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Abstract. This paper focuses on searching the Hegibjects with more
attributes according to user preferences in the Arelironment. Attributes of
an object type are distributed on servers in aidddjve way, i.e. values of one
attribute are stored in only one remote serveheniternet. In our work, every
user can express his/her preferences for eachuéirby a fuzzy function and
mutual relations between the attributes by an aggren function. We use
client/server architecture and communication viabV@ervices. We deal with
the usage of Fagin’s NRA algorithm, which can fthé besk objects without
accessing all the objects. Because of support mingoobjects according to a
fuzzy function, an indexing method based on B+-feeeised in each remote
server. Moreover, each server is stateless, idep@ndent from any previous
request. Our solution is based on cache memorychwiiads objects from
remote servers in batches and thus reduces the ramoiu network
communication. In this paper we present a systenPRIET, which can
efficiently find the besk objects for various users with data on remoteessrv

1 Introduction

In today’s world, virtually any information is acsable trough the Internet and users
of different systems are trying to find descripsaof objects, such as laptops, jobs,
holidays, etc. The biggest disadvantage is thathallinformation is scattered trough
out various seemingly unrelated Internet locatidfw. better understanding, we can
use an example of choosing the best holiday destmaVhen choosing a holiday,
one must consider many variables, which may chédregpiently and can be located
on various remote servers, such as airline tickptee, weather forecast,
accommodation prices or distance from points arggt. When a user wishes to do a
more complex search, he/she is forced to accesy Bation separately and put the
obtained data together by himself/herself.

In most cases, these objects are of the same typbave several attributes. Each
object has different attribute values, which diffesm each other. According to the
values of these attributes, users are searchingobjects that best suit their
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2 Erik Hornéak, Mat(s Ondreka, Jaroslav Pokorny, and Peter Vojtas

preferences [8][7][5]. Each user prefers differatitibute values. In general, the user
is only looking for a few objects that are the bastording to his/her preferences.
Sometimes the user is looking for only one bestdbjor example, for a new job.

The problem of searching the bdstobjects according to values of different
attributes in the same time is indicated asoprk problem [10][1][4]. A trivial
solution of the top-k problem requires to load rallevant objects together with the
values of their attributes from remote serversevaluate every object’s rating by a
rating function, and finally to selektobjects with the highest rating.

In last few years, research of top-k problem s@vimas been progressing in
various domains such as relational databases N], p6], multimedia search [10] or
distributed systems [9].

In this paper, we assume that attributes of ancblype are distributed on servers
in a disjunctive way. In general, we suppose tliaha values of single attribute are
situated only on single remote server. We developesiem TOPKNET, which is
capable to access all of these servers from sioghgion and to find efficiently the
bestk objects according to user preferences based ary functions.

To the best of our knowledge, there are not mampjiegtions of top-k problem in
the Web environment. Authors of [9] describe KLEBEMework, which solves the
efficient processing of top-k queries in wide-ardstributed data repositories. The
framework tries to minimize a computational coshieh includes network latency
and local peer work. The KLEE framework uses apipnaxe algorithms and searches
for the besk documents but only according to an aggregdiioction.

In a survey [3] llyas et al. describe top-k querggessing techniques in relational
database systems. In our system TOPKNET, we useddel of user preferences
based on fuzzy functions with usage of B+-treest €nlution is original and it has
not been included in exhaustive llyas’s survey.

We focus on usage of Fagin’s NRA algorithm [1], ekhcan find the beétobjects
without searching all the objects according to aatone aggregatiofunction.

We focus on multi-user solution, where data is camrfor all users and each user
can express his/her preferences for each attribyte fuzzy function and mutual
relations between the attributes by an aggregdtimaction [8][7]. We apply this
model in combination with NRA algorithm. It is pdsie, when we use a method for
sorting objects according to a fuzzy function wiking a B+-tree. This method was
mentioned for the first time in our work [8] andedsin several related works, which
solve top-k problem for more users with usage oftidimensional B+-tree [5] or in
more complex tree-oriented data structures [2}hisiwork, we adapt this method for
needs of network communication [11].

Finally, we developed a TOPKNET system [11], whigltapable to minimize the
amount of network communication by using the catleenory, which loads the data
from remote servers in batches, and solves theanktatency problems.

