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New Differential Zone Protection Scheme Using Graph Partitioning
for an Islanded Microgrid

Fahad S. Alsaeidi

(ABSTRACT)

Microgrid deployment in electric grids improves reliability, efficiency, and quality, as well

as the overall sustainability and resiliency of the grid. Specifically, microgrids alleviate the

effects of power outages. However, microgrid implementations impose additional challenges

on power systems. Microgrid protection is one of the technical challenges implicit in the

deployment of microgrids. These challenges occur as a result of the unique properties of

microgrid networks in comparison to traditional electrical networks. Differential protection

is a fast, selective, and sensitive technique. Additionally, it offers a viable solution to

microgrid protection concerns. The differential zone protection scheme is a cost-effective

variant of differential protection. To implement a differential zone protection scheme, the

network must be split into different protection zones. The reliability of this protection

scheme is dependent upon the number of protective zones developed. This thesis proposes

a new differential zone protection scheme using a graph partitioning algorithm. A graph

partitioning algorithm is used to partition the microgrid into multiple protective zones.

The IEEE 13-node microgrid is used to demonstrate the proposed protection scheme. The

protection scheme is validated with MATLAB Simulink, and its impact is simulated with

DIgSILENT PowerFactory software. Additionally, a comprehensive comparison was made

to a comparable differential zone protection scheme.



New Differential Zone Protection Scheme Using Graph Partitioning
for an Islanded Microgrid

Fahad S. Alsaeidi

(GENERAL AUDIENCE ABSTRACT)

A microgrid is a group of connected distributed energy resources (DERs) with the loads to

be served that acts as a local electrical network. In electric grids, microgrid implementation

enhances grid reliability, efficiency, and quality, as well as the system’s overall sustainability

and resiliency. Microgrids mitigate the consequences of power disruptions. Microgrid

solutions, on the other hand, bring extra obstacles to power systems. One of the technological

issues inherent in the implementation of microgrids is microgrid protection. These difficulties

arise as a result of microgrid networks’ distinct characteristics as compared to standard

electrical networks. Differential protection is a technique that is fast, selective, and sensitive.

It also provides a feasible solution to microgrid protection problems. This protection scheme,

on the other hand, is more expensive than others. The differential zone protection scheme is a

cost-effective variation of differential protection that lowers protection scheme expenses while

improving system reliability. The network must be divided into different protection zones

in order to deploy a differential zone protection scheme. The number of protective zones

generated determines the reliability of this protection method. Using a network partitioning

technique, this thesis presents a new differential zone protection scheme. The microgrid is

divided into various protection zones using a graph partitioning algorithm. The proposed

protection scheme is demonstrated using the IEEE 13-node microgrid. MATLAB Simulink is

used to validate the protection scheme, while DIgSILENT PowerFactory is used to simulate

its impact. A comparison of a similar differential zone protection scheme was also done.
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Microgrids provide several advantages and benefits to power utilities and communities.

Microgrids enhance the reliability, efficiency, and quality of electric service, as well as the

overall sustainability and resiliency of the electric grid. Additionally, microgrids mitigate

the damage that can be caused by extended power outages [1]. While microgrids provide

several benefits, adopting them introduces a slew of new hurdles and challenges. Microgrid

protection is one of these difficulties. Microgrid protection is difficult due to the microgrid’s

unique characteristics in comparison to traditional electric networks. Traditional electric

distribution networks are radial in design, with a high fault current level, unidirectional

power flow, and a single source of supply. While microgrids are meshed networks, they may

have varying fault current levels depending on their operating mode, bidirectional power

flow, and numerous distributed energy resources (DERs) [2, 3, 4, 5]. The need for a new

protection scheme is important to address microgrid protection concerns while keeping costs

in consideration.
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A microgrid is a group of connected distributed energy resources (DERs) and the loads to

be served that acts as a local electrical network [1, 6, 7, 8, 9, 10, 11]. There are several

definitions of microgrids in the literature. The most often used definitions were provided by

the United States Department of Energy (DOE) and the Conseil International des Grands

Réseaux Electriques (CIGRE).

Microgrids are defined by the US Department of Energy (DOE) as ”a group of interconnected

loads and distributed energy resources within clearly defined electrical boundaries that act as

a single controllable entity with respect to the grid. A microgrid can connect and disconnect

from the grid to enable it to operate in both grid-connected or island-mode. ”[12]

Microgrids, on the other hand, are defined by the CIGRE working group C6.22, Microgrid

Evolution Roadmap, as ”microgrids are electricity distribution systems containing loads and

distributed energy resources, (such as distributed generators, storage devices, or controllable

loads) that can be operated in a controlled, coordinated way either while connected to the

main power network or while islanded.”[13]

As illustrated by the two definitions above, the primary criteria for a microgrid are that it

connects loads and DERs in a controlled and safe manner, with clearly defined boundaries,

and that it supports both grid-connected and islanding operation.

Microgrid development and adoption in places with existing electrical grid infrastructure

are being driven by three key factors: energy security, economic benefits, and clean energy

integration [14]. One of the primary reasons for microgrid development, particularly in the

United States, is the capacity of microgrids to improve the electric power grid’s reliability

and resiliency. When the major grid is down due to severe weather or cascading events,

microgrids can supply critical facilities and communities by utilizing their distributed energy



3

resources (DERs) [15, 16, 17, 18].

While these benefits are substantial for any electric network, implementing a microgrid

presents significant challenges. The microgrid’s most common issues have been classified

into four categories: Technical difficulties, regulatory difficulties, financial difficulties,

and stakeholder difficulties [1]. The technical obstacles associated with microgrids are

technological, dual-mode operation, power quality, and protection [1, 9, 11, 14]. This thesis

examines the issues associated with microgrid protection and how to address them.

Microgrids are small electrical networks that require protection in order to de-energize

and isolate faults before they cause damage or harm to people or property. By isolating

and mitigating disturbances, protection systems ensure the continued operation of vital

infrastructure [19]. The protection of traditional distribution systems is based on the

assumption that the system is fed from a single source and has a radial topology. Microgrids,

on the other hand, maybe fed from a variety of distributed sources, altering the direction

and magnitude of fault currents accordingly. Microgrid protection is a critical concern in

islanded operations [2, 3, 4, 5, 20, 21]. Due to the high penetration of inverter-based resources

(IBRs), the fault currents in a grid-connected and an islanded microgrid are considerably

different. IBRs lead to fault currents that are difficult to detect or isolate using a conventional

protection schemes.
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Microgrid deployments pose additional control, operation, and protection challenges.

