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In connection-oriented data transport services, data loss 
can occur when a service experiences a problem in its end-
to-end path. To resolve the problem promptly, the data 
transport systems providing the service must quickly 
modify their internal configurations, which are distributed 
among different locations within each system. The 
configurations are modified through a series of problem 
(event) handling procedures, which are carried out by 
multiple control processors in the system. This paper 
proposes a provisioning-to-signaling method for inter-
control-processor messaging to improve the time efficiency 
of event processing. This method simplifies the sharing of 
the runtime event, and minimizes the time variability 
caused by the amount of event data, which results in a 
decrease in the latency time and an increase in the time 
determinacy when processing global events. The proposed 
method was tested for an event that required 4,000 
internal path changes, and was found to lessen the latency 
time of global event processing by about 50% compared 
with the time required for general methods to do the 
same; in addition, it reduced the impact of the event data 
on the event processing time to about 30%. 
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I. Introduction 

To provide data transmissions of several terabits per second 
for hundreds of thousands of line services, multi-terabit data 
transport systems use multiple high-speed data processing 
engines that are specialized for packet processing, and multiple 
control processors to manage such engines. The data 
processing engines implement packet forwarding based on the 
information given in the forwarding tables, which are 
distributed among various locations in the multi-terabit data 
transport system. Therefore, whenever a path is established, 
terminated, or modified within the system, multiple operations 
are required to modify the dispersed forwarding information, 
and such operations are carried out through messaging and 
collaboration among multiple control processors. 

When a service experiences a problem on its end-to-end path, 
the connection-oriented data transport services must complete 
the traffic recovery within a limited timeframe [1]–[4] because 
continuous data loss can occur as long as the path is 
experiencing the problem. To resolve this issue promptly, the 
data transport systems providing the service should quickly 
modify their internal configurations, which are distributed 
among different locations in each system. This is achieved 
through a series of problem (event) recognition, sharing, and 
handling procedures that are executed by the multiple control 
processors in the system. Among these, event sharing, which is 
normally conducted through messaging within the system, is 
relatively complex and consumes a considerable amount of 
processor resources. Thus, this presents the opportunity to 
realize significant benefits by minimizing the time associated 
with sharing event information. 

In this paper, we propose a provisioning-to-signaling method 
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for event sharing between the control processors in data 
transport systems requiring multiple processors. This method  
is composed of two operations: one for handling event 
provisioning before running the event service and another for 
handling event signaling at service runtime. During event 
provisioning, a control processor delivers the burdensome 
event data to other control processors. Each control processor 
translates this data into localized procedures and arguments, 
and then enters the localized data into the event table. The 
procedures and arguments in the event table are then fetched 
and executed during event signaling operations.  

The proposed method was implemented in a 3.2 terabit  
data transport system using 22 control processors, and its 
performance was analyzed. 

The remainder of this paper is organized as follows.  
Section II reviews the previous related works. In Section III, 
the proposed provisioning-to-signaling method is presented, 
along with general methods for inter-control-processor 
messaging. In Section IV, the validity of the proposed method 
in processing global events is experimentally examined. Finally, 
Section V presents our conclusions. 

II. Related Works 

In data transport systems that use multiple control processors, 
the control processors are classified into two types: main 
processors that conduct system-wide operational and 
management functions, and local processors that conduct local 
control and management functions, such as monitoring and 
managing the data processing engines that are specific to each 
line interface card. The control processors propagate messages 
using a data communication protocol provided by the  
operating system (OS) to handle global events, which requires 
collaboration between the multiple control processors.  

The authors in [5]–[8] analyzed the performance of packet 
data communications in several scenarios. A Performance 
Oriented Workload Host Ethernet Acceleration solution was 
presented in [5] that focused on the network I/O for low latency 
and high throughput applications. They achieved high 
performance in processing data with protocol-offloading 
hardware and its supporting stack. A priority processing 
method of real-time (RT) communications was proposed in [6] 
to isolate RT frames from general IP frames, thereby lowering 
the latency and jitter of RT communications. In [7], XU 
Baiquan proposed a multi-core accelerating TCP/IP stack in 
order to provide higher performance. The authors in [8] 
proposed OpenFlow in the Small, which was designed to 
provide a flexible hardware abstraction for the network 
acceleration engines. They optimized the packet processing 
performance by improving the utilization of the cache and 

customizing the acceleration settings. However, because their 
directions are highly dependent on the OS and additional 
factors involve the established system applications, there are 
some restrictions on their application to existing transport 
systems. 

