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Abstract 
HEI (Higher Education Institutions) usually does not have a plan to make equipment purchases that 
impacts on the fulfilment of institutional strategic objectives. Generally, the acquisitions are carried out 
with a short-term vision, to solve the urgent problems, which generates an inefficient use of the 
resources destined to technological acquisitions. 

The UAM (Metropolitan Autonomous University), has a structure based on Departments and 
Academic Divisions, each Department assumes the acquisition of technological infrastructure 
according to its own needs, seeks to solve problems that arise in the short term without having a 
significant impact on what is established in the institutional Development Plan. 

Therefore, is necessary that HEI define an Institutional Architecture based on the key processes of the 
Institution. The UAM Lerma, apply the best practices for a management system design that integrates 
four architectures a process architecture, a data architecture that manages information, an application 
architecture for data and information management, and a technological architecture that establishes 
the software and hardware. 

The objective of this work is to define a technological architecture needed to support the architecture 
framework of critical processes of a HEI. The build a technological architecture aims to minimizes 
costs by acquiring the technological infrastructure strictly necessary to operate, avoiding unplanned 
purchases. Using a Cloud Computing solution optimizes the use of memory, disk space and 
processing time, for having high availability of the offered services, including the vantage of reduced 
fees for annual licensing due to the use of free software. 

When designing a technological architecture is important to consider key processes, which must be 
identified and classified into three groups: strategic, operational and support for constituting the 
business architecture. At the same time its described the way for identifying the needed data for the 
correct key processes management. Also, data is classified as master data, system data and 
catalogues. Applications are aligned with the data and key processes identified. Finally, the 
technology architecture integrates software and hardware used to support the developed applications. 

The indicated technological architecture establishes the computational platforms, databases, as well 
as the mechanisms for data storage, data networks, data processing and integrated services in data 
centers. Architecture allows to identify the type of hardware and software required to support the 
implementation of systems or applications for the proper functioning of the Institution. For software 
components, Open Source was integrated with Tomcat as application server, Apache as web server 
and PostgreSQL as DBMS. Meanwhile hardware components are a virtualized server located at UAM-
Lerma campus and another virtualized server at UAM-Azcapotzalco campus, both implemented under 
a cloud computing scheme. 
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1 INTRODUCTION  
HEI (Higher Education Institutions) usually does not have a plan to make equipment purchases that 
impacts on the fulfilment of institutional strategic objectives. Generally, the acquisitions are carried out 
with a short-term vision, to solve the urgent problems, but it generates an inefficient use of resources 
coming from technological acquisitions. 

The UAM (Metropolitan Autonomous University) has a structure based on Departments and Academic 
Divisions, each Department assumes the acquisition of technological infrastructure according to its 
own needs, but just looking for solving problems that arise in the short term, offering a very low impact 
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on what is established in the institutional development plan. For those reasons, its more than justified 
the design of an institutional architecture from enterprise architecture based on UAM´s key processes, 
identifying the needed data to build a digital management system for supporting the management 
activities developed at UAM. The proposed technologic architecture must support data, applications 
and must be aligned to institutional key processes, considering the optimal use of resources invested 
when acquiring technologic infrastructure. 

2 RELATED WORK 
Nowadays, academic systems are in an IT solutions adaptability process. Around the world, we can 
find many information systems, available for HEI, so an interesting work related to evaluation for the 
integration of IT systems in educative environments is presented by Al-Alwani [1]. 

Sandoval y Tutillo designed an enterprise architecture framework using an agile approach for a tech 
transfer and research center in a HEI at Ecuador [2]. This framework use as a reference the most 
recognized enterprise architecture framework in the world, The Open Group Architecture Forum 
(TOGAF) [3]. So, the proposed framework implement a new design considering the regulatory frame 
for the tech transfer and research center, but also considering the proposed principles by the agile 
approach from the enterprise architecture. On the other hand, Cerinza and Ospina, consider 
technology must be at the business service, but not the business for serving the technology, for them 
IT is a benefit generator for the organization and apply their proposals at health institutions in 
Colombia [4]. These works are focused to the evaluation of the technology integration at Enterprise 
and educational environments, some of them adopt TOGAF framework or propose a new framework 
based on TOGAF offering modifications, but those proposals do not offer an enterprise architecture 
adapted to an HEI. This work proposes an institutional architecture adapting TOGAF framework to 
UAM as HEI and describes the technological architecture [5]. 