Microgrid protection issues develop when a microgrid has many DERs. Additionally, IBRs

penetration complicates microgrid protection by introducing new issues, such as restricted

fault current contribution. Furthermore, various operation modes present new challenges,

such as varying fault current levels in each mode. The following are the primary protection

challenges that arise in microgrid protection:

• Traditional distribution networks are radial in

nature and fed from a single source (a substation feeder). Typically, such networks

are protected using the conventional overcurrent protection scheme. However, since

microgrids have many power sources, the power flow will be bidirectional. In this

instance, traditional overcurrent protection is incapable of detecting and isolating faults

appropriately [2, 3, 5, 21, 22].

• Due to the microgrid’s dual operating mode, the

fault current level varies significantly between modes. The fault current level is high

in grid-connected mode. On the other hand, when the microgrid is operated in an

islanded mode, the fault current level is drastically decreased. Developing a protection

scheme that is effective in all modes of operation is challenging [2, 3, 5, 21, 22].

• A current limiter regulates the IBR’s

current to prevent overcurrent damage to the semiconductor switching devices. IBRs

restrict the amount of fault current they contribute to 1.1–1.5 pu of the inverter’s

nominal current rating [2]. Due to the difficulty of distinguishing fault current from

overload current at this low fault current level, conventional protection schemes may

fail to identify such fault current [2, 3, 5, 21].
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• Each DER contributes to the fault current as a result of

its incorporation into microgrids. Thus, the magnitude of the fault current will be

dispersed and reduced throughout the microgrid. This reduces the speed and sensitivity

of the upstream protection devices [3, 22].

• Sympathetic tripping occurs when a protective relay

responds to a fault outside of its protection zone. This unintended tripping results

in an outage of the unfaulty zones [3, 22].

One of the earliest microgrid protection schemes [20] was proposed by Nikkhajoei and

Lasseter. This protection scheme is based on symmetrical components and residual current

measurements. To detect faults in this scheme, a differential current equal to the sum

of the three phase currents and the neutral current is utilized. This approach is capable

of detecting asymmetrical faults located upstream of the protected zone. Additionally,

this design includes two backup protections: I2t protection as the primary backup and

under-voltage protection as the secondary backup.

Numerous microgrid protection schemes have been proposed recently [5, 22, 23, 24, 25].

These protection schemes are categorized in the literature according to their core concepts.

Microgrid protection schemes may be classified into four broad categories: adaptive,

differential, traveling wave, and other protection schemes [22].

• The adaptive protection schemes

automatically adjust the relay setting based on the microgrid status. Off-line adaptive

protection [26, 27, 28] and on-line adaptive protection [29, 30] are two main categories

of adaptive protection schemes. Off-line adaptive protection stores microgrid data and
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relay settings for each operation scenario. While in the online adaptive protection, the

relay setting is dynamically adjusted in response to real-time system data.

• Differential protection is a frequently

utilized approach for microgrid protection. Current differential protection is unaffected

by variations in fault current, bidirectional current flow, the state of DERs, or changes

in system configuration [22]. Numerous differential protection systems can be found in

the literature [31, 32, 33]. The differential protection schemes are extremely fast,

selective, and sensitive. On the other hand, the key drawback of this protective

approach is its enormous expense. E. Sortomme et al. presented a differential zone

protection scheme to lower the cost of differential protection [34]. In this scheme, the

microgrid is divided into small protective zones. The total of all entering current and

outgoing current should be zero in each protective zone. The differential current in

each protective zone is defined as the total of all incoming and outgoing currents. The

protection zones are selected using a genetic algorithm that minimizes the cost of the

protection devices and the cost of customer interruption over a ten-year period. In

this scheme, each protective zone is assumed to have a generation and load balance.

While this technique works well when the microgrid is connected to the grid, it does

not ensure the continuous functioning of an islanded microgrid.

• The traveling wave approach has been

widely employed in high voltage transmission systems, particularly in HVDC systems,

for fault detection. However, due to limiting issues such as high sampling frequency,

noise disruption, and so on [35], it is rarely employed to protect microgrids. In [36], A

fault detection technique based on traveling waves is developed for inverter-dominated

microgrids. Improved mathematical morphology (MM) is used in this paper to capture

the polarity of an initial current traveling wave.
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• Other protection schemes such as voltage-based

protection, total harmonic distortion THD-based protection, and phasor-based

protection are present in the literature. [37] proposes a voltage-based protection scheme

that detects faults by monitoring voltage disturbances in the q-axis. [38] describes

a protection scheme based on total harmonic distortion THD. By monitoring the

voltage at the fundamental frequency and THD of each phase, the type and location

of the fault can be determined using this approach. [39] proposes a phasor-based

protection scheme. The fault is identified in this technique by analyzing the fault

current’s symmetrical components and the phase differences between the main and

branch feeders.

The literature has a few differential zone protection schemes. One of the best known

differential zone protection schemes was devised by Sortomme et al.[34]. A genetic algorithm

is utilized in this scheme to reduce the cost of the protection system. While this is an

innovative and exciting solution, it cannot guarantee the entire operation of microgrids in

islanded mode since it does not ensure that each protection zone has an adequate generation

and load balance.

This thesis proposes a new differential zone protection scheme using a graph partitioning

algorithm. By utilizing the graph partitioning algorithm in [40], the microgrid will

be split into different protective zones. This graph partitioning algorithm balances

the generation-to-load ratio in each protection zone to the maximum extent possible.

Additionally, the proposed protection scheme ensures that each protection zone has an

acceptable generation and load balance. Only the affected zone will be isolated during
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faults; the remaining zones will function as a single large zone with appropriate generation

and load balance.

The remaining of this thesis is composed of the following: Chapter 2 presents the proposed

protection scheme. Chapter 3 illustrates the proposed protection scheme simulation.

Chapter 4 compares the proposed differential zone protection scheme with the differential

zone protection scheme in [34]. Finally, Chapter 5 contains the conclusion and suggestions

for further research.



