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Preface 

   Recap of Previous Lecture: 

 
•In the previous lecture, we have discussed the basic 
concepts of ‘Distributed Minimum Spanning Tree’ and 
also discuss the algorithms i.e. GHS algorithm. 
 

Content of this Lecture: 
 
•In this lecture, we will discuss about ‘Termination 
Detection’ and set of representative termination detection 
algorithms based on the concepts of snapshot collection, 
weight throwing and spanning-tree etc. 
 

 



Introduction 

•The termination detection problem was brought to prominence 
in 1980 by ‘Francez and by Dijkstra and Scholten’. 
•A fundamental problem: To determine if a distributed 
computation has terminated. 
•A non-trivial task since no process has complete knowledge of 
the global state, and global time does not exist. 
•A distributed computation is globally terminated if every process 
is locally terminated and there is no message in transit between 
any processes. 
•“Locally terminated” state is a state in which a process has 
finished its computation and will not restart any action unless it 
receives a message. 
•In the termination detection problem, a particular process (or all 
of the processes) must infer when the underlying computation 
has terminated. 



Introduction 

•A termination detection algorithm is used for this purpose. 
 
•Messages used in the underlying computation are called 
‘basic messages’, and messages used for the purpose of 
termination detection are called ‘control messages’. 
 
•A termination detection (TD) algorithm must ensure the 
following: 

1.Execution of a TD algorithm cannot indefinitely delay the 
underlying computation.  
2.The termination detection algorithm must not require 
addition of new communication channels between 
processes. 



System Model 

•At any given time, a process can be in only one of the two 
states: active, where it is doing local computation and idle, 
where the process has (temporarily) finished the execution 
of its local computation and will be reactivated only on the 
receipt of a message from another process. 
•An active process can become idle at any time. 
•An idle process can become active only on the receipt of a 
message from another process. 
•Only active processes can send messages. 
•A message can be received by a process when the process is 
in either of the two states, i.e., active or idle. On the receipt 
of a message, an idle process becomes active. 
•The sending of a message and the receipt of a message 
occur as atomic actions. 



Definition of Termination Detection 

•Let pi (t) denote the state (active or idle) of process pi  at instant  t. 
 
•Let ci ,j (t) denote the number of messages in transit in the channel at  
instant t from process pi  to process pj . 
 
•A distributed computation is said to be terminated at time instant 
t0 iff:  (∀i :: pi (t0) = idle) ∧ (∀i , j:: ci ,j (t0)=0). 
 
•Thus, a distributed computation has terminated iff all processes have 
become  idle and there is no message in transit in any   channel. 
 



Termination Detection 
Algorithms 



Authors Year Algorithm 

Dijkstra et al. 1983 Ring-based termination detection algorithm. 

R. W. Topor 1984 Termination detection for distributed computations 

F. Mattern 1987 
Developed several algorithms 

for termination detection for the atomic model of computation. 

Shing-Tsaan Huang 1989 Termination detection algorithm that uses distributed snapshot 

Shing-Tsaan Huang 1989 Termination detection algorithm based on weight throwing 

F. Mattern 1989 Termination detection algorithm based on weight throwing 

Chandrasekaran and 
Venkatesan 

1990 Message optimal termination detection algorithm 

Brzezinski et al. 1993 Develop algorithms to detect static and dynamic terminations. 

Yu-Chee Tseng 1995 Termination detection under faulty processes 

J. Mayo and P. Kearns 
1994, 
1995 

Efficient termination detection based on roughly synchronized 
clocks 

Termination Detection Algorithms 



1. Termination detection Using Distributed 
Snapshots By “ST Huang” (1989) 

•The algorithm assumes that there is a logical bidirectional communication  
channel between every pair of processes. 
•Communication channels are reliable but non-FIFO. Message delay is  
arbitrary but finite. 

     Main idea: 
•When a process goes from active to idle, it issues a request to all other  
processes to take a local snapshot, and also requests itself to take a local  
snapshot. 
•When a process receives the request, if it agrees that the requester became  
idle before itself, it grants the request by taking a local snapshot for the  
request. 
•A request is successful  if all processes have taken a local snapshot for  it. 
•The requester or any external agent may collect all the local snapshots of a  
request. 
•If a request is successful, a global snapshot of the request can thus be  obtained 
and the recorded state will indicate termination of the  computation, 

 



Formal Description 

• Each process i maintains a logical clock denoted by x , initialized to zero at  
the start of the computation. 

• A process increments its x  by one each time it becomes  idle. 

• A basic message sent by a process at its logical time x  is of the form   B(x). 

• A control message that requests processes to take local snapshot issued by  
process i at its logical time x  is of the form R(x,  i). 

• Each process synchronizes its logical clock x loosely with the logical clocks  
x’s on other processes in such a way that it is the maximum of clock values  
ever received or sent in messages. 

• A process also maintains a variable k such that when the process is idle, 
(x,k)  is the maximum of the values (x, k) on all messages R(x, k) ever 
received or  sent by the process. 

