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IDENTIFYING A HIGHLY DIVERSE SET OF
MULTI OBJECTIVE DESIGNS

BACKGROUND

[0001] The present invention, in some embodiments
thereof, relates to design and, more specifically, but not exclu-
sively, to methods and systems of design selection

[0002] Multi-objective optimization, also known as multi-
objective programming or multi-criteria or multi-attribute
optimization is the process of simultaneously optimizing two
or more objectives, optionally conflicting, subject to certain
constraints. Multi-objective optimization extends single
objective optimization and can be found in various fields:
product and process design, finance, aircraft design, the oil
and gas industry, automobile design, or wherever optimal
decisions need to be taken in the presence of trade-offs
between two or more conflicting objectives. Maximizing
profit and minimizing the cost of a product; maximizing
performance and minimizing fuel consumption of a vehicle;
and minimizing weight while maximizing the strength of a
particular component are examples of multi-objective opti-
mization problems.

[0003] Sometimes, a single solution that simultaneously
optimizes all objectives is not found but rather a number of
tentative solutions which comply with respective constraint
(s). In such cases, solutions are not eliminated from consid-
eration by replacing them with other solutions. One of the
most common approaches for multi-objective optimization is
to generate the whole or partial efficient frontier.

[0004] In addition, existing methods to find near-optimal
solutions with the greatest diversity of design variable values
are based upon Evolutionary Algorithms (EAs), where the
coined terminology is decision-space diversity.

SUMMARY

[0005] According to some embodiments of the present
invention, there is provided a method of identifying a set of
designs compliant with one or more constraints. The method
comprises providing an objective space of at least one objec-
tive and a design variables space, examining a plurality of
designs which comply with at least one constraint of the at
least one objective, identifying, according to the examination,
a high diversity set comprising members from the plurality of
designs which have corresponding design variables, in the
design variables space, with a greater diversity value than the
diversity value of respective corresponding design variables
of'a set from at least one set from the plurality of designs, and
outputting the high diversity set.

[0006] According to some embodiments of the present
invention, there is provided a computer program product for
identifying a set of designs compliant with one or more con-
straints, the computer program product comprises a computer
readable storage medium having computer readable program
code embodied therewith, the computer readable program
code comprising: computer readable program code config-
ured to provide an objective space of at least one objective and
a design variables space; computer readable program code
configured to examine a plurality of designs which comply
with at least one constraint of any of the at least one objective;
computer readable program code configured to identify,
according to the examination, a high diversity set comprising
members from the plurality of designs which have corre-
sponding design variables, in the design variables space, with
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a greater diversity value than respective corresponding design
variables of a set from at least one set from the plurality of
designs; and computer readable program code configured to
output the high diversity set.

[0007] According to some embodiments of the present
invention, there is provided a system of identifying a set of
designs compliant with a plurality of constraints of one or
more objectives. The system comprises a processor, a data-
base which defines an objective space of at least one objective
and a design variables space, a designs module which exam-
ines a plurality of designs which comply with at least one
constraint any of the at least one objective and identifies
accordingly a high diversity set comprising members from
the plurality of designs which have corresponding design
variables in the design variables space with a diversity value
that is greater than a respective diversity value pertaining to at
least one set of members from the plurality of designs, and an
output interface which outputs the high diversity set.

[0008] According to some embodiments of the present
invention, there is provided a method of a computer program
product stored on a computer-readable medium. The com-
puter program product comprises a computer program code,
for a method of identifying a set of designs compliant with a
plurality of constraints of at least one objective, comprising:
providing an objective space of at least one objective and a
design variables space; examining a plurality of designs
which comply with at least one constraint of any of the at least
one objective; identifying, according to the examination, a
high diversity set comprising members from the plurality of
designs which have corresponding design variables in the
design variables space with a diversity value that is greater
than a respective diversity value pertaining to at least one set
of members from the plurality of designs; and outputting the
high diversity set.

[0009] According to some embodiments of the present
invention, there is provided a method of identifying a set of
designs compliant with one or more constraints, comprising:
providing an objective space of at least one objective and a
design variables space; examining a plurality of designs
which comply with at least one constraint of any of the at least
one objective; calculating an efficient frontier in the objective
space according to the at least one constraint; identifying,
according to the examination, a high diversity set comprising
members from the plurality of designs which having a mini-
mal distance from the efficient frontier and have correspond-
ing design variables in the design variables space with a
predefined diversity value; and outputting the high diversity
set.