The differential protection scheme is based on the differential comparison concept, which

is among the most sensitive and effective techniques for protecting the power system from

internal faults [19]. Differential protection is a simple and straightforward process. For

instance, differential current protection compares the currents entering and exiting the

equipment. The two currents are equal in normal operation, and the difference between

them should be zero; nevertheless, in abnormal conditions, particularly when a fault occurs

between the two terminals, the difference between the two currents will not be zero. If the

differential current exceeds the threshold limits in this instance, the protective device (relay)

will detect the fault and isolate the equipment or protected devices.

The differential current protection principle is illustrated in Figure 2.1. Under normal

circumstances, the current entering the equipment should equal the current leaving it; in

this example, the entering current is I1, and the leaving current is I2. Current transformers

are used to reduce the power current to an acceptable level for the protective relays, which

are typically between 1A and 5A, depending on the relay’s specifications. The dot convention

in the CT is meant to create an opposition between the two currents. While the differential

current idiff = i1 � i2 is zero during normal operation, it is not zero during fault incidence.

The differential current flows through the relay coil, and then a trip signal is delivered to

9
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�m�b�2�/ �K�2�i�?�Q�/ �7�Q�` �K�B�+�`�Q�;�`�B�/ �T�`�Q�i�2�+�i�B�Q�M�X �.�2�r���/���b�� �2�i ���H�X�(�j�k�) �T�`�Q�T�Q�b�2�/ �/�B�7�7�2�`�2�M�i�B���H �`�2�H���v�@�#���b�2�/

�T�`�Q�i�2�+�i�B�Q�M �K�2�i�?�Q�/�b �7�Q�` �K�B�+�`�Q�;�`�B�/�b�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �a�Q�`�i�Q�K�K�2 �2�i ���H�X�(�j�R�) �/�2�p�2�H�Q�T�2�/ ��

�/�B�7�7�2�`�2�M�i�B���H �T�`�Q�i�2�+�i�B�Q�M �b�+�?�2�K�2 �r�B�i�? �/�B�;�B�i���H �`�2�H���v�b ���M�/ �� �+�Q�K�K�m�M�B�+���i�B�Q�M �M�2�i�r�Q�`�F �i�?���i �m�i�B�H�B�x�2�b

�+�m�`�`�2�M�i �/�B�7�7�2�`�2�M�i�B���H �T�`�Q�i�2�+�i�B�Q�M ���b �i�?�2 �T�`�B�K���`�v �T�`�Q�i�2�+�i�B�Q�M�X ���/�/�B�i�B�Q�M���H�H�v�- �l�b�i�m�M �2�i ���H�X�(�j�j�)

�T�`�Q�T�Q�b�2�/ �� �+�Q�K�K�m�M�B�+���i�B�Q�M�@���b�b�B�b�i�2�/ �/�B�7�7�2�`�2�M�i�B���H �+�m�`�`�2�M�i �T�`�Q�i�2�+�i�B�Q�M �b�v�b�i�2�K�X �h�?�2 �T�`�B�K���`�v

�/�Q�r�M�b�B�/�2 �Q�7 �+�m�`�`�2�M�i �/�B�7�7�2�`�2�M�i�B���H �T�`�Q�i�2�+�i�B�Q�M �B�b �B�i�b �?�B�;�? �+�Q�b�i�c �i�?�B�b �b�+�?�2�K�2 �/�2�K���M�/�b �i�?���i ��

�`�2�H���v �#�2 �B�M�b�i���H�H�2�/ ���i �2���+�? �2�M�/ �Q�7 �i�?�2 �K�B�+�`�Q�;�`�B�/ �H�B�M�2 �b�2�;�K�2�M�i�b�X �h�Q �K���t�B�K�B�x�2 �i�?�2 �#�2�M�2�7�B�i�b �Q�7

�i�?�B�b �T�`�Q�i�2�+�i�B�Q�M �b�i�`���i�2�;�v �r�?�B�H�2 �`�2�/�m�+�B�M�; �i�?�2 �2�t�T�2�M�b�2�- �M�2�r �B�K�T�`�Q�p�2�/ �/�B�7�7�2�`�2�M�i�B���H �T�`�Q�i�2�+�i�B�Q�M �B�b

�`�2�[�m�B�`�2�/�X



�l�Y�l�Y �/�Ô�Å�Å�¶���¶�é���Ô�ž�ã �x�ñ�é�¶ �T���ñ���¶�«���Ô�ñ�é �R�R

�k�X�k �.�B�7�7�2�`�2�M�i�B���H �w�Q�M�2 �S�`�Q�i�2�+�i�B�Q�M

���b �/�B�b�+�m�b�b�2�/ �T�`�2�p�B�Q�m�b�H�v�- �/�B�7�7�2�`�2�M�i�B���H �+�m�`�`�2�M�i �T�`�Q�i�2�+�i�B�Q�M �B�b �#���b�2�/ �Q�M �i�?�2 �+�Q�K�T���`�B�b�Q�M �Q�7 �i�r�Q

�+�m�`�`�2�M�i�b�X �h�?�B�b ���T�T�`�Q���+�? �+�Q�m�H�/ �#�2 �2�t�i�2�M�/�2�/ �i�Q �+�Q�K�T���`�2 �b�2�p�2�`���H �+�m�`�`�2�M�i�b �B�7 �i�?�2�B�` �b�m�K�K�B�M�;

�2�[�m���H�b �x�2�`�Q�X �*�Q�M�b�B�/�2�` �i�?�2 �A�1�1�1 �N�@�M�Q�/�2 �M�2�i�r�Q�`�F �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2�k�X�k�X

�6�B�;�m�`�2 �k�X�k�, �A�1�1�1 �N�@�M�Q�/�2 �M�2�i�r�Q�`�F�X

�h�?�2 �A�1�1�1 �N�@�M�Q�/�2 �M�2�i�r�Q�`�F �+���M �#�2 �b�B�K�T�H�B�7�B�2�/ �i�Q �� �e�@�M�Q�/�2 �M�2�i�r�Q�`�F �#�v �2�H�B�K�B�M���i�B�M�; �#�m�b�2�b �R�-

�k�- ���M�/ �j�X �.�m�2 �i�Q �i�?�2 �7���+�i �i�?���i �i�?�B�b �T�`�Q�i�2�+�i�B�Q�M �b�v�b�i�2�K �`�2�[�m�B�`�2�b �D�m�b�i �i�?�2 �K�2���b�m�`�2�K�2�M�i �Q�7

