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Abstract 
TNMSKemel, a network operations system development platform, can be used to produce a 
Management Information Base (MIB) in conjunction with a database management system. A 
previous study used a RDBMS (Relational Database Management System) and an OODBMS 
(Object-Oriented Database Management System), to implement two functionally equivalent MIB 
functions. However, these MIB implementations are not suitable for network elements such as 
digital cross-connect systems and subscriber line terminals. Because processing capabilities 
including processing power, memories and disk 1/0 speeds for TMN operations interface 
attached to them are limited. These problems are solved by implementing a new MIB on the 
main memory technique. The proposed method offers sufficient performance comparing with 
methods using RDBMS and OODBMS. Furthermore, this paper describes a strategy of 
selecting the best MIB implementation for each sub-system in an A TM transport network 
operations system. The effectiveness of the strategy is confirmed through an experiment on a 
prototype A TM transport network operations system. 

Keywords 
MIB, TMN, OSI, Main Memory Resident Database, ATM, Network Element 

1 INTRODUCTION 

The authors have developed an operations system development environment called 
"TNMSKemel" to efficiently realize transport network operations systems based on TMN 
(Telecommunications Management Network) standards. The TMN standards provide the 
operation interface specifications by which multiple carriers can realize telecommunications 
network interoperability through their operations systems(CCITT M.3010, 1992). The 
interface specifications utilize the OSI systems management standards, which include the 
management information model and the common management information services/protocol 
(CMIS/CMIP) (CCITT X.701, 1992)(CCITT X.7ll, 1992). TNMSKemel is now being used 
to develop an ATM transport network operations system (Yata, 1994)(Yoda, 1994). While 
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TNMSKernel provides several functions for the rapid development of operations systems, the 
purpose of this paper is to describe its implementation of MIB (Management Information Base). 

As an operations system consists of several sub-systems with different roles, the 
operational performance of each sub-system determines the total system performance. The 
performance of each sub-system strongly relies on MIB performance that depends on the MIB 
implementation and the processing capacity of the sub-system. Two MIB implementations 
have already been developed and tested on TNMSKernel (Yoda, Sak:ae, 1992)(Yoda, 1993). 
Other MIB implementation results can be found in (Dossogne, 1993)(Huslende, 1993). All 
these studies focused on using RDBMS (Relational Database Management System) or 
OODBMS (Object-Oriented Database Management System) to implement the MIB function. 
These approaches seem reasonable only for fairly large sub-systems that we can expect will 
have the large processing power needed to run the DBMSs. The DBMSs, while they do offer 
some advantages, impose quite high penalties in terms of computing capacity. Thus, it is 
difficult to apply the previous implementations to sub-systems with less computing power such 
as network elements. 

What is needed is, therefore, a MIB implementation that is more efficient than the previous 
approaches. It should produce a MIB that runs quickly, handles all regular management 
functions, and is suitable for low processing capacity sub-systems. 

This paper proposes a MIB implementation that uses the main memory of the managed open 
system. This realizes a high performance MIB within a limited processing capability. Next, 
three MIB implementations are evaluated using experimental CMIS operations. Then, the 
optimal MIB deployment strategy is assessed for the A TM transport network operations 
system. To do this, the technical requirements of the sub-systems are analyzed. Finally, the 
effectiveness of the proposed MIB implementation and the deployment strategy is confirmed 
through an experiment on a prototype system. 

2 REQUIREMENTS FOR MIB IMPLEMENTATION 

2.1 MIB functions 

MIB consist of managed object instances and their definitions written in the GDMO format 
(CCITT X.701, 1992)(CCITT X.722, 1992). There are four main MIB functions from the 
viewpoint of the OSI systems management. 

• Management of object instances and attributes: The MIB shall effectively store object 
instances and attribute values including relationships. It shall also provide a sophisticated 
information retrieval mechanism. 

• Management of containment relationships: Managed object instances named by the 
containment relationship constitute a tree structure called MIT (Management Information 
Tree). Since CMIS operations pinpoint the managed object instance to be operated based on 
this naming rule, the MIB shall map MIT onto MIB. 

• Scope and filter: In order for the manager to point to a managed object instance in the 
managed open system, the base managed object instance, scope and filter parameters are 
used. The MIB shall have mechanisms to scope managed object instances and filter them by 
the attribute values specified by the manager. 

