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DOCUMENTATION OF THE LANGUAGE G-CAD

Introduction

G-CAD, which stands for GENETICA CAD, is a computer language specialized in problem solving
within the framework of architectural designing. G-CAD is a GENETICA-like (hon GP) language where
data generation scenarios evolve with respect to either confirmation or optimization goals formulated in the
G-CAD program. Design objects are represented in G-CAD as interrelated logical constructions having
both internal properties and communication channels. G-CAD programming has the following features:

e Domain specific knowledge expressed in formal logic is encapsulated in design objects
e  Objects exhibit context sensitive behavior based on object-to-object interactions.

e Both top-down and bottom-up interactions occur in the object hierarchy.

e Higher level objects result from behavior-driven selfassembly of lower level ones.

G-CAD has been developed in GENETICA under the principles presented in
GENETICA-based_Languages.PDF. Specifically G-CAD has been implemented as a GENETICA
program, having input an arbitrary G-CAD program. The execution of the latter program reflects the
execution of the former one which operates as a G-CAD interpreter and it is controlled by the evolutionary
computational system within GENETICA’s environment.

Section 1 presents G-CAD’ s terms and objects, the latter viewed as composite terms. Section 2 presents
both the syntax and the functionality of the G-GAD formulae. Section 3 presents the data organization in
both the problem formulation and the solution. The Appendix A provides a reference on specia classes of
G-CAD formulae, while the Appendix B presents the formulation in G-GAD of a design problem
concerning a hotel’ s floorplan.

Notation

e Bold words denote names or values of either variables or formulae. A quoted bold word denotes either
astring value as it is or the name of avariable or aformula, whereas a non quoted bold word denotes
either the value of the variable or the content of the formula named by the word, e.g. "word" denotes
the string "word" which represents the name of a variable or a formula whereas word denotes the
value of avariable named "word" or the content of a formula named "word".

e Numerical values followed by dot-zero denote real numbers. Values not followed by dot-zero denote
integer numbers, e.g. 4.0 isareal number whereas 4 is an integer number.
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1 G-CAD termsand objects

1.1  General terms

Atomic terms in G-CAD are integers, reals and symbols viewed as strings. An empty list is aso an
atomic term. If t1, ... tn are terms then the list (t1, ... tn) is aso aterm. This recursively defines as a term
any tree-structured list whose terminals are atomic terms.

1.2  PropertyLists

A "property list" isalist of pairs, where each pair has the form :
(property_name, property value).

1.3  Spatial Maps

A Spatial Map represents a configuration of spatial attributes on the Cartesian Plane by mapping
regions of the Cartesian Plane to property lists, where properties represent spatial attributes. The geometry
of a Spatial Map is defined by two lists of real numbers which are called the "dimension lists'. If aand b
are successive reals in a dimension list then a<b. Each dimension list is associated to an axis of the
Cartesian Plane while its elements represent coordinates on the axis. Each coordinate defines a line
perpendicular to the axis. The lineframe defined by both dimension lists divides the Cartesian Plane into
rectangular regions called "cells'. The cells form rows and columns. The number of the cells in each row
(respectively column) is n+1 where n is the number of the lines perpendicular to the X (respectively Y)
axis of the Cartesian Plane The first and the last cell of each row (respectively column) are considered to
have infinite area since they lack one or two edges. Each cell is assigned a property list.

14  Queries

A Query "applied” on a property list, nameit PL, isalist representing alogical statement on the content
of PL. A Query has one of the following forms:

e ("log_eq", (pn, Pv)), where p,, is a property name and py, is a value of any type, is confirmed if and
only if py equals the value of a property named p,, in PL.

e ("log_ism", (pn, pv)), Where py, is a property name and py, is avaue of any type, is confirmed if and
only if the value of a property named p,, in PL isalist, nameit Lv, while p, isan element of Lv.

e ("log_and", (L1, ... L)), wherelLq, ... L are Queries applied on PL, is confirmed if and only if all
L4, ... L areconfirmed.

e ("log or", (Lq, ... Lp)), wherelLq, ... L are Queries applied on PL, is confirmed if and only if at
least oneof L, ... L, isconfirmed.

("log_not", (L)), where L isaQuery applied on PL, is confirmed if and only if L is not confirmed.

Given a Spatial Map, a Query could specify a region on the Cartesian Plane: the region includes the
cells whose property lists confirm the Query.
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1.5 Direction vectors

The vectors specified by the angles 00, 900, 1800 and 2700, measured counterclockwise from the
positive direction of the X axis of the Cartesian Plane, are represented by the reals 1.0, 2.0, 3.0 and 4.0.
These vectors, in the specific notation, will be referred to as the direction vectors.

16 OCS (Object Coordinate System)

A OCSis adesign object’s local coordinate system represented as a list having the form (m, a, Xg, Yo)
where (Xq, Yo) is the origin point, a is a direction vector specifying the direction of the X axis of the OCS
and m is a mirroring coefficient. m accepts the values 1.0 and -1.0, where 1.0 represents the not mirrored
condition (the Y axis shows at the left side of the X axis) while -1.0 represents the mirrored condition (the Y
axis shows at the right side of the X axis). In the latter case the X axisis reversed i.e. it has the opposite
direction of a. When the OCS of a design object is mirrored then the design object is mirrored too. All the
parameters defining a OCS refer to the coordinate system of the Cartesian Plane. The latter, which will be
referred to as the World coordinate system, is represented by thelist (1.0, 1.0, 0.0, 0.0).

1.7  Primitives

A Primitive is a design object, geometrically represented as a rectangle, which is formally represented
asalist having the form (1.0, PL, PCS, (X, Y)) where:

- 1.0isthe object type identity for a Primitive

- PL isaproperty list

- PCSis a OCS specifying the positioning of the Primitive on the Cartesian Plane: the lower left
corner of the Primitive is positioned at the origin point of PCS while the lower and the left edge of
the Primitive are positioned on the X and the Y axis of PCS respectively.

- X and Y (redls) are the dimensions of the Primitive towards the X and the Y axis of PCS
respectively.

A Primitive can be "imprinted" to a Spatiadl Map, name it SM. The imprinting results to a

transformation of SM defined by the following process:

e For each horizontal (respectively vertical) edge of the Primitive, which does not coincide with the
boundary between successive rows (respectively columns) of SM, create a new boundary at that edge
by dividing the row (respectively column) that includes the edge in two rows (respectively columns).
Due to the division, each cell of the initial row (respectively column) is divided in two new cells,
which share the same property list: thisisthe property list assigned to the initia cell.

e For each PL’'s element, name it Pair, having property name N and property value V, and for each

cell, name it C, included in the Primitive, apply the following revision process to the property list,
nameit P¢, of C:

- If P¢ includes a property named N having alist value, nameit L ¢, append V asan element to L .

- If P¢c does not include a property named N, append Pair as an element to Pc.

The procedure imprinting a Primitive to a Spatial Map is presented in Figure 1.
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a) The Spatial Map before the Primitive’simprinting b) The Spatial Map after the Primitive's
imprinting
Figurel

The state of a Spatial Map, before a Primitive isimprinted, is presented at the left. Thin lines represent
cell boundaries, while P (i=1,2,3, j=1,2,3) are the property lists assigned to the cells. The
Primitive is represented as a rectangle drawn with thick lines. The state of the Spatial Map after the
Primitive’simprinting is presented at the right. Dashed lines represent new cell boundaries, while Jy
(k=1,2,j=2,3)istherevision of the property list P ;, caused by the Primitive'simprinting.

1.8  Unitsand Instances

A Unit is atree-structured design object whose terminals (leaf nodes) are Primitives. An Instance is a
Unit’s image which can be placed on the Cartesian Plane in different positions, orientations and mirroring
conditions. Both Units and Instances can be represented as nodes in the tree-structure of a higher level
Unit. The highest level Unit, i.e. the root Unit within the tree-structure, will be referred to as the World
Unit. Every design object represented as a non-root node within the tree-structure of a Unit will be referred
to as a sub-object of the Unit, while sub-objects represented as a Unit’s child nodes will be referred to as
child-objects of the Unit. Both Units and Instances can be "imprinted” to a Spatial Map. Imprinting a Unit
or an Instance is equivaent to imprinting specific terminal Primitives of the Unit or the Instance depending
on the call to the formula creating the Unit or the Instance respectively (see § 2.2.b, 2.2.c).

A Unit is represented as a list having the form (2.0, PL, L1, ... L), where the elements L4, ... L, are

optional, while an Instance is represented as a list having the form (3.0, PL ). Within this representation the
reals 2.0 and 3.0 are the object type identities for a Unit and an Instance respectively, PL ; and PL | are the
property lists of a Unit and an Instance respectively, and L; (i =1, ... n) is a child-object of the Unit.
Sub-objects include Primitives, Units (recursive definition) and Instances.

Within the Instance’s representation, the information specifying both the Unit to be instanced and the
geometric transformation that takes the instanced Unit to the Instance is registered in PL | (see § 2.2.¢).

19 Positioning Lists

Positioning Lists include specifications for the positioning of a design object on the Cartesian Plane,
given the Spatial Map where the object is to be imprinted.

A Positioning List hastheform (QRj, QR2, La, L, Vmin) Where:
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QR; and QR; are Queries specifying two regions on the Cartesian Plane, name them R; and R»
respectively. Consider the linear segments forming the boundary between R; and R, as vectors
having R, at the left side and R, at the right side. These vectors will be referred to as the
"positioning vectors'. Name L, thelist of the positioning vectors.

L,isalist of direction vectors

L m isalist of mirroring coefficients (see § 1.6)

Vimin isared

Let Ly, be the list of the positioning vectors whose length is bigger or equal to vy, and whose

direction is represented by an element of L, Each element, name it v, of L, represents two potential
positioning possibilities for the G-CAD object, depended on L ., (Figure 2):

If Ly, includes the value 1.0 then the G-CAD object can be positioned having the origin point of its
OCS at the origin point of v and the X axis of its OCS having the direction of v.

If Ly, includes the value -1.0 then the G-CAD object can be positioned having the origin point of its
OCS at the end point of v and the X axis of its OCS having the opposite direction of v. In this case
the G-CAD object should be mirrored with respect to the positioning vector, i.e. the Y axis of its
OCS should be inversed.

G-CAD OBJECT G-CAD OBJECT

Y Y
L»X Rl Rl L—T
—

POSITIONING VECTOR POSITIONING VECTOR
R> R2

a) The mirroring coefficient hasthe value 1.0 b) The mirroring coefficient has the value -1.0

Figure2

Positioning of a G-CAD object with respect to a positioning vector at the boundary between the
regions Ry and R,. The value 1.0 of the mirroring coefficient results to the positioning presented at
the left whereas the value -1.0 results to the positioning presented at the right. In both cases, the small
vectors named " X" and "Y" indicate the axes of the object’s OCS.

1.10 9aznglists

A Sizing List includes specifications for the definition of the dimensions of a Primitive. It has the
form (Fx, Vx, Fy, Vy) where Fx (respectively Fy) is aone-element list including the name (viewed as a

string) of a formula, referred to as the Dimension Definition Formula, which defines the length of the
Primitive towards the X (respectively Y) axis of the Primitive's OCS, and Vx (respectively Vv) isalist of

values congtituting the argument of the Dimension Definition Formula. The Dimension Definition
Formulae are presented in Appendix A.1.
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2 G-CAD formulae

2.1 General features of G-CAD formulae

G-CAD formulae have distinct input and output terms. Given the input terms the formula can be
"called" i.e. the program represented by the formula can be executed. The output terms emerge as a result
of the call.

The input of a G-CAD formulaincludes:

e aSpatid Map, nameit M, referred to as the "input map".
e apointer, nameit uw, to the "World Unit" (see § 1.8).
e apointer, name it up, to a Unit, referred to as the "target Unit", which is either the World Unit or

any Unit represented within the World Unit’s structure.
e avector vaue, nameit Vinp.

The output includes:

e aSpatial Map, nameit M g, referred to as the "output map"
e avector value, nameit V.

The input map represents the environment where a new design object is to be constructed, the World
Unit represents the structure of al the design objects existing when the formula is called, the target Unit
represents the existing design object where the new design object is to be appended as a child-object, and
the output map represents the environment after the new design object’ s construction.