�i�?�2 �M�2�i�r�Q�`�F�ö�b �B�M�T�m�i ���M�/ �Q�m�i�T�m�i �+�m�`�`�2�M�i�b�- �i�?�2 �i�`���M�b�7�Q�`�K�2�` �b�2�+�Q�M�/���`�v �+�m�`�`�2�M�i�b ���`�2 �i�`�2���i�2�/ ���b

�;�2�M�2�`���i�Q�` �+�m�`�`�2�M�i�b�- �r�?�B�+�? �2�[�m���H �i�?�2 �M�2�i�r�Q�`�F�ö�b �B�M�T�m�i �+�m�`�`�2�M�i�X �h�?�2 �b�B�K�T�H�B�7�B�2�/ �e�@�M�Q�/�2 �M�2�i�r�Q�`�F



�R�k �+�Ñ�ž�ÿ���¶�� �l�Y �T���ñ�ÿ�ñ���¶�² �T���ñ���¶�«���Ô�ñ�é �b�«�Ñ�¶�è�¶

�/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2�k�X�j�B�b ���M �B�H�H�m�b�i�`���i�B�Q�M�X

�6�B�;�m�`�2 �k�X�j�, �a�B�K�T�H�B�7�B�2�/ �e�@�M�Q�/�2 �L�2�i�r�Q�`�F�X

�h�?�`�2�2 �;�2�M�2�`���i�Q�`�b �b�m�T�T�H�v �T�Q�r�2�` �i�Q �i�?�2 �M�2�i�r�Q�`�F�- ���M�/ �i�?�`�2�2 �H�Q���/�b �+�Q�M�b�m�K�2 �B�i�X �h�?�2 �i�?�`�2�2

�;�2�M�2�`���i�Q�`�b�ö �+�m�`�`�2�M�i�b ���`�2 �/�2�M�Q�i�2�/ �#�v �i�?�2I G1; I G2; ���M�/I G3�- �r�?�2�`�2���bI L 1; I L 2; ���M�/I L 3 �/�2�M�Q�i�2

�i�?�2 �i�?�`�2�2 �H�Q���/�b�ö �+�m�`�`�2�M�i�b�X �A�M �� �M�Q�`�K���H �T�Q�r�2�` �b�v�b�i�2�K �Q�T�2�`���i�B�M�; �+�Q�M�/�B�i�B�Q�M�- �i�?�2 �b�m�K �Q�7 �i�?�2

�;�2�M�2�`���i�Q�`�b�ö �+�m�`�`�2�M�i�b �7�H�Q�r�B�M�; �i�?�`�Q�m�;�? �i�?�2 �M�2�i�r�Q�`�F �b�?�Q�m�H�/ �K���i�+�? �i�?�2 �b�m�K �Q�7 �i�?�2 �H�Q���/�b�ö �+�m�`�`�2�M�i�b�X



�l�Y�k�Y �;���ž�ÿ�Ñ �T�ž�����Ô���Ô�ñ�é�Ô�é�Ì ���ã�Ì�ñ���Ô���Ñ�è �R�j

�q�?�B�H�2 �i�?�2 �K���D�Q�`�B�i�v �Q�7 �K�B�+�`�Q�;�`�B�/ ���T�T�H�B�+���i�B�Q�M�b �Q�+�+�m�` �B�M �/�B�b�i�`�B�#�m�i�B�Q�M �M�2�i�r�Q�`�F�b�- �+���T���+�B�i�B�p�2

�H�2���F���;�2 �+�m�`�`�2�M�i �B�b �i�?�Q�m�;�?�i �i�Q �#�2 �M�2�;�H�B�;�B�#�H�2�X �h�?�2 �/�B�7�7�2�`�2�M�i�B���H �+�m�`�`�2�M�iI dif f �Q�7 �i�?�2 �`�2�H���v �b�?�Q�m�H�/

�#�2 �2�[�m���H �i�QI dif f =
P

I G �
P

I L �B�M �i�?�B�b �b�+�2�M���`�B�Q�X �h�?�2 �/�B�7�7�2�`�2�M�i�B���H �+�m�`�`�2�M�i �b�?�Q�m�H�/ �#�2 �x�2�`�Q

�/�m�`�B�M�; �M�Q�`�K���H �Q�T�2�`���i�B�Q�M�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �B�7 ���M�v �7���B�H�m�`�2�b �Q�+�+�m�` �B�M �i�?�2 �M�2�i�r�Q�`�F�- �i�?�2

�/�B�7�7�2�`�2�M�i�B���H �+�m�`�`�2�M�i �r�B�H�H �2�t�+�2�2�/ �x�2�`�Q�X

�h�?�2 �/�B�7�7�2�`�2�M�i�B���H �x�Q�M�2 �T�`�Q�i�2�+�i�B�Q�M �b�+�?�2�K�2 �M�2�+�2�b�b�B�i���i�2�b �i�?�2 �B�M�b�i���H�H���i�B�Q�M �Q�7 �� �T�`�Q�i�2�+�i�B�p�2 �`�2�H���v ���i

�2���+�? �M�2�i�r�Q�`�F �b�Q�m�`�+�2 ���M�/ �H�Q���/�X ���b �2�t�T�H���B�M�2�/ �H���i�2�` �B�M �i�?�B�b �+�?���T�i�2�`�- �i�?�2 �H�Q���/ �`�2�H���v�b �+�Q�m�H�/ �#�2

�`�2�T�H���+�2�/ �#�v �b�K���`�i �+�m�`�`�2�M�i �b�2�M�b�Q�`�b �+���T���#�H�2 �Q�7 �K�2���b�m�`�B�M�; �+�m�`�`�2�M�i �T�?���b�Q�`�b�X �h�?�2 �`�2���b�Q�M �7�Q�`

�`�2�T�H���+�B�M�; �H�Q���/ �`�2�H���v�b �r�B�i�? �b�K���`�i �+�m�`�`�2�M�i �b�2�M�b�Q�`�b �B�b �i�?���i �+�m�`�`�2�M�i �B�M�i�2�`�`�m�T�i�B�Q�M ���i �i�?�2 �H�Q���/ �B�b