The authors in [9]–[14] presented protocols for inter-
processor communications, and methods to improve them.   
A performance comparison of inter-processor messaging 
methods was presented in [13] and a comparative analysis of 
general messaging methods was provided. The authors in [14] 
presented an inter-processor communications interface for 
data-flow-centric heterogeneous multiprocessor systems that 
was focused on the usability and flexibility of applying the 
interface to multiprocessor systems. Because the performance 
results in [9]–[14] were dependent on the attached data for 
communications, they are insufficient when considering the 
time-deterministic swift propagation of global events that 
accompany burdensome event data. 

This study focuses on a novel and feasible method for inter-
control-processor messaging that is able to improve the time 
efficiency and determinacy of global event processing in multi-
terabit data transport systems that use multiple processors. 

III. Protocols for Event Messaging in a Data Transport 
System Using Multiple Processors 

The control processor in a data transport system collects and 
responds to events in its managed area. For global events that 
require collaboration between multiple control processors, 
event recognition, event sharing, and event processing must be 
coordinated. Event recognition and event processing are 
processed using local operations, whereas event sharing is 
coordinated through inter-control-processor messaging that 
extends beyond the physical boundary of the control processor 
using an Ethernet-based system control network (SCN). 

1. General Inter-Control-Processor Messaging 

Figures 1 and 2 show the process of packetization and 
delivery of inter-control-processor arguments in general inter-
control-processor messaging methods, such as remote 
procedure calls (RPCs), RPC-like proprietary messaging, and 
message-passing interfaces (MPIs) [9]–[14]. 

In the method shown in Fig. 1, the procedure and arguments 
are merged into an Ethernet packet comprised of a packet 
header, fixed sized message header, and payload. If the size of 
the arguments is bigger than the size of the message payload, 
they are fragmented. The number of message packets in this 
fixed cell-type inter-control-processor messaging (FC-IPM) 
scheme is: 
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Fig. 1. Fixed cell-type inter-control-processor messaging (FC-
IPM). 
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Fig. 2. Variable packet-type inter-control-processor messaging
(VP-IPM). 
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Np = 1 +  (La – 1) / Lmp ,                (1) 

where La is the total size of the arguments, and Lmp is the size  
of the message payload. When using this method, the event 
sharing and the processing time can be expressed as: 

Ttotal(La) = Tep(La) + Np × {Ttx(Lep) + Trx(Lep)},       (2) 

where Lep = Lnh + Lmh + Lmp; Tep(La) is the event processing 
time; Ttx(Lep) and Trx(Lep) are the times required to execute the 
transmitting and receiving protocol stack for a message packet, 

respectively; and Lep is the size of Ethernet packet (64 byte to 
1,518 byte), which consists of an Ethernet and TCP/IP header 
(size, Lnh), message header (size, Lmh), and message payload 
(size, Lmp). 

In the method shown in Fig. 2, the specified message header 
and payload are separately sent to the linked processors. 
Arguments are put into a message payload of variable size. 
However, if the size of the message payload is larger than the 
maximum user data size of a packet, then it is fragmented into 
several packets.  

The number of message payload packets in this VP-IPM is: 

Np = 1 +  (La – 1) / Lmaxu ,                (3) 

where Lmaxu is the maximum user data size of a packet. 
When using this method, the event sharing and processing 

time can be expressed as 

Ttotal(La) = Tep(La) + Thdr(64) + Tpl(Lep),         (4) 

where Lep = Np × Lnh + La; Thdr(64) is the time required to 
execute the transmitting and receiving protocol stack for a 
message header; and Tpl(Lep) is the time required for a message 
payload packet, which can be expressed as: 

Tpl(Lep) = (Np  1) × Tpl(1518) + Tpl(Lpmod),       (5) 

where Lpmod is (Lnh + La) for La  Lmaxu, or {Lnh + remainder of 
(La / Lmaxu)} for La > Lmaxu. 

Because these general IPMs are used for the runtime 
delivery of the arguments for event sharing, the size of the 
arguments to be shared between the control processors affects 
the time required for event sharing and processing, as described 
above. In particular, when the size of the arguments is over the 
boundary of a payload or packet, an abrupt increase in the run-
time overhead occurs due to the use of additional packets.  