• Logical time is compared as follows: (x, k) > (x’, k’) iff (x > x’) or ((x=x’)  
and (k>k’)), i.e., a tie between x and x’ is broken by the process  
identification numbers k and k’. 



Algorithm 
The algorithm is defined by the following four  rules. 
(R1): When process i is active, it may send a basic message to process j at 
any time by doing  send  a B(x) to j. 

(R2):  Upon receiving a  B(x’), process  i does 

let x:=x’+1; 

if (i is idle) → go active. 

(R3):  When process i goes  idle, it does 

let x:=x+1; 

let k:=i; 

send message R(x, k) to all other processes;   

take a  local snapshot for the request by R(x,   k). 

(R4):  Upon receiving  message  R(x’, k’), process  i does 

[((x’, k’) > (x,k)) ∧ (i is idle)→ let (x,k):= (x’,  k’); 
take a  local snapshot for the request by R(x’,  k’); 

 

((x’, k’) ≤ (x,k)) ∧ (i is idle)→ do nothing; 
 

(i is active)→ let x:=max(x’, x)]. 

The last process to terminate will have the largest clock value. Therefore,  every process will 
take a snapshot for it, however, it will not take a snapshot  for any other process. 

 



2. Termination detection by Weight Throwing 
By ST Huang (1989) 

System Model 

• A process called controlling agent monitors the  computation. 

• A communication channel exists between each of the 
processes and the  controlling agent and also between every 
pair of  processes. 

• Initially, all processes are in the idle  state. 

• The weight at each process is zero and the weight at the 
controlling agent is  1. 

• The computation starts when the controlling agent sends a basic 
message to  one of the processes. 

• A non-zero weight W (0<W≤1) is assigned to each process in 
the active  state and to each message in transit in the following  
manner: 

 



Basic Idea 

• When a process sends a message, it sends a part of its 
weight in the   message. 

• When a process receives a message, it adds the weight 
received in the  message to it’s weight. 

• Thus, the sum of weights on all the processes and on all 
the messages in  transit is always 1. 

• When a process becomes passive, it sends its weight to the 
controlling agent  in a control message, which the 
controlling agent adds to its  weight. 

• The controlling agent concludes termination if its weight 
becomes  1. 

 



Notations 

•The weight on the controlling agent and a process is in 
general represented  by W. 
 
•B(DW) - a basic message B sent as a part of the 
computation, where DW is  the weight assigned to it. 
•C(DW) - a control message C sent from a process to the 
controlling agent  where DW is the weight assigned to it. 
 



Algorithm 

The algorithm is defined by the following four  rules: 

• Rule 1: The controlling agent or an active process may send a basic 
message  to one of the processes, say P, by splitting its weight W 
into W1 and W2  such that W1+W2=W, W1>0 and W2>0. It then 
assigns its weight  W:=W1 and sends a basic message B(DW:=W2) 
to  P. 

• Rule 2: On the receipt of the message B(DW), process P adds 
DW to its  weight W (W:=W+DW). If the receiving process is in 
the idle state, it  becomes active. 

• Rule 3: A process switches from the active state to the idle state at 
any time  by sending a control message C(DW:=W) to the 
controlling agent and  making its weight W:=0. 

• Rule 4: On the receipt of a message C(DW), the controlling agent 
adds DW  to its weight (W:=W+DW). If W=1, then it concludes 
that the computation  has terminated. 



Correctness of Algorithm 

Notations 

• A: set of weights on all active  processes 

• B: set of weights on all basic messages in  transit 
• C: set of weights on all control messages in transit   
• Wc :  weight on the controlling agent. 

• Two invariants I1  and I2  are defined for the  algorithm: 

•I1: Wc  + ∑.  
W = 1 

       W ∈(A∪B∪C ) 

•I2: ∀ W ∈  (A∪B∪C), W>0 

 



Contd... 
•Invariant I1 states that sum of weights at the controlling process, at all 
active  processes, on all basic messages in transit, and on all control 
messages in  transit is always equal to 1. 
•Invariant I2 states that weight at each active process, on each basic 
message  in transit, and on each control message in transit is  non-zero. 
•Hence,  Wc =1 
⇒ . W  ∈(A∪B∪C ) W = 0 (by I1) 
⇒ (A∪B∪C ) = φ  (by I2 ) 
⇒ (A∪B) = φ. 
(A∪B) = φ implies the computation has terminated. Therefore, the 
algorithm never detects a false termination. Further,   
(A∪B) = φ 
⇒ Wc  + . W  ∈C  W = 1 (by I1) 
•Since the message delay is finite, after the computation has 
terminated, eventually Wc =1. 
•Thus, the algorithm detects a termination in finite  time. 
 



3. Spanning-Tree-Based Termination 
Detection Algorithm 

• There are N processes Pi , 0≤i ≤N, which are modeled as the 
nodes i ,  0≤i ≤N, of a fixed connected undirected graph. 

• The edges of the graph represent the communication  channels. 

• The algorithm uses a fixed spanning tree of the graph with process 
P0 at its  root which is responsible for termination detection. 