�M�Q�i �2�b�b�2�M�i�B���H �i�Q �B�b�Q�H���i�2 �i�?�2 �M�2�i�r�Q�`�F�X �h�?�2 �i�?�`�2�2 �`�2�H���v�b �H�Q�+���i�2�/ ���i �2���+�? �b�Q�m�`�+�2 �2�M�/ �r�B�H�H �T�`�Q�?�B�#�B�i

�i�?�2 �b�Q�m�`�+�2�b �7�`�Q�K �b�m�T�T�H�v�B�M�; ���M�v �T�Q�r�2�` �i�Q �i�?�2 �M�2�i�r�Q�`�F�- �i�?�m�b �B�b�Q�H���i�B�M�; �B�i�X

�k�X�j �:�`���T�? �S���`�i�B�i�B�Q�M�B�M�; ���H�;�Q�`�B�i�?�K

�1�H�2�+�i�`�B�+ �T�Q�r�2�` �M�2�i�r�Q�`�F�b �K���v �#�2 �`�2�T�`�2�b�2�M�i�2�/ �m�b�B�M�; �;�`���T�? �i�?�2�Q�`�v�X ���M�v �M�2�i�r�Q�`�F �+���M �#�2

�2�t�T�`�2�b�b�2�/ �B�M �;�`���T�? �i�?�2�Q�`�v �#�v �� �;�`���T�?G�- �r�?�B�+�? �+�Q�M�b�B�b�i�b �Q�7 �� �T���B�` �Q�7 �p�2�`�i�B�+�2�b �b�2�iV ���M�/

�2�/�;�2�b �b�2�iE �X ���M�v �2�H�2�+�i�`�B�+ �M�2�i�r�Q�`�F �+���M �#�2 �`�2�T�`�2�b�2�M�i�2�/ �B�M �T�Q�r�2�` �b�v�b�i�2�K ���T�T�H�B�+���i�B�Q�M�b �#�v ���M

�m�M�/�B�`�2�+�i�2�/ �2�/�;�2�@�r�2�B�;�?�i�2�/ �;�`���T�?G = ( V; E)�- �r�?�2�`�2auv �B�b �i�?�2 �2�/�;�2 �r�2�B�;�?�i ���b�b�B�;�M�2�/ �i�Q �2���+�?

�T���B�` �Q�7 �p�2�`�i�B�+�2�b(u; v)�X

�h�?�2 ���/�D���+�2�M�+�v �K���i�`�B�t�- �i�?�2 �/�2�;�`�2�2 �K���i�`�B�t�- ���M�/ �i�?�2 �G���T�H���+�B���M �K���i�`�B�t ���H�H �+�?���`���+�i�2�`�B�x�2 �i�?�2 �;�`���T�?

�: ���H�;�2�#�`���B�+���H�H�v�X �h�?�2 ���/�D���+�2�M�+�v �K���i�`�B�tA �B�b �� �K���i�`�B�t �+�Q�M�i���B�M�B�M�; �i�?�2 �;�`���T�?G�ö�b �2�/�;�2�@�r�2�B�;�?�i

�2�H�2�K�2�M�i�- �r�?�2�`�2A = [ auv ]�X �h�?�2 �/�2�;�`�2�2 �K���i�`�B�tD �B�b �� �/�B���;�Q�M���H �K���i�`�B�t �+�Q�M�i���B�M�B�M�; �i�?�2 �/�2�;�`�2�2

�Q�7 �2���+�? �p�2�`�i�2�t�- �/�2�M�Q�i�2�/ �#�v �i�?�2 �b�v�K�#�Q�Hdvv �X�h�?�2 �p�2�`�i�2�t �/�2�;�`�2�2 �B�b �2�[�m���H �i�Q �i�?�2 �M�m�K�#�2�` �Q�7 �2�/�;�2�b

�i�?���i �+�Q�M�M�2�+�i�2�/ �i�Q �i�?�2 �p�2�`�i�2�tv�X �h�?�2 �G���T�H���+�B���M �K���i�`�B�tQ �B�b �+���H�+�m�H���i�2�/ �#�v �b�m�#�i�`���+�i�B�M�; �i�?�2



�R�9 �+�Ñ�ž�ÿ���¶�� �l�Y �T���ñ�ÿ�ñ���¶�² �T���ñ���¶�«���Ô�ñ�é �b�«�Ñ�¶�è�¶

���/�D���+�2�M�+�v �K���i�`�B�tA �7�`�Q�K �i�?�2 �/�2�;�`�2�2 �K���i�`�B�tD �- ���b �B�M�/�B�+���i�2�/ �B�M�k�X�R�X

Q = D � A �U�k�X�R�V

�h�?�2 �G���T�H���+�B���M �K���i�`�B�t �B�b �/�2�7�B�M�2�/ �B�M �/�2�i���B�H �B�M �(�9�k�)�X

�:�`���T�? �T���`�i�B�i�B�Q�M�B�M�; �i�2�+�?�M�B�[�m�2�b �?���p�2 �#�2�2�M �m�b�2�/ �7�Q�` ���T�T�H�B�+���i�B�Q�M�b �B�M �2�H�2�+�i�`�B�+ �T�Q�r�2�` �b�v�b�i�2�K�b�X �A�M

�(�9�y�-�9�j�-�9�9�-�9�8�)�- �i�?�2 �2�H�2�+�i�`�B�+ �M�2�i�r�Q�`�F �B�b �`�2�+�Q�M�7�B�;�m�`�2�/ �7�Q�H�H�Q�r�B�M�; �b�B�;�M�B�7�B�+���M�i �/�B�b�i�m�`�#���M�+�2�b �m�b�B�M�;

�;�`���T�? �T���`�i�B�i�B�Q�M�B�M�; ���T�T�`�Q���+�?�2�b�X ���M�Q�i�?�2�` �m�b�2 �Q�7 �;�`���T�? �T���`�i�B�i�B�Q�M�B�M�; �i�2�+�?�M�B�[�m�2�b �B�b �Q�T�i�B�K���H

�K�B�+�`�Q�;�`�B�/ �i�Q�T�Q�H�Q�;�v �T�H���M�M�B�M�; �U�J�h�S�V �(�9�e�-�9�d�)�X

�h�?�2 �B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7 �i�?�2 �/�B�7�7�2�`�2�M�i�B���H �x�Q�M�2 �T�`�Q�i�2�+�i�B�Q�M �b�+�?�2�K�2 �`�2�[�m�B�`�2�b �i�?���i �2�H�2�+�i�`�B�+ �M�2�i�r�Q�`�F