[0010] Unless otherwise defined, all technical and/or sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials simi-
lar or equivalent to those described herein can be used in the
practice or testing of embodiments of the invention, exem-
plary methods and/or materials are described below. In case
of'conflict, the patent specification, including definitions, will
control. In addition, the materials, methods, and examples are
illustrative only and are not intended to be necessarily limit-
ing.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0011] Some embodiments of the invention are herein
described, by way of example only, with reference to the
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accompanying drawings. With specific reference now to the
drawings in detail, it is stressed that the particulars shown are
by way of example and for purposes of illustrative discussion
of embodiments of the invention. In this regard, the descrip-
tion taken with the drawings makes apparent to those skilled
in the arthow embodiments of the invention may be practiced.
[0012] In the drawings:

[0013] FIG.1is aflowchart of a method of identifying a set
of designs in an objective space so that design variables of
members of the set have a diversity value that is greater than
the diversity value of design variables of one or more design
set(s) that comply with one or more constraints in the objec-
tive space, according to some embodiments of the present
invention;

[0014] FIG. 2 is a relational view of software components
of'a system of identifying a set of designs, according to some
embodiments of the present invention;

[0015] FIG. 3 is a graphical representation of a plurality of
designs in an objective space and their respective correspond-
ing design variables in a design variables space, according to
some embodiments of the present invention;

[0016] FIG. 4A depicts two dimensional (2D) graphs
wherein multi objective designs (right graph) are depicted as
points; each multi objective design complies with a certain set
of constraints and associated with two variables which are
represented by a point in the left 2D graph, according to some
embodiments of the present invention; and

[0017] FIG. 4B is a 2D graphs wherein multi objective
designs are depicted as points (right graph); each multi objec-
tive design complies with a certain set of constraints and
associated with three variables which are represented by a
point in the right three dimensional (3D) graph, according to
some embodiments of the present invention.

DETAILED DESCRIPTION

[0018] The present invention, in some embodiments
thereof, relates to design and, more specifically, but not exclu-
sively, to methods and systems of identifying a highly diverse
set of multi objective designs.

[0019] According to an aspect of some embodiments of the
present invention there are provided methods and systems for
identifying a high diversity set of designs, which comply with
one or more constraints. The high diversity set has a high,
optionally the greatest, design variables diversity value in
relation to the design variables diversity value of one or more
sets of designs in the objective space. The methods and sys-
tems allow finding architectures with sufficient multi-objec-
tive Pareto optimality and high, optionally maximal, diversity
of their design-variable values. Diversity in the design-vari-
able space of selected designs is of much interest as a vehicle
to find the rich collection of product and process designs (also
referred to herein as architectures) that employ different
mechanisms to achieve the same goal. Important consider-
ations that determine an efficacy of a multi objective design
are difficult or impractical to model in an objective function,
for example strategic alignment, competitive positioning,
intellectual property, supplier capabilities, manufacturability,
and/or market desirability. Therefore, it is competitively
advantageous to be able to generate a comprehensive list of
the diverse architectures spanning in an objective space, all
mapped onto the proximity of the efficient frontier, and evalu-
ate them both quantitatively and qualitatively to assist in
finding those with a high, optionally the greatest, real value.
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[0020] Optionally, the process of identifying the high diver-
sity set is iterative. Optionally, the process of identifying the
high diversity set is based on an efficient frontier algorithm
wherein suitable designs which comply with the constraints
are identified.

[0021] Before explaining at least one embodiment of the
invention in detail, it is to be understood that the invention is
not necessarily limited in its application to the details of
construction and the arrangement of the components and/or
methods set forth in the following description and/or illus-
trated in the drawings and/or the Examples. The invention is
capable of other embodiments or of being practiced or carried
out in various ways.

[0022] As will be appreciated by one skilled in the art,
aspects of the present invention may be embodied as a system,
method or computer program product. Accordingly, aspects
of the present invention may take the form of an entirely
hardware embodiment, an entirely software embodiment (in-
cluding firmware, resident, software, micro-code, etc.) or an
embodiment combining software and hardware aspects that
may all generally be referred to herein as a “circuit,” “mod-
ule” or “system.” Furthermore, aspects of the present inven-
tion may take the form of a computer program product
embodied in one or more computer readable medium(s) hav-
ing computer readable program code embodied thereon.
[0023] Any combination of one or more computer readable
medium(s) may be utilized. The computer readable medium
may be a computer readable signal medium or a computer
readable storage medium. A computer readable storage
medium may be, for example, but not limited to, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or semi-
conductor system, apparatus, or device, or any suitable com-
bination of the foregoing. More specific examples (a non-
exhaustive list) of the computer readable storage medium
would include the following: an electrical connection having
one or more wires, a portable computer diskette, a hard disk,
a random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), an optical fiber, a portable com-
pact disc read-only memory (CD-ROM), an optical storage
device, a magnetic storage device, or any suitable combina-
tion of the foregoing. In the context of this document, a
computer readable storage medium may be any tangible
medium that can contain, or store a program for use by or in
connection with an instruction execution system, apparatus,
or device.