In the next subsection, we propose a method of inter-control-
processor messaging that minimizes the effect of the arguments 
on event sharing, which leads to time-efficient and 
deterministic global event processing. 

2. Proposed Provisioning-to-Signaling Inter-Control-Processor 
Messaging 

We propose a provisioning-to-signaling inter-control-
processor messaging (PtS-IPM) method for time-efficient 
global event processing in data transport systems that require 
multiple processors. Figure 3 shows a conceptual diagram of 
this method. 

In this method, a control processor first delivers the event 
data to the linked control processors for event provisioning 
before the related global event service starts. Each control 
processor then decodes the event data, extracts the event ID, 
localizes the procedure and arguments for the event ID, and  
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Fig. 3. Proposed provisioning-to-signaling inter-control-processor
messaging (PtS-IPM). 
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registers them into an event table. After the event is provisioned, 
each control processor runs the global event service for the 
event ID. 

During the provisioning process, the proposed method 
disseminates the event data to the related control processors, 
and translates it into localized procedure and arguments to 
minimize the time required for data movement and the 
preparation of the local operation at runtime. 

At service runtime, when a control processor recognizes a 
global event that was previously provisioned, it translates the 
global event to its corresponding event ID and sends it to all 
linked control processors through a signal message. A recipient 
processor gets a signal message, decodes it, extracts event ID, 
and fetches procedure and arguments from the event table with 
the event ID. 

By separating the event provisioning and signaling tasks in 
this manner, it allows two different channels for event 
provisioning and signaling. The first channel is used for time-
deterministic and simple messaging for event signaling, while 
the other channel is used for general messaging for event 
provisioning. 

The event ID symbolizes the specific global event, indicates 
its associated procedure and arguments, and is used as a 
common handle for the global event within the system. 

The event sender transmits a signal message that includes an 
event ID to the event receiver. The size and structure of the 
signal message and event ID is common for all events. The 
event ID plays a key role in determining the procedure and 
arguments for local event processing. 

At runtime, a signal message carrying an event ID is put into 
an Ethernet packet of minimum size (64 bytes in length). The 
number of message packets in the PtS-IPM is just one. The 
event sender generates only one message packet, which 
contains the event ID.  

When using this method, the time required for event sharing 
and processing at runtime can be expressed as: 

Ttotal(La) = Tep(La) + {Ttx(64) + Trx(64)}.         (6) 

This tells us that time required for event sharing is independent 
of the size of arguments (event data), and only influences the 
local event processing time, Tep(La). 

Local event processing is carried out on a control processor 
in a single scheduling domain. As a result, the continuity of this 
work with respect to the event stream can be more easily 
achieved than in the case of event sharing, where the running 
domains are different and the notification methods are 
asynchronous interrupts that cause core rearrangement and 
temporary interruption of running tasks. Thus, the time 
determinacy of whole event processing is more affected by 
event sharing than it is by local event processing.  

This method lightens the burden of data movement and 
buffering, causes fewer messaging-related interrupts, and 
simplifies the process of event sending and receiving during 
event sharing. By minimizing the effect of event data on event 
sharing at runtime, this method reduces the time required to 
handle a global event and enhances the time determinacy of the 
system operation. 

3. Runtime Resource Usage of Messaging Protocols 

The messaging software handles event message delivery  
and sharing among the control processors using a data 
communication protocol provided by the OS. Table 1 lists the 
number of instructions executed by the processor for the 
transmit and receive functions for each message packet during 
messaging processing by the communications protocols  
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Table 1. Number of instructions executed during messaging process 
by each communication protocol. 

Receive (RX) Transmit (TX) 
Type 

Number of instructions Number of instructions 

RAW 
628 instructions 

+ 0.59  (Ps – 38)#1 
968 instructions 

+ 0.59  (Ps – 38)#1 

UDP/IP 
542 instructions 

+ 0.59  (Ps – 46)#1 
1,169 instructions 

+ 0.59  (Ps – 46)#1 
564 instructions 

+ 0.59  (Ps – 58)#1 
1,406 instructions 

+ 0.59  (Ps – 58)#1 TCP/IP 
848 instructions – ACK out#2 759 instructions – ACK in#3

▪ #1: additional instructions for moving user data from OS stack to messaging software 

according to the size of Ethernet packet (Ps) 

▪ #2: instructions for TCP ACK out as a consequence of a TCP packet IN 

▪ #3: instructions for TCP ACK in as a consequence of a TCP packet OUT 
 
provided by the Linux OS (kernel 2.6.35). The numbers of 
instructions executed were counted using the Wind River ICE2 
processor analysis device [15]. 