The terms Mijnp, Uw, Up and Mgy areimplicit in G-CAD, i.e. they do not appear in the G-CAD syntax.
Both the implicit terms and their syntactical relations, which are opague to the G-CAD programmer, are
defined at run time given the data structure (described in § 3.1) that represents the problem statement. The
input and the output section of a G-CAD formula, as the latter appears in the G-CAD syntax, include only
symbols for the values included in Vinp and Vo respectively.

G-CAD includes formulae that create design objects (i.e. Primitives, Units or Instances). These
formulae will be referred to as "primary formulae'. Formulae that do not create design objects will be
referred to as "secondary formulag". Design objects created as a result of a primary formula's cal are
appended to the target Unit as child-abjects while they are imprinted at the input map of the cal. The
output map is the result of the imprinting. When a secondary formula is called the output map equals the
input map of the call while the target Unit remainsintact.

Atomic G-CAD formulae include both primary and secondary formulae. A high order atomic formula
cals any other formula whose name appears in the high order formuld's input. Non atomic G-CAD
formulae include only formulae creating Units. The definition of a Unit creation formulawill be referred to
as a Unit Definition. Unit Definitions combine references to G-CAD formulae under G-CAD connectives.
A G-CAD program is a list of Unit Definitions. References to G-CAD formulae are described in § 2.2
while Unit Definitions are described in § 2.3.
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2.2 Referencesto G-CAD formulae

Syntactically, areference to a G-CAD formulais alist having the form (t, Fy, Sinp, Sout) Where t is a
real number indicating the type of the formula, Fy is either the name of the formula (viewed as a string) or
an empty list, depending on t, while Sipp and Sy are respectively the reference’s input and the output

section represented as lists of symbols, the latter viewed as strings. The process of calling the formula
named Fy, given an input map, a target Unit and a complete value assignment for Si,p, which assigns the
output values of the call to the respective symbols in Sy, will be referred to as the execution of the

reference. References to G-CAD formulae are presented here.

a) Reference to the formula creating a Primitive

(2.0, (), (PL, Pos, SL), (X, Y, PCS)) where:

- PL isasymbol for the Primitive's property list (see 8 1.7).

- Pos isasymbol for the Primitive’ s Positioning List (see § 1.9).

- SL isasymbol for the Primitive's Sizing List (see § 1.10).

- X is a symbol for the Primitive's dimension towards the X axis of the Primitive’s OCS
(see 8 1.6).

- Y isasymbol for the Primitive’s dimension towards the Y axis of the Primitive’s OCS

- PCS isasymbol for the Primitive's OCS

The formula creating a Primitive is confirmed if and only if the Positioning List assigned to Pos
indicates that the Primitive to be created can be positioned, given the input map (see § 2.1), while the
Primitive is included in the input map’s region specified by the Query constituting the first element of the
Positioning List (see § 1.9).

If the Primitive is to be included a sub-object in an instanced Unit then the Primitive’'s property list
should necessarily include a property named " APA" (which stands for "Acceptable Positioning Area")
whose value is a Query. Given a Spatial Map where the instanced Unit is to be imprinted, the APA Query
defines the region where the instanced Primitive should be included.

b) Reference to the formula creating a Unit

- Fn isthe name of the formula
- Sinp isalist of symbolsfor the input terms of the formula.
- Sout isalist of symbolsfor the output terms of the formula.

The confirmation condition for a formula creating a Unit depends on the formula s definition in the
G-CAD code (see § 2.3), since aformula creating a Unit is anon atomic formula.

C) Reference to the formula creating an Instance
(3.0, (), (Pos, Q,ys PeLt: L), (1Up, 1CYS)) where:

- Pos isasymbol for the Instance’ s Positioning List (see § 1.9).
- Qius is a symbol for a Query which is applied to the property lists of al the Units that

constitute World Unit's sub-objects, in a depth first order with respect to the World
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PFLT

- 1Up
- ICcs

Unit’ stree-structure. The first Unit that confirms the Query is the instanced Unit.

is a symbol for a Query which is applied to the property lists of al the Instance's
terminal Primitives. The output map of the formula call that creates the Instance emerge
as the result of imprinting to the input map all the terminal Primitives whose property
list confirms the Query.

is a symbol for a property list referred to as the "Instance List". The input map’s cells
occupied by the Instance should have list-valued properties homonymous with the
properties in the "Instance List". The value of each property in the "Instance List" will
be appended as an element to the list-value of the homonymous property of each output
map’s cell occupied by the Instance.

isasymbol for the pointer to the instanced Unit.

isasymbol for the Instance’s OCS.

The formula creating an Instance is confirmed if and only if the Positioning List assigned to Pos
indicates that the Instance to be created can be positioned, given the input map (see § 2.1), while each

termina Primitive of the Instance is included in the input map’s region specified by the APA Query of the
Primitive (see § 2.2.8). In the case of confirmation the Instance is defined to be the list (3.0, PL,) (see §

1.8) where the property list PL | includes the properties named "1US", "UCS", "IUP", and "I", respectively
having values the value assigned to Q, 5, the Instance’s OCS, the pointer to the instanced Unit, and the

"Instance List".

The transformation that takes the instanced Unit to the Instance is the transformation that takes the
instanced Unit's OCS to the Instance' s OCS.

d) Reference to a secondary formula

(401 FN, Snpa Sout) where :

- FN
- Sinp
- Sout

is the name of the referenced formula
isalist of symbolsfor the input terms of the formula.
isalist of symbolsfor the output terms of the formula.

G-CAD secondary formulae are presented in the Appendix A.

e Reference to the high order formula

(501 ( )1 (Fref)1 SOUt) where :

- Fre

- Sout

isasymbol for alist constituting a formula reference. This list will be referred to as the

"input reference’.
is a list of symbols for the output terms of the formula referenced in the "input

reference”.

The reference to the high order formulais equivalent to the "input reference", while the output values of
the referenced formula are assigned to the homologous symbolsin Syy:.
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2.3 Unit Definitions

Formally a Unit Definition, i.e. the definition of aformula creating a Unit, isalist having the form:

(Fn, (Con, Inp, PL, Refs, Outp))

where:

Fn isthe formula’s name, viewed as a string

Con isaG-CAD connective

Inp isalist of names of the formula' s input terms, viewed as strings
PL isaproperty list

Refs isalist of G-CAD formulareferences (see § 2.2).

Outp isalist of names of the formula’ s output terms, viewed as strings.

Inp, PL, Refs and Outp will be referred to as the input section, the property section, the reference
section and the output section of the Unit Definition respectively.

Each symbol in the input section of a reference within Refs should be included in either Inp or in PL,
as property names, or in the output section of a previous reference within Refs.
Each symbol in Outp should be included in the output section of areference within Refs.

When the Unit creation formulais called:

1. A new Unit, name it U, isinitialized as alist having the form (2.0, PL ), where PL  is the Unit's
property list (see § 1.8) which isinitialized as the union of two property lists:

a) the property list that includes the names within the input section of the Unit Definition as
property names and the values assigned to these names as property values
b) the property section of the Unit Definition (i.e. the property list PL).

Either the property list (a) or the property list (b) should include a property named "ID_UCS" and a
property named "FLT":

- ID_UCSisaQuery which is successively applied to the property lists of the Unit’'s sub-objects
in a depth first order with respect to the Unit’s tree-structure. The OCS of the first sub-object
that confirms the Query becomes the OCS of the Unit and congtitutes the vaue of another
property named "UCS" which is automatically defined and appended to PL .

- FLT isaQuery which is applied to the property lists of al the Unit's terminal Primitives. The
output map of the Unit creation formula is affected only by the termina Primitives that satisfy
the FLT Query.

2. U isappended as an element at the end of the target Unit of the Unit creation formula call

3. Specific references within Refs are executed. Both the selection of the references and the order of
the executions depend on Con. Name M, the input map of the Unit creation formulacall. The first
reference execution has input map Mjn, while each other reference execution has input map the

previous execution’s output map. The output map of the Unit creation formula emerge as the result
of imprinting to Mj,p al the Unit’s child-objects excluding terminal Primitives whose property list

dissatisfies FLT. All the reference executions have U as the target Unit.
G-CAD provides the connectives G_AND, G_OR, G_ONE, G_ALL and G_REC presented here.
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a) The connective"G_AND"

All the formula references appearing in the reference section of the Unit Definition are executed in
appearance order. The Unit creation formula is confirmed if and only if al the reference executions are
confirmed. The output values of the Unit creation formula are the values assigned to the symbols in the
output section of the Unit Definition.

Syntactical constraints:

Each symbol in the output section of aformula reference should not be included in:

- theinput section of the Unit Definition
- theinput section of the formulareference
- ether the input or the output section of a previous reference within the Unit Definition

b) The connective"G_OR"

A formula reference randomly selected from the reference section of the Unit Definition is executed.
The Unit creation formula is confirmed if and only if the reference’s execution is confirmed. The output
values of the Unit creation formula are the values assigned to the symbols in the output section of the Unit
Definition.

Syntactical constraints:
e Each symbol in the input section of a formula reference should be included either in the input
section of the Unit Definition or in the property section as a property name.
e Each symbol in the output section of aformulareference should not be included in:
- theinput section of the Unit Definition
- theinput section of the formulareference

e  Each symbol in the output section of the Unit Definition should be included in the output section of
each formula reference within the reference section of the Unit Definition.

) The connective"G_ONE" (existential quantifier)

The reference section of the Unit Definition includes only one formula reference. The last symbol in the
input section of this reference is assigned a list, name it L. The reference is executed once having the last
input term substituted by a randomly selected element of L. The Unit creation formulais confirmed if and
only if the reference’ s execution is confirmed. The output values of the Unit creation formula are the values
assigned to the symbolsin the output section of the Unit Definition.

Syntactical constraints:

Each symbol in the output section of the formula reference should not be included in:
- theinput section of the Unit Definition
- theinput section of the formulareference
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d) The connective"G_ALL" (universal quantifier)

The reference section of the Unit Definition includes only one formula reference. The last symbol in
the input section of this reference is assigned a list, name it L. The reference is executed once for each
element of L. In each execution the specific element substitutes the last input term of the reference. The
Unit creation formulais confirmed if and only if al the executions are confirmed.

The procedure defining the output values of the Unit creation formulais presented here:

- Letly, ... Lx beempty listswherek isthe size of the output section of the reference.

- For each execution append the ith (i = 1, ... k) output value of the execution to the list L; as the last
element.

- AssignL; to theith symbol in the output section of the reference.

The output values of the Unit creation formula are the values assigned to the symbols in the output
section of the Unit Definition.

Syntactical constraints:

Each symbol in the output section of the formula reference should not be included in:
- theinput section of the Unit Definition

- theinput section of the formulareference

€) The connective"G_REC" (recursion)

The Unit Definition includes two formula references. The first one refers to a secondary formula, which
represents the recursion termination condition, while the second one refers to a formula of any type. The
Unit’s construction process starts with the execution of the first reference. If the execution is confirmed
then the process ends while the Unit creation formula is confirmed. Otherwise the second reference is
executed. In the case of confirmation the Unit's construction process is repeated, whereas in the case of
disconfirmation the process ends while the Unit creation formula is disconfirmed. Any symbol appearing
both in the input section of the first reference and in the output section of the second reference represents a
recursion term (i.e. a term that changes in each recursion). The output values of the Unit creation formula
are the values assigned to the symbolsin the output section of the Unit Definition.

