration or construction of floor plans is by random choice of elements and/or
locations. The technique employed is a simple one: wusing a random number
generator, successively generate a pair of X- and Y~coordinates for each ele-
ment on the [ist of spaces. These coordinates will determine the location of
that element on the plan. To prevent an eiement from being placed in a loca-
tion already occupied by a previously placed element, a check is made for
occupancy. |f the space is not vacant, a new set of coordinates are gener-
ated. The method may be continued indefinitely with a scoring algorithm used
To determine which solutions should be "saved" or printed if one wishes to
avoid seeing every solution.

2. Ordered Scores (Assignment Method). This method, the simplest and least
sophisticated use of the affinity inferaction matrix, builds the plan by
choosing The elements in accordance with an ordered list based on total inter-
action scores. The element with the highest score enters the plan first
followed by the next highest scoring element and so forth. The positions of
incoming elements are tested for best score within a given radius or distance
from previously placed elements. This approach is essentially that of White-
head and Elders(8) and is essentially that used by Lee and Moore in CORELAP(9)
although the latter method does not adhere strictly to the ordered interaction
scores in certaln cases.

3. Polyomino Assembly (Assignment One). This method is based on the poly=-
mino assembly procedure described by Mitchell and Dillon!0).  The choice of
elements to enter a plan is made on the basis of interaction with elements
already placed and the location on the basis of adjacency to the placed ele=
ments. In particular the choice and location of the n + 1th chosen element is
based upon interaction with the nth chosen element of the plan. The method
may be modified somewhat by the following options:

a. Positioned Elements. Choice of element is based on interaction with
all elements already placed on the plan and theelement with highest inter-
action score individually to the most of the placed elements is chosen for
entry.

b. Number of Dependent Elements. Positioning of an element chosen by the
previous option may be restricted to only locations around the n elements
with which it had the greatest interaction.

Cc. interacted Elements. Cholice of element To be placed is again chosen
on the basis of interaction with positioned elements. The one with the
highest score to the most elements is next to enter the plan. Location,
however, is only possible next to those elements of the plan with which the
incoming element had highest interaction scores.
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4. Nuclear Growth (Assignment Two). This method is a new approach fTo the
problem of space-planning. Selection of an incoming element Is based upon the
scores of the available elements to the cluster of elements previously posi-
tioned. That is, if tThree elements have been placed, the choice of a fourth
element is made on the basis of the element having the highest total score to
all three of these elements. Position is ftested at all points adjacent to
these elements. The method differs from the original assignment technique in
that this method chooses on the basis of only interaction with positioned
elements rather than from a list ordered by total scores. |t also differs
from the polyomino approach by using fotal interaction with all positioned
elements rather than only with the last element(s). The method may be modi-
fied by allowing for:

a. Number of Dependent Elements. Rather than interaction with all pre-
viously located elements, choice of element may be restricted to only the
last n elements fo have entered the plan.

B. Improvement Procedures. As noted earlier, the improvement procedures are
Those which systematically seek to improve upon the score of the plan constructed
In the previous cycle. Elements are re-positioned in an effort to achieve a
better score. In general, efforts that fail are disregarded or discarded and
computation ceases when no further improvement is possible. Classification is
made by the fechnique used for obtaining improvement.

l. Random Switch. This method ftakes the initial plan and seeks improvement
by randomly switching any two elements of the plan matrix. To avoid switching
empty space elements or a non-empty space with an empty space, the restriction
is included that only 1f two non-empty spaces are within a given radius of the
empty space will a switch be permitted. This rule also prevents a plan with
"detached" spaces and thereby maintains contiguity of plan.

2. Ordered Scores and Alternative Check. This method utilizes the same
technique as the first generative ftechnique (Ordered Scores - Assignment). At
the end of the plan generation phase, -however, a systematic switch of every
occupied element with every other occupied element of the space is made in an
effort at improvement. A more sophisticated approach to this method uses the
option:

a. Alternative Check. This opfTion performs a systematic switch of plan
elements seeking improvement at each cycle of the plan generation, i.e., as
each new element enters the plan, switches are performed seeking overall
plan improvement.

