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This paper presents a customizable version of the termination detection algorithm
for distributed systems. We follow an approach developed for designing general purpose
distributed algorithms customizable to a specific operational context within the InDiGO
framework [1]. To customize such algorithms, they must be expressed in a form amenable
to customization. We present a mechanism which allows a designer to expose the design
knowledge related to the communication structure of an algorithm. This involves identi-
fying interaction sets used for communication in an algorithm, and defining the semantics
of these sets in terms of queries supported by the analysis infrastructure of the InDiGO
framework. The benefits of customizable versions of distributed algorithms are presented
using an example of a customizable version of the termination detection algorithm.
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1. INTRODUCTION

In the traditional approach for the development of distributed applications, the ap-
plication uses the basic event service to implement interactions between its compo-
nents [2-4]. In general, an application may require a richer set of distributed system
services. For example, in bidding applications, we may need a termination detection
algorithm to detect when the bidding is over. To isolate the designer from the intrica-
cies of a distributed system, one can provide a library of distributed algorithms, which
implements different types of services.

When an approach to provide a library of distributed algorithms is used, the designers
of the library algorithms are faced with two opposing forces. One is to develop generic
reusable algorithms that can be used in a wide variety of applications. On the other
hand, applications may require algorithms to meet stringent performance constraints,
which may force the designer to develop customized versions of the algorithms. The
following example illustrates this tradeoft:

Distributed algorithms often do not make any assumption regarding the application
and are therefore conservative in nature. However, application components may follow a
specific communication pattern or topology. For example, in a tele-teaching application,
sessions or groups may be formed for different purposes with varying number of partic-
ipants. Each such group may follow a specific communication pattern (for example, an
answer message may be sent only in response to a question message) or a topology (for
example, a ring or a star), which the underlying algorithms may be able to exploit. Thus,
a straightforward use of a generic algorithm may not be efficient and this may force the
designers to come up with their own implementations.

As an example of a possible optimization, let’s consider a termination detection prob-
lem. In general, an algorithm for termination detection has to determine that all com-
ponents are passive and all channels are empty. In a particular application, however, the
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passive states of the components may be dependent on each other. As a simple example,
if component A communicates only with B and performs tasks assigned by B only, then
A will always be passive whenever B is passive. Such dependencies can be used to reduce
the number of components to be polled for passive states.

For example, for a star topology shown in Fig. 1, if process 2 would like to determine
termination, it would send a marker message to processes 1, 3 and 4.

Fig. 1. Termination detection example — sending of Marker messages

The processes respond with either Done message (if they are passive) or Continue message
(if they are still active) as in Fig.2. If process 2 receives Done message from all the
processes and it has remained passive since it sent the marker messages out, termination
is detected.

Done
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Fig. 2. Termination detection example — receiving of Done messages

But, in a particular application, if component 1 communicates only with component 2
and performs tasks assigned by 2 only, then 1 will always be passive whenever 2 is passive.

For example, Answer message could only be sent in response to a Question message
(see Fig.3). Then, if process 2 receives all the answer messages from process 1 and is
passive, then process 1 is passive also (since it can only be activated by a message from
process 2).

Then, in generic algorithm, process 2 will still send a marker message to all processes.
But the message to process 1 is not needed (see Fig. 4).

Message Done from process 1 is not needed either (see Fig.5). So, the generic algo-
rithm is going to be inefficient. Such dependencies as described above can be used to
reduce the number of components to be polled for passive states.
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Fig. 3. Termination detection example — ordering on Q/A messages

Fig. 4. Termination detection example — taking ordering information into account

for Marker messages

Fig. 5. Termination detection example — taking ordering information into account

for Done messages
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One can take advantage of the application structure to optimize the performance of the
distributed algorithms. So, if the algorithms in the library are used as-is, the resulting
implementations may be inefficient. In such cases, an application developer may be
tempted to develop algorithms suited to the application from scratch.