• Management of transaction: Multiple managing open systems can independently and 
simultaneously access the same set of management information. Thus, transaction control 
becomes a critical requirement. The MIB shall ensure the consistency of the management 
information control functions includes atomic operations for exclusive and transaction 
controls. 
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In addition to the above mentioned functional requirements, the MIB shall have a performance 
sufficient to handle millions of managed object instances that are spatially distributed. 
Maintainability and reliability are also required to realize stable network operation. 

2. 2 MIB on the platform 

TNMSKemel is the software platform proposed by the authors to develop TMN based 
operations systems efficiently. TNMSKemel consists of MIB, Human Machine Interfaces, and 
communication functions including CMIP. These capabilities are supplied as C++ object class 
libraries (Y oda, 1994). Figure 1 depicts the original TNMSKemel configuration. Mm was 
originally realized either on a relational database management system(RDBMS) or on an object 
oriented database management system(OODBMS). Since TNMSKemel provides the MIB 
Application Program Interface(API), which conceals the database management system's 
characteristics, programmers can write managed object behavior programs without knowledge 
of the internal MIB implementation scheme. Mediation programs (Data Base Access API) are 
used to hide the differences between database management systems. Furthermore, a managed 
object instance caching mechanism is provided between APis to improve MIB performance. 

GUI 
components 

Event 
Handler X.500 

(Managed Object Behaviour) 

Operating System {UNIX or MACH ) 

Figure 1 TNMSKemel configuration. 

3 MIB IMPLEMENTATIONS 

TNMSKemel makes use of database management systems to implement MIB functions. The 
previous research considered only commercially available RDBMS and OODBMS. These are 
discussed briefly in the following section. Section 3.2 introduces the new idea of Main 
Memory Resident MIB (MMR-MIB). 

3.1 MIB implementations based on ready-made DBMSs 

RDBMS 
RDBMS manages data as tables using mathematical relationships (Ullman, 1988). MIB 
implementation rules based on an RDBMS are described below (Y oda, 1993). 
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• Use an internal object identifier (AOI: Agent Object Identifier) to identify a managed object 
instance within the MIB. 

• Defme an attribute table to handle managed object attribute values and define a table key with 
using an AOI. 

• Use a table of AOI pairs to form relationships between containing managed objects and 
contained managed objects. 

• Generate appropriate SQL code from the base object instance, scope and filter parameters 
specified in the operation request, and perform the management operation. 

By mapping managed object instances and attribute values onto RDBMS tables, MIB uses 
RDBMS as the management information storage tool. To handle managed object instances with 
the attributes stored in the various relation tables, the table JOIN operation (Ullman, 1988) is 
needed to perform each management operation. This operation heavily loads the managed 
system and degrades transaction performance (Yoda, 1993). On the other hand, RDBMS 
offers an advantage in that the software program is relatively simple but offers powerful scope 
and filtering procedures. This is because the SQL powerfully supports relationship operations. 

OODBMS 
OODBMS permanently stores object instances of complex data structures(Chorafas,l993). 
This database management system is adequate for the store complex data structures usually 
found in TMN managed object defmitions. The following are the MIB implementation rules for 
OODBMS implementation. 

• Form permanent pointers to indicate managed objects and attributes 
• Use pointers to form managed object instance- attribute relationships. 
• Realize the containment relationship by having containing and contained object instance 

pointers in each managed object. The collection management function supported in the 
OODBMS is used to ensure that the containing managed object has a I to N relationship with 
contained object instances. 

• Find managed object instances using pointer navigation from the base object instances using 
the conditions specified by scope and filter parameters and perform management operations 
on them. 

The use of OODBMS minimizes the amount of program code needed to realize the MIB 
function, especially in generating the data schema since managed object instances of complex 
data structures can be directly stored in the database. Furthermore, pointer processing yields 
good performance in the management operation on a single managed object instance. By 
contrast, simultaneous operations on a large number of managed object instances are negatively 
affected by the clustering effect of object instances on the storage media. Thus, the MIB 
performance can vary greatly depending on the characteristic of the operation. In addition, the 
lack of standard query mechanisms such as SQL on RDBMS, increases the amount of program 
code needed for condition handling. 

3. 2 Main Memory Resident MIB 

The OSs (Operating Systems) implemented in most network elements offer only limited 
capabilities and do not support ready-made DBMS packages. Even if the DBMS is supported, 
the processors of network elements have relatively low CPU power and low disk J/0 speeds. 
Thus, it is difficult to obtain sufficient processing performance. This means that basing MIB 
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on a ready-made database management system, RDBMS or OODBMS, is suitable only when 
the systems have processing power sufficient to handle large numbers of instances. 