[0024] A computer readable signal medium may include a
propagated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
netic, optical, or any suitable combination thereof. A com-
puter readable signal medium may be any computer readable
medium that is not a computer readable storage medium and
that can communicate, propagate, or transport a program for
use by or in connection with an instruction execution system,
apparatus, or device.

[0025] Program code embodied on a computer readable
medium may be transmitted using any appropriate medium,
including but not limited to wireless, wireline, optical fiber
cable, RF, etc., or any suitable combination of the foregoing.
[0026] Computer program code for carrying out operations
for aspects of the present invention may be written in any
combination of one or more programming languages, includ-
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ing an object oriented programming language such as Java,
Smalltalk, C++ or the like and conventional procedural pro-
gramming languages, such as the “C” programming language
or similar programming languages. The program code may
execute entirely on the user’s computer, partly on the user’s
computer, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer or entirely
on the remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s computer
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection may
be made to an external computer (for example, through the
Internet using an Internet Service Provider).

[0027] Aspects of the present invention are described
below with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems) and computer pro-
gram products according to embodiments of the invention. It
will be understood that each block of the flowchart illustra-
tions and/or block diagrams, and combinations of blocks in
the flowchart illustrations and/or block diagrams, can be
implemented by computer program instructions. These com-
puter program instructions may be provided to a processor of
a general purpose computer, special purpose computer, or
other programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks.

[0028] These computer program instructions may also be
stored in a computer readable medium that can direct a com-
puter, other programmable data processing apparatus, or
other devices to function in a particular manner, such that the
instructions stored in the computer readable medium produce
an article of manufacture including instructions which imple-
ment the function/act specified in the flowchart and/or block
diagram block or blocks.

[0029] The computer program instructions may also be
loaded onto a computer, other programmable data processing
apparatus, or other devices to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other devices to produce a computer imple-
mented process such that the instructions which execute on
the computer or other programmable apparatus provide pro-
cesses for implementing the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0030] Reference is now made to FIG. 1 which is a flow-
chart of a method 100 of identifying a high diversity set of
designs, in an objective space which are compliant with one
or more constraints of one or more objectives, optionally
conflicting, according to some embodiments of the present
invention. The design variables of the designs in the high
diversity set have a diversity value greater than the diversity
value of design variables of one or more sets of designs which
comply with the constraint(s) in the objective space. Option-
ally, the high diversity set is calculated using a second order
approximation algorithm.

[0031] As used herein, a design may be any design which
has one or more objectives, optionally conflicting, for
example a product design, a process design, a financial
design, an aircraft design, a mechanical design, an oil and gas
industry design, an automobile design, and/or a design having
variables which have to be set in the presence of trade-offs
between two or more conflicting objectives. The tradeoff
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maybe any condition that involve reducing one quality or
aspect of something in return for a gain in another quality or
aspect. Conflicting objectives may be budget variables versus
performances variables, gas consumption versus velocity,
size versus volume, and/or the like.

[0032] The method allows providing a high diversity set of
diverse designs by an exploration of the design variables
space. The set allows a designer to review a wide spectrum of
the possible solutions to make a decision which one to choose
(sometimes based on his personal experience). Unlike com-
mon processes for multi objective design optimization, the
method does not have to be heuristic so that all or most
feasible design variables which reflect in an approximation of
non-dominant objective functions realization may be
explored, for example as described below. In such a manner,
optimality may be guaranteed. Moreover, the number of itera-
tions, which are required to implement the process, may be
relatively low.