2. TERMINATION DETECTION ALGORITHM

2.1. THE TERMINATION DETECTION PROBLEM

The problem of detecting that a distributed algorithm has terminated is both impor-
tant and non-trivial. Even if observation has shown that all the constituent processes of
the algorithm are in a passive state — that is, are not active — this cannot be taken as a
proof that the algorithm as a whole has terminated because the process observed to be
passive maybe reactivated by a message from a process that has not yet been observed
and which then becomes passive. The problem would be simple if knowledge were avail-
able, at any instant, of a global state that took into account both the processes and the
communication channels. Designing an algorithm for the problem thus comes down to
designing a distributed control mechanism that will recognize a particular state of global
stability, that of termination.

A process is said to be active if it is executing the instructions of its program and
is passive if it is in any other state. A passive process can be either terminated, having
completed its task, or waiting for messages from other processes. If all the processes are
passive and no messages are in transit, the complete distributed algorithm is said to be
terminated.

2.2. DESCRIPTION OF A DISTRIBUTED TERMINATION DETECTION
ALGORITHM

We present the distributed termination detection algorithm that was first described
in [5]. The algorithm is shown in Fig.6 and works as following. Processes are labeled
P;,0 <7 < n. We employ a token to transmit the values quiet,. The token cycles
through the processes visiting P(i41)moa » after departing from P;. A cycle is initiated
by a process Pjyit, called the initiator. If the token completes the cycle (returns to Pipit)
after visiting all the processes and if all processes P return a value quietp of true in this
cycle, then the inititator detects termination, i.e. it sets claim to true. If any process
g returns a value quiet, of false in a cycle, then the current cycle is terminated and a
new cycle is initiated with ¢ as the initiator. A process ends one observation period and
immediately starts the next observation period when it sends the token. The algorithm,
described next in detail, shows how quietp is set.

There are no shared variables in a distributed system. However, for purposes of
exposition we assume that claim is a shared global variable which has an initial value of
false and which may be set true by any process. Such a global variable can be simulated
by message transmissions; for instance, the process that sets claim to true may send
messages to all other processes notifying them.

Two types of messages are employed in the termination detection algorithm:

— (marker)

— (token, initiator)

Each process has the following constants and variables that will be subscripted, by i,
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when referring to a specific process i.

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23

— 4c¢: number of incoming channels to the process, a constant

tdle: process is idle

quiet: process has been continuously idle since the token was last sent by the

process; false if the token has never been sent by this process

have_token: process holds the token

init: the value of the initiator in the (token, initiator) message last sent or recieved;

undefined if the process has never received such a message
m: number of markers received, since the token was last sent by the process

Initial conditions

The token is at Py

m; = the number of channels from processes with indices greater than i, for all i,

i.e., the cardinality of the set, {c | ¢ is a channel from P; to P; A j > i}

(This initial condition is required because otherwise, the token will permanently

stay at one process)

quiet; = false, for all i

have token; = true for i = 0; false otherwise
init; is arbitrary, for all ¢

Code for process P;:

:: receive(marker)

m<+ m+ 1

:: receive(app)

if (quiet)
quiet < false

:: receive(token, initiator)

init < initiator
have token < true

:: (have _token A (ic = m) A idle)

if (quiet A (init = 1))
claim < true // termination detected
else if (quiet A (init # 1)) // continue old cycle
m < 0
send marker to all neighbors
have _token < false
send(token, init) t0 Plit1)mod n
else if (!quiet) // initiate new cycle
m <+ 0
quiet < true
init <1
send marker to all neighbors
have _token < false
send(token, init) t0 Pit1)mod n

Fig. 6. Distributed termination detection algorithm for an arbitrary topology
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3. DEVELOPMENT OF CUSTOMIZABLE ALGORITHMS

In this section, we discuss the design of customizable distributed algorithms. One can
follow several complimentary approaches to build a customizable distributed algorithms
library. One approach is to develop a set of algorithms for the same problem, with
each algorithm offering advantages over its alternatives in specific operational contexts.
For example, this approach was followed in [6] to design a set of mechanisms for event
communication whose relative performance are dependent on factors such as number
and location of producers and consumers and publication rates. In order to analyze
the application, tools were developed to select the most appropriate mechanism for each
event type. In this paper, we follow a complimentary approach wherein we want to
customize specific algorithms themselves (rather than selecting between algorithms). To
enable customization, an algorithm developer must expose design knowledge pertaining
to an algorithm in a form which can be leveraged for analysis [7,8]. Algorithms have
been designed with parameters such as maximum number of possible node failures or
conflict relations to adapt their behavior. While parameters such as conflict relation
exploit application semantics, they do not directly analyze the application structure for
optimization.