The number of instructions executed affects the message 
processing time. The RAW protocol, which directly transmits 
and receives IP packets without any higher layer formatting, 
executes the lowest number of instructions for transmit and 
receive, while UDP uses the least number of instructions for 
receive only. For TCP, a received or to-be-transmitted TCP 
packet goes through two types of processing, one type is for 
packet delivery to its destination, and the other type is for the 
ACK procedure. 

Figure 4 shows the number of instructions executed for FC-
IPM, VP-IPM, and PtS-IPM when linked processors share 
events using each communications protocol. As the size of the 
arguments (event data to be shared) increases, the stepped 
increases in the instruction numbers are shown for FC-IPM 
and VP-IPM, whereas a constant number of instructions is 
shown for PtS-IPM. The stepped increases in FC-IPM and VP-
IPM cause sudden increases in the latency time, thereby 
reducing the time determinacy of the event sharing. The fixed 
number of instructions in PtS-IPM limits the time variance, and 
enhances the time determinacy in event sharing at runtime. 

As the size of the message packets increase, the transmit  
and receive throughput of the messages decreases due to the 
additional load caused by message movement. Figure 5 shows 
the results of the throughput measurement of the message 
packets processed by a control processor in a data transport 
system. As shown in Fig. 5, as the size of the message packets 
increase, the throughput available for message transmission 
and reception decreases. Because PtS-IPM uses the minimum 
size of a message packet (64 bytes) for runtime event sharing, 
its use provides higher efficiency than the others methods (FC- 
IPM and VP-IPM) when sharing events. 

 

Fig. 4. Number of instructions versus the size of the arguments.
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Fig. 5. Transmit (TX) and Receive (RX) throughput of message 
packets. 
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The scheduling policy of the control processors affects the 

latency of event sharing. Figure 6 shows the latency time, 
which represents how much time is required to process an  
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Fig. 6. RAW/UDP/TCP round-trip latency time (μs). 
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event message in a control processor. The average value of the 
latency varies only slightly, whereas the maximum value of the 
latency varies considerably depending on the scheduling 
attributes of the messaging software. To ensure time 
deterministic event processing, the messaging software tasks 
that are required for event sharing and processing must have 
exclusive access to the core resources of the control processors. 
Because PtS-IPM uses the least number of instructions and 
presents the highest efficiency in terms of event sharing, it 
requires the least amount of exclusive access time to the core 
resources of all of the above mentioned IPMs. 

In this section, we presented methods of inter-control-processor 
messaging for global event sharing. In the next section, we show 
the experimental results of applying these methods to global event 
processing in a data transport system. 

IV. Global Event Processing Using Proposed IPM 
Method in Data Transport System 

1. Multi-terabit Data Transport System Using Multi-
Processors 

The validity of the proposed IPM methods in processing 
global events was experimentally examined in a multi-terabit 
data transport system, as shown in Fig. 7. 

The data transport system is divided into two subsystems: a 
packet transport subsystem and an optical subsystem. The first 
operates based on packet and circuit transport technologies, 
such as Ethernet, the multi-protocol label switching-transport 
profile (MPLS-TP), and optical transport networking. The 
second switches traffic at a purely optical layer.  

A packet line card, which belongs to the packet transport 
subsystem, relays input traffic from the optical modules to their 
destination ports using the forwarding engine. An optical line 
card, which belongs to the optical subsystem, amplifies and  

 

Fig. 7. Example configuration of a multi-terabit data transport 
system. 

•  SFPs: Small form-factor pluggable optical modules 

  
equalizes the optical signals using preamps, and switches the 
optical signals using a wavelength selective switching module. 

Each card in the system consists of various functional blocks 
that implement the inherent functions of the card, and a control 
processor for the control and management of the functional 
blocks. The control processor can be classified into two types: a 
main processor that handles system-wide operations and 
management functions, and a local control processor that 
handles the local control and management functions on a 
specific line card. 

The main processor card coordinates the control processors 
on either the packet or optical line cards, depending on their 
type. The coordination of these two subsystems is handled by a 
main packet processor card.  