3. Single Switch. This method systematically swiftches every element of the
initial plan with every other element of the plan. Again, fo avoid non-con-
tiguity, The rules prescribed for the random swifch are invoked. The method
also permits K passes through the plan, where a pass is _defined as every posi-
tion switched with every other position (a maximum of nZ switches for a non-
empty space).
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4, Computerized Relative Allocation of Facilities Technique (CRAFT). This
method has been thoroughly documented(11) and several extensions proposed(1243)
Basically, elements are interchanged to achieve improvement on the basis of
meeting at least one of three criteria: |) fthey are the same size, 2) they
have a common border, and/or 3) they border on a third element. At each cycle
the interchange performed according fo these rules is that producing the great-
est improvement in score. The procedure ceases when no further improvement is
possible.

There are, therefore, eight different assignment space-planning methods which can be
modified by invoking the several options. |In addition, all the generative methods
may include the options:

i. Value Only. This option calculates interaction scores on the basis of
relational value X distance, as opposed to:

it. Value-Area. This option calculates interaction scores on the basis of
relational value X distance. This option is useful when eslements are of
varied size and importance is desired for larger plan elements so that they
would enter the plan initially.

Evaluation of the Space-Planning Methods

The various methods and options for space-planning described above were evaluated
using as a test problem, a middle school (junior high school). The data for the
school inciuding room types, areas, and relationship matrix are shown in Fig. I.

The choice of This building type and its associated program for testing allows for
many clearly defined functions and relationships. The number of spaces (twenty-five)
permits the possibility of sufficlent variation in the final plan configurations and
scores which would not be possible with less complex buifding types or those with a
smal ler number of spaces.

Using the information given and a set of computer programs developed for each of the
methods described above, test runs were performed o assess and evaluate each method.
Since scoring was possible on the basis of value X distance in all cases, compari-
tive scores were obtained. In addition, computer times were obtained for each run
to assess speed and cost as well. The scores and computer times for each method and
option used are given in Table |.

With a major objective of any space-planning fTechnique being the achievement of the
best possible results without generating excessive costs, it is interesting to note
that the variation between the final scores of the various methods is less Than 5%.
More importantly, the Time differential between the worst and best solution Is more
than forty-fold! This means that for a sacrifice of only 5% in the efficiency of
plan, a savings of nearly 20 minutes of computer time (23.2 minutes versus .52 min-
utes) 1s achieved. Interestingly enough, a solution only 2% "worse" than the
"best" solution can be achieved in 1.02 minutes.

I+ is surprising to find even with a relatively "small" building, that the solutions
generated by the various methods generate so great a variety of solutions. While
certain options of each method fail to produce much, if any,change a wide range of
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TABLE |

Generative Methods

Method Options Score Time

Crdered Scores
No options 57827 -40 -
Check alternatives at completion 57779 5.38
Check alternatives at each cycie 56664 24,20

Polyomino Assembly
3 dependent elements/Interacted/Area + Value 58924 .49
3 dependent elements/Positioned/Area + Value 59218 .52
3 dependent elements/Interacted/Value 58510 .52
3 dependent elements/Positioned/Value 58304 .49
6 dependent elements/!Interacted/Area + Value 58578 .57
6 dependent elements/Positioned/Area + Value 57789 .02
6 dependent etements/Interacted/Value 57619 1.02
6 dependent elements/Positioned/Value 57922 I.04
9 dependent elements/Interacted/Area + Value 58578 .02
9 dependent elements/Positioned/Area + Value 57809 .09
9 dependent elements/Interacted/Value 57671 .05
9 dependent elements/Positioned/Value 57671 1.05
2 dependent elements/Interacted/Area + Value 58578 |.03
|2 dependent elements/Positioned/Area + Value 57977 .13
[2 dependent elements/interacted/Value 57671 .08
|2 dependent elements/Positioned/Value 57671 .14
|15 dependent elements/Interacted/Area + Value 58578 .07
I5 dependent elements/Positioned/Area + Value 57977 .23
|15 dependent elements/Interacted/Value 57671 P
|15 dependent elements/Positioned/Vaiue 57671 .20

Nuclear Growth
3 dependent elements/Area + Value 57734 1.27
3 dependent elements/Value only 57771 .24
6 dependent elements/Area + Value 58306 .28
6 dependent elements/Value 57710 .23
9 dependent elements/Area + Value 58426 .26
9 dependent elements/Value 57825 .23
|2 dependent elements/Area + Value 58426 .25
12 dependent elements/Value 57896 .23
15 dependent elements/Area + Value 58426 .25
|5 dependent elements/Value 57920 1.22

all dependent elements/Area + Value 58426 1.26
all dependent elements/Value 57920 .23
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different configurations are possible. |f one carefully inspects the final solu~
rions shown in Fig. 2, it is clear that a wide number of alternatives have been
obtained using these different approaches. Methods such as the random generating
routine produce a great number of plans, of course, but not many are optimal. The
more sophisticated generative techniques do, however, differ in their final product.
it can be seen in Fig. 3 that the growth patterns resulting from the different
approaches vary sufficiently to produce these variations, but the scores tend to
indicate that near optimality has been achieved.