What is needed is to replace the ready-made DBMS with another technique; the best 
candidate is memory resident data handling (Ammann, 1985)(Molina, 1992). It can be used to 
achieve portable, high performance MIBs that can run on a system with limited CPU power. 
With this approach, high performance data processing is obtainable by placing and processing 
managed object instances in the main memory. Figure 2 depicts the concept of the proposed 
Main Memory Resident MIB (MMR-MIB). This method is configured with the following 
seven implementation rules. 

(.& Application ) 

Cl ArchiveManager •. ::::> 
AOITable 

~A~0~1~~~~~~D~N-m-n~k • 
1 0001 1 l EncodeOrDecode 
10010 2 
10016 2 : 
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Figure 2 MMR-MIB implementation concept. 

• MIB schema: In order to handle managed object instances on the main memory, class 
definitions themselves are used as the schema information. The class definitions used by 
application programs are generated from GDMO defmitions with using the GDMO translator 
(Yoda, Minato, 1992). 

• Management of managed objects and attributes: The managed object instance is instantiated 
from the class definition in the MIB schema. Access to the managed object instance and 
attributes is achieved through the containing managed object pointer and the distinguished 
attribute. 

• Management of containment relationships: The managed object instance has the containing 
managed object pointer and manages the contained managed object instance pointer group as a 
unidirectional list. Furthermore, the AOI table is introduced to specify the managed object 
instance depth on the MIT. This table includes the managed object instance AOI, the 
containing managed object instance AOI, and the rank of the instance in the MIT. 

• Scope and filter: In order to point to the managed object instance, the managed object instance 
pointing mechanism is furnished. This mechanism processes the logical operators in the 
scope condition, the filter condition, and AVA( attribute value assertion). 
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• Management of transaction: Managed object instance entries including "commit", "abort", 
"prepare", etc. are employed to realize the atomic operation capability based on two-phase 
commitment. This capability maintains the data integrity of managed object instances. 

• Backup operation: Managed object information is backed-up on nonvolatile memory after the 
completion of each transaction to avoid the loss of management information. In particular, 
ArchiveManager object is used to manage AOI table and attribute data encoded in ASN.l 
during back-up operations. 

• Indexing: The performance of managed object instance access is improved by creating Hash 
or A VLTree indexes. 

3.3 MIB implementation evaluation 

Performance of CMIS Operation 
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Figure 3 CMIS operations performance. 
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The above mentioned three implementations were used to implement the same basic MIB, and 
transaction processing time was measured for each implementation. The MIB, which runs on a 
UNIX server with RISC processor, stored managed object instances with the attributes of all 
possible ASN.l basic data types. Figure 3 shows the average operation times spent to perform 
CMIS M_CREATE, M_DELETE, M_GET and M_SET operations on a managed object 
instance as invoked. This result confirms that MMR-MIB achieves the best performance for 
every examined operation. Regarding M_CREATE operation, MMR-MIB was ten and two 
times faster that the RDBMS and OODBMS version. In other words, this result shows that 
MMR-MIB will provide a similar performance to the RDBMS and OODBMS version on 
control systems that have one tenth and half processing power of RISC processor. While the 
MMR-MIB implementation supports fewer managed object instances than the other methods, 
this is not a significant problem for network element applications because network elements 
manage predictable number of instances and some of them do not require to be persistent in the 
storage. The performance improvement obtained here is caused by redundant DBMS functions 
for MIB application elimination such as data schema conversion and ASN.l data encoding and 
decoding. 
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4 MIB DEPLOYMENT FOR AN ATM TRANSPORT NETWORK 
OPERATIONS SYSTEM 

As described in the previous section, each MIB implementation has its advantages and 
disadvantages. Thus, which is best for each sub-system in a network operation system 
depends on the technical requirements of the sub-system. This section clarifies sub-system 
requirements and introduces the strategy of MB assignment. As an example of a network 
operation system, let us consider an A TM transport network operations system. 

4 .1 System architecture 

Figure 4 depicts the ATM transport network operations system architecture considered in this 
paper. The hierarchical operations system architecture is adopted (Yoshida, 1992) to increase 
operation performance and to conform to the TMN standards (CCITT M.3010, 1992). This 
architecture consists of four layers: the resource layer, the resource control layer, the resource 
management layer, and the operation scenario management layer. Each layer has sub-systems 
with MIBs, which store management information to be exchanged through CMIP. The 
management layers are detailed below. 