The main processor cards gather the system status, bridge the 
inputs and outputs, and arbitrate various line card signals by 
way of the control logic. In addition, the main packet processor 
card also includes a massive storage device for storing the 
system software and logs, and an Ethernet switch for the 
system control network (SCN) for inter-line card 
communications, which is shown by the dotted arrows in Fig. 7. 

To measure the performance of global event processing for 
each IPM method, the respective IPM methods were applied to 
all control processors in the experimental system. An IXIA 
packet generator was used to quantitatively measure the 
performance of the system [16] by injecting an event-triggering 
packet into a control processor through an SCN. The control 
processor provided notification of the event to a remote control 
processor via an IPM method. After processing the event, the  
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remote control processor sent an event-finishing packet to the 
IXIA, and the IXIA measured the latency time and throughput 
of these processes. 

2. Procedure of Global Event Handling 

Figure 8 shows the procedures used to handle a global event 
that requested a change from a problematic path to an alternate 
path. We applied each IPM method to this global event 
processing scenario, and then measured the performance. 

When a packet arrives at input line interface card A, a 
forwarding engine searches its forwarding table using the 
network ID of the packet, such as the Ethernet address, VLAN 
ID, and IP address, to find a path label that corresponds to the 
packet. The path label indicates the service type, service class, 
internal switching port, and destination port of the packet. 
Based on this path label, the output forwarding engine in card 
B schedules the packet output and sends it to the corresponding 
output port. 

The validity of each path is examined using continuity check 
messages (CCMs) [17]. When a path failure is detected, the 
corresponding path label is reported to event recognizing task 
(A) on a local control processor (Rb). The event recognizing 
task then informs the event messaging task (B) to deliver a path 
modification message to the remote control processors through 
the SCN (S). When the event messaging task (C) on a remote 
control processor receives the path modification message, it 
informs the event processing task (D) to modify the forwarding 
table entity corresponding to the problematic path labels (P1 
and P2).  

When a problem arises at output port X, which is part of 
multiple paths, the problem is reported to a local control 
processor by an interrupt signal (Ra). The interrupt service 
routine raised by the interrupt signal checks the interrupt source, 
identifies the port X failure, and notifies the event recognizing 
task (A). The event recognizing task (A) informs the event 
messaging task (B) of the port X failure, which then delivers 
path modification messages to the remote control processors. 

When a problem arises at output line interface card B, it is 
reported to the main processor card through an interrupt signal. 
An interrupt service routine on the main processor identifies a 
card B failure, and notifies the event recognizing task running 
on the main processor. The event recognizing task informs the 
event messaging task of the card B failure, which then delivers 
path modification messages to the remote control processors. 
These operations are carried out by way of event messaging 
and collaboration among multiple control processors. 

In PtS-IPM, the port and card failures are globally 
symbolized as event IDs, and added to the event table of all of 
the cards. The event ID is used as a system-wide common 
identifier in order to handle port and card failures. 

Along with the event ID, all of the local procedures to be 
executed when either a port or card failure occurs are registered 
in the event table. Before adding a new path service through 
the port, the path information (path label and alternative path 
label) is added to the argument fields of the event ID in the 
event table of every card. When this provisioning is complete, 
the path service can be operated and managed.  

Before the path information is registered in the event table, it 
is translated into localized arguments so as to minimize the 



48   Bup-Joong Kim et al. ETRI Journal, Volume 39, Number 1, February 2017 
https://doi.org/10.4218/etrij.17.0116.0193 

local processing time required when handling the event. 
When a failure in port X occurs, the corresponding interrupt 

signal is activated, and the related interrupt service routine is 
executed. The interrupt service routine identifies the reason for 
the interrupt (port X failure) by checking the interrupt sources 
and notifies the event recognizing task (A). The event 
recognizing task (A) interprets the port X failure as the 
corresponding event ID, and instructs event messaging task (B) 
to deliver a signal message that includes the event ID (S). On 
the remote control processor, based on the received event ID, 
event processing task (D) obtains the procedure and arguments 
provisioned in its event table, and modifies the forwarding 
table entities to point to alternate paths for the problems (P1 
and P2). 

On the other hand, when using FC-IPM and VP-IPM, event 
messaging task (B) delivers path modification messages that 
include all path labels in the problem in order to inform the 
remote control processors of these paths. 

In the next sub-section, we show the results of applying  
FC-IPM, VP-IPM, and the proposed PtS-IPM method in 
processing the global event resulting from a path (port X or 
card B) failure. 