�i�Q �#�2 �/�B�p�B�/�2�/ �B�M�i�Q �b�K���H�H �T�`�Q�i�2�+�i�B�Q�M �x�Q�M�2�b�X �� �;�`���T�? �T���`�i�B�i�B�Q�M�B�M�; ���T�T�`�Q���+�? �B�b ���M �2�7�7�2�+�i�B�p�2

�K�2�i�?�Q�/ �7�Q�` �/�B�p�B�/�B�M�; ���M �2�H�2�+�i�`�B�+ �M�2�i�r�Q�`�F�X �G�B �2�i ���H�X�(�9�y�) �/�2�p�2�H�Q�T�2�/ �� �;�`���T�? �T���`�i�B�i�B�Q�M�B�M�;

���H�;�Q�`�B�i�?�K �7�Q�` �b�T�H�B�i�i�B�M�; �i�?�2 �2�H�2�+�i�`�B�+ �;�`�B�/ �B�M�i�QK �B�b�H���M�/�b �B�M �Q�`�/�2�` �i�Q �K�B�M�B�K�B�x�2 �;�2�M�2�`���i�B�Q�M ���M�/

�H�Q���/ �B�K�#���H���M�+�2�X �h�?�2 �2�H�2�+�i�`�B�+ �M�2�i�r�Q�`�F �B�b �i�`���M�b�7�Q�`�K�2�/ �B�M�i�Q �� �;�`���T�?G �m�b�B�M�; �i�?�B�b ���T�T�`�Q���+�?�c

�i�?�2 �M�2�i�r�Q�`�F �M�Q�/�2�b �b�2�`�p�2 ���b �i�?�2 �;�`���T�?G�ö�b �p�2�`�i�B�+�2�bV�- �r�?�B�H�2 �i�?�2 �H�B�M�2�b �+�Q�M�M�2�+�i�B�M�; �i�?�2 �M�Q�/�2�b

�b�2�`�p�2 ���b �i�?�2 �;�`���T�?G�ö�b �2�/�;�2�bE�X �h�?�B�b �;�`���T�? �B�b ���M �m�M�/�B�`�2�+�i�2�/ �2�/�;�2�@�r�2�B�;�?�i�2�/ �;�`���T�?�- �r�B�i�? �i�?�2

�2�/�;�2�@�r�2�B�;�?�iauv �2�[�m���H �i�Q �i�?�2 ���#�b�Q�H�m�i�2 �p���H�m�2 �Q�7 �i�?�2 �`�2���H �T�Q�r�2�` �7�H�Q�r �B�M �i�?�2 �H�B�M�2�b�X

�A�M �i�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�2�+�i�B�Q�M �b�+�?�2�K�2�- �i�?�2 �;�`���T�? �T���`�i�B�i�B�Q�M�B�M�; ���H�;�Q�`�B�i�?�K �/�2�b�+�`�B�#�2�/ �B�M �(�9�y�) �r�B�H�H

�#�2 �m�i�B�H�B�x�2�/ �i�Q �b�2�;�K�2�M�i �i�?�2 �K�B�+�`�Q�;�`�B�/ �B�M�i�Q �b�K���H�H �T�`�Q�i�2�+�i�B�Q�M �x�Q�M�2�b�X �h�?�B�b ���H�;�Q�`�B�i�?�K �7�Q�` �;�`���T�?

�T���`�i�B�i�B�Q�M�B�M�; �+�Q�M�b�B�b�i�b �Q�7 �7�B�p�2 �b�i�2�T�b�- �r�?�B�+�? ���`�2 �/�2�i���B�H�2�/ �#�2�H�Q�r�,

�a�i�2�T �R�,�*�Q�M�p�2�`�i �i�?�2 �2�H�2�+�i�`�B�+ �M�2�i�r�Q�`�F �i�Q ���M �2�/�;�2�@�r�2�B�;�?�i�2�/ �;�`���T�?G�X

�h�?�2 �2�H�2�+�i�`�B�+ �M�2�i�r�Q�`�F�ö�b �T�Q�r�2�` �7�H�Q�r �r�B�H�H �#�2 �+�Q�K�T�m�i�2�/ �B�M �i�?�B�b �b�i�2�T�X �h�?�2 �2�H�2�+�i�`�B�+���H �M�2�i�r�Q�`�F

�B�b �i�?�2�M �i�`���M�b�7�Q�`�K�2�/ �B�M�i�Q ���M �2�/�;�2�@�r�2�B�;�?�i�2�/ �;�`���T�?G�X �1���+�? �#�m�b �B�M �i�?�2 �2�H�2�+�i�`�B�+ �M�2�i�r�Q�`�F

�B�b �`�2�T�`�2�b�2�M�i�2�/ �#�v �� �p�2�`�i�2�tV �B�M �i�?�2 �;�`���T�?G�- ���M�/ �2���+�? �i�`���M�b�K�B�b�b�B�Q�M �H�B�M�2 �B�M �i�?�2 �2�H�2�+�i�`�B�+
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�M�2�i�r�Q�`�F�ö�b �b�B�M�;�H�2 �H�B�M�2 �/�B���;�`���K �B�b �/�2�M�Q�i�2�/ �#�v ���M �2�/�;�2E �B�M �i�?�2 �;�`���T�?G�X �1���+�? �2�/�;�2 �B�M

�i�?�2 �;�`���T�? �: �B�b ���b�b�B�;�M�2�/ �� �r�2�B�;�?�i �#���b�2�/ �Q�M �i�?�2 ���#�b�Q�H�m�i�2 �p���H�m�2 �Q�7 �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �H�B�M�2�ö�b

�`�2���H �T�Q�r�2�` �7�H�Q�r�X

�a�i�2�T �k�,�*�Q�K�T�m�i�2 �i�?�2 �G���T�H���+�B���M �K���i�`�B�tQ ���M�/ �B�i�b �2�B�;�2�M�p���H�m�2�b ���M�/ �i�?�2�B�`

�+�Q�`�`�2�b�T�Q�M�/�B�M�; �2�B�;�2�M�p�2�+�i�Q�`�b�X

�h�Q �+�Q�K�T�m�i�2 �i�?�2 �G���T�H���+�B���M �K���i�`�B�tQ�- �i�?�2 ���/�D���+�2�M�+�v �K���i�`�B�tA ���M�/ �i�?�2 �/�2�;�`�2�2 �K���i�`�B�t