The paper is organized as follows. Sections 2 ardbstribe a model of user
preferences and Fagin’s NRA algorithm. Section glars principles of the method
for sorting objects according to a fuzzy functiom. Section 5, we describe
client/server architecture of the TOPKNET systemct®ns 6 and 7 describe details
of the Server and Client parts. Section 8 preseat®xperiments. Finally, Section 9
includes conclusions and provides some suggedhioressfuture research.
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2 User preferences

Nowadays, in many search engines a user can oslyictethe values of some
attributes. The result of searching of these seangines can be empty set or a too
large set of objects. The motivation for searchingording user preferences is to find
a few besk objects for the user.

In this paper, we focus on searching Hesbjects with more attributes according
to the user preferences. We suppose a set of sb{ewsith m attributesA, ..., An.
Every objectx 0 X hasm valuesA(X), ...,An(X) of these attributes.

A user chooses his/her preferences, which determiitability of an objeck O X
in dependence on its values of attributes. In this work, we useating function R
(ranking function), which assigns a ratiR(x) for each objeck O X.

More formally, we suppose a rating functiBrwith m variablesa,, ..., a,, specified
by schemeR(ay, ..., an): dom(A;) x ... xdom(A,) — [0, 1], whereg; O dom(A;) for
eachi = 1, ...,m. We denote a rating of objegtas a functiorR(x) = R(Ay(X), ...,
An(X)) with one variable, whergy(X), ..., An(X) are values of attributes,, ..., A, of
the objectx, respectively. TheR(x) : X — [0, 1], maps every object O X into
interval [0, 1], where 0 means no preference antkéns the highest preference.

According to object ratings it is possible to sabjects fromX in descending order
and determine the bektobjects. In this work, we suppose that if there arore
objects with the same rating as the rating of testkth object, a random object is
chosen. We differentiate between local prefereaoesglobal preferences.

2.1 Local preferences

Local preferences reflect how the object is preferred according tuyoone
attribute. In this case, we express a local prefardori-th attributeA;, as a fuzzy
functionf;. Fuzzy functiorf; is understood as a mappirig dom(A;) — [0, 1], which
maps every value of actual attribé{edomain into [0, 1] interval.

Local preferences of the usdrfor the attributeg\y, ..., A, are represented by user
fuzzy functions denoted ds’(x), ..., fn>(X), respectively [8][2]. Then a user fuzzy
functionf’(x) : X — [0, 1], where = 1, ...,m, maps every objeot ] X according to
the value of itg-th attributeA;(X) into interval [0, 1] and it is possible to solijects
from X in descending order accordingfti(x).

NALE)) FALEY] JAKEY)

A.(xa) Ai(x1) Ai(xs) Ai(xa) Ax(x3) Aa(xz) Aaxxa) Ao(x1) As(x1) Aslxs) As(s) As(xz)

Fig. 1. Ordering interpretation of fuzzy function

Figure 1 shows the ordering-based interpretationsefr’s fuzzy function$”;(x),
,(x), andf’;(x). Sof’;(x) originates order of objects, Xs, X1, X4, for f”,(x) order of
objectsxs, Xo, X4, X1, and forfUS(x) order of objectss, X4, X, X;.
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2.2 Global preferences

Global preferences express mutual relations between the attribAes.., A, For
this purpose, we consider aggregation function, which we denote as @, with
variablesp,, ..., pn specified as @, ..., pw): [0, 1]" — [0, 1]. The usel can express
global preference by setting his/her user aggregdtinction @'

For the usetU with his/her fuzzy functions,”, ..., f.,” and aggregation function
@', auser rating function R” originates by means of substitutipn= f" in user
aggregatiorfunction @ [8][5]. ThenR’(x) = @"(f,"(X), ...,fm"(X)), for everyx [0 X.

We say that an aggregatiumction @ ismonotone, if @(py, -..,Pm)< @@ -+, Gm),
whenevemp, < q., for everyi = 1, ...,m. Because of NRA algorithm (see Section 3),
in this paper we will be using monotone aggregatiorctions. We can use, e.g., the
average, maximum, minimum, etc., as monotone aggjegfunction.

For example, for expressing of mutual relationsween the attributes in the
aggregation function, it is possible to wegghted average, where weightsv,, ..., W,
of single attributeg\, ..., A, determine how much uskrprefers single attributes, i.e.