Syntactical constraints:

e Each symbol in the input section of a formula reference should be included either in the input
section of the Unit Definition or in the property section as a property name.

e  Each symbol in the output section of the first formula reference should not be included in:
- theinput section of the Unit Definition
- theinput section of the formulareference

e At least one symbol in the output section of the second formula reference should be included in the
input section of the Unit Definition

e  Each symbol in the output section of the Unit Definition should be included in the output section of
the second formula reference.
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2.4  Random decisions to be evolved within G-CAD formulae

The combination of all the random decisions made during the execution of a G-CAD program is to be
evolved by the computational system within GENETICA’s environment. The random decisions
programmed within the G-CAD formulae are summarized here;

e The argument of both Primitive and Instance creation formulae (see §2.2.a, 2.2.c) includes a
Positioning List. Positioning Lists (see 8§ 1.9) do not necessarily specify a single positioning of a
design object: different positions, orientations and mirroring conditions of the design object may be
defined by the Positioning List's specifications. In this case the positioning depends on random
decisions.

e  The argument of a Primitive creation formula (see § 2.2.a) includes a Sizing List having Dimension
Definition Formulae as elements. The Dimension Definition Formulaeplc A_in_G and plc_dd_in_G
(see Appendix A.1) include random decisions affecting the dimensions of the Primitive to be created.

e  When a Unit creation formula constructed with the connective G_OR (see §2.3.b) is called the
reference to be executed is selected at random.

e  When a Unit creation formula constructed with the connective G_ONE (see §2.3.c) is cdled a
random selection determines the last input term of the referenced formulato be called.

e  Thesecondary formulae G_MEM and G_IN (see Appendix A.2) include random decisions

3 Dataorganization for design problem solving in G-CAD

3.1 Theproblemformulation

The problem formulation, which is an input vector value for the GENETICA program that implements
G-CAD, includes the following parts:

a) Standard (non evolvable) Units, which constitute components of a solution.

b) Units to be evolved. Each evolvable Unit is represented by the name of a Unit creation formula,
the formula' s input map and a vector value for the formula sinput section.

¢) A G-CAD program including the Unit Definitions for the evolvable Units.

d) The G-CAD constants.

Specifically, the problem formulation is represented asalist (W, Q, P, ¢i, ... ¢y) where:

e W istheWorld Unit (see § 1.8) that includes the non evolvable Units as sub-objects. A World Unit
without sub-objectsisalso legal.

e Qisalist of quadruples (four element lists), each one representing a Unit to be evolved. Each
quadruple hasthe form (G, L, N, V) where:

- G and L are lists defining the input map for the Unit creation formula. G has the form
(R, D1, Dy) where R isthelist of the rows of the input map while D1 and D5 are the dimension
lists (see § 1.3). Rows are lists of equal size, name it s, having integers as elements. The ith
integer (i =1, ... s) corresponds to the ith cell of the row. L is a list of property lists. The
integer corresponding to each cell of the map represents the order of an element of L. The
element is assigned to the cell.

- N is the Unit creation formula s name viewed as a string. The formula's target Unit is the
World Unit.
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- Visalist of valuesfor the input section of the Unit named N. Each symbol in the input section
is assigned the homologous valuein V.

Evolving Units are created in the order they appear in Q. When an evolving Unit is created it is
appended at the World Unit as the last element. The last output term of the Unit creation formula
referenced in the last quadruple in Q should be a real. This term represents the magnitude to be
maximized in the case of an optimization problem.

e PisaG-CAD program as alist of Unit Definitions. Each Unit creation formula referenced in Q
should beincluded in P.

e Cq, ... Cyarestandard values representing the G-CAD constants.

3.2  Therepresentation of a solution

The output vector value for the GENETICA program that implements G-CAD is a two-element list.
The first element is the World Unit where the evolved Units represented in the list Q (introduced in the
previous paragraph) have been appended. The second element is alist having theform (L4, ... L) wheren
isthesizeof Q and L; (i =1, ... n) isthe output vector value of the Unit creation formula referenced in the
ith element of Q.

Let dnh =(Gn, Ln, Np, Vp) bethe last quadruple in Q. The evolved Unit, name it Uy, represented by
gn is considered as the solution of the design problem.

A CAD interface presents the solution as an architectural drawing with respect to user-defined
specifications. Specific properties of Primitives within the standard and the evolving Units link each Unit
with either afixed or a parametric drawing. The CAD interface:

o Draws the drawing linked to each sub-Unit of U, with respect to the sub-Unit’s positioning on the

Cartesian Plane

e Createsthe Spatial Map, name it M g, occurring by imprinting Uy, at the Spatial Map defined by G,
and L.

e Draws different types of walls at the boundaries between regions of M specified by user-defined

Queries.
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APPENDIX A

A.1 Dimension Definition Formulae

A Dimension Definition Formulais the formula—referenced in the Sizing List (see § 1.10, 2.2.a) within
the argument of a Primitive creation formula—defines a dimension of the Primitive (viewed as a rectangle)
given the Primitive's OCS, and the Cartesian Plane's region, name it R, where the Primitive should be

included. Both the Primitive's OCS and R are defined by the Primitive's creation formula call.
Within the following presentation the term D denotes the dimension to be defined, while the term D

denotes the maximum allowed D value specified both by the Primitive’'s OCS and the region R. D is
explicitly defined if it appears in the argument of a Dimension Definition Formula.

The Dimension Definition Formulae are presented here in the format

<formula name, input_vector value>:

"plc_ddx_std" (D, Dmax)

Defines the Primitive’'s dimension towards either the X or the Y axis of the Primitive’'s OCS. It is
confirmed if and only if 0 < D < min {DR, Dmax}-

"p'C_ddX_maX" (Dmin, Dmax)

Defines the Primitive’ s length towards either the X or the Y axis of the Primitive’s OCS. It is confirmed
if and only if 0 < Dpin € min {DR, Dmax}- In the case of confirmation D = min {DRr, Dmax}-

"plc_A_std" (A, Dmax) where A represents the area of the Primitive.

Defines the Primitive’'s length only towards the Y axis of the Primitive’'s OCS. As a consequence
appears only as the second Dimension Definition Formula within a Sizing List. It is confirmed if and only

if 0< Dis min {DR, Dmax} Where Dy is the length of the Primitive towards the X axis of the Primitive's
X

OCS, which has been defined by the first Dimension Definition Formula of the Sizing List. In the case of

confirmation D = i.
Dy

"plc_A_in_G" (("ITE_call_BC"), ("plc_get_G1"), ("plc_get_G2"), ("in"),
Amins Amaxs Dymin, DYmax),
where Apin and Amax represent the minimum and the maximum acceptable area of the Primitive
respectively.
Defines the Primitive’'s length only towards the Y axis of the Primitive’'s OCS. As a conseguence
appears only as the second Dimension Definition Formulawithin a Sizing List. Let Dy be the length of the

Primitive towards the X axis of the Primitive’'s OCS, which has been defined by the first Dimension
Definition Formula within the Primitive's Sizing List. Define:
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A . A
L, Dymin}, Dmax = min {%, Dymax» Dr}-
X X

plc_A_in_G is confirmed if and only if Dmjn < Dmax- Let SMR be the input map of the call to the
Primitive's creation formula, viewed from the Primitive's OCS. If there exist Y coordinates of row
boundaries of SMi within the interval [Dmin, Dmax] then the value of one of these coordinates, selected
randomly, is assigned to D: this makes certain that the Primitive fits in existing rows, so no new rows will

be created as a result of the Primitive’s imprinting. Otherwise D is assigned a random real value in the
interval [Dmin, Dmax] -

Dmin = max {

"plc_ dd_in_G" (("ITE_cal_BC"), ("plc_get G1"), ("plc_get_G2"), ("in"), Dmins Dmax)
Defines the Primitive’ s length towards either the X or the Y axis of the Primitive’s OCS. It is confirmed

if and only if Dpin < Min {Dmax, Dr}. Let SM i be the input map of the call to the Primitive's creation

formula, viewed from the Primitive's OCS. If there exist coordinates of column (respectively row)
boundaries of SMg within the interval [Diyin, Min {Dmax. Dr}] on the X (respectively Y) axis, then the

value of one of these coordinates, selected randomly, is assigned to D: this makes certain that the Primitive
fits in existing columns (respectively rows), so no new columns (respectively rows) will be created as a
result of the Primitive’s imprinting. Otherwise D is assigned a random real value in the interval
[Dmin, Dmax]-

A.2  Secondary Formulae

The secondary G-CAD formulae, i.e. the G-CAD formulae not constructing design objects, are
presented here as triplets having the form <Fy, Vinp, Vou> Where Fy is the formula’s name viewed as a
string, while Vinp and Vot are the lists of the input and the output terms respectively. The string str,

appearing as the first input term of each secondary formula, takes either the value "call" or the value "at".
The former indicates a normal call to the formula while the latter an "always true" call (see GENETICA'S
documentation: GENETICA Documentation.PDF : § 3.2.1.d).

"G_ADD" (str, Lin, V) (Lout)

which is aways confirmed. If L, isalist and V is aterm of any type then L o isthe list produced by
appending V as an element at the end of L.

"G_ADDPR"  (str, N, V) ()

which is always confirmed.

N isaterm of arbitrary type, which represents a property name.
Y isaterm of arbitrary type, which represents a property value.

The pair (N, V) is appended as an element to the property list of the target Unit of the Unit creation
formulathat calls"G_ADDPR".
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"G_AMUCS' (dtr, Posp, UCS, (1, O, -1, 0), 1.0, 40) (Posoyt)
which is confirmed if and only if Posy is a Positioning List and UCS is a OCS. In the case of
confirmation Posy,; is the Positioning List resulting by transforming Pos, from UCS to the World

coordinate system (see 8 1.6). The transformation affects only the third and the fourth element of Posi,
i.e. the direction vectors and the mirroring coefficients (see § 1.9).

"G_AREA" (str, QR, 0, 1, V", 'I") (A)

which is always confirmed. QR isa Query which is applied to the input map. A isthe area of the map’s
region that satisfies QR.

"G_BF" (str, Lin)  (Lout)

which is confirmed if and only if Lj, is a non empty list. In the case of confirmation Lqy is the
remaining part of L, after removing the first element.

"G_BL" (str, Lin)  (Lout)

which is confirmed if and only if L, is a non empty list. In the case of confirmation L gy is the
remaining part of L, after removing the last element.

"G_DVS' (str, V1, V9) V)

which is confirmed if and only if V1 and V, arereals. In the case of confirmation V is the quotient %
2

"G_EMPTY"  (str, Lin) (Lout)
which isconfirmed if and only if L;, isan empty list. Lot isthe empty list.
"G_FI" (str, L) V)

which is confirmed if and only if L isanon empty list. In the case of confirmation V isthe first element
of L.

"G_IN" (str, V1, Vo, Q) V)

which is confirmed if and only if V1, Vo and Q are reals, where V1 < V, and Q > 0. In the case of
confirmation G_IN generates a random real, name it r, within the interval [V, V5], calculates the

integer part, nameit i, of the quotient% and defines V to be the product i-Q.

"G_IUPR" (str, p, N) (V)
which is confirmed if and only if p isapointer to a Unit, nameit U, where U constitutes sub-Unit of the

World Unit, while the property list of U includes a property named N. In the case of confirmation V is
the value of the property named N.
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"G_JO" (ar, Ll, LZ)(LOLIt)

which is always confirmed. If both L1 and L, are lists then L o is the list produced by adjoining L, to
L 4. Specifically, if L1 = (Xq, ... Xp) @and Lo = (Y1, ... Yk) then Loyt = (X1, -« Xy Y1, -+ YK)-

"G_LA" r, L) (V)

which is confirmed if and only if L isanon empty list. In the case of confirmation V isthe last element
of L.

"G_MEM" tr, L) (V)

which is confirmed if and only if L is a non empty list. In the case of confirmation V is an randomly
selected element of L.

"G_MLT" (str, V1, Vy) V)

which is confirmed if and only if V1 and V5 are reals. In the case of confirmation V is the product
V1-Vo.

"G_MNS' (str, V1, V9) V)

which is confirmed if and only if V; and V are redls. In the case of confirmation V is the difference
V- Vo

"G_PL" (str, PL, N) V)

which is confirmed if and only if PL is a property list and N is a property name in PL. In the case of
confirmation V is the value of the property named N in PL.

"G_PLS' (str, V1, Vo) V)
which is confirmed if and only if V1 and V, areredls. In the case of confirmation V isthesumV; + Vo.

"G_SBS" (str, Lin, toids thew) (Lout)

which is always confirmed.

Lin isalist

told isaterm of any type except list

thew isaterm of any type except list

L out is the list derived from L;, if each termina (atom) in L, equal to ey q is substituted by
€new-
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APPENDIX B
A G-CAD application: design of a hotel floorplan

A small hotel’ s floorplan, having eight identical apartments, a corridor and a stairwell is to be designed.
An apartment consists of a main room and a WC, while the main room should be adjacent to a corridor.
The dimensions of the apartment’ s rooms should satisfy specific geometric constraints. The apartments can
be combined in specific ways, while no apartment-to-apartment overlapping is alowed. The stairwell
should be adjacent to the corridor without overlapping an apartment. Specific objects representing
openings, furniture or bathroom fittings should be placed in an apartment. These objects should satisfy both
object-to-object and object-to-apartment geometric relations. The area of the built space, i.e. the space
occupied by either the apartments or the corridor, should be minimized.