[0033] Reference is also made to FIG. 2, which is a rela-
tional view of software components of a system 60 of iden-
tifying a set of designs that may be used for implementing the
above method 100, according to some embodiments of the
present invention. As shown, the system 60 includes a pro-
cessor 67 and software components include an input interface
61, a design module 62, and an output interface 65. The lines
in FIG. 3 depict optional and non limiting data flow between
the modules. The system 60 may be implemented in a client
terminal hosting a design platform, for example as a feature of
the design platform and/or an add-on thereto. The system 60
may be implemented in software as a service (SaaS) that is
hosted centrally and accessed by users using a client module,
such as a web browser, over the Internet or an Ethernet.
[0034] First, as shown at 101, 102, an objective space and a
design variables space are defined. The objective space may
be represented as a set of values stored in a database 66, for
example a list of a plurality of objectives and one or more
constraint(s) each defines which possible values fulfill a
respective objective. The plurality of objectives and respec-
tive constraints may be provided by a user interface. The
design variables space may be represented as a set of values
stored in the database 66. The design variables space option-
ally represents which design variables are feasible. The
design variables space may be defined by a user interface.
[0035] Now, as shown at 103, the system 60, for example
the design module 62, examines possible designs which com-
ply with one or more constraints of one or more objectives,
optionally conflicting, in the objective space. Each one of the
designs has corresponding design variables in a design vari-
ables space.

[0036] As shown at 104, the examination, which is option-
ally iterative, allows identifying a high diversity set that
includes two or more designs which comply with the one or
more constraints. The high diversity set is optionally a maxi-
mal diversity set. The high diversity set is optionally selected
so that a diversity value of corresponding design variables of
its members is greater than the diversity value of at least’one
of'the corresponding design variables of designs that comply
with the aforementioned constraint(s) of one or more respec-
tive sets.

[0037] For example, reference is now also made to FIG. 3,
which is a graphical representation of the objective and vari-
able design spaces 302, 304. The graphical representation
depicting the objective space 302 includes a plurality of filled
points indicative of a plurality of possible designs on an
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efficient frontier curve 305. During the aforementioned
examination, in order to identify a high diversity set, the
possible design, which is located on the efficient frontier
curve 305, is adjusted within the boundaries of the con-
straints. Exemplary boundaries are depicted in areas around
the filled points 301 to the right of the efficient frontier curve
305. In such embodiments, the compliance of designs with
the aforementioned constraints may be verified by measuring
a distance between optional points in the graph and the Pareto
frontier curve 305. These areas 301 are indicative of search
areas set according to one or more constraints, for example a
maximum allowed distance from the Pareto frontier curve. In
each area, an empty point is indicative of a diversity wise
adjustment to the design that increases the diversity value in
the design variables space, for example as described below.
Each empty point is connected by a line to a variable point 303
in the design variables space 304. The variable point 303
represents selected variables in the design variables space
304. The selected variables and the possible adjustments are
identified as further described below.
[0038] It should be noted that each design may have one or
more objectives and associated with two or more variables in
the design variables space. For example, FIG. 4A depicts
points indicative of a number of multi objective designs
which comply with certain constraints and associated with
two design variables which are represented in a 2D graph.
FIG. 4B depicts points (right graph) indicative of a number of
multi objective designs which comply with certain con-
straints and associated with three variables which are repre-
sented in a 3D graph (left graph). In FIGS. 4A and 4B, red
points are optimal points in a design variables space corre-
sponding to a minimum objective and blue points are diverse
set of solutions found by the process described above and
exemplified below.
[0039] According to some embodiments of the present
invention, members of the high diversity set are optionally
selected so that the diversity value of corresponding design
variables is higher than a threshold value. For example, the
distance between points representing corresponding design
variables in a multidimensional representation of the design
variable space has to be no less than a threshold distance. In
such a manner, the selected high diversity set may include
designs which are as close as possible to an optimum, for
example an optimum which is defined by the efficient frontier
curve in the objective space.

[0040] This above allows, as shown in 105, outputting the

high diversity set, for example in response to a query, as an

output presented to a designer on a display of a computing
unit executing the above method or on a client terminal that
receives the output from a network node, such as a server.

[0041] For example, reference is now made to a number of

algorithms of identifying a high diversity set of designs,

according to some embodiments of the present invention. The
algorithms are set to find a high diversity set among a plurality
of possible sets which are upper bounded by one or more
constraints in the objective space. The one or more constraints
may be referred to herein as a maximum allowed distance

from the given points on a frontier which is optionally a

Pareto frontier.

[0042] For brevity, the following are held:

[0043] 1. Without loss of generality, a multi-objective vec-
tor minimization problem is defined as follows minimize
y=(Px), ), . . ., fO%x)] where x € X, X < R”
denotes a set of feasible solutions, V ER* denotes its image
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in the objective space, and :X—Y denotes an objective

function that projects X to Y. If x € X, then y=f (x) €Y and

the value of the t” objective of solution x is y*=“(x). For

X X, €EX, v, (X,), y,=1(%,) €Y, lety, =y, and y, =y, if

v;9=y,® and y,P=y,? for all i, respectively. Two solu-
tions X, X,, € X, y~f(x,), y,=f(x,) €Y are equivalent if
V17Y5<Y, if y, P=y,® for all i and y, P<y,® for some i. In
this case, y, is dominated by y, (or y, dominates y,).