• Process P0 communicates with other processes to determine 
their states  through signals. 

• All leaf nodes report to their parents, if they have  terminated. 

• A parent node will similarly report to its parent when it has 
completed  processing and all of its immediate children have 
terminated, and so   on. 

• The root concludes that termination has occurred, if it has 
terminated and all  of its immediate children have also 
terminated. 

 



Contd... 

•Two waves of signals generated one moving inward and 
other outward  through the spanning tree. 
•Initially, a contracting wave of signals, called tokens, moves 
inward from  leaves to the root. 
•If this token wave reaches the root without discovering that 
termination has  occurred, the root initiates a second outward 
wave of repeat   signals. 
•As this repeat wave reaches leaves, the token wave gradually 
forms and starts  moving inward again, this sequence of events 
is repeated until the  termination is detected. 
 



A Simple Algorithm 

•Initially, each leaf process is given a  token. 
•Each leaf process, after it has terminated sends its token to its  
parent. 
•When a parent process terminates and after it has received a 
token from each  of its children, it sends a token to its parent. 
•This way, each process indicates to its parent process that the 
subtree below  it has become idle. 
•In a similar manner, the tokens get propagated to the  root. 
•The root of the tree concludes that termination has 
occurred, after it has  become idle and has received a token 
from each of its  children. 



A Problem with the algorithm 

• This simple algorithm fails under some circumstances, when a 
process after it  has sent a token to its parent, receives a 
message from some other process,  which could cause the 
process to again become active (See Figure   15.1). 

• Hence the simple algorithm fails since the process that 
indicated to its parent  that it has become idle, is now active 
because of the message it received from  an active process. 

• Hence, the root node just because it received a token from 
a child, can’t  conclude that all processes in the child’s 
subtree have  terminated. 



An Example of the Problem 

0 

1 2 

3 4 5 6 

T1 

T5 T6 

m 

denotes a token 

Figure 15.1:  An Example of the Problem. 



Correct Algorithm Developed By Topor  (1984) 
• Main idea is to color the processes and tokens and change the color when  

messages such as in Figure 15.1 are  involved. 

The algorithm works as follows: 

1. Initially, each leaf process is provided with a token. The set S is used for  
book-keeping to know which processes have the token Hence S will be the 
set  of all leaves in the tree. 

2. Initially, all processes and tokens are colored  white. 

3. When a leaf node terminates, it sends the token it holds to its parent  
process. 

4. A parent process will collect the token sent by each of its children. After it 
has received a token from all of its children and after it has terminated, the  
parent process sends a token to its parent. 

5. A process turns black when it sends a message to some other process. 
When  a process terminates, if its color is black, it sends a black token to its   
parent.  

6. A black process turns back to white, after it has sent a black token to its  
parent. 



Contd... 

6. A parent process holding a black token (from one of its children), 
sends only  a black token to its parent, to indicate that a message-
passing was involved  in its subtree. 

7. Tokens are propagated to the root in this fashion. The root, upon 
receiving a  black token, will know that a process in the tree had 
sent a message to some  other process. Hence, it restarts the 
algorithm by sending a Repeat signal to  all its children. 

8. Each child of the root propagates the Repeat signal to each of its 
children  and so on, until the signal reaches the  leaves. 

9. The leaf nodes restart the algorithm on receiving the Repeat 
signal.   

10. The root concludes that termination has occurred, if 
1. it is white, 
2. it is idle, and 
3. it received  a  white token from each  of its children. 

 
 



Example 

0 

1 2 

3 4 5 6 

T3 T5 T6 

denotes a token 

All leaf nodes have tokens. S = {3, 4, 5, 6}. 

T4 



Contd... 
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Nodes 3 and 4 become idle. S = {1, 5, 6}. 

T4 



Contd... 
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T5 T6 

Node 1 becomes idle. S = {0, 5, 6}. 

T1 



Contd... 
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Node 5 sends a message to node 1. 



Contd... 
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Nodes 5 and 6 become idle. S = {0, 2}. 

T1 

T5 



Contd... 
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3 4 5 6 

Node 2 becomes idle. S = 0. Node 0 initiates a repeat signal. 

T1 
T2 



Performance 

 
•The best case message complexity of the algorithm is O(N), 
where N is the  number of processes in the computation, which 
occurs when all nodes send  all computation messages in the 
first round. 
 
•The worst case complexity of the algorithm is O(N*M), where 
M is the  number of computation messages exchanged, which 
occurs when only  computation message is exchanged every 
time the algorithm is  executed. 

 



Conclusion 

• Determining if a distributed computation has terminated is a 
fundamental problem in distributed systems. Detection of the 
termination of a distributed computation is a nontrivial task 
since no process has complete knowledge of the global state. 

• A number of algorithms have been developed to detect the 
termination of a distributed computation.  

• These algorithms are based on the concepts of snapshot 
collection, weight throwing and spanning-tree, etc. 

•  In this lecture, we described a set of representative termination 
detection algorithms. 

• In upcoming lecture, we will discuss about ‘Message Ordering 
and Group Communication’ 