The formal problem statement (see § 3.1), including the definition of the initial condition of the World
Unit, the definitions of the evolvable Units, and a G-CAD program as a list of Unit Definitions, is
presented in the following paragraphs. Wherever G-CAD code appears within this presentation, it is
directly copied from the application run in the computer. This makes certain that neither errors nor
ambiguities appear in the code. Within the G-CAD code, list elements are separated by spaces (without
commas) while comments start with a semicolon (;).

B.1 TheWorld Unit

The World Unit, which constitutes the first element of the problem formulation, includes the standard
child-Units presented in Figure 3 as assemblies of Primitives.

Consider each Primitive within a standard Unit having a name and a geometric definition, the latter
represented by the Primitive’'s OCS and dimensions (see § 1.7). Then the standard Unit can be defined by a
list of three elements:

1. TheUnit'sproperty list (see § 1.8: PL))

2. Alist of pairs, each one representing a Primitive of the Unit, where the first element of each pair is
the Primitive' s name while the second element is the Primitive’s property list (see § 1.7: PL)

3. The name of a specific Primitive, referred to as the Unit's "first Primitive", whose OCS is
considered as the Unit's OCS.

Thislist will be referred to asthe RUL list of the Unit, where RUL stands for Registered Unit List.
Within aUnit's RUL list:

e  The Unit’'s property named "I D", which stands for "Identity", allows reference to the Unit so that
the Unit can be instanced.

e A Primitive's property named "BLOCK" is assigned the name of a drawing associated to the
Primitive. This drawing constitutes the graphical representation of the Unit.

e A Primitive's property named "ATTR" is assigned a list of spatia attributes which are to be
assigned to a Spatial Map’s cells. The names of these attributes are given the following
interpretations:

- "DS' . Door Space (the space occupied by a door)

- "FS' . Free Space (space that should not be occupied by physical objects)
"OS' . Object Space (space occupied by a physical object)

- "OPN" :  Opening (space adjacent to an opening)
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- "WS' : Window Space (room space adjacent to the window).

The RUL lists of the standard Units of the hotel application are presented here, under the Unit names
appearing in Figure 3.
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Figure3

The standard (non evolvable) units within the World Unit of the hotel application. Each standard Unit
includes Primitives represented as shaded rectangles. Each Primitive is characterized by a name
which appearsin the Unit's RUL list. The dimensions of the Primitives represent centimeters. The OCS
of each Unit appears as a system of two vectors, perpendicular to each other, where the horizontal
vector represents the X axis of the OCS. A specific property of each Unit refers to a drawing that
represents the Unit as a physical object.
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( "log not"
( n log_or n
(
( "log ism"
( "log ism"
( "log ism"
)
)
)
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( ngpgn
(
(
(
)
)
)
)
nog1"
)
STAIRWELL
(
(
( nIp"
)
(
( ngpgn
(
(
(
)
)
)
( "OPN"
(
(
(
)
)
)
( nEgon

(
(

)

npgn
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IIATTR" n FS n )
"APAH
( "log_and"
(
( n 10g_eq n ( n ROOM "
( "log not"
( "log_ism" ( "ATTR"
)
)
)
"STAIR" )
"BLOCK" "STAIR" )
"APA"
( "log_not"
( "log_ism" ( "BUILT" 1 )
)
"ATTR n IIOPN n )
"APA"
( "log not™"
( "log ism" ( "BUILT" 1 )
)
IIAPAII
( "log_not"
( "log_ism" ( "BUILT" 1 )
)
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B.2 Evolvable Units

The representation of an evolvable Unit, within the problem formulation, includes the input map, the
formula name and an input vector value of a Unit creation formula (see § 3.1). The hotel application
includes three evolvable Units. The list of the evolvable Units, which comes after the World Unit in the
problem  formulation list has the form ((G,L,"TYPE",V), (G,L,"TYPE_R",()),
(G,L,"TEST_P", ())), where:

e thelists G and L define a Spatial Map having nine cells which form three rows and three columns. All
the cells are assigned the property list (("BUILT", (), "ATTR",()), ("lID", ())), where the
properties BUILT, ATTR and I I D respectively accept values:

- alistindicating either built spaceif includes the value 1 or not built space otherwise
- alist of arbitrary spatia attributes

- alist where the identities of the imprinted Instances are to be registered. The value of a specific
property named |1D, which stands for "Instance’s Identity", within an Instance’s "Instance List"
(see 8 2.2.c) isconsidered as the Instance’ s identity.

The pair ("BASE", 1) is appended as an element to the property list of the Map’s central cell. Due to
this property, the central cell can be referenced by the Positioning List of the formula creating the first
object of each evolvable Unit.

e TheUnit creation formulae TYPE, TYPE_R and TEST_P create Units that respectively represent:
- asanassembly of two Primitives, each one representing aroom (Figure 4)
- anapartment type equipped with openings, furniture and bathroom fittings
- ahotel floorplan as a configuration of eight apartments sharing a corridor and a stairwell

Ry

Wy

Cw CORRIDOR

Figure4

The Primitives named "MAIN" and "WC" compose a TYPE Unit. The Primitive named "MAIN"
represents the main room while the Primitive named "WC" represents the WC of the apartment. The
width of the Primitive named "CORRIDOR", which represents a fragment of a corridor connecting
different apartments, affects the definition of the dimensions of the TYPE Primitives.
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e Visaninput vector value for the TYPE formula, while the formulae TYPE_R and TEST_P have no
input values.

The input terms for the TYPE formula are presented here with respect to their order in the formula's
input section:

RX_MIN  which isthe minimum acceptable Ry dimension for the "M AIN"

Primitive (Figure 4) (redl)
RX_MAX  which isthe maximum acceptable Ry dimension for the "M AIN" Primitive  (rea)
CWIDTH  whichisthewidth Cyy of acorridor adjacent to the apartment (Figure 4) (red)
WX_MIN  which isthe minimum acceptable Wy dimension for the "WC"

Primitive (Figure 4) (redl)
WX_MAX  which isthe maximum acceptable Wy dimension for the "WC" Primitive (redl)
WE_MIN  which isthe minimum acceptable areafor the "WC" Primitive (red)
WE_MAX  which is the maximum acceptable areafor the "WC" Primitive (red)

PL_MAIN which isthe property list of the "M AIN" Primitive
PLC_MAIN whichisaPositioning List for the "M AIN" Primitive
PL_ WC which isthe property list of the "WC" Primitive
PLC_WC  whichisaPositioning List for the "WC" Primitive

The value assignment for the input terms of the TY PE formulais presented here:

RX MIN 350.0
RX_MAX 390.0
CWIDTH 130.0
WX MIN 170.0
WX_MAX 230.0
WE_MIN 35000.0
WE MAX 40000.0
PL_MAIN (
( "BUILT" 1 )
( "ROOM" "MAIN" )
( "APA"
( "log _not" ( "log ism" ( "BUILT" 1 ) ) )
)
)
PLC_MAIN (
( "log_not"
( ] log_eqn ( "BASE" 1 ) )
)
( n log_eq" ( "BASE" 1 ) )
( 1.0)
( 1.0)
50.0
)
PL_WC (
( "BUILT" 1 )
( "ROOM™" n"wen )
< "APA"
( "log _not" ( "log ism" ( "BUILT" 1 ) ) )
)
)
PLC_WC (
( "log_not"
( ] log_eqn ( "ROOM" "MAIN" ) )
)
< n log_eq" ( "ROOM" "MAIN" ) )
(4.0 )
( -1.0 )
100.0
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B.3 TheG-CAD program
B.3.1 A G-CAD formula specifying the dimensions of an apartment

The G-CAD formula G_HTYPEL defines the Sizing Lists of the two Primitives that compose the
TYPE Unit (Figure 4). The definition respects specific geometric constraints. Although G_HTYPEL can
be constructed in G-CAD, it has been developed in GENETICA, for the sake of simplicity and
computational efficiency. The definition of G_HTYPEL is presented here with respect to the notation used
in the Appendix A.2.

G_HTYPE1 (SI’, DDF, Rxmin RXmax- Cwidthv WX min. WXmax: W Amin. WAmax) (Dl Mg, DI MW)
where:

- DDF = 'plc_ddx_std",

- The terms Ryxmin: Rxmax> Cwidth» Wxmin» Wxmax: Wamin and W amax respectively represent the
terms RX_MIN, RX_MAX, CWIDTH, WX_MIN, WX_MAX, WE_MIN and WE_MAX
defined in § B.2

- DIMgisaSizing List for the"MAIN" Primitive

- DIMy isaSizing List for the "WC" Primitive

The Sizing List DIMR defines the dimensions Ry and Ry, while the Sizing List DIMyy defines the
dimensions Wy and Wy appearing in Figure 4. The dimensions respect the following geometric
constraints:

RXmin < RX < RXmax

Wy - Wy
Wx = Wxmax - (Rx - Rxmin) - Xmax Xmin
RXmax - RXmin

Ry = Rx + Wx - Cuyidth
V\/Amin < VVX‘WY < WAmax

B.3.2 The Unit Definitions

All the Unit Definitions within the G-CAD program are presented here. A short description of the
functionality of each Unit Definition precedes each Unit Definition’s code. Within these descriptions, a
Unit or an Instance is sometimes referred to by the name of the Unit Definition that creates the Unit or the
instanced Unit respectively, e.g. "the Unit TYPE" means "the Unit created by the Unit Definition TYPE",
while "the Instance TYPE" means "the Instance of the Unit created by the Unit Definition TYPE".
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The Unit TEST_P represents a hotel’s floorplan consisting of eight identical apartments sharing a

corridor and a stairway. The construction process, formally defined in the reference section, is presented
here:

Create a TYPE Instance (see § 2.2.¢) adjacent to the central cell of the input map. The Unit TY PE (see
the Unit Definition TYPE, later in the code) has a property named "ID", which stands for "identity",
assigned the value "T1"; as a consequence it is identified by the Query ("log_eq", ("ID", "T1"))
represented by the property IUS T defined in the property section of the Unit Definition TEST_P.
The Positioning List PLC_11, aso defined in the property section, defines a single placement of the
Instance at the top of the input map’s region that has the property "BASE" assigned the value 1. The
Instance List (see § 2.2.c), represented by the property CPL_11, appends the value "I 1" to the 1D list
(see Appendix B.2) of the output map’s cells occupied by the Instance.

Call the secondary formula G_IUPR (see Appendix A.1) to get the value of the property LEN of the
instanced Unit. LEN specifies the length of the apartment type, i.e. the sum of the dimensions Ry and

Wy appearing in Figure 4. Name C_LEN_1 the length. Then caculate C_LEN_2 as the double
length.

Perform successive calls to the Unit Definition PLACE to place the remaining seven Instances of the
Unit TYPE, each one adjacent to the previous Instance. The Unit PLACE (see PLACE Unit
Definition) specifies the positioning method—by selecting a method compatible with the positioning
of the previous Instances—and realizes the positioning of the new Instance.

Create an Instance of the "STAIRWELL" standard Unit (see Figure 3) in the non-built space, adjacent
to space having the spatial attribute "COR" which denotes a corridor. The Unit is specified by the
Query IUS STR, since its ID property is assigned the value "STAIR", and it is placed by the
Positioning List PLC_STR.

Call the secondary formula G_AREA to caculate the area of the built space; the built space is
specified by the Query A_CL which is defined in the property section of the Unit Definition TEST_P.

Divide the real 50000000.0 (property C_MIL) by the area of the built space and return the result as the
magnitude to be maximized.