RY() = Wy - 700 + ..o+ - £ () £ (W + ... +wiy)
When the user does not care abeilt attributeA;, he/she can then set= 0.

3 Top-k algorithm

In [1], Fagin et al. proposed top-k NRA (no randaceess) algorithm, which assumes
that the objects from the sitare, together with values their attributesA, ..., An,
stored inm lists Ly, ..., Lm, wherei-th list L; contains pairsx Ai(x)), i.e. object (or
object identifier) and its value of attribugg. When listsLy, ..., L, are sorted in
descending order according to the values of atebf;(X), ..., An(X), respectively,
then NRA algorithm is able to find the bestobjects according to a monotone
aggregatioriunction @ [1].

The NRA algorithm uses onlgorted access (sequential access) into the lists,
which allows obtaining of the objects from each lisstep by step from the top to the
bottom by single pairsx( A(x)). NRA algorithm obtains objects, in form of pa{ss
Ai(X)), by sorted access concurrently from sorted lsts..., L, For the obtained
objectsx 0 X the algorithm does not know all the values ofitsibutes. Therefore, it
counts the worst possible rating and the Ipestsible rating of the objeat In this
way, it is possible to guess the value of not yegnsobjects from the lists and
algorithm NRA can stop earlier than it comes to ¢nel of all the lists [1]. It means
that not all the object 0 X need be accessed.

4 A model of list based on B+-tree

For the multi-user solution with support local gnefnces based on fuzzy functions
(see Section 2.1), we need to use a new modestef livhich allows obtaining objects
in descending order according to user fuzzy fumsti¢’, ..., f,".
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NRA algorithm have to be obtaining objects, in fapmf“(x)), in descending order
according tof”(x). Therefore, we apply a model of such a list basedvell-known
data structure B+-tree [8][5] and introduce an &afépn of a method for sorting
objects according to a fuzzy function with usin@-&tree. Finally, we can use B+-
treesBy, ..., By instead of listd 4, ..., L, in NRA algorithm. In each B+-treB; all
objects are indexed by valuesih attributeA;.

4.1 Usage of B+-tree

In B+-tree (see, e.g., [12]) objects froknare indexed according to the values of
only one attribute in ascending order. We use &mtof the B+-tree, whose leaf
nodes are linked in two directions. Every leaf nofl@+-tree contains pointer to its
left and right neighbor. Moreover, it is possibtecross the B+-tree through the leaf
level and to get all the keys. In this way, it sspible to obtain objects from B+-tree
in descending order according to course of usenyfénctionf” [8][2][5].

When the functiori” is monotone on its domain then the following holdg” is
nondecreasing, we cross the leaf level of the B+-tree from tightrto the left and get
the pairs X, f°(X)) in the descending order accordingfip because(x) < A(y) —

' (x) < f (y) holds. Iff* is nonincreasing, we cross the leaf level of the B+-tree
contrariwise, i.e. from the left to the right.

4.2 A method for sorting objectsaccording to a user fuzzy function

In general, the user fuzzy functiéh might not be monotone on attribute domain
dom(A). In this case, the domain can be divided mtmontinuous disjoint intervalls
={ly, ..., I}, wheref is monotone on each interval lofThis division into monotone
intervals | is determined by the local maximums and local mimnhs of fuzzy
functionfV, which identify boundsf these intervals.

Then the leaf level of B+-tree can be divided iodoresponding parts according to
these monotone intervals It is possible to obtain objects in the descegdinder
according tof’ from each of these parts by crossing them in Blgitalirection.
Moreover, objects can be obtained concurrently mting to f* from all these
corresponding parts of the leaf level of B+-tree.

We introduce aset of candidates C, which contains some objects from the leaf
level of B+-tree. The set of candidat€smay contain only one object from each
interval ofl. For each object 0 C we remember a pointer to the leaf level of B+-tree
its attribute value and the interdato which it belongs.

A method for sorting objects according to a userzjufunction with using a B+-
tree is based on two steps:

1. a candidate sef is created that the objextwith the highesf”(x) is chosen
from each interval of.
2. the pair & f (x)) with the actually highest(x) is obtained repeatedly.

