Chapter 11
Oblivious Blind Rendezvous

Abstract Time is divided into slots of equal length and each user can access an
available channel in each time slot. Rendezvous is achieved only when the users
access the same channel in the same time slot. All the extant blind rendezvous
algorithms assume they know the global parameter N and the labels of these N
channels, and some works [1] also assume each user knows the number of users
in the network. In this part, we introduce the oblivious blind rendezvous problem,
where oblivious means the entities’ ports are labeled locally. As introduced in Part
II, most blind rendezvous algorithms assume that all entities can see the same labels
of the connected ports. However, this assumption is impractical in many distributed
systems. For example, in cognitive radio networks, many works assume the licensed
spectrum is divided into NV non-overlapping channels with fixed labels {1, 2, ..., N},
and each user can access the channel not occupied by any nearby PUs as an available
channel. However, this assumption may not align with the reality when designing
blind rendezvous algorithms. Actually, all users may not see the same labels for the
licensed channels. For example, the “TV white space’ that could be sensed by the
users has operating frequencies ranging from 470-790 MHz in Europe [2, 4], but it is
located in the VHF (i.e. very high frequency) (54-216 MHz) and UHF (i.e. ultra high
frequency) (470-698 MHz) bands in the United States [3]. Obviously, the labeling of
this space could be different and the same frequency band (channel) may be assigned
different labels under different administrations. In a general distributed system, each
user has N external ports and it can label these ports locally from {1,2,..., N} in
order to distinguish them. Any port k of user #; may not be connected with port k of
user # ; since both users may only use k to identify the different ports. In some special
applications, the ports may be labeled according to a global rule. For example, the
FTP service uses port 21 of the computers, and the default port for WWW service
is 80. We study a more general situation where the users do not have a common
labeling rule, and this can be used in many general applications. In this chapter,
we first present the system model for the oblivious blind rendezvous problem, in
Sect. 11.1; then we introduce the commonly used metrics for evaluation in Sect. 11.2.
The problem definition is provided in Sect. 11.3 and we give examples of oblivious
blind rendezvous for better understanding in Sect. 11.4. Finally, we summarize the
chapter in Sect. 11.5.
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11.1 System Model

In this part, we present the rendezvous algorithms for different types of rendezvous
settings, on the basis that the ports are oblivious, i.e. all entities do not apply the
same labeling rules. Therefore, the rendezvous settings can be represented as:

RSopiivous =< Alg, Time, Port, ID, Obli > (11.1)

where Alg € {Alg — AS, Alg — S}, Time € {Syn, Asyn}, Port € {Port — S,
Port — AS},and ID € {Non — Anon, Anon}.

Technically speaking, suppose there are M (M > 2) users in a distributed system,
and each user has N(N > 1) external ports. In the RS,pivous Setting, the ports of
each user can be labeled freely by the user itself. Denote all users as:

{ur, ua, o up} (11.2)

For simplicity, we assume that each external port have a universal label which is not
seen by the users. Denote the set of ports with universal labels as:

UZ{MI,MZ,...,MN} (113)
For any user u;, suppose the user labels the N ports locally as:

{pi(D), pi(D), ..., pi(N)} (11.4)

For any two users u;, uj, the ports p; (k) and p;(k) may not be connected after the
local labeling.
Suppose the adopted rendezvous algorithms of the users are:

{F13F2’~-'7FM} (115)

respectively (we suppose user u; runs algorithm F;).

(1) In the Alg — AS setting, for any two users u;, u;,i # j, F; and F; could be
different (we use F; # F; to indicate that they are different).

(2) In the Alg — § setting, all users share the same algorithm, i.e. Vi, j € [1, M],
Fi = F;.

Similar to blind rendezvous in the distributed systems, time is also assumed to be
divided into slots of equal length 2z, where ¢ is the sufficient time for establishing
a communication link between two connected ports. Suppose the system is slot-
aligned and each user can choose a port for rendezvous attempt in each time slot. If
two users’ time slots are not aligned, we can also transfer it to slot-aligned scenario
as in Fig.5.3 in Chap. 5.