(  "TEST P" ;ommmm e UNIT TEST P
( "G_AND"
0 ; TEST_P INPUT SECTION
( ; TEST P PROP. SECTION

< nIp" nTM1" )
( "EQTR" nggn )
( "UPN" "TL,EN" )
( n"ELT"
( ] 109_0]’.‘ "
(
( ] log_eq " ( "ROOM" "MAIN" ) )
( " 1Ogieq " ( "TROOM" nyen ) )
)
)
)
( "FLT IN"
( "log _not™" ( "log eq" ( "NONE" 1 ) ) )
)
( " IUS_T n ( n log_eq n ( nIpn npqn ) ) )
( "ID Oocs"
( "log not" ( "log eq" ( "NONE" 1 ) ) )
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( "PLC TI1"
(
( "log not"
( n log_eq" ( "BASE" 1 ) )
)
( ] log_eq" ( "BASE" 1 ) )
( 1.0)
( 1.0)
100.0
)
)
( n IUS_STR" ( n 10g_eq n ( nTp" n STAIR" ) ) )
( "PLC_STR"
(
( "log_not"
( "log ism" ( "BUILT" 1 ) )
)

( n log_ism" ( "ATTR" "COR" ) )
( 1.0 2.0 3.0 4.0 )

( 1.0 -1.0 )
1

30.0
)
)
( "CPL_I]." ( ( nIID" wyqmn ) ) )
( "IDil" nyqn )
( "D 2" nyomn )
( IIID:3 n ny3mn )
( "ID 4" ny4n )
( "ID_5" nygn )
( IIID_6II nIgn )
( "ID_7" LAl )
( IIID_8" nygn )
( "OUT_VAL" 0.0 )
(  "acL" ( "log ism" (  "BUILT" 1) ) )
( r"c_MIL" 50000000.0 )
( nmean 2.0 )
( rncrov 0 )
( vcrav 1 )
( "M_INI" ( 2 1 2 ) )
( ncfn n i n )
( el nyn )
( ",o" () )
)
( ; TEST P REFERENCE SECTION
( 3.0
0
( "PLC_TI1" "Ius_T" "FLT IN" "CPL_I1" )
( "P_IT1" "IT1 _CS" )
)
( 4.0
"G_IUPR"
( "EFSTR" n PilTl n "UPN" )
(  "C_LEN 1" )
)
( 4.0
"e MLT"
( "EQTR" " C_LEN_l " noon )
(  "C_LEN 2" )
)
(2.0
"PLACE"
( 1] ITl_CS " " ID_l " " ID_2 " ] C_LEN_Z ] "M_INI "oy
( n cs_2 n "M_ID2 " )
)
(2.0
"PLACE"
( ] CS_2 " " ID_2 ] n ID_3 " ] C_LEN_Z ] "M_IDZ "oy
( n Csi3 n "M7ID3 n )
)
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(2.0
"PLACE"
( ncg 3
( ncs_4 n

( 2.0
"PLACE"
( ncg 4n
( IICS_5 n

(2.0
"PLACE"
( "cg 5n
( IICS_6 "

(2.0
"PLACE"
( "Cs 6"
( IICS_7 ]

( 2.0
"PLACE"
( "eg o7
( IICS_8 n

3.0
0
(
(

( 4.0
"G_AREA"
( "EQTR"
( "AREA"

( 4.0
"G_DVS"
( "EQTR"
( "YVAL"

)

( "YAL" )

The Unit PLACE performs the positioning of an Instance, name it NI, of the Unit TYPE. NI should be
adjacent to a previously positioned Instance, name it PI, of the Unit TYPE. There are four positioning
methods, each one having an integer as an identity. One or two of these methods are available for the

"PLC_STR"
"P_STR"

"ID 3"
"M ED4 n

"ID 4"
"M EDS n

"ID 5"
"M EDG "

"ID 6"
"M ED7 n

"D 7"
"M EDS n

"IUS_STR"
"STR_CS™

"p CL"

nCc MIL"

eholl

"ID 4" "C_LEN_2"
"ID 5" "C_LEN_2"
"ID 6" "C _LEN 2"
"ID 7" "C _LEN 2"
"ID 8" "C_LEN 2"
"FLT IN" "LO"
)

ncI1"  nCIM

"AREA" )

; TEST_P OUTPUT SECTION

"M ID3"

"M ID4"

"M_ID5"

"M_ID6"

"M ID7"

eyl

positioning of NI, depending on the history of the TY PE Instances' positioning.

The property M_PL, defined in the property section, is assigned alist of pairs. The first element of each
pair, which constitutes the property name, is the triplet of the positioning method identities of the three last
positioned TYPE Instances. This triplet will be referred to as the "positioning history". The second
element, which constitutes the property value, is the list of the positioning methods, viewed as Unit
Definition names, compatible with the positioning history. All the potential histories are represented in
M _PL. Note that the Unit Definition name of each positioning method ends with the method’ s identity.

The construction process, formally defined in the reference section, is presented here:

Input Terms
OCS P isthe OCS of PI
ID_P is astring representing an identity for PI
ID_N isastring representing an identity for NI
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C_LEN_2 isthedoublelength of the apartment type represented by the Unit TY PE
M_PREV isthe current "positioning history”

Output Terms

OCS N isthe OCS of NI
M_USED isthe "positioning history" after the positioning of NI

e Cadl the secondary formula G_PL to select the Unit Definition names of the positioning methods
compatibleto M_PREV. Name"M_PAIR" thelist of these names.

e Call the secondary formula G_MEM to select one of these names at random. Name "M_CURR" the
selected name.

o Cadll the secondary formula G_SBS to substitute the element "O_NAME" (which constitutes the value
of O_NAME_N) with M_CURR inthelist CALL_L_S, where both O_NAME_N and CALL_L_S
are defined in the property section. Name "CALL _L" the resulting list. CALL_L constitutes a
reference to the Unit Definition whose name is the value of M_CURR. The latter Unit Definition
represents a positioning method.

e Call the high order formula (see § 2.2.€) to execute CALL _L. The execution results to the positioning
of anew TYPE Instance (see the METHOD Unit Definitions, later in the code). Name "OCS_N" the
new Instance’sOCS and "M _ID_N" the identity of the positioning method used.

e Cadll the secondary formula G_BF to remove the first element of the liss M_PREV and the formula
G_ADD to append M_ID_N asthe last element of the list. Name "M _USED" the resulting list which
represents the new "positioning history".

( "PLACE" ;o mmmmmmmmm—— - UNIT PLACE
( "G AND"
( - "OCS_P n n ID_PII n ID_NH IIC_LEN_2 n
"M_PREV" ) ; PLACE INPUT SECTION
( ; PLACE PROP. SECTION
( n FLTH
( "log _not™" ( "log eq" ( "NONE" 1 ) ) )
)
( "ID_OCs"
( "log not" ( "log eqg" ( "NONE" 1 ) ) )
g_ g_eq
)
( "EQTR" ngt" )
( "M PL"
(
(( 1 2 1 ) ( "METHOD2" "METHOD3" ))
(¢ 3 2 1 ) ( "METHOD2" "METHOD3" ))
(( 2 4 1 ) ( "METHOD2" "METHOD3" ))
(( 4 4 1 ) ( "METHOD2" ))
(( 2 1 2 ) ( "METHOD1" "METHOD4 " ))
(( 4 1 2 ) ( "METHOD1" "METHOD4 " ))
(( 1 3 2 ) ( "METHOD1" "METHOD4 " ))
(( 3 3 2 ) ( "METHOD1" "METHOD4 " ))
(( 2 1 3 ) ( "METHOD2" "METHOD3" ))
(( 4 1 3 ) ( "METHOD2" ))
(( 1 3 3 ) ( "METHOD2" ))
(( 1 2 4 ) ( "METHOD1" "METHOD4 " ))
(¢ 3 2 4 ) ( "METHOD1" "METHOD4 " ))
(¢ 2 4 4 ) ( "METHOD1" ))
)
)
( "O_NAME N" "O_NAME" )
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( "CALL L_s"
( 2.0
"O NAME"
( IIOCS_PH n ID_P n n ID_N” n C_LEN_2 n )
(  "OCS_N" "M USED" )

( H PLACE REFERENCE SECTION
( 4.0
"e pL"
( "EFSTR" "M_PL n n M_PR.EV" )
( "M_PAIR" )

( 4.0
IIG MEM n
(  "FSTR" "M _DPAIR" )
( "M_CURR" )

( 4.0
"G_SBS"
(  "FSTR" "CALL L S" "O_NAME_N" "M_CURR" )
(  "CcALL_L" )

5.0

0

( "CALL_L" )

( "OCS_N" "M_ID_N" >

4.0

IIG BF n

( "FSTR" "M_PREV" )
( IIMPL n )

4.0
"G_ADD"
( "FSTR" "MPL" IIM_ID_NH )
( "M_USED" )
)

( "OCS N" "M USED" ) ; PLACE OUTPUT SECTION

Each METHOD Unit (Figure 5) describes a deterministic method for positioning a TYPE Instance,
nameit NI, given the positioning of an already placed TY PE Instance, nameit PI.

The positioning process includes the positioning of one or two fixed dimension Primitives referred to as
the "connective Primitives' and the positioning of the Instance NI. The "connective Primitives' have a
property named ATTR assigned the value "COR" which is a spatial attribute that denotes a corridor and
characterizes the region of the output map occupied by the Primitives. This is used as the base-region for
the positioning of NI. The construction process, formally defined in the reference section, is presented here:

Lefteris Virirakis left@genetica-informatics.org - 34 -



G-CAD Documentation

wc MAIN

-

METHOD 1 METHOD 2

METHOD 3 METHOD 4

wcC

Figure5

Graphic representation of the positioning methods with respect to the homonymous Units. The Instance
Pl is represented as a dark shaded region, the Instance NI is represented as a light shaded region and
the "connective Primitives" are represented as white regions. The OCS of each "connective Primitive"
and the OCS of each NI Instance are presented as pairs of vectors indicating the OCS s axes.

Input Terms

OCs P isthe OCS of PI

ID_P isastring representing the identity of PI

ID_N isastring representing the identity of NI

C LEN is the double length of the apartment type represented by the Unit TY PE
Output Terms

IT1 CS isthe OCS of NI

M_ID isthe identity of the positioning method for NI
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Unit properties

| ID_S
PLC 1R S

isthe property list of a"connective Primitive"

is a "connective Primitive’s" Positioning List described in the OCS of PI. The names
"PLC_C1 R_S"and "PLC_C2_R_S' substitute the name "PLC_C_R_S" in the Unit
METHOD1 which includes two "connective Primitives'.

isthe Instance List (see § 2.2.c) of NI

isthe Positioning List of NI with respect to the OCS of PI

Cdl the secondary formula G_SBS to substitute any occurrence of the string "ID_P", which

congtitutes the value of the Unit's property ID_P_N, with the value ID_P in the lists PL_C_S,
PLC C R SandPLC | R S.

Cdl the secondary formula G_SBS to substitute any occurrence of the string "ID_N", which

constitutes the value of the Unit's property ID_N_N, with thevalueID_N inthelist] ID_S.

Call the secondary formula G_AM UCS to transform the Positioning Lists from OCS_P to the World

coordinate system (see § 1.6).