[0044] 2. A set X is a compact set and each of the objective
functions f is continuous. X, denotes a complete set of
Pareto optimal solutions in X, for example, solution x €
X, .- if and only if there is no x, € X such that {{x,)<f(x). If
solution x is Pareto optimal, then y=f(x) is referred to as
efficient. The complete set of efficient points in the objec-
tive space, denoted herein asY ; is an efficient frontier. As
previously discussed, the set x,,,, may contain equivalent
solutions, or in other words, a single efficient pointy €Y
maybe mapped onto multiple equivalent pre-images in
X, d,(") denotes a metric on X. For a metric a triangle
inequality is satisfied, i.e., for all x;, x,, x; € X, d,(x,,
X,)=d,(X;, X,)+d, (X5, X5). d(y) denotes a function repre-
senting a measure for distance from a set E in the objective
space. For brevity, dp(y)=mingzzmax,_; ﬂKy(’)/yB(i)—l,
where E ¢ Y; however, other functions may be defined as
well. According to above denotations, for any subsetV &
X and any point x € X, d (x,V)=min(d, (x,v)IvE V). d (x,
V) is denoted by d,(x). &5 denotes a prescribed constant
defining a maximally accepted distance away from a set E
with respect to d_(y). §, denotes a prescribed constant
defining the minimally accepted diversity of the resulting
setV.

[0045] Inthe following section, Primal and dual maximum
design diversity (MDD) algorithms for identifying a set of
diverse multi objective designs are reviewed. In a Primal
p-MDD algorithm the set V={v,, ..., x,} €S, is found, such
that min, o, {d (x, X)} is maximized and to Dual
p-MDD where set V={x,, ..., x,} €S,is found , such that
max, -, ,d;(f(x,)) is minimized. In addition, the diversity in
the design-variable space is enhanced by compromising the
Pareto optimality by 0 within the objective space and the
diversity is expected to get higher as larger 9, values are
considered. In these algorithms Sp:{V = X:dZ(f(x))éf)g, Vx
€ V)} denotes a set of feasible solutions for Primal p-MDD
and S,={V < X:d (x,V\{x})Z8,, ¥ x € V} denotes a set of
feasible solutions for Dual p-MDD.

[0046] Referenceis now made to the primal MDD approxi-
mation algorithm wherein a partial efficient frontier, E, as
well as an initial solution in the design-variable space, are
identified, for example by weighted sum or DMA algorithm.
Then, at each of a plurality of iterations, the algorithm adds
the farthest solution in the design-variable space to an exist-
ing subset of feasible solutions. This algorithm is defined as
follows:

Algorithm 1

(1) Initialize:

() FindV, = {x,} = Xp, E Z Egpr

(b) Set V=V,

.= (maximal distance in objective space), j = 2,

J =(maximal number of iterations).
(2) Solve Primal MDD optimization problem. If there is a feasible solution
then y* = f(x*) is the optimal solution, else go to Step 4.
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-continued

Algorithm 1

(3)SetV,; =V, U{x*}and V=V, j=]+1.1Ifj >, go to Step 4,
otherwise go to Step 2.
(4) Return V.

[0047] Inthis algorithm if'V denotes a set of designs (points
in the design variables space) generated by the Algorithm
then V is a 2—approximation solution of a Primal [VI-MDD
problem. The Primal [VI-MDD problem is a problem of find-
ing the set V={x,, ..., x,} €S, suchthat min, _ - . (d,(x,,
x,)} is maximized. This may be established based on the
described in Tamir, A. Obnoxious facility location on graphs.
SIAM Journal on Discrete Mathematics, 4(4):550--567,
1991, which is incorporated herein by reference. V' denotes
an optimal solution of Primal p-MDD problem with the opti-
mal value of 8, i.e., d, (X, X,)Zd' for all distinct x,, x, EV".
In (2) of iteration j of the above Algorithm 1, for each x EV'
with d,(x)<8"2 there is a solution X € V such that d (X,
x)<8'/2. Moreover, for each X €V there is at most one x € V'
such that d (X, x)<8/2. That follows from d (x,, x,)Z&' for all
distinct x,, X, € V' and the triangle inequality of metric d, (".").
In each iteration of (2) holds IVI<IV'l, therefore there exists a
feasible solution x € Ir" with d,(x)=8"2. Finally, Primal
MDD optimization problem, which is defined as Maximize
d,(x), subject to x € X, y=f(x), d,(y)=8, maximizes d,(x).
[0048] In this algorithm if V denotes a set of solutions
generated by Algorithm 1, then £ (V)=J,. This may be estab-
lished from Primal MDD optimization problem constraints
which follow that each x €V satisfies d(f(x))=0.