Denote the start time of the users as:
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{ti,02, ..., tm} (11.6)

respectively, where the start time of user u; is ;.

(1) Inthe Syn setting, all users have the same start time, i.e. Vi, j € [1, M],t; =t;.
(2) Inthe Asyn setting, for any two users u;, u;,1 # j, t; and t; could be different,

ie. t; # 1.

Similar to the blind rendezvous problem, some ports of each user may be occupied
by other services, and the user could use only a fraction of the N external ports. We
say a port is available if it is not occupied by others and the user can choose it
for communication. For any user u;, it can sense an available port set as C; C U.
Although user u; may have already labelled the ports locally, it can also label the
available ports as

Ci={ci(1),ci(@),...,cik)} (11.7)

where k; = |C;| represents the number of available ports. Actually, we can regard
each available port ¢; (j) as a port with global label u;.

(1) In the Port — S setting, all users have the same global available ports, i.e. for
each user u; and user u;, k; = k;, and VI; € [1, k;], there exists [; € [1, k;] such
that port ¢;(/;) and port c;(l;) correspond to the same global label (they are
connected).

(2) Inthe Port — AS setting, all users may not have the same available ports, i.e.
for each user u; and user u;, 3l; € [1, k;] such that port ¢; (/;) is not connected
to any available port in C;.

Inthe Port — AS setting, in order to guarantee rendezvous, two neighboring users
must have at least one common available port, i.e. for any two neighboring users
u;, uj, there exists /; € [1,k;]and l; € [1, k;] such that ¢; (/;) and ¢ (/;) correspond
to the same global port, which indicates they are connected. For simplicity, we denote
C,NC;#0.

In designing oblivious blind rendezvous algorithms, the users’ identifiers (IDs)
play an important role. Therefore, we define the settings as follows:

(1) Inthe Anon setting, all users are anonymous and they have no distinct identifiers.
(2) Inthe Non — Anon setting, each user has a distinct identifier (ID). Denote user
u;’s ID as ;. For any two users u;, u;, i # j, I; and I; are different, i.e. [; # I;.

Actually, as there are M users in all and we suppose the a user’s ID is a distinct
number in the range [1, M ], where M means the maximum ID value for the users.
Some works assume M = M , which means the user could only have continuous IDs
in the range [1]. In this book, we assume M could be larger than M, but we assume it
is bounded as M < N° where ¢ could be any arbitrary large constant. For simplicity,
we re-use notation M to denote M in the following chapters.
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11.2 Metrics

We use Time to Rendezvous (T T R) to measure the efficiency of rendezvous algo-
rithms. As introduced in the model, the start time of user u; is denoted as #;. Suppose
the finish time of user u; is d;, where d; > t;. For any two neighboring users u; and
uj, both users will finish the process at the same time if they achieve rendezvous,
thus d,‘ =d je

We define the time to rendezvous between two users in oblivious blind rendezvous
as:

Definition 11.1 For two neighboring users #; and u;, suppose their start time are
t;, t; respectively, and their finish time are d;, d; where d; = d; = d. The time to
rendezvous is defined as:

TTR =d —max{t, t;} (11.8)

We also denote the rendezvous time as the elapsed time of the user who starts the
rendezvous process later. We define the time to rendezvous among all M users as:

Definition 11.2 Considering all user {u, us, ..., uy} in the system, denote their
start time and finish time as {t, t5, ..., fy} and {d, d>, . .., dy} respectively. The
time to rendezvous is defined as:

TTR = max d; — max ¢ (11.9)
1<i<M 1<i<M

We also use two important metrics to evaluate the proposed rendezvous algo-
rithms:

(1) Maximum Time to Rendezvous (M T T R) represents the maximum time used to
rendezvous in all different situations, such as different available ports, different
start times, etc.

(2) Expected Time to Rendezvous (ETT R) represents the expected time used to
rendezvous in all different situations.