In this paper, we study mechanisms to expose knowledge related to the communica-
tion structure of an algorithm for possible optimizations.

3.1. INTERACTION SETS

We require the algorithm designers to adopt the following approach:

For each algorithm alg, the designer first identifies the interaction sets, denoted by
alg.interaction _set, which characterize its communication structure and specify the pro-
cesses participating in each interaction. The designer then writes alg in terms of these
sets. As we will show later, this involves a simple transformation of the existing algo-
rithms.

Alternatively, one can define sets with well defined meanings for a class of algorithms.
The sets could be general enough to be used in a number of distributed algorithms or
could be very specific to a particular type of algorithms or even a particular algorithm.

In a later part of this paper we look at an example of a distributed algorithm for which
we define algorithm specific interaction sets that describe the communication structure
of that particular algorithms.

3.2. MEMBERSHIP CRITERIA FOR INTERACTION SETS

Next, for each interaction set interaction set, the algorithm designer defines the
membership criterion, denoted by interaction_ set.membership_ criterion, which specifies
the criterion for a process to be involved in an interaction and so defines if a process
is a part of the interaction set. The membership criteria must be defined in terms of
the queries supported by the analysis infrastructure. This criterion is a problem-specific
property that a process must satisfy to participate in the interaction. As shown in the
example below, this allows the sets to be defined in a problem-specific manner (rather
than only in terms of physical topology).

The membership criteria need to be expressed in such a form that tools are able to
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parse it. For that reason, we require the algorithm developer to specify membership
criteria for interaction sets in a standardized form. An example of such an input file for
the membership criterion of an interaction set is shown in listing 1. It specifies the name
of the interaction set, the name of the query to run and the arguments for the query in
a comma delimited format.

SRT.i, ALL, not exclusive, i.in_c¢s = 1, j.in_c¢s =1

Listing 1. Sample of membership criteria

InDiGo framework supports a number of basic queries that can be used in defining
membership criteria.

It is the responsibility of the algorithm designer to ensure the correctness of the
algorithm written in terms of interaction sests with respect to membership criteria. Just
like in traditinal algorithm development, algorithm designers are to provide correctness
proofs with respect to algorithm properties.

3.3. RULES FOR DYNAMIC UPDATES TO THE INTERACTION SETS

Finally, we allow the algorithm designer to leverage the design knowledge and provide
information for dynamic updates to the interaction sets.

In an algorithm, as a result of message passing, a process may obtain knowledge of
the states of the application entities at other processes. For example, when process @
receives a request message from process j in a mutual exclusion algorithm, it knows that
an application entity at process j is in the requesting state. This information can be
used to further constrain the interaction sets via dynamic update.

As with the membership criteria for interaction sets, information on dynamic updates
to the interaction sets needs to be expressed in such a form that tools are able to parse
it. For that reason, we also require the algorithm developer to specify information on
dynamic updates to the interaction sets in a standardized form. We require the algorithm
developer to add a condition to the input file. This condition will describe which node in
the abstraction model of our system will be enabled when a process is in a certain state.

These dynamic rules are used during the system execution to further constrain inter-
action sets based on the information received through message passing of the executing
system.

3.4. CUSTOMIZED VERSION OF THE DISTRIBUTED TERMINATION
DETECTION ALGORITHM

The communication structure of the algorithm shown in Fig.6 can be characterized
by the following three interaction sets:

— send_marker to (SMT) is the set of all neighbor processors to which a marker
message has to be sent.

— wait_response_ from (WRF) is the set of all neighbor processors from whom a
marker message is to be received.

— send_token_to (STT) is a singleton set consisting of the id of the next processor
to send token to.
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The algorithm written using these sets is shown in Fig. 7. As can be seen, the transfor-
mation is simple.