Operation 
End Maintenance Clerk Construction Scenario 

Management Customer Administration System Administration 
Layer System System System 

Resource Network Network 
Control Maintenance Construction 
Layer System System 

Resource Network Network Customer Workforce 
Management Element Element Management Management 
Layer Management Planning System System 

Svstem Svstem 

( Resource I Network ) Layer Element 

Figure 4 A TM transport network operations system architecture. 

1. Resource layer: The sub-systems in the resource layer provide the upper layer sub-systems 
with a management view of the resources concerned. For example, defects detected by the 
network element are transformed into alarm notifications. The network element is a potential 
sub-system in this layer. 

2. Resource management layer: The sub-systems in the resource management layer control the 
management information provided by the resource layer sub-system and generate the 
management view of logical resources. The network element management system, the 
network element planning system, the customer management system and the work force 
management system are located in this layer. 

3. Resource control layer: The sub-systems in the resource control layer control the 
management information of physical and logical resources to provide management views to 
sub-systems in the operation scenario management layer. Each management view considers 
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one component of the management scenario. This layer includes the network maintenance 
and operations system as well as the network construction system. 

4. Operation scenario management layer: The sub-systems in the operation scenario 
management layer perform management scenarios by controlling the sub-systems of the 
resource management layer. The end customer control system, the maintenance 
administration system, the clerk system, and the construction administration system are 
located in this layer. 

4.2 Managed object model 

Since each sub-system uses CMIP to exchange management information, the management 
information in each sub-system MIB is modeled as managed objects specified according to 
GDMO. The managed objects appearing in each management layer are discussed below. 
1. Resource layer: As abstractions of network element resources, termination points of SDH 

Trail and virtual path(VP) Trail, connection information, and packages of equipment and 
software are modeled as managed objects. 

2. Resource management layer: As abstractions of the network, SDH Trails and VP Trails are 
modeled as managed objects. To handle customer information, the customer's name, the 
contact phone number, etc. are also modeled. 

3. Resource control layer: As components of the management scenario, the procedures used to 
manage trouble restoration and network construction are modeled as managed objects. 

4. Operation scenario management layer: Since sub-system processes of this layer do not play 
agent roles, there is no managed object except the identifier of agent systems to initiate 
management operation. 

4. 3 Requirements and limitations of systems 

The technical requirements of each layer are described below. 
1. Resource layer: A sub-system in this layer is always a managed open system and stores only 

the management information that represents the components of the sub-system itself. For 
this reason, it is easy to predict the number of managed objects when designing the system. 
Moreover, a large storage resource (memory or disk) is not necessary to store these objects. 
On the other hand, rapid processing is necessary for the sub-systems, particularly for the 
case of transmitting alarm notification. Another requirement is that the cost of the sub
system should be low. This is because a large number of sub-systems exist in this layer. To 
satisfy this requirement, the capabilities of the processing machine used in the sub-system 
must be limited in terms of processing performance attributes such as CPU power or disk 
110 speed. For example, existing network elements are using micro-processor based 
processor machine such as Motorola 68030, Intel 80386 with limited memories less than 
128M bytes. 

2. Resource management layer: Sub-systems in this layer must frequently communicate with 
other sub-systems in other layers and manage a large amount of management information. 
Therefore, sub-systems must be implemented with server class multipurpose machines. 

3. Resource control layer: The requirements are similar to those of the resource management 
layer; server class multipurpose machines are needed. 

4. Operation scenario management layer: Sub-systems in this layer mainly handle the human
machine interface that allow human operators to access operation functions. This does not 
require large scale database handling. The multipurpose workstation is probably the best 
candidate. 
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4.4 MIB deployment strategy 

Table 1 compares the three MIB implementations using the following parameters. 
• Processing speed: The processing time needed for CMIP operation. 
• Transportability: Program transportability among different machines. 
• Software installation cost. 
• Storage capacity: The available capacity to store management information. 
• System maintainability. 

We note that the optimal MIB implementation depends on system-specific requirements. 
According to the requirements described in Section 4.3, the MIB for sub-systems in the 
resource management and control layers should be based on ready-made DBMSs (RDBMS or 
OODBMS) because it needs to handle a lot of management information and facilitate system 
integration and conversion functions. Meanwhile, sub-systems in the resource layer should 
adopt MMR-MIB to reduce the implementation cost and to increase the operation performance. 