Create the "connective Primitives'.

e Create NI
( "METHOD1" ;o m e UNIT METHOD1
( " G_AND "
( "OCs_p" "ID_P" "ID N" "C_LEN") ; METHOD1 INPUT SECTION
( ; METHOD1 PROP. SECTION
( "MilD " 1 )
< n ID_P_N" n ID_P n )
( " ID_N_NH " ID_NII )
( nEI,T"
( "log mot" ( "log eq" ( "NONE" 1 ) ) )
)
( "ID ocs"
( "log_not™" ( "log eq" ( "NONE" 1 ) ) )
)
< n PL_C_S n
(
( "BUILT" 1 )
( "ATTR" "COR" )
( "ATTR" " ID_P " )
)
)
(  "PLC C1 R S"
(
( "log not"
( n log_or n
(
( "log_ism“ ( nTID" "ID_P" ) )
( n log_eq" ( "ROOM" "MATIN" ) )
( " log_eq" ( "ROOM™" nyen ) )
)
)
)
( "log_ism" ( "TID" "ID_P" ) )
( 3.0 )
( -1.0 )
130.0
)
)
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( "PLC _C2 R S"
(
( "log not"
( "log or"
(
( "log ism"
( "log_eq"
( ||1og_eqll
)
)
)
( "log_ism" ( "ATTR"
( 2.0 )
( 1.0 )
130.0
)
)
( "PLC_I_R_S"
(
( "log_and"
(
( "log not"
( "log ism"
)
( "log not"
( "log ism"
)
)
)
( "log ism" ( "ATTR"
( 1.0 )
( -1.0 )
130.0
)
)
( "EFSTR" ngt" )
( "L_Cos" ( 1.0 0.0 -1.0
( "cin 1.0 )
( ncan 4.0 )
( IIDIM_CII

(

( )
( 130.0 130.0 )
( "plc_ddx _std" )
(  130.0 130.0 )
)
)
( mwIUS_ T" ( "log_eq" (
( n IilDis n ( ( I|IIDII
)
(
( 4.0
IIG_SBSII
( n FSTR n n PL_C_S n
( IIPL_CH )
)
( 4.0
IIG_SBSII
(  "FSTR" "PLC_C1_R_S"
(  "PLC_C1_R" )
)
( 4.0
"G_SBS"
(  "FSTR" "PLC_C2_R_S"
(  "PLC_C2_R" )
)
( 4.0
llGisBSll
(  "FSTR" "PLC_I_R_S"
(  "PLC_I_R" )
)
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"plc_ddx_std"

( "ATTR"
( n ROOM n
( "ROOM"

"TD Pp" )

( "ATTR"

( "BUILT"

n"ID p" )

nIpn npqn
"ID N" )

i METHOD1 REFERENCE SECTION

"ID P N"

"ID P N"

"ID P N"

"ITD P N"

"ID p"
"MAEN"
nwen

"ID PpP"

)
) )

"ID p"

"ID p"

"ID PpP"

"ID P"

)
)
)

)
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( 4.0
"G_SBS"
( "EQTR" " I_ID_S ] " ID_N_NH " ID_NII )
( n I_ID n )
)
(4.0
"G _AMUCS"
( "EQTR" ] PLC_Cl_R" "OCS_P ] "L_COS " nepn ngogn)
( "PLC C1" )
)
(4.0
"G AMUCS"
( "ESTR" ] PLC_CZ_R" "OCS_P ] "L_COS " noqn ngo4n)
( "PLC_C2" )
)
(4.0
"G_AMUCS"
( "ESTR" " PLC_I_R" "OCS_P ] IIL_COS " noln ngogn)
( ] PLC_I ] )
)
( 1.0
0
( n PL_C n n PLC_C]_ n "DIM_C n )
( "MC1X" "MC1Y" "MC1_Cs" )
)
( 1.0
0
( n PL_C n n PLC_CZ n "DIM_C n )
( "MC2X™" "Mca2y™" "MC2_Cs" )
)
( 3.0
0
( ] PLCiI " " IUSiT " "ELT" "I _ID" )
( "pP_IT1" "IT1_CS" )
)
)
( "IT1_CS" "M_ID" ) i METHOD1 OUTPUT SECTION
)
)
( "METHOD2" jommmm e UNIT METHOD2
(  "G_AND"
( "OCs_P" "ID_P" "ID N" "C_LEN") i METHOD2 INPUT SECTION
( ; METHOD2 PROP. SECTION
( n M_ID " 2 )
( " ID_P_NH " ID_P ] )
( n IDiNiN" n IDiN" )
( "C_LEN_N" "C_LEN" )
( nET,T"
( "log_not" ( "log_eq" ( "NONE" 1 ) ) )
)
( "ID ocs"
( "log not" ( "log eq" ( "NONE" 1 ) ) )
)
( n PLicis n
(
( "BUILT" 1 )
( "ATTR" n COR n )
( "ATTR" n ID_P n )
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(  "PLC_ C R 8"
(
( "log not"
( "log or"
(
( "log_ism" ( nTID" "ID_P" ) )
( n log_eq" ( "ROOM" "MATIN" ) )
( " log_eq" ( "ROOM" nyen ) )
)
)
)
( "log_ism" ( "TID" "ID_P" ) )
(3.0 )
( -1.0 )
130.0
)
)
(  "PLC_I R S"
(
( "log_and"
(
( "log not"
(  "log ism" (  "ATTR" "ID P" ) )
)
( "log not"
( "log ism" ( "BUILT" 1 ) )
)
)
)
( ] log_i sm" ( WATTR" " ID_P " ) )
( 1.0 )
( -1.0 )
130.0
)
)
( "EFSTR" ngt" )
("L _cos" ( 1.0 0.0 -1.0 0.0 ) )
( "cin 1.0 )
( nC4n 4.0 )
( "DIM C_ 8"
(
( "plc_ddx_std" )
( ] C_LEN" " C_LEN" )
( "plc_ddx std" )
( 130.0 130.0 )
)
)
( n IUS_T n ( n log_eq n ( nTpn" nmqn ) ) )
( nIiIDis " ( ( nIID" "IDiN" ) ) )
)
( i METHOD2 REFERENCE SECTION
( 4.0
n G_SBS ]
( "EQTR" " PL_C_S ] " ID_P_NH " ID_P " )
( n PL_C n )
)
( 4.0
] G_SBS ]
( "FSTR" "PLC_C R_S" "ID P_N" "ID P )
(  "PLC_C R" )
)
( 4.0
] G_SBS ]
( "FSTR" "DIM C_S" "C_LEN_N" "C_LEN" )

( "DIM_C "o
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( 4.0
"G_SBS"
(  "FSTR" "PLC_I_R_S" "ID P_N"
(  "PLC_I_R" )
)
( 4.0
"G_SBS"
( "EQTR" " I_ID_S ] ] ID_N_NH
( n IilD n )
)
( 4.0
"G_AMUCS"
( "FSTR" "PLC _C_R" "OoCs_P"
( ] PLC_C " )
)
(4.0
"G AMUCS"
( "FSTR" "PLC_I _R" "OCS_P"
( ] PLC_I " )
)
(1.0
0
( ] PL_C ] " PLC_C " "DIM_C ]
( nMex" nMey" "MC_CS ]
)
(3.0
0
( ] PLC_I " " IUS_T " "ELT"
( "P_IT1" "IT1_CS" )
)
)
( n ITl_CS " "M_ID" ) ;
)
)
( "METHOD3" ;o
( " G_AND n
( "OCS_P ] n ID_P n ] ID_N" " C_LENH ) ;
( ;
( "M_ID" 3 )
( " ID_P_NH " ID_P ] )
( n ID_N_N" n ID_NII )
( "EFLT"
( " loginot " ( " logfeq" (
)
( "ID ocs"
( n log_not n ( n log_eq" (
)
( " PL_C_S "
(
( "BUILT" 1 )
( WATTR" "COR" )
( "ATTR" n ID_P n )
)
)
( "PLC C R S"
(
( "log not"
( ] log_or n
(
( "log ism" (
( " log_eq" (
( n log_eq" (
)
)
)
( "log_ism" ( nIID" "ID_P"
( 3.0 )
( -1.0 )
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)
)

"l ID" )

METHOD2 OUTPUT SECTION
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"NONE" 1 ) ) )

"NONE" 1 ) ) )

n ID_P n ) )
"MAIN" ) )
"Wwen ) )

) )
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130.0
)
)
(  "PLC_I R _S"
(
( "log_and"
(
( "log not"
( n 1097:]_ sm" ( "ATTR" n ID7P n ) )
)
( "log not"
( "log ism" ( "BUILT" 1 ) )
)
)
)
( n lOg_i sm" ( "ATTR" n ID_P " ) )
( 4.0 )
( 1.0 )
130.0
)
)
( IIFSTR" Ilat" )
( "L_Cos" ( 1.0 0.0 -1.0 0.0 ) )
( "cL 1.0 )
( "can 4.0 )
( "DIM C"
(
( "plc_ddx std" )
( 130.0 130.0 )
( "plc_ddx_std" )
( 130.0 130.0 )
)
)
( n IUS_T n ( n 1Og_eq n ( nIp" npqn ) ) )
( "I_ID_S n ( ( "TID" IIID_N" ) ) )
)
( ; METHOD3 REFERENCE SECTION
( 4.0
"G_SBS"
( n FSTR n n PL_C_S n n ID_P_NH n ID_P n )
( " PLfC " )
)
( 4.0
llGisBS n
(  "FSTR" "PLC_C_R_S" "ID_P_N" "ID_P" )
( "PLC_C_R" )
)
(4.0
llGisBS n
(  "FSTR" "PLC_I_R_S" "ID_P_N" "ID_P" )
( "PLC_I_R" )
)
( 4.0
IIG_SBS n
( n FSTR n n I_ID_S n n ID_N_N n n ID_NII )
( n I_ID n )
)
( 4.0
"G_AMUCS"
( IIFSTR" n PLC7C7R|| "Oc87P n IIL7COS n ||Cll| n C4 n )
( n PLC_C n )
)
( 4.0
"G_AMUCS"
( IIFSTRII n PLC_I_R" "OCS_P n IIL_COS n ||Cll| IIC4 n )
(  "PLC_I" )
)
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npL, Cn
nMcin

"pLC I"
np Ifl n

( v"IT1_CS"

( "METHOD4"
( "G_AND"

( "OCS_P n

(
"M ID n
n IB P N||
n ID_N_N“
n FLE n -

( "log _not™" (

( "ID ocs"

( "log not" (

( " PL_C_S n
(

"D PpP"

n PLC C n
"MCY'™

"DIM cll
"MC_CS"

"IUsS T" "ELT"
"IT1 CsS" )

"M ID" )

"ID N" "C LEN" )

4 )
" ID_P ] )
n ID_N" )

n lOgieq " (

n lOg_eq n (

( "BUILT" 1 )

( WATTR"
( "ATTR"

)

( "PLC_C_R _S"
(

"COR" )
"ID Pp" )

( "log not"

(

)

"log ism" (

3.0

( "PLC I R g"
(

n lOg_OI’ n

(
( "log ism" (
( n 1og_eqll (
( n 10976q" (

"IID"
)
)

( "log and"

(

)

"log ism" (

(
(2.0
( 1.0
1
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; METHOD3 OUTPUT SECTION

i METHOD4 INPUT SECTION
; METHOD4 PROP.

"NONE"
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nTID"
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"ROOM"

p" )
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"BUILT"

pn )

1)

1)

"ID P"
"MAEN"
Linfedl
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( N"EFSTR" ngtn )

( "1n_cos® ( 1.0 0.0 -1.0 0.0 ) )
( "cin 1.0 )

( ngoan 4.0 )

( "DIM_CII

(
( "plc_ddx std"
( 130.0 130.0
( "plc_ddx_ std"
( 130.0 130.0

)

( n IUS_T n ( n log_eq n ( nIp" npqn ) ) )
( III_ID_S " ( ( "IID" "ID_N" ) ) )
)
( ; METHOD4 REFERENCE SECTION
(4.0
"G_SBS"
( "EQTR" " PL_C_S ] " ID_P_N" " ID_P ] )
( n PL_C n )
)
( 4.0
"G_SBS"
(  "FSTR" "PLC_C R_S" "ID P_N" "ID P )

(  "PLC_C R" )

( 4.0
"@ gBS"
(  "FSTR" "PLC_I R S" "ID P_N" "ID P" )
(  "PLC_I R" )

)

(4.0
n"@ gBS"
( "ESTR" " I_ID_S ] n ID_N_N " ] ID_NII )
( ] I_IDH )

)

( 4.0
"G_AMUCS"
( "ESTR" "PL.C C R" "oCcs pv "], COS" noln noan)
( n PLC_C" )

)

( 4.0
"G_AMUCS"
( "ESTR" "PLC I R" "oCcg p ", Cos" wgqn noan)
( n PLC_I n )

)

( 1.0
0
( ] PLfC " " PLC7C " "DIMﬁC ] )
( "TMCX" "MCY" "MC Cg" )

)

(3.0
0
( "pL,C I" nIyg Tv "ELT" nT ID" )
( "P_IT1" "IT1_CS" )

)

)
( "IT1_Cs" "M_ID" ) H METHOD4 OUTPUT SECTION
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The Unit TYPE_R represents an apartment type having openings, furniture and bathroom fittings. The

construction process, formally defined in the reference section, is presented here:

Create a TYPE Instance adjacent to the central cell of the input map: the Unit TYPE (see the Unit
Definition TYPE, later in the code) has a property named "I D", which stands for "identity", assigned
the value "T1"; as a consegquence it is identified by the Query ("log_eq" ("ID" "T1")) represented
by the property IUS T defined in the property section of the Unit Definition TYPE_R. The
Positioning List PLC_11, aso defined in the property section, defines a single placement of the
Instance. The Instance List (see § 2.2.¢), represented by the property CPL_11, appends the value "I 1"
tothel1D list (see Appendix B.2) of the output map’s cells occupied by the Instance.