The following pseudo-code illustrates an algoritlith two procedures, which
describe the method for sorting objects according fuzzy function, i.e. getting pairs
(x, f°(x)) from the B+-tree in descending order accordimgser fuzzy functiof’.
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| nput : B+-tree, fuzzy functionf;
begin
candidate se€ : = creat eCandi dat es(B+-tree, ) ;
whi |l e(C#@)do
get Next ( B+-tree, C, f’);
endwi hi | e;
end.

procedure createCandi dates(B+-tree, C, )
begi n
Create monotone intervalls {l,, ...,1,} according to the course &t;
C:= 0,
for each I, from| do
i f (f is nondecreasing on the intervalt hen
If possible, find the first object 1 |; in leaf level ofB+-tree,
which hasA(x) less or equal to upper bound of interyal
cC:=CO{x;
endi f;
i f (Y is nonincreasing on the intervglt hen
If possible, find the first object O I; in leaf level ofB+-tree,
which hasA(x) greater or equal to lower bound of interial
C:=CO{x;
endi f;
endf or;
For eachx 00 C remember a pointer to the leaf leveB3f-tree,
A(X) and the interval to which it belongs
return C;
end.

procedure get Next (B+-tree, C, V)
begi n
From candidate s& choose object with the highest valug’ (x) ;
I; 1 = aninterval from, for whichx O I; ;
C:=C-{x};
i f (Y is nondecreasing dp) t hen
If possible, move from objeatto the left neighboring objegtd I;
in leaf level ofB+-tree;
C:=CO{y};
endi f;
i f (Y is nonincreasing oh) t hen
If possible, move from objeatto the right neighboring objegt I;
in leaf level ofB+-tree;
C:=CU{y};
endi f;
return (x 2 ()
end.
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5 Architecture of TOPKNET system

Since this paper focuses on searching the lbegjects in network environment, it
was necessary to design a suitable architectunecfeds of network communication.

For searching the bektobject according to user preferences, we designaiént
application, which is able to obtain objects wilteit attribute values from remote
servers and efficiently find the bdsbbjects for a user.

Since data is stored on remote servers, we haveealebent-server architecture
and for network communication requirements thiéeb Services technology,
specifically RPC type of SOAP protocol communicgtiia HTTP. Server operates
as a service responding to the client applicatamuests.

For large amount of objects stored on a server valbes of attributé, it is not
efficient to load all the objects for searching thestk objects, since the NRA
algorithm does not need to access all the objeets Section 3). Therefore the client
application loads objects from each server in begciThe client application sends
requests repeatedly to individual servers, whidpoed to the requests by sending
batches of objects. Figure 2 shows a simplifiecasston of the TOPKNET system
into server and client component. The following teertions explain more detailed

description of both components.

Client Servers

Server for
o attribute A
Server for
- =" 7\ attribute A
''''' ~( Server for
L attribute A,
]

Client

application

Fig. 2. Architecture of TOPKNET system.

6 Server

The server part of TOPKNET system handles storagefast access to data. All the
values of a single attribut® of all the relevant objects are stored on serVbe core
of the server part is an algorithm, which manages énd communicates with client
application via Web Service interface.

The algorithm is designed in such way, so as theeseould operate statelessly,
thus not to store any additional data for any cotion. The server provides only
response for immediate request and is independerdany previous request from
client application. For minimizing the network comnication amount, the server
provides objects in batches.

To use local preferences in the NRA algorithm thever has to provide pairs,
which are in formatx f’(x)), i.e., an object (or object identifier) and rafiof its
attribute valueA(x) according to user fuzzy functidh. These pairs must be provided
in batches in descending order according”towhich is the reason why objects are
stored in B+-tree, where they are indexed accortinglues of the attribut&.
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For the requirements of network communication wednd¢o represent fuzzy
functions in suitable manner. Handling the anahftiepresentation of a function is
unpractical, especially from the implementationnpaf view. Every fuzzy function
can be approximated by a sequence of linear fumgtizvhich can be represented as
sequence of points. In general, the course of @isery functions is not too
complicated; therefore such sequences of pointsooonly a few points. And that is
why we use this representation of fuzzy functioneeétwork communication.

6.1 Providing objectsin batches

Since the server should be stateless and be alpeotide objects in batches in
descending order according to user fuzzy functfpreach client application request
has to contain information about this function. TOPKNET we use for
representation of a fuzzy function a sequence oftpo

In case a client application requests the firsthvaif S objects, we proceed as
shown in Section 4.2. We divide the definition démef f” according to its course
into the intervalsy, ..., 1, wheref’ is monotone.