Conclusions

{7 is probably difficult to denote any one of the many space~planning methods as
"best". Nearly all of the methods that have been evaluated here have certain at-
Tribute that make them valuable. Even the random generating or random switching
routines, both of which are seemingly based on an "unscientific" approach, are
valuable to the designer in producing alfernatives not foreseeable by a strictly
rigorous, rational approach. Clearly, however, If certain methods do little to im=
prove upon a final configuration, but are much more time consuming, there is some
doubt as to their values and consideration should be given the more efficient
approaches.

On a rational, philosophical basis, one may prefer certain methods of space-planning
because the technique more closely approaches the actual design process. The second
and third assignment techniques (Polyomino Assembly and Nuclear Growth) are the most
sophisticated methods and come closest, in this regard, to a designers process.
Despite the fact that scores were not as "good" as that produced by the switching
routines, these two fechniques have a rational appeal and appear To justify one's
faith in the approaches taken by the speed with which they achieve solutions.
Clearly, a direct route fo solution is more satisfying than a trial-and-error
sofution,

it should be noted that the improvement techniques, particularly CRAFT, are valuable
to any designer by demonstrating alternatives fo the initial plan. This is partic-
ularly valuablie when the initial configuration is one that has been carefully devel-
oped rather than arbitrary as in this paper. Unfortunately, however, since the
|ower bound on the score for a plan is unknown, these methods may perform thousands
of needless operations and fests, producing no real improvements. This is the
greatest disadvantage fo these methods along with the associated lengthy computation
times.

For the designer, the implications of these results are three-fold. Firs+t, methods
exist and can be further refined fthat can produce good and efficient architectural
plans. The adjacency of related elements into well-defined clusters seems to in-
dicate that these methods not only provide efficient plans, but also that these
plans are quite similar to those fraditional design methods achieved. Secondly,

the ability for certain space-planning techniques to quickly generate numerous effi=
cient alfernative solutions to a given program and set of criteria provides the
possibility for a richer variety of architectural solutions available for investi-
gation than would be possible by manual methods. Finally, and most importantly, the
results of this evaluation indicate that many of the different space-planning tech-
niques produce solutions that are all as nearly efficient despite fundamental
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MEMEMEHEMF 626262626 G16161616 GOGAGAGLG TATATATATAL
HEREMEMFHE 622272626 616161616 G6GAGAGLG TATATATATAL
WEWEWEMENF  G2626262C 51G1GIR1G GAGAGANAG TATATATATAT
MEMEMENENF (26212620 616161615 64GAGLGAG TaTATALATA]
TATATATALAT
GAGAGAGRG EGAGEGEE GIGTGIGTE
avav GAGOGAGAL GOGAGAGAG G?GI6TGTG HEHE
AVAV SAGALRGEG GAGEGAGES GINTGIGIG HEHT
Avay GAGAGAGAG GEGAGHGEG GI6767GTG HEHE
GAGRRARAC RABLROAAG GTGT6T57G
GAGBRGAGEG Gon6GAGAG GTICTIGTICTE
a) Ordered Scores 56664
VAVEVRYAY GOSN SNSn S 26262626
DA VAVAVAVAY  rorsadcencn 626202026
[T SE ¥Y VAVAVAVAY reASRIGENSA RIG26R262C AV av
1Ay Ay VAVAYAVAY atnsnensnes nAG2REN 2N AVAY
LIESRLTIT T8 vavavaviv cerereesnen c2¢2¢2€2¢6 Avav
UNAUAL  VAVAVAVEY  rendnsncncrn f2R262€26
nYESCICaSn
LALPLRLRLOLRER
CAMAMAVANMA  GAreChfAN n1nL6161% LRLRLRLELPLRLR G4G6GANEG
MAMAMAMAWL  fufafianan anterere LRLALBLRLRLRLR GORAGAASH
WAMAMAWAMA  Canifanan (LTI LTS LRLRLALRLRLRLR RARGARAR
MAMAMAMANS CHMa (4 (4T crnInRIALn LRLPLRLRLRLELR G A5G 6,
AWM wAVANYR fefensfier fretnteln LRLRLSLPLALALR GeGETARSE
MIFAMAAYA  farananen (33T AL LRLOLALRLRLRLR RERAGAGEN
VaNRvAMAUA LOLRLALFLRLRLY
LegeLaLPLoLRLR
TALATATATR! Firveacar cernesese CAGRGAGEG CI5I57676
TAATATATRT frgananag renssen e caranacar 16707070
TATSTATATAT rFaracanag rerss e en AwWIINTE
TATATATALRY Arca6anan [Slelatald 676767676
IAER AT AT Aananan LTI GRGAGAnen CIRTRTRTL