3. Results of Applying Proposed IPM to Global Event 
Processing 

Figure 9 shows the measurement results of the latency time 
required to share the event information between the control 
processors when a global event signaling a path failure has 
occurred. The vertical axis in Fig. 9 represents the latency time 
for a control processor to deliver an event message to a remote 
control processor when using FC-IPM, VP-IPM, and PtS-IPM 
methods. The latency time was measured for various numbers 
of paths mapped to a path for a particular problem. The 
rectangular box shows the latency time at an enlarged scale for 
1 to 1,000 paths. 

The FC-IPM and VP-IPM (general IPMs) methods were 
used to transmit event information that included the affected 
path labels during runtime. The size of the path label was     
2 bytes. The PtS-IPM method transmitted event information 
that only included an event ID. As a result, for the general 
IPMs, the latency time increased as the number of paths 
increased, whereas the PtS-IPM method exhibited an almost 
constant latency time.  

For all numbers of paths, PtS-IPM consumed less latency 
time than did the general IPMs for event sharing, and the 
latency time of PtS-IPM was constant regardless of the number 
of paths, which resulted in time-deterministic event sharing. 

The throughput results for the event sharing (acceptable 
event count per second) are shown in Fig. 10. As the number of  

 

Fig. 9. IPM latency (μs) of event messaging for the number of 
paths. 
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Fig. 10. IPM throughput (events per second) for the number of 
paths. 
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paths increased, the throughput of the general IPMs decreased 
because they have to deliver a complete list of the affected path 
labels at runtime. The throughput of PtS-IPM was constant 
regardless of the number of paths that failed. Because the PtS-
IPM method used only the minimum size of the SCN   
packet including the event ID, the throughput of PtS-IPM 
corresponded to the maximum throughput available when 
traversing two control processors. 

The control processors sent and received the global event 
message through their SCN ports. As the amount of event data 
increased, the general IPMs occupied more of the available 
bandwidth of the SCN port, and used more of the available 
packet processing time in the control processors, which 
resulted in a decrease in the number of sharable events within  
a limited timeframe. PtS-IPM maintained its maximum 
throughput regardless of the event data. As a result, when the 
PtS-IPM method was used, the control processors were able to 
constantly transmit the maximum number of global events to 
the remote processors despite the increase in the amount of 
event data. 

Figure 11 shows the measurement results of the latency time 
for event sharing and processing. 

The event processing was handled by having the control 
processor in charge replace the broken path labels with  
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Fig. 11. Latency (μs) of event processing for the number of paths.
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alternative path labels in the forwarding table. The control 
processor accessed the forwarding table using PCI-Express IO 
with a maximum payload size of 256 bytes. 

As shown in Fig. 11, the latency time of all IPMs increased 
as the number of paths increased. The ratio of latency time 
increase to path increase was 0.0522 for FC-IPM, 0.0455 for 
VP-IPM, and 0.0164 for PtS-IPM. Although the PtS-IPM 
dropped the rate of increase to about 30% as compared to that 
for the general IPMs. 

In the PtS-IPM method, the latency time was less affected by 
the path count than in the general IPMs. This made it possible 
to switch more problematic paths to alternate paths within a 
limited timeframe, and to assign more managed logical paths to 
a specific port or line interface card in the data transport system. 

The proposed PtS-IPM lessens the latency time associated 
with global event processing and improves the time 
determinacy by simplifying the runtime event sharing process 
and minimizing the time variability caused by the amount of 
event data. 

V. Conclusion 

A provisioning-to-signaling IPM method was proposed as an 
effective means for global event sharing between control 
processors in data transport systems that use multiple processors. 
The proposed method was applied to a 3.2 terabit data transport 
system that consisted of 22 control processors, and the benefits 
of the proposed method were confirmed experimentally. 

The results show that the method simplifies the runtime 
event sharing process and minimizes the time variability 
caused by the amount of event data, which results in a decrease 
in the latency time and an improvement in the time 
determinacy when processing global events.  

In processing a global path failure event, the proposed 
method lessens the latency time of global event processing by 
about 50% when compared to the latency for general IPMs for 
4,000 internal path changes, and reduces the impact of the 

amount of event data on the event processing time. In other 
words, the ratio of the latency time to path increase was 
reduced to about 30% when compared with that of the general 
IPMs. 
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