The set of candidatesS is created on the corresponding intervals in leaél of
B+-tree by the procedurer eat eCandi dates (see Section 4.2). Then the
procedureget Next is executedStimes, i.e.,Spairs are obtained. In this way the
server will provide the list of pairBatch containingSobjects, in form X, f*(x)), in
descending order accordingftx).

The following pseudo-code illustrates the servgoathm.

| nput : B+-tree, fuzzy functionf’, sizeSofBatch, set of paird ;
Qut put : list of pairsBatch;

begi n

1. if(P=@)then

2 C := createCandi dat es(B+-tree, )

3. else

4. C := activat eCandi dat es(B+-tree, ¥, P);
5 endi f;

6 Batch : = create empty list of pair,(f (x)) :

7. for i:=1 to Sdo

9. (x, Y (x) : = get Next (B+-tree, C, f’);

10.  Add pair & f (X)) intoBatch ;

11. endfor;

12. P := elements ofCin form (x, A(X)) ;
13. return Batch and P;

When algorithm returns tHest Batch of S pairs for the first time, it is sent as the
first batch to the client application. In this mamehe candidate séf contains a
pointer to the leaf level of B+-tree. Further ohtag objects from B+-tree must
continue from the identical state ©f
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We require statelessness of the server and itdsssary to sent the batch of the
next S objects according td” in the following request of client application.
Therefore, the response for client application nwasttain not only the batch of pair,
but also the se€, which determines wherget Next procedure last stopped when
obtaining objects from the leaf level of B+-tree.

As it is defined in Section 4.2, for object] C we remember a pointer to the leaf
level of B+-tree, A(X), and the intervall; to which the value belongs. Since
transferring of pointers through network commuraratis overcomplicated, we
represent elements of candidate Gets aset of pairs P, elements of which are pairs
(X, A(X)) consisting of objeck (or object identifier) and its attribute valé€x) (see
line 12 of the server algorithm).

Consequently, the server sends, as the resporike tdient application, the batch
of objects with rating according f8 and the set of pait8 (see line 13 of the server
algorithm). If the client application sends requestthe next batch of objects, it must
contain the size of batc® the sequence of points fifand the set of paif@.

In this way we ensured statelessness of the saitterminimal increasing the size
of transferred data in both request and response.

The first request from the client application diffefrom the following ones,
because its set of paiPsis empty. In this case, the &imust be created in leaf level
of B+-tree via procedurer eat eCandi dat es.

The following requests contain set of paitsfrom which the candidate sétis
reconstructed (see line 4) in order to be ableotdinue obtaining objects in leaf level
of B+-tree, where the algorithm stopped after otitey objects in the previous batch.

The following pseudo-code illustrates the procedaei vat eCandi dat es for
the reconstruction of candidate €efrom the set of pairB.

procedure activateCandi dat es(B+-tree, ¥, P)
begi n
Create monotone intervals {l4, ...,1,} according to the course 6t;
C:= @,
for each xOP do
If possible, find the object according to its attribute value B¥-tree,
which is traversed top to bottom only once (startu the root)
For objectx remember a pointer to the leaf leveBaf-tree,
A(X) , and the intervdl to which it belongs

C:=CO{x;
endf or;
return C;

end.

7 Client application

The client application of TOPKNET system is able dbtain objects with their
attribute values from remote servers and efficiefitid the besk objects for a user.
It uses the Web services interface for communicatith remote servers.
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In our solution, we try to minimize the amount eftwork communication by using
the cache memory, which loads the data from remote servers in lestchnd solves
the network latency problems. The client applicatises one cache memory for each
single remote server.

7.1 Cache memory

TOPKNET system works on the client/server architetprinciple. For the
searching top-k objects it is necessary to be sisda possible. Therefore, it is not
acceptable for search by the NRA algorithm, whishsusequential access, to wait for
every single object from every list to be loadeohirthe server. Thus the algorithm
does not access the server directly, but througgiche memory. NRA algorithm then
obtains objects from the cache sequentially inszeleding order according t& The
objects are obtained as pairs (X)), i.e., object (or object identifier) and ratiog
objectx by fV.