3 TOGAF KEY PROCESS MODEL 
TOGAF 9.1 framework (The Open Group Architecture Forum) [3], is one of the most complete 
business architecture proposals. The business architecture proposed by TOGAF is based on the 
following components: a business architecture, a data architecture, an application architecture, and a 
technology or infrastructure architecture [5], as shown in Fig. 1. 

 
Figure 1. TOGAF business architecture. 

The TOGAF enterprise architecture focuses on the objectives, goals, and organizational structure of 
the institution, as well as on the modeling of processes, their relationships and the actors involved. 
From stablished key processes, key data is identified conforming the data architecture. Data is stored 
in a data repository which is managed by the application architecture (services/applications), which in 
turn supports the activities of the key processes. Then technological architecture integrates hardware, 
software, and computer networking issues, which support the application and data architecture [5]. 
The main vantage when using TOGAF reference model is that the four architectures integrating it, 
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these are aligned to organization´s goals and objectives, iniciating with identified key processes, data 
centralized in a repository and, hardware and software acquisitions adjusted to real institution needs. 
This alignment lets a HEI an optimal use of resources. 

4 METHODOLOGY 
Methodology used includes the following activities:  

1 Compilation and analysis of key processes (classify them into three groups: strategic, 
operational and support); 

2 Design of the administrative meta-model;  

3 Design of data architecture (classified into master data, system data and catalogues); 

4 Design and implementation of the application architecture (aligned with the data and key 
processes identified, integrated by application of services, document management and reports); 

5 Design of technological architecture, it integrates the software and hardware used to support 
the developed applications. 

The technological architecture establishes the computational platforms, databases, as well as the 
mechanisms of data storage, data networks, data processing and integrated services in data centers.  

5 TECHNOLOGICAL ARCHITECTURE FOR HEI 
This section shows the proposed institutional architecture based on the TOGAF framework and the 
proposed technological architecture is detailed. 

5.1 Institutional Architecture  
The Institutional Architecture was designed using TOGAF 9.1 framework as a base [3]; TOGAF is one 
of the most complete enterprise architecture proposals. It is integrated from four architectures: 1) a 
business architecture; 2) a data architecture; 3) an application architecture; and 4) a technology or 
infrastructure architecture, those architectures are shown in figure 2.  

As part of business architecture, the organization´s key processes were identified, then they were 
classified as strategic, operative or support processes. After, needed data for the adequate 
management of key processes were identified. Those data were classified as master data or the main 
data; system data, the data requested for the adequate function of systems and applications; and 
catalogs, data used as support in applications. Applications are aligned to data and key processes 
identified as part of the defined architecture [6]. 

Finally, technology architecture integrated software, hardware, and network requirements for 
supporting developed applications. This work is focused in technology architecture, the one shown in 
blue in figure 2. 

 
Figure 2. Institutional Architecture [5]. 
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5.2 Technological Architecture 
Technological architecture allows identifying the type of hardware, software and network required to 
support the implementation of systems or applications for a proper functioning for the institution needs. 
Here it is important to mention, technology is aligned to strategic objectives of the development plan 
for the HEI [7]. 

5.2.1 Technologic platform 
Technologic platform is distributed in two UAM campuses, one at Azcapotzalco campus where three 
servers are located for installing SAKAI, Open Connect and Bonita Software; meanwhile at UAM-
Lerma campus, two virtualized servers were the digital management system, quality management 
system, a semantic web (WebBuillder) and SAKAI were installed, enabling a cloud computing solution. 
The software used is Open Source, it is integrated with an Application Server (Tomcat), a Web Server 
(Apache) and a Database Manager System (PostgreSQL). While the hardware used is comprised of a 
virtualized server located in the UAM-Lerma and another virtualized server in UAM-Azcapotzalco 
implemented under the cloud computing scheme. Figure 3 shows the diagram of the proposed 
technology architecture, indicating the corresponding layers. 