D �K�m�b�i �#�2 �/�2�i�2�`�K�B�M�2�/�X ���b �r�B�i�? �2�[�m���i�B�Q�M�k�X�R�- �i�?�2 �G���T�H���+�B���M �K���i�`�B�t �B�b �Q�#�i���B�M�2�/ �#�v

�b�m�#�i�`���+�i�B�M�; �i�?�2 ���/�D���+�2�M�+�v �K���i�`�B�tA �7�`�Q�K �i�?�2 �/�2�;�`�2�2 �K���i�`�B�tD �X �h�?�2�M�- �i�?�2 �2�B�;�2�M�p���H�m�2�b

���M�/ �i�?�2�B�` �+�Q�`�`�2�b�T�Q�M�/�B�M�; �2�B�;�2�M�p�2�+�i�Q�`�b �Q�7 �i�?�2 �G���T�H���+�B���M �K���i�`�B�t �Z �r�B�H�H �#�2 �+���H�+�m�H���i�2�/�X

�h�?�2�`�2�7�Q�`�2�- �i�?�2 �H�Q�r�2�b�i �2�B�;�2�M�p���H�m�2�b[� 1; � 2; :::; � k ] ���M�/ �i�?�2�B�` �+�Q�`�`�2�b�T�Q�M�/�B�M�; �2�B�;�2�M�p�2�+�i�Q�`�b

[x1; x2; :::; xk ] �r�B�H�H �#�2 �B�/�2�M�i�B�7�B�2�/�X

�a�i�2�T �j�,�*�Q�M�b�i�`�m�+�i �i�?�2 �T���`�i�B�i�B�Q�M �p�2�+�i�Q�` �7�`�Q�K �i�?�2 �7�B�`�b�ik �2�B�;�2�M�p�2�+�i�Q�`�b �Q�7 �i�?�2 �G���T�H���+�B���M

�K���i�`�B�tQ�X

�h�?�2 �`���i�B�Q�2�/ ���b�b�B�;�M�K�2�M�i �K���i�`�B�tX = [ x1; x2; :::; xk ] �B�b �7�Q�`�K�2�/ �#�v �i�?�2 �7�B�`�b�ik �2�B�;�2�M�p�2�+�i�Q�`�b�X

�h�?�2 �T���`�i�B�i�B�Q�M �K���i�`�B�tbP �+���M �#�2 �`�2�+�Q�p�2�`�2�/ �7�`�Q�K �� �T�`�Q�D�2�+�i�2�` �Q�7XX T �7�Q�`�K�2�/ �#�v �i�?�2

�2�B�;�2�M�p�2�+�i�Q�`�b ���7�i�2�` �M�Q�`�K���H�B�x���i�B�Q�M ���b �B�M�/�B�+���i�2�/ �B�M �1�[�k�X�k�X

bP = N (X )XX T N (X ) �U�k�X�k�V

�r�?�2�`�2�-

N (X ) �B�b �� �/�B���;�Q�M���H �K���i�`�B�t �r�B�i�?nii = 1/
q P k

h=1 x02
ih �X

X T = [ x0
1; x0

2; :::; x0
k ]

nii �B�b �i�?�2 �`�2�+�B�T�`�Q�+���H �Q�7 �i�?�2 �M�Q�`�K �Q�7 �`�Q�r �B �Q�7 �s�X



�R�e �+�Ñ�ž�ÿ���¶�� �l�Y �T���ñ�ÿ�ñ���¶�² �T���ñ���¶�«���Ô�ñ�é �b�«�Ñ�¶�è�¶

���M�Q�i�?�2�` ���T�T�`�Q���+�? �B�M �/�2�i�2�`�K�B�M�B�M�; �i�?�2 �T���`�i�B�i�B�Q�M�B�M�; �K���i�`�B�t �B�b �B�M�/�B�+���i�2�/ �B�M �1�[�k�X�j�X

bPij = x0T
i x0

j /
�
kx0

i k



 x0

j




 �

�U�k�X�j�V

bPij �B�b �i�?�2 �+�Q�b�B�M�2 �Q�7 �i�?�2 ���M�;�H�2 �#�2�i�r�2�2�M �i�?�2 �i�r�Q �`�Q�r �p�2�+�i�Q�`�bi �- ���M�/j �Q�7X �X

�a�i�2�T �9�,�a�2�H�2�+�ik �p�2�`�i�B�+�2�b �i�Q �b�2�`�p�2 ���b �i�?�2k �b�2�2�/�b �Q�7 �i�?�2 �T���`�i�B�i�B�Q�M�2�/ ���`�2���b�X

�G�2�iSeeds= fg �#�2 �� �b�2�i �Q�7 �i�?�2 �b�2�2�/ �p�2�`�i�B�+�2�b �Q�7 �i�?�2 �T���`�i�B�i�B�Q�M�2�/ ���`�2���b�X

�Ç �6�B�`�b�i�, �+�?�Q�Q�b�2 ���M�v �p�2�`�i�2�t �B�M �i�?�2 �;�`���T�? ���b �i�?�2 �7�B�`�b�i �b�2�2�/�X

�i�?�2�MSeeds= f S1g

�Ç �a�2�+�Q�M�/�, �7�B�M�/ �� �M�2�r �p�2�`�i�2�tv �r�?�B�+�? �b���i�B�b�7�B�2�bf maxcos(v; S1)g �B�b �K�B�M�B�K�B�x�2�/�X

�Ç �h�?�B�`�/�, �b�i�Q�`�2 �i�?�2 �M�2�r �b�2�2�/ �B�M�i�Q �i�?�2 �p�2�+�i�Q�` �b�2�2�/�b�X

Seeds= f Seedsg [ f vg

�Ç �6�B�M���H�H�v�, �B�M �i�?�2 �2�M�/ �i�?�2k �b�2�2�/�b ���`�2 �b�2�H�2�+�i�2�/�X �h�?�2 �p�2�+�i�Q�` �b�2�2�/�b �#�2�+�Q�K�2�b

Seeds= f S1; S2; :::; Skg

�a�i�2�T �8�,�*�H���b�b�B�7�v �i�?�2 �`�2�K���B�M�B�M�;n � k �p�2�`�i�B�+�2�b �B�M�i�Q �i�?�2k ���`�2���b ���M�/ �Q�#�i���B�M �i�?�2k

�T���`�i�B�i�B�Q�M�X

�a�2���`�+�? �i�?�2 �`�2�K���B�M�B�M�; �p�2�`�i�B�+�2�b �i�Q �+�H���b�b�B�7�v �i�?�2�K �B�M�i�Q �i�?�2 �F �T���`�i�B�i�B�Q�M�2�/ ���`�2���b�X �h�?�B�b �b�2���`�+�?