Call the secondary formula G_IUPR to get the value of the property LEN of the instanced Unit, which
specifies the length of the apartment type, i.e. the sum of the dimensions Ry and Wy appearing in

Figure 4. Name"C_L EN" the length.

Call the secondary formula G_ADDPR to insert a property named "LEN" (where "LEN" constitutes
the value of the property UPN), having value C_LEN, inthe TYPE_R Unit’s property list.

Call the Unit creation formulae MAIN_FR and WC_FR (see the respective Unit Definitions, later in
the code) to place the openings, the furniture and the bathroom fittings of the main room and the WC
respectively.

( "TYPE_R" i UNIT TYPE_R
( "G_AND"
() ;  TYPE R INPUT SECTION
( ; TYPE R PROP. SECTION
( nIp" "TR" )
( n"ELT"
( ] log_or "
(
( ] log_eq n ( "ROOM" "MAIN" ) )
( " 1Ogieq " ( "TROOM" npyen ) )

)

( "FLT IN"
( "log _not™" ( "log eq" ( "NONE" 1 ) ) )

( " IUS_T n ( n log_eq n ( nIpn npqn ) ) )
( n"ID _ocs"
( "log not" ( "log eq" ( "NONE" 1 ) ) )

( "PLC_TI1"
(
( "log not"
( ulog_equ ( "BASE" 1 ) )

)
( "logieq" ( "BASE" 1 ) )
( 1.0)
( 1.0)
100.0

)

"FSTR" "call" )
HUPN" lILEN" )
n CL n n l n )
"CPL_I1" « o
"OUT_VAL" 0.0 )

'"TID" nyqn ) ) )
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( H TYPE R REFERENCE SECTION
3.0

0

( "PLC_TI1" "IUS_T" "FLT IN" "CPL_TI1" )
( "P_IT1" "IT1_CS" )

( 4.0
"G_IUPR"
( "EQTR" " PilTl" "UPN" )
( n C_LEN" )

( 4.0
"G ADDPR"
( - n FSTR n ||UPN n n C LEN n n CL n )
0 B

(2.0
"MAIN_FR"

0
( "MFR_OUT" )

(2.0

"WC_FR"

0

( "WCFR_OUT" )
)

( "OUT_VAL" ) ; TYPE_R OUTPUT SECTION

The Unit TYPE represents an apartment type as an assembly of two Primitives. The first Primitive
represents the main room while the second Primitive represents the WC of the apartment. The input terms
of the Unit TY PE have been presented in § B.2. The construction process is presented here:

o Cadl theformulaG_HTYPEL1 (see § B.3.1) to define the Sizing Lists of the Primitives.

e Create the first Primitive adjacent to the central cell of the Spatiad Map. The Positioning List
PLC_MAIN, appearing as an input term, defines a single positioning of the Primitive.

e Create the second Primitive adjacent to the first one. The Positioning List PLC_WC , appearing as an
input term, defines a single positioning of the Primitive.

e Cal the secondary formula G_PLS to calculate the length of the apartment type, name it
"CLENGTH", as the sum of the dimensions MX and WCX, which respectively correspond to the
dimensions Ry and Wy appearing in Figure 4.

e Call the secondary formula G_ADDPR to insert a property named "LEN" (where "LEN" constitutes
the value of the property UPN), having value CLENGTH, inthe TY PE Unit’s property list.

e Return CLENGTH.

(  "TYPE" P — UNIT TYPE
(  "G_AND"

( ; TYPE INPUT SECTION
"RX_MIN" "RX_ MAX" "CWIDTH"
"WX_MIN" "WX_MAX" "WE_MIN" "WE_MAX"
"PL_MAIN" "PLC MAIN" "PL WC" "PLC_WC"

)

( ; TYPE PROP. SECTION
< nIp" npqn )
( "ESTR" negll" )
( "L_STR" ( "plc_ddx std" ) )
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( nELT"
( n 10g_Or n
(
( n 10g_eq n "ROOM" "MATIN" ) )
( n log_eq n TROOM" n"Wen ) )
)
)
)
( "ID Oocs"
( n log_eq" ( "ROOM" "MAIN" ) )
)( "UPN" "L,EN" )
( e nyn )
)
( ; TYPE REFERENCE SECTION
(4.0
"G_HTYPE1"
( "ESTR" " L_STRH
"RX MIN" "RX_MAX" "CWIDTH"
"WX_MIN" "WX_MAX" "WE_MIN" "WE_MAX"
)
( "DIM MAIN" "DIM WC" )
)
(1.0
0
( "PL_MAIN" "PLC_MAIN" "DIM MAIN" )
( nMx" nMy" n M_CS " )
)
( 1.0
0
( "PL_WC" "PLC_WC" "DIM_WC" )
( Biierdl nwey™" "WC_CS ] )
)
( 4.0
"Q pPLS"
( "EFSTR" nMx" "WCY™" )
( "CLENGTH" )
)
( 4.0
"G_ADDPR"
( "EQTR" "UPN" "CLENGTH" neLn )
0
)
)
( "CLENGTH" ) H TYPE OUTPUT SECTION

The Unit MAIN_FR includes the openings and the furniture of the main room of an apartment type.
The construction process, formally defined in the reference section, is presented below. All the Positioning
Lists, the Sizing Lists and the Queries appearing in the following presentation are defined in the property

section of the Unit Definition MAIN_FR

e Create an Instance of the standard Unit whose ID property has the value "DOOR1" (see § B.1 and
Figure 3: standard Unit DOOR). The Unit’s identification is performed by the Query IUS D1. The
DOOR Instance represents the entrance to the apartment. The Positioning List PLC_DE defines a

single positioning of the Instance in the main room at the boundary with the non built space.

e Create a second Instance of the same standard Unit. This Instance represents the WC door. The
Positioning List PLC_DWC defines two potential positioning possibilities for the Instance in the WC

room at the boundary with the main room.
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e Create an Instance of the standard Unit whose ID property has the value "DOOR2" (see § B.1 and
Figure 3: standard Unit DOOR-BAL CONY). The Unit's identification is performed by the Query
IUS D2. The Positioning List PLC_DE defines two potentia positioning possibilities for the Instance
in the main room at the boundary with the non built space.

e Create two Instances of the standard Unit whose ID property is assigned the value "BED" (see § B.1
and Figure 3: standard Unit BED). The Unit’s identification is performed by the Query IlUS BE. The
Positioning List PLC_BED allows each Instance to be placed in the main room, at the part of the
room'’s boundary which is free from other objects (i.e. the ATTR list of the room space adjacent to the
boundary is empty), at any orientation and mirroring condition.

e Create the Units SIT and BOARD. The first Unit represents a sitting place consisted of a small table
and two chairs, while the second Unit represents a wardrobe. Both Units have input a Positioning List
while the Unit BOARD has a Sizing List as the second input term. The Positioning Lists PLC_SIT
and PLC_BO, which constitute input terms of the Units SIT and BOARD respectively, have the same
logical interpretation with the Positioning List PLC_BED. The Sizing List BO_DIM, which
constitutes the second input term of the Unit BOARD, allows the dimension of the wardrobe towards
the positioning vector to vary in the range [125.0, 200.0] (see Appendix A.1: plc_ddx_max) in order
to adapt to the available space, while the other dimension is defined to have the standard value 65.0
(see Appendix A.1: plc_ddx_std).

Note that the FLT_IN input term of each Instance construction formula (see § 2.2.c) is defined in the
property section as an always confirmed Query, which means that all the Primitives of each Instance are
imprinted to the output map of the Instance’'s creation formula. As a consequence the positioning of each
Instance is constrained by the previously created Instances.

Note that the FL T property of the Unit MAIN_FR allows only the FS Primitive of the DOOR Instance
(see 8 B.1 and Figure 3: standard Unit DOOR) to be imprinted on the Unit’s output map.

( "MAIN_FR" ;o UNIT MAIN_FR
( "G_AND"
0 ; MAIN_FR INPUT SECTION
( ; MAIN_FR PROP. SECTION

( nIp" "M_FR n )
( "ET,T"
( "log eq" ( "BLOCK" "DOOR1" ) )
)
( "FLT IN"
( "log not" ( "log eq" ( "NONE" 1 ) ) )
)
( "ID oCs"
( “"log mot" ( "log eq" ( "NONE" 1 ) ) )
)
( " IUS_Dl " ( ] log_eq ] ( nIpn "DOOR1" ) ) )
( " IUSiDZ " ( " logfeq ] ( nTpn "DOOR2" ) ) )
( n IUS_BE n ( n log_eq n ( nIp" "BED" ) ) )
( "PLC_DE"
(
( n log_eqn ( "ROOM" "MAIN" ) )
( "log not"
("log_ism" ( "BUILT" 1 ) )
)
( 1.0)
( 1.0)
110.0
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( "PLC_DWC"
(
( ] log_eq" ( "ROOM" npyen ) )
( n log_eqn ( "ROOM" "MATIN" ) )
( 4.0)
( 1.0 -1.0 )
110.0
)
)
( "PLC_DB"
(
( n log_eq" ( "ROOM" "MATIN" ) )
( "log_eqg" ( "BUILT" 0 ) )
( 3.0 )
( 1.0 -1.0 )
110.0
)
)
( "PLC_BED"
(
( "log_and"
(
( n log_eq" ( "ROOM" "MATIN" )
( ] log_eq ] ( "ATTR" () )
)
)
( "log not"
( n log_eq" ( "ROOM" "MATIN" ) )
)
( 1.0 2.0 3.0 4.0 )
( 1.0 -1.0 )
148.0
)
)
( "PLC_SIT"
(
( "log_and"
(
( n log_eq" ( n ROOM" "MATIN" )
( n log_eq n ( "ATTR" ( ) )
)
)
( "log not"
( n 1Ogieq" ( "ROOM" "MATIN" ) )
)
( 1.0 2.0 3.0 4.0 )
( 1.0 -1.0 )
126.0
)
)
( "PLC_BO"
(
( "log_and"
(
( n log_eq" ( n ROOM" "MATIN" )
( n log_eq n ( "ATTR" ( ) )
)
)
( "log not"
( n 1ogieqn ( "ROOM" "MAIN" ) )
)
( 1.0 2.0 3.0 4.0 )
( 1.0 -1.0 )
120.0
)
)
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( "BO_DIM"
(
( "plc_ddx _max" )
( 125.0 200.0 )
( "plc_ddx std" )
( 65.0 65.0 )
)
)
( npon ( )
( "OUT_VAL" 0.0 )
)
(
(3.0
0
( "PLC_DE" "IUS_D1"
( ] P_DE " ] DE_CS "oy
)
(3.0
0
( "PLC_DwWC" "IUS_D1"
( "P_DwC" "DWC_CS"
)
(3.0
0
( "PLC DB" "IUS D2"
( n P_DB n n DB_CS n )
)
(3.0
0
( "PLC BED" "IUS BE"
( "D BED 1" "BE OCS 1"
)
(3.0
0
( "PLC_ BED" "IUS_BE"
( "D BED 2" “"BE OCS 2"
)
(2.0
ngIT"
( "PLC_SIT" )
( ] 572 " )
)
(2.0
"BOARD"
( "PLC_BO" "BO_DIM"
( ] BO_X " )
)
)
( "OUT_ VAL" )

The Unit SIT represents a sitting group that includes a table and two chairs. There are two standard
Units representing such sitting places. The 1D property of the first standard Unit is assigned the value
"SIT1" while the ID property of the second standard Unit is assigned the value "SIT3" (see § B.1 and
Figure 3: standard Units SITTING GROUP 1 and SITTING GROUP 2). An Instance of one of these
Units is created, due to the connective G_OR. The positioning of the Instance depends on the Positioning

"FLT IN"

"FLT_IN"
)

"FLT IN"

"FLT IN"
)

"FLT IN"
)

List PLC_SIT which constitutes the input term of the Unit SIT.