The main part of the cache memory consists of tamlfel threads using one
shared list, which contains pairsx( f’(x)) loaded from the server. These pairs are
sorted in a descending order accordingt&We denote the size of this listlas

The first thread, we call itonsumer, provides pairs for top-k algorithm only. The
second thread, we call groducer, ensures the loading of pairs in batches from
remote servers. The consumer waits only for topglkrithm to request another pair
(x, Y(x)), it loads the requested value from the sharstdnd returns it to the
algorithm for further processing.

The main duty of the producer is to manage progdirsufficient amount of pairs
in the shared list, in order to prevent top-k aiidpon to wait for it. As soon as the
consumer realizes that the amount of objects ineshlést decreases under previously
established levdl (e.g.l = h/ 2), it wakes up the producer, which starts ofitej
further pairs from server in batches again ande@ses their amount in the shared list.

However, if the network communication with serveso slow that the producer is
not able replenish the shared list, the consumepuisto sleep and waits for the
producer to inform it that further pairs are nowaiable. If this case occurs too
frequently, it is suitable to increase the sizesléired listh or to set higher value of
levell.

7.2 Usersof client application

Each one of the remote servers contains all theegadf single attributé; and is
able to provide the pairsx,(fY(X)) in descending order according to user fuzzy
function f,”. A particular userU of client application can specify his/her local
preferences with fuzzy functiong", ..., f.” and a global preference with an
aggregation function & Then the client application gets pairs (X)) in batches
from remote servers and can efficiently find thetleobjects.
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8 Implementation and Experiments

The implementation of TOPKNET system has been dgesl in Java. We used Web
Service framework Apache Axis2 [13] for a commutima between the client

application and remote servers, where the netwa@gsages are sent in XML format.
The remote servers of the TOPKNET system have lvaaning on the Apache

Tomcat Application Server [14]. These technologies optimized to work together
and ensure stability of the TOPKNET system.

In this paper, we focus on experiments in a netvesmkronment. There have been
used three sets of 100 000 objects with 5 attrébutdues for testing. It means, we
used five remote servers and a client applicatia.focused on the time, which is
needed for finding the be&t objects in the client application according to seru
preference. We used user preferences, where sdniteutat values were the most
preferred, and an arithmetic average which has beed as the aggregate function.

We find out that the computation time of NRA algon is most dependent on
network communication between client applicatiod ammote servers. We uskd:
20, i.e. we searched the best 20 objects, bechesdifference in the computation
time in our particular experiment was relativelyadinfior anyk smaller than 250.

We tested the TOPKNET system with a usage of variealues of network
latency, which was simulated by a delay of servesponse. We focused on
dependence of computation time of NRA algorithm cadimg to size of cache
memory. Naturally, the best of results have bedriezed by zero network latency
and the biggest size of cache memory. Figure 3 shiberesults of this comparison.

-,:(_)(32 v\ \ \ ¥ & latency 0 ms
3500 \ \\ \\ \\ \\ ~*- latency 10 ms
2(3);3 \\ \ \ \ ¥ Jatency 20 ms
2750 L NN \ \ \ & [atency 40 ms
2500 \\ \\ \‘ \ \\ \ - latency 80 ms
— N\ N\ Nk \ — fatency 160 ms
2000

o AN NN |

time [ms)]

- NN N NN
1250 —
1000
750
300
250
0 T T T T T T T T T
10 20 40 80 160 320 640 1280 2560 5120
size of cache memory

Fig. 3. Computation time of the TOPKNET system for diffgrgalues of network latency and
cache memory size.

9 Conclusion

We developed the TOPKNET system, which can effityefind the besk objects
for various users with data on remote servers.
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Our solution for server part of TOPKNET system asss that fuzzy function and
data on the server are not changing during NRArdlgn computation. It will be
interesting to solve problem in a more dynamic einent, e.g. data stored in
B+-tee on the server is changing very fast.

Moreover, this solution permits that the size ofchacan be different in each
request of client application. This property canukiézed for further, more advanced
optimization of the network communication.

In [4] the authors describe heuristics for NRA aitdon, which can automatically
change a progress in sorted access to the listsilaBy, a motivation for future
research could be to develop some heuristics basetifferent network latency for
each of the servers. For example, it is possibleaaitor communication latency of
servers during the run of NRA algorithm and it wibble more suitable to adjust the
properties of cache memory so that it could chaitgesettings, i.eh and| (see
Section 7.1), automatically.
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