�+���M �#�2 ���+�+�Q�K�T�H�B�b�?�2�/ �#�v �7�B�M�/�B�M�; �i�?�2 �b�2�2�/�bSj ; 1 � j � k �i�?���i �?���p�2 �i�?�2 �b�?�Q�`�i�2�b�i �/�B�b�i���M�+�2

�i�Q �i�?�2 �p�2�`�i�2�tvi ; 1 � i � n � k�X

�h�?�B�b �b�2���`�+�? �+���M �#�2 �/�Q�M�2 �m�b�B�M�; �i�?�2 �7�Q�H�H�Q�r�B�M�; �K�2�i�?�Q�/�,

for i = 1 to (n � k)

�7�B�M�/ �i�?�2 �B�M�/�2�tj �r�?�B�+�?s:t cos(Sj ; vi ) �B�b �K���t�B�K�B�x�2�/�X

�G�2�iP = f A1; A2; :::; Akg�B�b �i�?�2 ���`�2�� �b�2�i�X

�h�?�2�MA j = A j [ f vi g
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�L�Q�r�- �i�?�2k�@�r���v �T���`�i�B�i�B�Q�M�b �m�b�2�/ �i�Q �b�2�T���`���i�2 �i�?�2 �2�H�2�+�i�`�B�+ �T�Q�r�2�` �M�2�i�r�Q�`�F �B�M�i�Q ���`�2���b �r�B�i�? �i�?�2

�Q�#�D�2�+�i�B�p�2 �Q�7 �K�B�M�B�K�B�x�B�M�; �i�?�2 �;�2�M�2�`���i�B�Q�M ���M�/ �H�Q���/ �B�K�#���H���M�+�2 �B�M �2���+�? ���`�2�� �?���p�2 �#�2�2�M �Q�#�i���B�M�2�/�X

�k�X�9 �S�`�Q�T�Q�b�2�/ �S�`�Q�i�2�+�i�B�Q�M �a�+�?�2�K�2

�h�?�2 �/�B�7�7�2�`�2�M�i�B���H �x�Q�M�2 �T�`�Q�i�2�+�i�B�Q�M �b�+�?�2�K�2 �B�b �� �M�Q�p�2�H ���M�/ �+�`�2���i�B�p�2 ���T�T�`�Q���+�? �7�Q�` �K�B�+�`�Q�;�`�B�/

�T�`�Q�i�2�+�i�B�Q�M�X �J�B�+�`�Q�;�`�B�/�b �+�Q�m�H�/ �#�2 �b�2�;�K�2�M�i�2�/ �B�M�i�Q �B�b�H���M�/�b �U�T�`�Q�i�2�+�i�B�Q�M �x�Q�M�2�b�V�- �2���+�? �r�B�i�? �B�i�b

�Q�r�M �/�B�7�7�2�`�2�M�i�B���H �x�Q�M�2 �T�`�Q�i�2�+�i�B�Q�M �b�+�?�2�K�2�X �A�M �i�?�2 �H�B�i�2�`���i�m�`�2�- �i�?�2�`�2 ���`�2 �Q�M�H�v �� �7�2�r �/�B�7�7�2�`�2�M�i�B���H

�x�Q�M�2 �T�`�Q�i�2�+�i�B�Q�M �b�+�?�2�K�2�b �7�Q�` �K�B�+�`�Q�;�`�B�/�b�- �a�Q�`�i�Q�K�K�2 �2�i ���H�X�(�j�9�) �T�`�Q�T�Q�b�2�/ �� �/�B�7�7�2�`�2�M�i�B���H �x�Q�M�2

�T�`�Q�i�2�+�i�B�Q�M �b�+�?�2�K�2�X �A�M �i�?�B�b �T�`�Q�i�2�+�i�B�Q�M �b�+�?�2�K�2�- �� �;�2�M�2�i�B�+ ���H�;�Q�`�B�i�?�K �B�b �m�b�2�/ �i�Q �K�B�M�B�K�B�x�2 �i�?�2

�B�M�p�2�b�i�K�2�M�i �+�Q�b�i �Q�7 �i�?�2 �T�`�Q�i�2�+�i�B�Q�M �/�2�p�B�+�2�b ���M�/ �i�?�2 �+�Q�b�i �Q�7 �+�m�b�i�Q�K�2�` �B�M�i�2�`�`�m�T�i�B�Q�M �Q�p�2�` �� �i�2�M�@�v�2���`

�T�2�`�B�Q�/�X �6�Q�H�H�Q�r�B�M�; �Q�T�i�B�K�B�x���i�B�Q�M �Q�7 �`�2�H���v �T�H���+�2�K�2�M�i�- �i�?�2 �K�B�+�`�Q�;�`�B�/ �r�B�H�H �#�2 �T���`�i�B�i�B�Q�M�2�/ �B�M�i�Q

�x�Q�M�2�b �/�2�T�2�M�/�B�M�; �Q�M �`�2�H���v�b �H�Q�+���i�B�Q�M�b�X �a�X �a�X �o�2�M�F���i�� �K�Q�/�B�7�B�2�/ �i�?�2 �Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�#�H�2�K �B�M

�(�j�9�) ���M�/ �b�m�#�b�i�B�i�m�i�2�/ �+�m�`�`�2�M�i �K�2���b�m�`�2�K�2�M�i�b �7�Q�` �`�2���H �T�Q�r�2�` �K�2���b�m�`�2�K�2�M�i�b �(�8�)�X

�h�?�2 �T�`�2�p�B�Q�m�b �/�B�7�7�2�`�2�M�i�B���H �x�Q�M�2 �T�`�Q�i�2�+�i�B�Q�M �b�+�?�2�K�2 �+�Q�M�b�i�`�m�+�i�b �T�`�Q�i�2�+�i�B�Q�M �x�Q�M�2�b �i�?�`�Q�m�;�? �i�?�2
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