


As an example, consider the following scenario for 
which the guest client requires that the VOD system must 
be at least 90% available, must finish the play within [6, 
15] time frame, and the deadline miss probability for each 
frame cannot be larger than 30%, the importance for 
these criteria is 0.5, 0.25 and 0.25, respectively.  The VIP 
Server role has different requirements as shown in table 1. 

 A  (%) R (s) T (%) W 
Guest 90  [6,15] 30 (1/2,1/4,1/4)
VIP 99 [6,10]  10 (1/4,1/4,1/2)

Table 1. Role-based QoS Specifications 

The normalized values, , ,A T RN N N , is calculated as 

following: 
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The Parameter Manager shall also collect the following 
constants that will be used to solve the optimization 
problem: 

C: time to take a checkpoint; L: time to log a message;  
α : time to recovery the system state from the most 

recent checkpoint; β : time to replay a message; λ : 

fault arrival rate; γ : message arrival rate; W(0): worst 

case execution time without considering faults. To 
facilitate our case study, we assume a sample list of these 
parameters given in Table 2:  

C L α β λ γ W(0) 

0.2 0.1 0.1 0.1 0.005 0.01 6 

Table 2. Role-based QoS Specifications (time unit: second) 

     Based on our study [17], the relationship between the 
checkpointing interval Y and A, T, R are as following: 
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where k represents the number of faults that can be 
tolerated, which is determined by the A, T and R. 

From the constraints, the A, T, and R are all non-linear 
functions of Y. Meanwhile, the above problem has integer 
variables (the k) and linear objective function. The 
optimization problem is hence categorized as the Mixed 
Integer Non-linear Programming (MINLP) problem and 
the optimal solution of Y for this problem maximizes the 
overall system performance.  

Based on the information given in table 1, table 2, the 
objection function defined in (4.1), and the MINLP 
problem defined above, we follow the numerical analysis 
method defined in [17] and obtain the following results 
depicted in Figure 9:  

Figure 9. Checkpoint Interval vs. Performance Score 

From the Figure, we can see that the optimal 
checkpoint intervals is 0.4 (score is 0.69) for actors with 
VOD Guest Server Role and 0.7 (score is 0.77) for actors 
with VOD VIP Server Role, which means that 
checkpoints will be taken every 0.4 second and 0.7 
second for two types of roles respectively to maximize 
their performance scores.  

We finally use the “VOD VIP Server Role” as an 
example to demonstrate the procedure of computing and 
applying an optimal checkpoint interval. After the role-
based QoS constraints are specified, they will be 
“pushed” by the User Interface Manager to the 
coordinator constraint store. Specifically, after the 
specification is submitted, the following constraint 
depicted in Figure 10 will be added into the coordinator 
constraint store: 
    

Figure 10. Inter-role coordination constraint 

When a message is sent from an actor associated with 
the “VIP VOD client Role” to a destination actor with 
“VIP VOD Server Role”, the workflow to apply a 
behavior-based checkpointing can be described as 
follows: 

(1) The message is intercepted by the Message Manager 
and encapsulated as an event. 

(2) This event is observed by the coordinator and 
triggers the constraint depicted in Figure 10. 

(3) By interpreting the constraint, the coordinator 
forwards the user specified QoS criteria to the “VOD 
VIP Server Role”.  
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(4) On receiving the propagated QoS constraints, the 
VOD VIP Server Role sends a message to the 
Parameter Manager to retrieve the system parameters. 

(5) Upon receiving the system parameters, the server 
role sends another message attached with the QoS 
constraints and system parameters to the 
Optimization Manager to ask for optimal checkpoint 
interval.  

(6) The optimization manager uses the aggregation 
function, the optimal checkpoint interval calculation 
algorithm (MINLP), user specified QoS requirements 
and the system parameters to decide the optimal 
checkpoint interval . 

(7) After receiving the checkpoint interval, the VOD 
VIP Server Role forwards the value to the 
Checkpoint Manager, where the checkpointing 
constraint is finally enforced on the VOD serve actor 
that will perform the task execution. 

(8) The Checkpointing Manager sends a message to the 
VOD server role to notify the successful enforcement 
of the checkpoint interval, and the role then release 
the message to the VOD server actor for execution. 

V.  CONCLUSIONS AND FUTURE WORK

In this paper, adaptive checkpointing is proposed to be 
applied on ODE systems to achieve optimal performance 
where the performance matrix is composed of system 
availability, task deadline miss probability, and task 
execution time. To reduce the complexity of applying the 
adaptive checkpinting, we introduce an Actor, Role, 
Coordinator (ARC) coordination model to model the 
ODE system computations and treat behavior-based 
adaptive checkpointing constraints as role-based 
coordination rules. Individual entity’s behaviors are 
abstracted into different roles. The checkpoint interval 
settings on these entities are defined on the roles they are 
playing, which is more stable and more scalable.  

The behavior adaptive checkpointing framework is 
hence divided into two layers: (1) An ARC layer that 
realizes the actor, role and coordinator entities and their 
interactions. Our experiment results show that the 
overhead caused by introducing extra coordination 
entities, i.e., roles and coordinators, is limited and the 
layer scales well when more coordination constraints or 
more functional units are involved. (2) To separate the 
adaptive checkpointing specification and implementation 
concerns, we introduced a QoS layer between the ARC 
layer and the middleware common service layer. This 
layer provides services to systematically monitor 
resources, compute optimal checkpoint interval, and 
enforce the interval on actors. Applications programmed 
in ARC layer can simply use these services to achieve 
adaptive checkpointing without concerning the 
implementation details. 

Our future work is to produce a prototype of the QoS 
layer, integrate it with the existing ARC prototype [9] 
into a complete behavior based adaptive checkpointing 
implementation. Experiments will then be run on this 
integrated prototype to evaluate how the adaptive and 

behavior-based specifications help improve overall 
system performance, and measure the performance, 
overhead and scalability of the framework. 
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