Code for process P;:

01 :: receive(marker)

02 m<<m+1

03 :: receive(app)

04 if (quiet)

05 quiet < false

06 :: receive(token, initiator)

07 init < initiator

08 have_token < true

09 :: (have token A (WRF.size = m) A idle)
10 if (quiet A (init = 1))

11 claim < true // termination detected
12 else if (quiet A (init # 1)) // continue old cycle
13 m < 0

14 update  SMT()

15 send marker to SMT

16 have token <« false

17 update_ STT()

18 send(token, init) to STT

19 else if (lquiet) // initiate new cycle

20 m<« 0

21 quiet < true

22 init < i

23 update  SMT()

24 send marker to SMT

25 have token <« false

26 update_ STT()

27 send(token, init) to STT

Fig. 7. Customized version of distributed termination detection algorithm

Next, we define the membership criteria for these sets. For simplicity, we have as-
sumed that at most one application component is mapped to each site and will use C; to
denote the component mapped to site i. Let Nbr; denote the set of processes such that
a component at processor ¢ communicates with a component at processor j in App. We
define SMT; as following: SMT; = {j : j € Nbr;)}. SMT set for processor ¢ specifies
neighbours of i. W REF; is defined the same as SMT;.

We define STT (i) as following:

STT(i) = ifi<n-—1
j=1+1
else
j=0
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This specifies that ¢ must send the token to P(;41)mod n Processor next. For dynamic
membership, we identify assertion “enabled(C;.passive _noact)”, stating that component
C; is passive and has not sent any messages to activate other components since its own
last activation. Calls to procedures update _SMT (lines 14 and 24) and update_ STT
(lines 17 and 26) are added and called before the sets are used. The code for these
procedures is synthesized by the dynamic optimization rules.

4. CONCLUSION

In this paper we presented an approach to designing general purpose distributed
algorithms customizable to a specific operational context. As an example, we used a ter-
mination detection algorithm. We have developed a mechanism, which allows a designer
to expose design knowledge related to the communication structure of an algorithm.
This involves identifying the interaction sets used for communication in an algorithm,
and defining the semantics of these sets in terms of queries supported by the analysis
infrastructure of the InDiGO framework.
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Ilogama mpugaTHa [0 HAJAMITYBAHHS BEPCisl AJITOPUTMY BHUSIBJIEHHSI 33aBEPIIEHHS Yy
po3mnofinenux cucreMax. M#u JTOTPUMYyEMOCH PO3pOOJIEHOTO MiAXOAY JJsl HPOEKTYBAHHS
POBIOAIIEHUX AJTOPUTMIB 3araJIbHOrO MIPU3HAUEHHsI, HAJAMITOBAHUX IIi/ KOHKPETHUH OIe-
paniiinuii KoHTeKCcT y paMkax ¢gpeiimMopky InDiGO [1]. s 1poro Taki aIropuTMu MaloTh
OyTu Bupaskeni y ¢opwmi, mo migmsrae masamrysanuio. llogaemo mexamiszm, sxuil gae
3MOry Au3aiiHepy BUSABUTH 3HAHHH 3 JAu3aiiHy, IOB’#A3aHI 3 KOMYHIKaIiflHOIO CTPYKTYDPOIO
anroputmy. Ile mepen6adae BHUSABIEHHS HAOOPIB B3AEMOJIl, IO BHKOPUCTOBYIOTHCS IS
CHOIJIKYBaHHS B QJITOPUTMi, BU3HAUEHHS IXHBOI CEMAHTHUKHU 3 MOIJISIAY 3AMUTIB, miATPUMY-
BaHUX iH(paACTPYKTYyporo anamizy dpeitmBopky InDiGO. IlepeBaru HajmamToBaHUX BepCiit
POBIOIiIeHNX AJTOPUTMIB IPEACTABJICHI HA IPHUKIAAI KacToMizoBanol Bepcii asropurmy
BUSIBJIEHHsI 3aBEPIIEHHs] POOOTH ¥ PO3MOJIIEHIX CHCTEMAX.

Knatowo6t caoea: pO3NOAITEH] aJITOPDUTMH, aJTOPUTMU BUSBJIEHHS 3aBEPLIEHHS pobOTH Yy
po3LOAieHnX cHCTeMax, Hajgamrysanusd, InDiGO, dpeiimBopku.