MTT R reveals the performance of the rendezvous algorithm in the worst situa-
tion, while ET T R reveals the average performance.

11.3 Problem Definition

As described in the System Model, there are M users and their available ports can
be denoted as:
{C1,Ca, ..., Cy} (11.10)



11.3 Problem Definition 135

If rendezvous happens for all users, denote the common available port set as:

M
G=(\Ci#0 (11.11)
i=1

which are the common available ports (with global labels). Before we define the
rendezvous problem for multiple users in the system, we first formulate the oblivious
blind rendezvous (OBR) problem between two users, as follows:

Problem 11.1 OBR-2: Given an available channelset C C U andtheID [/ € [1, M],
design an algorithm to access global ports over different time slots # : fc ;(¢) € C
such that for any two users u; and u; with C;, C; C U, C; (\C; #@andID I;, I; €
[1, M], I; # I; respectively,

V8, 3Ty, s.t. fé (T +8) = fL | (Ty). (11.12)

The TT R value is T5 when user u; starts the rendezvous process 6 time slots later
than user u;. The MT T R value of the algorithms is defined as:

MTTRyi ;i ZII\IJ%X Ts (11.13)

The objective is to design rendezvous algorithms with bounded M T T R value to
guarantee rendezvous between two users. Notice that, f represents the algorithm
user u; adopts. If we are to design symmetric algorithms for the users, both users u;
and u; should adopt the same algorithm, i.e. f7 = f/.

Remark 11.1 When user u; starts the rendezvous process earlier than user u;, § < 0
in Eq.(11.12).

Based on the rendezvous problem definition of two users, we formulate the Obliv-
ious Blind Rendezvous Problem for Multiple Users in the Multihop system as follows:

Problem 11.2 Consider a multihop system with M (M > 2) users where each user
has a distinct ID I € [1, M]. Denote the available port set for user u; as:

Ci ={ci(1),ci(2),...,ci(ki)} (11.14)
where k; = |C;|. Let G =) ; Ci and G # . Design distributed algorithms for the

users such that all users are guaranteed to rendezvous on the same portin G, regardless
of the different times when the users begin the process.
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11.4 Examples of Oblivious Blind Rendezvous

Figure 11.1 is an example for OBR-2. Assume there are 5 external ports:

U ={u,us, u3, ug, us}
of which u, us are available for user u, withID I, = 1:
Ca = {Ca(l)’ cu(z)}

and the ports are labeled locally as:

(1) =uy
cq(2) = u3

Meanwhile, uy, u,, uy, us are available for user u;, with ID I, = 2:

Cp = {cp(1), 5(2), cx(3), cp(D)}

and the ports are labeled locally as:

cp(1) = us
cp(2) = uy
cr(3) = uz
cp(d) = uy

(11.15)

(11.16)

(11.17)

Consider a simple algorithm: user u, repeats accessing the ports according to the

sequence:
{ca(D), ca(1), €a(2), ca(2)}

while user u;, accesses ports according to the sequence:

Time, 1 2 3 4 5 6 7 8
user U, | Sequence | ¢y(1) | ca(1) | €a(2) | €a(2) | ca(1) | €al1) ] ca(2) | ca(2)

Port u u; us3 u; u u; u3 u3
Time, 1 2 3 4 5 6 7 8
user u, Sequence | cy(1) | cp(2) [ co(3) [ep(4) | cu(1) | cb(2) | cu(3) | ch(4)
Port Us up uy u; Us Uy Uy u;

Fig. 11.1 An example of OBR-2

(11.18)
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Cmime, [ 1 [ 2345 6] 7]9]10]

Sequence | 1 2 1 2 1 2 1 2 1

user u,
Port | co(1) | ca(2) | ca(1) | €a2) [€al1) ] ca(2) | ca(1) | ca(2) | ca1)
Sequence | - 1 2 3 4 1 2 3 4

user uy
Port - e | eo(@) | en(3) [ ep(B) | co(1) | cu(2) | e(3) | cn(4)

Fig. 11.2 An example of OBR-2 when the users adopt a symmetric algorithm and § = 1