 
Figure 3. Diagram for the platform in layers. 

5.2.2 Communication engineering 

Physical and virtualized servers are located at the two UAM campuses, Lerma and Azcapotzalco, so 
security mechanisms are required for the communication in order to keep safe storaged information in 
servers and at the SAN (Storage Area Network). The security configuration use firewalls and a 
peripheral security system filtering Access to intranet and internet. Communication engineering 
diagram is shown in figure 4 where the main communications mechanisms and security are configured 
with the components of the institutional architecture, also with client and server´s connection and the 
corresponding network infrastructure. 
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Figure 4. Communication engineering diagram. 

5.2.3 Monitoring and advertisement generator system 

Due to having a better development and efficiency for management processes at HEI is a priority, it is 
a need to have the required tools for maintaining the services provided by applications in servers 
which configures the technology platform. So, technology architecture integrates also a monitoring and 
advertisement generator system (MAGS) based on agents. Its function is monitoring in real time 
servers and services where applications are, sending advertisements to the manager when a failure is 
detected; simultaneously statistics about servers are produced, as indicated in figure 5 [8]. The 
implementation of the MAGS was tested at UAM-Azcapotzalco campus. MAGS reduces time when 
solving failures in servers having a minimum investment. 

 
Figure 5. Monitoring and advertisements generation system over Linux servers [8]. 

6 RESULTS 
Technological architecture is part of the institutional architecture which includes hardware, software, 
network connectivity and security resources to support applications y keep key data for the institution. 
Detailed results for hardware, software, and network configuration for UAM-Lerma and UAM-
Azcapotzalco campuses are shown. 
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6.1 Technology infrastructure UAM-Lerma campus 
Today technology infrastructure implemented at UAM-Lerma campus supports virtual campus 
applications: 1) Request for tutors and scholarships; 2) Assignment of tutors; 3) Administration of 
scholarships; 4) Labor equality and gender equity survey; 5) Request for countryside practices; 6) 
Request for the exit of possessions; and 7) Request for services. The use of these applications 
reduces human errors, improves the attention times for the end user, takes a control of the state and 
process flow, which allows to identify where the process is stopped or delayed. 

Table 1 shows information for virtualized servers located at Lerma campus, considering assigned IP 
address, RAM´s quantity, assigned disk space, number of processors and physical equipment 
characteristics. Also, table 2 shows associated information about installed software in virtualized 
servers, including operative system, DBMS, web server, application server and WebBuilder and 
SAKAI applications. 

Table 1.  Technology infrastructure at UAM-Lerma campus (hardware). 

Name IP RAM CPU Disk Location 

campus-
virtual.ler.uam.mx 

148.206.31.6 32113.1 
MB 

Intel(R) Xeon(R) CPU E5-2660 0 
@ 2.20GHz stepping 07 (4 CPUs) 

402.7 GB UAM 
Lerma 

sakai.ler.uam.mx 148.206.31.5 1877.3 
MB 

Intel(R) Xeon(R) CPU E5-2660 0 
@ 2.20GHz stepping 07 (1 CPUs) 

171.8 GB UAM 
Lerma 

Table 2.  Technology infrastructure at UAM-Lerma campus (software). 

Name IP SO Applications Type 

campus-
virtual.ler.uam.mx 

148.206.31.6 CentOS 6.7 WebBuilder, Tomcat Application Server,  
Apache Web Server, PostgreSQL 

Virtual 
Server 

sakai.ler.uam.mx 148.206.31.5 CentOS 6.6 SAKAI, Tomcat Application Server,  
Apache Web Server, PostgreSQL 

Virtual 
Server 

6.2 Technology infrastructure at UAM-Azcapotzalco campus 
Technology infrastructure implemented at UAM-Azcapotzalco campus provides halls for 
videoconferences, the monitoring, and advertisements generator system as well as management 
applications. This campus has the most solid infrastructure. Table 3 shows data in physic and 
virtualized servers, including physic location, IP address, and RAM space. 

Table 3.  Technologic Infrastructure at UAM-Azcapotzalco campus (hardware). 