[0049] Inthis algorithm, a partial explored efficient frontier
is used as an initial point and then, at each iteration, a most
distinct solution to the existing variables set in the design
variables space is added.

[0050] Insuch embodiments, as greater 8, means a higher
potential for diversity, a set having higher diversity in the
design variables space is obtained by increasing the maxi-
mum allowed distance in the objective space.

[0051] Reference is now made to the dual MDD approxi-
mation algorithm that is used to Minimize d(y) subject to x
€ X, y=t(x), d,(x)Z£9,,. In the dual maximum design diversity
approximation algorithm the compromise of Pareto optimal-
ity is minimized subject to a minimal distance in the design-
variable space. Optionally, the algorithm allows choosing a
lower bound on a distance is chosen at each iteration to allow
finding a sufficient distance to guarantee it. A listing of the
algorithm is as follows:

Algorithm 2

(1) Initialize:
() FindV, = {x,} = Xpy. E S Ep
(b) SetV=V,j=2.
J = (maximal number of iterations).
(2) Solve Dual MDD optimization problem. If there is a feasible solution
then y* = f(x*) is the optimal solution, else go to 4.
(3)SetV, =V, U{x*}and V=V, j=j+1.1fj >],goto 4,
otherwise go to 2.
(4) Return V.

[0052] First, the design variables and objective spaces are
initialized and a maximal number of iterations is set. Then, a
Dual MDD optimization problem is solved and in (3) the
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existing set of design variables V is augmented by x* when x*
is an optimal solution. Then, the procedure is repeated until
the maximal number of iterations is reached or no feasible
solution exists. In the final action, numerated as (4), the
design-variable set V is returned. In this algorithm
V, P={argmin, £ (U):1UI=], § =} where V denotes a set of
solutions generated by Algorithm 2 when 8,=1/2 and the
number of iterations is j.

[0053] In Algorithm 2 if v,°** and v denotes optimal and
greedy solution sets of the Dual j-MDD problem, which is a
problem of finding the set V={x,, . . ., x,} € S, such that
max, -, =,d.(f(x,)) is minimized, with d,/n and 3,=/2,
respectively, then, the optimality violation of the greedy algo-
rithm is at least as good as the optimal algorithm. Namely,
EL(V)=E (v, 7)) and [VI=]. V,° denotes an optimal solution
of Dual j-MDD problem with the optimal value of 8*, i.e.,
d(f(x))=d* forall x EV, %’ and 8,7, i.e., (X, X,)=n for
all distinct x|, X, € V*. In (2) of iteration j of Algorithm 2, for
each x €V, %" with d,(x)<n/2 there is a solution X €V such
that d (X, X)<n/2. Moreover, for each X €V there is at most
one x €V, °?*such that d (X, x)<n/2. That follows from d_(x,,
x,)Zn for all distinet x,, X, €V, % and the triangle inequality
of metric d ("."). In each iteration j of 2 holds IVI<j, therefore
there exists a feasible solution x € V* with d ;(f(x))=6*. Dual
MDD optimization problem in (2) minimizes dz(f(x)).
Finally, in the last iteration of (3), IVI=].

[0054] The methods as described above may be used in the
fabrication of integrated circuit chips.

[0055] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of pos-
sible implementations of systems, methods and computer
program products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or por-
tion of code, which comprises one or more executable
instructions for implementing the specified logical function
(s). It should also be noted that, in'some alternative imple-
mentations, the functions noted in the block may occur out of
the order noted in the figures. For example, two blocks shown
in succession may, in fact, be executed substantially concur-
rently, or the blocks may sometimes be executed in the reverse
order, depending upon the functionality involved. It will also
be noted that each block of the block diagrams and/or flow-
chart illustration, and combinations of blocks in the block
diagrams and/or flowchart illustration, can be implemented
by special purpose hardware-based systems that perform the
specified functions or acts, or combinations of special pur-
pose hardware and computer instructions.