Taratatatay

Fararanag

[T

GeREReG AN

AN

TATA Aty
AYRYIYAYA VAR Y
ME M HE T CYRYOYLYRY CY Y., (FCFOFCFCE
HE 4T T 1€ APATAYY ANV YAYR YA YL YA CECFOFCRCS
S RF R W ATANANE  mYryavayRYrYAve FFORCFOFME shens
“nTaE SUENANA L CYLYRYONOYEYOYE  CFCECRCRCF $050%
BT MATANA LYnYnYS YR YL YR vn CErECEMErE S0SnS
ryrysyeveveyayn CEFECECETE snsphs
CYLYIVAYENOYAYG  CECFCECECE
YRV YAYAYL v
CVEYSVSYSY
nrnen LYEYRVSy ey STETS L34
e reree SYSYSVEVSY sT§TE ®IKT
urr ~rnra SvevSyavsy 5TSTS xTxyY
P er SYSvaveysy EAARA

c)

Cvevsveyey

Single Random Switch 56782

MAMAMAMAMA
MAMAMAMAMA $0$0$ STYSTS
THAVEWAMANA AVAV 0308 5T3T
MAMAMAMAN A AVAY S0snS STSTS
MAMAMAMAM A AvVAav 50SDS 5TSTS
RAMAVANZRA
MAMAMAMAMA
GYGYGYGYGYGYGYE
86SGSGSGSE GYGYGYGYGYGYGYS
GSGSGSGSGSG G5G5G5656 GAGAGAGAG GIGTGTG?G GYGYGYGYGYGYGYE
GICSGIGSLIT TEGSGEG5G "GAGATATAT GIGIGIGYG CYCYCYGYGYEYGYE
GSGSGSGSGSE G5G565656 G4G4GAGLG GIGIGTC TG GYGYGYGYGYGYGYG
656565638656 656565656 GhGAGAGLG GIGIGIGTG GYGYGYGYGYGYGYG
G3GSGSEIGST G5G5G5GEG TGAGAGAGAG BIGTCICTG CYCVEYGYGYGYGYE
GSGSGSGSES6 G5656565G G4GAGAG4E GTG7GIG TG GYGYGYGYGYGYGYG
GYGYGYGYGYGYGYG
LRURLRLRLRLRLR
VAVAVAVAV  G2G262G26 LRLRLRLRLRLRLR G6G6G6GSG  CFCFCFCFCE
VAvAVAVAY G256262G2C  LFLRLATRLRLRLA G&GAGLG66  CFUFCPCFCF
VAVAVAVAY G262G262G  LRLRLRLARLRLALR G6G6GEGEG CFCECFCFCF
VAVAVAVAY 626262626  LRLRLRLRLRLRLR G6GHGAGAG CFCFCFCFCF
VAVAVAVAV 626262626 LRLRLRLRLRLELR G6G6G6G6G  (FUFCFOFCF
VAVAVAVAY 626262626 LRLRLRLRLRIRLR G6GHGSGEG  CFCFCFCFCF
LRLRLRLRLRLRLE CFOFCFCFCF
LRLALRLRLALOLE
TATATATATAL G3G3GIG3G G1G1GIG1G GBGRGBGAG
TATATATATAT G3CIBICIC 516161616 GAGAG 86 AG
TATATAIALAT GAGYRIG3G G1G1G1G1G GBGAG 86 86 6C6CE
TATATATATAL G3G3G3GIG 616161616 GAGAGAGAG GCGLG
TATATATATAL G3GIGI6AT GIGIGIGIG GBGRGAGRG 6LECE
TATATATAIAY G36356363G 61G161G16 G8G8GAG 8C
TATATATATAY
HEMEHEHEHE SVSVSVSVSY
HEHEHEHEWE UAUAUAL ADADADA SVSVSVSVSY
HCHE HEREAFHFRE UAUATAU ADADAD A SVEVIVEVIY
HOHC HEHEHEHEHE VAUAUAY ADADADA SYSVSVSVSY
HCHC HEHEHEHEHE UAUAUAY ADADADA SYSVSVSVSY
HEHEHEHERE YAUAUAU SVSVSVSvVSY
b) Polyomino Assembly 57619
CAGAGEGAG G4Ga66GAG
AVAV GAGLGAGAG 64GAGEG4G GCGET SO'SHS
Avav GEGAGEGAG 64 GAGAGAG 60606 SDSDS
AVAY GEGARALAG G4G4G4GAN [Sdd ) SpSDS
G&REGAGAG G6GeGLGAG SDSDS,
BAGAGEGAG 64hGEG4E