Name IP RAM CPU Disk Location 

edrm.azc.uam.mx 148.206.94.190 279551 
MB 

Intel(R) Xeon(R) CPU 
E5-2630 v2 @ 

2.60GHz stepping 04 
(24 CPUs) 

7001.2 
GB 

Edificio 
HP 

eknowledge.azc.uam.mx 148.206.94.151 12 GB 
Intel(R) Core(TM) i7 

CPU     920  @ 
2.67GHz 2.67 GHz 

465 
GB 

Edificio 
HP 

elearning.azc.uam.mx 148.206.79.19 3664.1 
MB 

Intel(R) Xeon(R) 
CPU     E5640  @ 
2.67GHz (1 CPUs) 

322.1 
GB Edificio T 

gestionsistemas.azc.uam.mx 148.206.94.198 16880 
MB 

Intel(R) Core(TM) i7-
4770 CPU @ 3.40GHz 
stepping 03 (8 CPUs) 

2000.4 
GB Edificio H 

sgd.azc.uam.mx 148.206.94.115 12784 
MB 

Intel(R) Core(TM) i7-
4770 CPU @ 3.40GHz 
stepping 03 (8 CPUs) 

2000.4 
GB Edificio H 
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Finally, in table 4 is shown the associated data to installed software in physical and virtualized severs 
at UAM-Azcapotzalco campus, including operative system, DBMS, web server, applications server but 
also applications Bonita Software, Open Connect y SAKAI. 

Table 4.  Technology Infrastructure at UAM-Azcapotzalco campus (software). 

Name IP SO Application Type 

edrm.azc.uam.mx 148.206.94.190 CentOS 6.7 Bonita Software Server 

eknowledge.azc.uam.mx 148.206.94.151 
Windows, 

Server 2008 R2 
Standard 

Adobe Connect Server 

elearning.azc.uam.mx 148.206.79.19 CentOS 5.11 
SAKAI, Tomcat Application 
Server, Apache Web Server, 
PostgreSQL 

Virtual 
Server 

gestionsistemas.azc.uam.mx 148.206.94.198 CentOS 6.7 Bonita Software Server 

sgd.azc.uam.mx 148.206.94.115 CentOS 6.7 
SAKAI, SVN, Tomcat 
Application Server, Apache 
Web Server, PostgreSQL 

Server 

7 CONCLUSIONS 
The designed and implemented technological architecture supports the complying of some objectives 
requested by the development plan for UAM-Lerma campus, maintaining alignment with institutional 
key processes. All this has a positive impact when applying efficiently the technology infrastructure 
budget. It also warranties the security and availability of services to students, professors and 
administrative personal. Technological architecture implementation lets centralize data and so 
avoiding data duplicity from a diversity of sources, minimizing the inconsistence problems. 
Technological architecture establishes the computational platforms, databases, as well as the 
mechanisms of data storage, data networks, data processing and integrated services in data centers. 
Technological architecture allows identifying the type of hardware and software necessary to support 
the implementation of the systems or applications necessary for the proper functioning of the 
institution. The software used is Open Source and is integrated with an Application Server (Tomcat), a 
Web server (Apache) and a database manager (PostgreSQL). While the hardware used is comprised 
of a virtualized server located in the UAM-Lerma and another virtualized server in UAM-Azcapotzalco 
implemented under the cloud computing scheme. 

When developing this project, the next benefits were obtained: 1) To provide an institutional 
architecture based on TOGAF framework; 2) A cloud computing solution is available, divided at two 
UAM campuses; 3) Provide efficient and quality services to support the administrative and academic 
activities of the UAM-Lerma campus; 4) Contribute to the creation of a sustainable university space, 
by improving staff performance, reducing the use of paper, printing and photocopying; 5) Provide a 
digital management system available 24 hours a day, 7 days a week; and 6) Maintain an alignment 
with the processes that define the alignment with the institution development plan, which directly 
impacts some established indicators. Implementation of applications was done with a cloud computing 
solution, using virtualized servers optimizing assigned resources as required. This proposal optimizes 
the physical infrastructure available at UAM-Lerma and UAM-Azcapotzalco campuses. 
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