[0056] The descriptions of the various embodiments of the
present invention have been presented for purposes of illus-
tration, but are not intended to be exhaustive or limited to the
embodiments disclosed. Many modifications and variations
will be apparent to those of ordinary skill in the art without
departing from the scope and spirit of the described embodi-
ments. The terminology used herein was chosen to best
explain the principles of the embodiments, the practical appli-
cation or technical improvement over technologies found in
the marketplace, or to enable others of ordinary skill in the art
to understand the embodiments disclosed herein.

[0057] Itis expected that during the life of a patent maturing
from this application many relevant systems and methods will
be developed and the scope of the term a processor, a network,
a node, and a client terminal is intended to include all such
new technologies a priori.
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[0058] The terms “comprises”, “comprising”, “includes”,
“including”, “having” and their conjugates mean “including
but not limited to”. This term encompasses the terms “con-
sisting of” and “consisting essentially of”.

[0059] The phrase “consisting essentially of” means that
the compositiOn or method may include additional ingredi-
ents and/or steps, but only if the additional ingredients and/or
steps do not materially alter the basic and novel characteris-
tics of the claimed composition or method.

[0060] As used herein, the singular form “a”, “an” and
“the” include plural references unless the context clearly
dictates otherwise. For example, the term “a compound” or
“at least one compound” may include a plurality of com-
pounds, including mixtures thereof.

[0061] Theword “exemplary” is used herein to mean “serv-
ing as an example, instance or illustration”. Any embodiment
described as “exemplary” is not necessarily to be construed as
preferred or advantageous over other embodiments and/or to
exclude the incorporation of features from other embodi-
ments.

[0062] The word “optionally” is used herein to mean “is
provided in some embodiments and not provided in other
embodiments”. Any particular embodiment of the invention
may include a plurality of “optional” features unless such
features conflict.

[0063] Throughout this application, various embodiments
of'this invention may be presented in a range format. It should
be understood that the description in range format is merely
for convenience and brevity and should not be construed as an
inflexible limitation on the scope of the invention. Accord-
ingly, the description of a range should be considered to have
specifically disclosed all the possible subranges as well as
individual numerical values within that range. For example,
description of a range such as from 1 to 6 should be consid-
ered to have specifically disclosed subranges such as from 1
to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3
to 6 etc., as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of the
breadth of the range.

[0064] Whenever anumerical range is indicated herein, itis
meant to include any cited numeral (fractional or integral)
within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate num-
ber and “ranging/ranges from” a first indicate number “to” a
second indicate number are used herein interchangeably and
are meant to include the first and second indicated numbers
and all the fractional and integral numerals therebetween.

[0065] It is appreciated that certain features of the inven-
tion, which are, for clarity, described in the context of separate
embodiments, may also be provided in combination in a
single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of'a
single embodiment, may also be provided separately or in any
suitable subcombination or as suitable in any other described
embodiment of the invention. Certain features described in
the context of various embodiments are not to be considered
essential features of those embodiments, unless the embodi-
ment is inoperative without those elements.

[0066] Although the invention has been described in con-
junction with specific embodiments thereof, it is evident that
many alternatives, modifications and variations will be appar-
ent to those skilled in the art. Accordingly, it is intended to
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embrace all such alternatives, modifications and variations
that fall within the spirit and broad scope of the appended
claims.

[0067] All publications, patents and patent applications
mentioned in this specification are herein incorporated in
their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent appli-
cation was specifically and individually indicated to be incor-
porated herein by reference. In addition, citation or identifi-
cation of any reference in this application shall not be
construed as an admission that such reference is available as
prior art to the present invention. To the extent that section
headings are used, they should not be construed as necessarily
limiting.

What is claimed is:

1. A method of identifying a set of designs compliant with
one or more constraints, comprising:

providing an objective space of at least one objective and a

design variables space;
examining a plurality of designs which comply with at least
one constraint of said at least one objective;

identifying, according to said examination, a high diversity
set comprising members from said plurality of designs
which have corresponding design variables, in said
design variables space, with a greater diversity value
than the diversity value of respective corresponding
design variables of a set from at least one set from said
plurality of designs; and

outputting said high diversity set.

2. The method of claim 1, wherein said identifying com-
prises:

identifying an efficient frontier in said objective space;

identifying a initial set of multi objective designs on said

efficient frontier;

identifying for each member of said initial set correspond-

ing design variables;

maximizing said diversity value in a temporary set com-

prising said initial set by adjusting in said objective
space, in each member of said initial set, any of said at
least one objective without violating said at least one
constraint; and

identifying said temporary set as said high diversity set.

3. The method of claim 2, wherein said at least one con-
straint is defined as a distance from said efficient frontier.

4. The method of claim 3, wherein said maximizing is
performed while said distance is minimized and a minimal
distance between corresponding design variables in said
design variables space is maintained.