LRLRLRLRLRLRLG
VAVAVAVAY GAIGIGIGAG  LPLRLRLOLRLRLR GAGRGRGASG CFCFCECFCR
VAVAVAVEY GIGIRIGIG  LRLRLALRLALSLE GRLAGAGAG CFLFLFCRCF
VAVAVAVAY  G3GAGIRIG  LRLELRLALRLPLR GRGAGAGBL  (FCRCECECE
VAVAVAVAV  GIGIGIGIG LALILPLRLRLRLE GRGSGRGRG  (ECFCFCFCE
VAVAVAVEY 353676716 LPLPLR(PLALALE GAGAGRGAG  CFCFCFCFCE
VAVAVAVAV  GI67GIG3G {1 OLRLRLRLPLPLR GRGAGRGAG  CECECFCECF
LALRLOLRLRLALR CFCFCFCFCF
LPLEBLRLOLRLRLD
RYRYGYGYGYRYGYG.
VAvAMAU AR X GYGYGYOVGYSYGYE
MAMAMAWANA  RTGTIGIGTE GS6565680 616161616 AYGYGYGYGYGYGYS
MAMAWAVAMA  RILTIRIGTG G5GSGSGSE 16161616 GYGYGYGYGYGYGYG
MAVEMANAMA  ATLICTC TG 656563686 G16161616 GYGYGYGYGYGYG Y
MAWAMAMAMA  CIGTRIGTG G5GSG5G5G SIGIG1GIG GYGYGYSYGYSYRYG
MAMAMAMAVA  CTCIGICTR GEGS6SG5G 514161616 GYGYGYGYGYLYGYG
VAMAMAMAMA  AYCTEICTS GRGRGRGRG SIRIS1616 GYGYSYE YOYG YAYE
GYGYBYGYGYGYGYG
GSGSASAEASH 662675634 SYSVSVSVEY
AUBAN GECSGEASRSG 626262676 APAnaDa SVSVSVSVSY
MAUAUAL  CEASRSASRSE  GYG6202G AnANADA SVSVSVSYSY
UAyALAIL GSGRRANSGSE BIGI62G2N ATATADA SVSVSVSYSY
UTALIANAG GERSASASGSE  $I6262626G ADADANA SVSVSVSVSY
TiALAUAN LE6GSGE6SSG 626262526 SVSVSVSVSY

d)

(4333431544
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FIGURE 2 ~ TYPICAL FINAL CONFIGURAT!ONS
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differences in approach. This implies that the designer may choose any method which
comes closest to his particular design approach and philosophy and know that his
solutions will not suffer in comparison to any ofther approach.

This final point is most interesting if one looks at the process by which the meth-
ods construct the solutions. The elements entering a plan at any stage and their
iocation are often different as a direct result of the problem criteria and the
method used. Despite this fact, and independent of type of problem, the final con-
figurations still more than adequately meet the rquirements and standards generally
expected of a good architectural solution. The broad implications of this apparent
independence of good design solution fo individual method may well be the most im-
portant result of this evaluation and indicate the continued need for investigation
of the entire process of design.
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