Table 1 Comparison of MIB versions 
Parameters RDBMS-MIB OODBMS-MIB MMR-MIB 
processing speed low medium high 
transportability no no yes 
software cost high high low 
storage capacity large large medium 
maintainability excellent good fair 

5 MIB EVALUATION 

5 .1 Evaluation method 

In order to clarify the effectiveness of MMR-MIB in the ATM transport network operations 
system, a prototype system was developed using the TNMSKernel and evaluated in terms of 
management processing time. Figure 5 illustrates the target ATM transport network and its 
management system. The network consists of the ATM cross-connect system(ATM-XC), the 
ATM subscriber line terminal(ATM-SLT), and the digital subscriber unit(DSU) located in the 
customer premises. This design has the ATM-SLT manage the DSU while the ATM-SLT and 
the ATM-XC manage physical resources of the network such as packages and termination 
points. The network management system (NMS) controls the ATM virtual path (ATM-VP) 
Trails and the SDH Trails established between network elements. In addition to these 
components, a debug manager was deployed to initiate the NMS. 

In this prototype, the MIB in the NMS was implemented on an OODBMS while the 
network elements used MMR-MIB. RISC-based UNIX workstations were used as the 
processing machines of each sub-system in this experiment. The communication protocol 
between components was CMIP over TCP/IP. The Directory access function was used to 
realize location transparency of managed objects (Minato, 1993) .We examined the following 
two operation scenarios to evaluate the processing time. 

1. SDH Trail Creation: This creates SDH Trail managed objects between ATM-XC and ATM
SLT as well as ATM-SLT and DSU. This also creates termination point managed objects 
such as VP Adaptors, VP connection termination points (VPCTP). 
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2. VP Trail Creation: This creates VP Trail from SDH Trails by obtaining the bandwidth of 
each SDH Trail and establishing the appropriately sized cross-connection in A TM-XC. 

DebugManagerr---~~ 

Figure 5 ATM transport network operations system architecture. 

5.2 Evaluation 

A number of CMIP operations made in this experiment are indicated in Table 2 M_ GET 
operations were used to check the availability of network resources. M_SET operations were 
used to unlock managed object administrative state. M_ACTION operations were used to 
create multiple VPCTP and cross-connections in SLT and XC while M_CREATE operations 
were used to create multiple VPCTP ofDSU. 

Table 2 CMIP operations in the experiment 
Operations agents M GET M SET M CREATE M ACTION 
SDH Trail Creation NMS 1 1 
(XC/SLT) XC 10 4 8 1 

SLT 13 3 8 
SDH Trail Creation NMS 1 
(SLT/DSU) SLT(DSU) 15 3 260 
VP Trail Creation NMS 5 

XC 3 
SLT(DSU) 14 2 2 2 

Table 3 indicates the average operation processing time for each operation scenario. Managed 
object creation time for SLT/DSU SDH Trail is large because the SLT manages both 
termination points on SLT and DSU and it requires 260 VPCTP creations in DSU. The VP 
Trail Creation time was smaller than SDH Trail Creation time. This is because number of 
termination point creations are smaller than SDH Trail Creation case. This result verifies that 
operation performance is sufficient. This operation performance can also be improved by 
reducing the availability check sequences in each Trail Creation. It also confirms the validity of 
the proposed MIB deployment strategy. Since a previous experiment on a RDBMS-MIB yield 
processing times of 10 to 20 seconds(Yata, 1994), the proposed method offers improved 
operation process time. 

Regarding the required MIB size in network elements, it was clarified that an XC needs 
more than a half million managed object instances to represent its operation function. Thousand 
managed object instances among them need to be persistent on the storage and less than thirty 



560 Part Three Practice and Experience 

thousand managed object instances need to be visible at the same time. In order to reduce 
required memory size on XC, we introduced a virtual managed object representation technique 
to make managed object visible on the MIB memory space when they are needed. Those object 
instances are reloaded on to the MIB memory by programs. By using this method, it was 
confirmed that XC requires less than ?OM bytes memory to realize its operation function. This 
is within the range of network element processing capability. 

Table 3 Operation processing time 
Operations 
SDH Trail Creation (XC/SLT) 
SDH Trail Creation (SLT/DSU) 
VP Trail Creation 

6 CONCLUSION 

Average processing time( sec.) 
4.3 
7.5 
3.6 

This paper has considered implementing the MIB function on three types of database 
management systems: RDBMS, OODBMS, and the newly proposed main memory resident 
technique. The performances of each implementation were evaluated by realizing the same MIB 
function on ''TNMSKemel". The MIB based on the main memory resident technique offers 
significantly improved performance, which makes it suitable for relatively small systems such 
as network elements. An MIB deployment strategy was proposed for a hierarchical ATM 
transport network operations system architecture. Experimental results confirmed that excellent 
performance is achieved by adopting the appropriate MIB method in each sub-system. 
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