[ mime, [ 1|23 [4]5]6][7]09]10]

or Sequence | 1 2 1 2 1 2 1 2 1

user u

Y1oport e | e | e @ e | @ [ euD) [ e | cud)
Sequence | - - 1 2 3 4 1 2 3

USCE o[ por T T - oD [eo@ [ [ cs® [ oD [ o) [ cx(3)

Fig. 11.3 An example of OBR-2 when the users adopt a symmetric algorithm and § = 2

{ep(1), ¢5(2), € (3), cp(D)} (11.19)

When user u;, starts the process § = 2 time slots later, rendezvous can be achieved
on port u; with TT R = 4 when ¢,(1) = ¢,(4) = uy, as illustrated in Fig. 11.1.

However, it is easy to check that the above simple algorithm cannot guarantee
rendezvous for all scenarios such as § = 0.

In Fig. 11.1, two users run different strategies to achieve rendezvous, which is
impossible in practice since all users should run the same algorithm, i.e. symmetric
algorithm. Figures 11.2 and 11.3 show another example of OBR-2 where the users
share the same strategy. Similar to the above, user u, and user u, have the same
available port sets, asin Fig. 11.1,1.e. user u, has two available ports, and the available
port set is:

Ca = {ca(1), ca(2)} (11.20)

and user u, has four and the set is:
Cp ={ep(1), 5 (2), ¢ (3), cp (D)} (11.21)
but only one common available port exists:
ca(l) = cp(4) = u (11.22)

Different from Fig. 11.1, both users run a same simple algorithm: each user accesses
the ports by repeating the sequence:
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(1,2, ..., k) (11.23)

which are of local labels, where k is the number of available ports. Thus user u,
repeats accessing the ports:

{ca(1), ca(2), ca(1),ca(2),...} (11.24)

until rendezvous, and similarly for user u;.

For the asynchronous scenario, supposing user u, starts the attempt § = 1 time
slot later, rendezvous is achieved as depicted in Fig. 11.2 at time slot 5 since ¢, (1) =
cp(4). However, it is easy to see that the above simple algorithm cannot guarantee
rendezvous for all scenarios such as when § = 2, as illustrated in Fig. 11.3.

Combining the two examples, we aim to design efficient distributed algorithms
with bounded 7'T R values for different types of rendezvous settings.

11.5 Chapter Summary

In this part, we propose the oblivious blind rendezvous problem and present different
types of rendezvous algorithms. Oblivious blind rendezvous assumes that the external
ports are not labeled by a universal rule, and the users have to label the ports them-
selves locally. In Chap. 12, we design asymmetric algorithms for the users, which is
similar to the blind rendezvous problem. In Chap. 13, we study symmetric algorithms
for the users in a distributed system. We first assume the users are non-anonymous
and they can design algorithms on the basis of the distinguishable identifiers. The
method of designing fully distributed rendezvous algorithms is then presented in
Chap. 14 where no global information is utilized in rendezvous, such as the number
of external ports, the number of users in the system, and the maximum identifiers for
the users. We study oblivious blind rendezvous for anonymous users in Chap. 15 and
we introduce several randomized algorithms. Finally, we extend the oblivious blind
rendezvous between two users to the rendezvous problem among multiple users in a
multi-hop system in Chap. 16.

To begin with, we introduce the oblivious blind rendezvous problem, with exam-
ples. Different from blind rendezvous, the external ports are not labeled globally
and the users may see different “local” labels of a pair of connected ports. In this
chapter, we introduce the system model including several aspects in a rendezvous
setting: Algorithm, Time, Port and I D. We will present algorithms for differ-
ent rendezvous settings. We also use Maximum Time to Rendezvous (M T T R) and
Expected Time to Rendezvous (ET T R) to evaluate the rendezvous algorithms. These
two metrics are used to evaluate the performance of the worst situation and the aver-
age performance respectively. We also provide some examples of oblivious blind
rendezvous to demonstrate the differences with blind rendezvous.
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