Note that the FL T property of the Unit SIT is always confirmed. As a consequence every Primitive of
the Instanced Unit isimprinted to the output map of the Unit SIT.
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( ngIT"
( "G OR"

( "PLC SIT"

(
nIp"
"IUs _s1i"
"IUSs sa"
"FLTY
( "log

"ID ocs"
( "log
(

"PLC

ng 1

"PLC
HS 2

The Unit BOARD represents a wardrobe. It includes two Primitives (Figure 6): the first Primitive
represents the physical object wardrobe while the second Primitive represents the free space associated
with the physical object. The second Primitive lies at the top of the first one with respect to the first
Primitive's OCS. Both Primitives have the same length since the top edge of the first Primitive coincides
with the bottom edge of the second Primitive. The construction process, formally defined in the reference

section, is presented here:

50

FS

65

)

ngIT"
(
(

_not"

_not"
n log_eq n

' sIT"

n

' sIT"

n

nIpn
nIpn

" log_eq n
n 1og_eq n (

( " log_eq " (

( n NONE n

"ELT"
)

n IUS_Sl n npon

"S 0CS 1n

"IUS_s2n
"S 0Cs 2"

"ELT"
)

ng,o"

7

Variable Length

Figure 6

The primitives of the Wardrobe Unit are represented as shaded rectangles. The dimensions of the
Primitives represent centimeters. The spatial attributes OS and FS, each one assigned to a Primitive,
denote "object space" and "free space” respectively. The OCS of the OS Primitive appears as a system of
two vectors, perpendicular to each other, where the horizontal vector represents the X axis of the OCS.
The drawing appearing on the OS Primitive is to be drawn by the CAD interface in the solution

presentation phase.
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)
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e  Create the first Primitive with the Positioning List PLC_OS and the Sizing List BO_DIM which both
constitute input terms of the Unit BOARD. This Primitive is assigned the property list OS _PL,
defined in the property section, which includes. a) the property PARAM having the value
("BOARD") which indicates that the wardrobe should be designed as a parametric object named
"BOARD", b) the property ATTR having the value "OS" which represents the object’s physical space
and c) the property APA (see 2.2.8) having value an always confirmed Query.

e Cadll the secondary formula G_AMUCS to transform the Positioning List PLC_FS R of the second
Primitive from the OCS OS OCS of the first Primitive to the World coordinate system (see § 1.6).
The resulting Positioning List PLC_FS defines a single positioning of the second Primitive, in
adjacency with thefirst one.

e Call the secondary formula G_SBS to substitute each occurrence of the string "DX" in the list
FS DIM _S, which is defined in the property section, with the length OS X of the first Primitive. The
resulting list FS_DIM isthe Sizing List of the second Primitive.

e Create the second Primitive with the Positioning List PLC_FS and the Sizing List FS_DIM. This
Primitive is assigned the property list FS_PL, defined in the property section, which includes the
property ATTR assigned the value "FS" which represents the object’s free space, and the property
APA (see 2.2.a) having vaue an aways confirmed Query.

( "BOARD" e UNIT BOARD
( "G_AND"
( "PLC_OS" "BO_DIM" ) ; BOARD INPUT SECTION
( ;i  BOARD PROP. SECTION
( "OS_PL"
(
( "PARAM" ( "BOARD" ) )
( WATTR" nogn )
( "APA"M
( "log not"
( "log_eq" ( "NONE" 1) )
)
)
)
)
( "FS_PL"
(
( "ATTR" ngpgn )
( "APAM
( "log not"
( " log_eq ] ( "NONE" 1 ) )
)
)
)
)
( "PLC_FS_R"
(
( "log and"
(
( n 10g_eq n ( "ROOM" "MATIN" ) )
( "log not"
( " logfism“ ( "ATTR" "QOgQ" ) )
)
)
)
( "log ism" ( "PARAM" "BOARD" ) )
( 1.0 )
( 1.0 )
60.0
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( nELT"
( "log_not"
( ] log_eq" ( "NONE" 1 ) )
)
)
( "ID ocs"
( n log_eq"
( "PARAM" ( "BOARD" ) )
)
)
( "ESTR" nggn )
( "L_Cos" ( 1.0 0.0 -1.0 0.0 ) )
( "cin 1.0 )
( "c4" 4.0 )
< "DXN" npxn" )
( "FS_DIM 8"
(
( "plc_ddx std" )
( npxn" npxn" )
( "plec ddx_std" )
( 50.0 50.0 )
)
)
)
( ; BOARD REFERENCE SECTION
( 1.0
0
( "OS_PL" "PLC_OS" "BO_DIM" )
( n OS_X n n OS_Y n nos_ocs n )
)
( 4.0
"G_AMUCS"
( "FSTR" "PLC FS R" "OS_OCS" "L _Cos"
(  "PLC_FS" )
)
( 4.0
"G_SBS"
( "EQTR" "FS_DIM_S n WpDXN" nos_xn )
( "FS_DIM" )
)
(1.0
0
( "FS_PL" "PLC_FS" "FS_DIM" )
( "FS_X" "FS_Y" "FS_OCS" )
)
)
( "0S_X" ) ; BOARD OUTPUT SECTION

The Unit WC_FR includes the openings and the bathroom fittings of the WC of an apartment type. A
WC window, a shower, a basin and a toilet, each one represented as an Instance of the respective standard
Unit (see § B.1 and Figure 3), are successively created and positioned at the edges of the WC space. Each
standard Unit is identified by its ID property, while the identification is performed by the Queries
IUS WWC, IUS DOU, 1US BA and IUS TO respectively. The positioning specifications for the
Instances are defined in the Positioning Lists PLC WWC, PLC WC DOU, PLC WC B and
PLC_WC_TO respectively. Both the aforementioned Queries and Positioning Lists are defined in the

property section of the Unit Definition WC_FR.

Note that the FLT_IN input term of each Instance construction formula (see § 2.2.c) is defined in the
property section as an always confirmed Query, which means that all the Primitives of each Instance are
imprinted to the output map of the Instance's creation formula. As a consequence the positioning of each

Instanceis constrained by the previously created Instances.
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First the window Instanceis placed at the boundary of the WC space not occupied by the WC door with
the non built space. Then the remaining three Instances are positioned at the boundary of the WC space.
The basin Instance can be placed only at the part of the boundary which is free of any other object whereas
the shower and the toilet Instances are not constrained by the window.

Note that the FLT property of the Unit WC_FR is assigned an aways disconfirmed Query; as a
conseguence no imprinting is made on the Unit’s output map.

( n WC_FR"

( "G_AND"

()
(

UNIT WC_FR

WC_FR INPUT SECTION

; WC_FR PROP. SECTION
ngpn "WC_FR" )
" IUS_WWC " ( ] log_eq ] ( nIpn "WWC" ) ) )
"IUS DOu" ( "log_eqg" ( "ID" "DOUCHE") ) )
"IUS_BA" ( “log_eq" ( nyp" "BASIN" ) ) )
" IUS_TO " ( " log_eq ] ( nIpn "TOIL" ) ) )
"FLT IN"
( "log mot" ( "log eq" ( "NONE" 1 ) ) )
nELT"
( ny og_eq " ( "NONE" 1 ) )
"ID OCS"
( "log _not"
( n lOg_eq" ( "NONE" 1 ) )
)
"PLC_WWC"
(
( "log_and"
(
( " log_eq ] ( "ROOM" nyen ) )
( n lOg_eq n ( "ATTR" ( ) ) )
)
)
( "log eq" ( "BUILT" () ) )
( 3.0)
( 1.0 -1.0 )
80.0
)
"PLC_WC_TO"
(
( "log_and"
(
( " logfeq ] ( TROOM" npyen ) )
( n 109_Or n
(
( n logiequ ( "ATTR" ( ) ) )
( n log_equ
( "ATTR" ( "ws" ) )
)
)
)
)
)
( "log not"
( n log_eq n ( TROOM" "wen ) )
)
( 1.0 2.0 3.0 4.0 )
( 1.0 )
60.0
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( "PLC_WC_DOU"
(
( "log_and"
(
( n 10g_eq n ( "TROOM™" n"wen ) )
( " log_or ]
(
( "log eq" ( "ATTR" () ) )
( " logiequ
( "ATTR" ( LAnfeql ) )
)
)
)
)
)
( "log not"
( " 1Ogieq " ( "TROOM" npyen ) )
)
( 2.0 )
( 1.0 -1.0 )
60.0
)
)
( "PLC_WC_B"
(
( "log_and"
(
( n lOg_eq n ( "ROOM™" "wen ) )
( n log_eq n ( "ATTR" ( ) ) )
)
)
( "log not"
( " 1Ogieq " ( "TROOM" npyen ) )
)
( 1.0 2.0 3.0 4.0 )
( 1.0 -1.0 )
70.0
)
)
( npon ( ) )
)
( ; WC_FR REFERENCE SECTION
(3.0
0
( "PLC_WWC" "IUS_WWC" "FLT IN" "Lo" )
( "P_WWC" "WWC_CS" )
)
(3.0
0
( "PLC_WC_DOU" "IUS_DOu" "FLT IN" "LO" )
( "E_DOu" "E_DOU_OCs" )
)
( 3.0
0
( "PLC_WC_B" "IUS_BA" "FLT IN" "Lo" )
(  "E_BA" "E_BA_OCS" )
)
( 3.0
0
( "PLC _WC_TO" "IUs_TO" "FLT IN" "Lo" )
(  "E_TO" "E_TO_OCS" )
)
)
( "Lo" ) ; WC_FR OUTPUT SECTION
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B.4 Therepresentation of the solution asan ar chitectural drawing

The Unit TEST_P represents the solution of the design problem presented here. This Unit includes
Instances of the Unit TY PE which represents an apartment type without furniture, openings and bathroom
fittings. The full apartment type, having furniture, openings and bathroom fittings, is represented by the
Unit TYPE_R which includes a TYPE Instance but it is not directly referenced in TEST _P. As a
conseguence the evolution of the Unit TYPE depends on both TEST_P and TYPE_R goals. This makes
possible a compact problem representation, based on the interdependencies between the Units TEST P,
TYPE and TYPE_R, while computational time is saved since TYPE_R Instances (which are much more
complex objects than the TYPE Instances) does not have to be included in TEST_P. However such an
inclusion is necessary in the solution presentation phase, where the solution has to be represented as an
architectural drawing showing fully equipped apartments.

A variation of the code presented in § B.3 was used for the solution presentation. Within this variation
the value of the property IlUS T of each METHOD Unit was changed from (" log_eq" ("I1D" "T1")) to
("log_eq" ("ID" "TR")) which specifiesthe Unit TYPE_R, instead of TY PE, to be instanced.

The CAD interface (see § 3.2) performing the solution presentation imprints al the terminal Primitives
of the solution, ignoring the constraints posed by both the Pg + Queries of the Instance creation formulae

(see82.2.c) and the FLT Unit properties (see § 2.3).
The following actions have been programmed in the CAD interface:

o Draw thick walls at the boundaries between the regions specified by the Queries:

( " log_or ]
(
( n log_eq“ ( n ROOM n "MAIN" > )
( n log_eq“ ( "ROOM" (el ) )
( n lOg_l sm" ( "ATTR" n COR n ) )
)
)
and
( "log_not"
( n log_or n
(
( n log_eq“ ( "ROOM" "MAIN" ) )
( " log_eq“ ( "ROOM" e ) )
( "log ism" (  "ATTR" "COR" ) )
( "log ism" (  "ATTR" "OPN" ) )

o Draw thinwalls at the boundaries between the regions specified by the Queries:

( "log_and"
(
( n log_eq“ ( n ROOM n "MAIN" > )
( "log not"
( "log_ism" ( "ATTR" "OPN" ) )
)
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and

( n 10g_eq n (

e Draw thinwalls at the boundaries between the regions specified by the Queries:

( "log_and"
(

( "log ism"
( "log not"

"ROOM"

(

( "log_ism"

)

and

( n 10g_Or n
(
( " log_eq“
( n log_eq"

e Draw thin walls at the boundaries between regions having different values of the 11D property

e Draw the fixed drawings assigned to the standard Units presented in Figure 3 and the parametric
drawing assigned to the Wardrobe Unit presented in Figure 6.

(
(

nwen

"ATTR" "COR"

( "ATTR"
"ROOM" "MAIN"
"ROOM" (el
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