5. The method of claim 1, wherein said identifying com-
prises optimizing said designs while a minimum diversity
value between corresponding design variables of said designs
in said design variables space is maintained.

6. The method of claim 1, wherein said diversity value of
said corresponding design variables is greater than a respec-
tive diversity value pertaining to at least one set of members
from said plurality of designs.

7. The method of claim 1, wherein said providing com-
prises receiving a definition of at least one of said objective
space and said design variables space from a user.

8. The method of claim 1, wherein said examining com-
prises iteratively examining a plurality of optional designs
which comply with said at least one constraint.

9. The method of claim 1, further comprising receiving a
message defining at least one of said at least one constraint
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and said at least one objective; wherein said outputting is
performed in response to said message.

10. The method of claim 1, wherein said plurality of
designs are identified using an efficient frontier algorithm,
said at least one constraint being defined as a distance from an
efficient frontier curve.

11. The method of claim 1, wherein a partial explored
efficient frontier is used to identify a plurality of initial
designs and then, in a plurality of iterations, a plurality of
temporary sets are calculated to identify said high diversity
set.

12. The method of claim 1, wherein each said design is
selected from a group consisting of a product design, a pro-
cess design, a financial design, an aircraft design, a mechani-
cal design, an oil and gas industry design, and an automobile
design.

13. A computer program product for identifying a set of
designs compliant with one or more constraints, the computer
program product comprising:

a computer readable storage medium having computer
readable program code embodied therewith, the com-
puter readable program code comprising: computer
readable program code configured to provide an objec-
tive space of at least one objective and a design variables
space;

computer readable program code configured to examine a
plurality of designs which comply with at least one
constraint of any of said at least one objective;

computer readable program code configured to identify,
according to said examination, a high diversity set com-
prising members from said plurality of designs which
have corresponding design variables, in said design vari-
ables space, with a greater diversity value than respec-
tive corresponding design variables of a set from at least
one set from said plurality of designs; and

computer readable program code configured to output said
high diversity set.

14. A system of identifying a set of designs compliant with

a plurality of constraints of one or more objectives, compris-
ing:

a processor;

a database which defines an objective space of at least one
objective and a design variables space;

a designs module which examines a plurality of designs
which comply with at least one constraint any of said at
least one objective and identifies accordingly a high
diversity set comprising members from said plurality of
designs which have corresponding design variables in
said design variables space with a diversity value that is
greater than a respective diversity value pertaining to at
least one set of members from said plurality of designs;
and

an output interface which outputs said high diversity set.

15. The system of claim 14, wherein said system is imple-
mented as a software as a service (SaaS).
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16. The system of claim 14, wherein said system is imple-
mented as a feature of a design platform.

17. A computer program product stored on a computer-
readable medium, the computer program product comprising
a computer program code, for a method of identifying a set of
designs compliant with a plurality of constraints of at least
one objective, comprising:

providing an objective space of at least one objective and a

design variables space;
examining a plurality of designs which comply with at least
one constraint of any of said at least one objective;

identifying, according to said examination, a high diversity
set comprising members from said plurality of designs
which have corresponding design variables in said
design variables space with a diversity value that is
greater than a respective diversity value pertaining to at
least one set of members from said plurality of designs;
and

outputting said high diversity set.

18. A method of identifying a set of designs compliant with
one or more constraints, comprising:

providing an objective space of at least one objective and a

design variables space;

examining a plurality of designs which comply with at least

one constraint of any of said at least one objective;
calculating an efficient frontier in said objective space
according to said at least one constraint;

identifying, according to said examination, a high diversity

set comprising members from said plurality of designs
which having a minimal distance from said efficient
frontier and have corresponding design variables in said
design variables space with a predefined diversity value;
and

outputting said high diversity set.

19. The method of claim 18, wherein said identifying com-
prises iteratively identifying a temporary set of designs on
said efficient frontier to minimize a distance between respec-
tive said designs in said objective space and said efficient
frontier in each iteration while a distance between said cor-
responding design variables may be set to no less than said
predefined diversity value.

20. The method of claim 18, wherein said identifying com-
prises:

identifying an efficient frontier in said objective space;

identifying a initial set of multi objective designs on said

efficient frontier;

identifying for each member of said initial set correspond-

ing design variables;

maximizing said diversity value in a temporary set com-

prising said initial set by adjusting in said objective
space, in each member of said initial set, any of said at
least one objective without violating said at least one
constraint; and

identifying said temporary set as said high diversity set.
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