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Summary

The aim of this work is to outline the most important current technological connections between machining workshops (MW) and autopart maquila companies (AMC) located in Ciudad Juárez, Chihuahua, on Mexico’s northern border. This research combines a historical reconstruction of a case study with the formulation of a theory and typology of relevance to the object of study. One critical hypothesis of the evolutionary theory is that a company’s dynamism lies in its ability to solve problems, as a result of which the importance of an MW that provides its cognitive and organizational capabilities to solve problems will outweigh that of an MW that supplies old components with a low technological content. In this context, our aim is to create a stylized image that makes it possible to explain the joint evolution processes that exist in the relations between autopart maquila companies and machining workshops. 
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Introduction


The coordination of global supply chains in the automotive sector has become a central topic of research internationally (Lung, 2002; Sako, 2002; Sako, & Murria, 1999; Carrincazeaux & Lung,1995; Helper, et al. 1999; Constantino & Lara; 2000). The aim of this work is to outline the most important current technological connections between machining workshops (MW) and autopart maquila companies (AMC) located in Ciudad Juárez, Chihuahua, on Mexico’s northern border. This research project combines the description of a case study
, with the construction of a theory and typology of relevance to the object of study.  

It is interesting to note the proliferation of studies on the technological changes of maquila companies (Contreras, 2000; Barajas, et.al. 2002; Villavicencio, et.al. 2002, Contreras & Carrillo 2003;; Dutrénit and Vera-Cruz, 2002; Lara & Carrillo; 2003 and 2004;  Lara, Trujano and Garcia, 2004; Carrillo & Lara, 2004; Lara 2002; Lara & Almaraz, 2002). At the same time, it must also be recognized that there are other economic organizations undergoing technological escalation. Are machining workshops and maquila companies part of one and the same story? How can we link the escalation processes observed in MWs with escalation in maquila companies? Our concern here is to formulate an explanation based on the joint evolution observed in autopart maquila companies and machining workshops in  Ciudad Juárez. 

Gonzáles-Aréchiga and Ramírez (1990) identify a set of factors inhibiting the chaining of maquila companies and Mexican firms.
 These two authors believe that the main long term cause of the supply of inputs lies with structural market factors (mainly oligopolistic markets). The difficulty faced by micro, small and medium Mexican companies should not be examined from the perspective of their end products, but essentially “in terms of the nature of the networks they take part in” (ibidem, 1990: 678)
. Contreras and Estrada (1997) found that maquila company managers found it difficult to relate with local suppliers
. Carrillo (2001) describes two successful cases of tie-forging between machining workshops and maquila companies
. Both cases are, in fact, quite atypical. This situation, explains Carrillo (2000), is due to the following causes: vertical integration strategies formulated by their corporations; migration of suppliers from their countries of origin; and inter-maquila company trade
. Hualde and Lara (2003) and Urióstegui (2002) describe the creation of an educational institution, CENALTEC, whose aim is: to train technicians in high precision machining, with public and private financing; to develop a technical infrastructure to help local development; to provide a space for technological learning bringing together general and specific knowledge for maquila companies; to strengthen the “network economy” and help train a critical mass of human resources required for the development of maquila companies and local machining workshops. Vera-Cruz and Gil (2003),  Dutrénit and Vera-Cruz (2004), Dutrénit, Vera-Cruz and Gil (2003), Vera-Cruz, Dutrénit and Gil (2003a and 2003b) use case studies and a survey to try to outline, from a demand point of view, the evolution of MW capabilities. These research projects help provide a clear understanding of the formation of technological capabilities in MWs. The maquila company creates demand for goods, but also generates human resources (workers and managers) used by local economic organizations. 

Explanations based on small and medium companies often include a normative approach. Using ideal situations (which the theory sets forth as a requirement) or success stories – for example, from southeast Asia or Italy – it is possible to formulate explanations on the shortcomings of MWs and, as a result, on their inability to become successful suppliers
. The weakness of this analytical perspective lies in the lack of a positive, “internal” explanation of the object of study. The weaknesses and strengths of small and medium companies are explained by comparing their existence with successful cases or with an ideal normative model
. 

This work seeks to tell a different story, one which allows a revaluation of the primary functions performed by MWs in the global chains of production
. While time and the resolution of problems become central for the understanding of maquila companies and machining workshops, these two dimensions are brought together in studies on maquila companies very slowly indeed. If certain studies refer to the importance of time and speed, this is merely an incidental suggestion indicating, in an abstract manner, the importance of both concepts. It is essential to identify the basic connections between time, speed and needs of adaptation (Loasby, 2003; Lara and García, 2004). 

The main questions on which this work is based are the following: 

1. What is the role of MWs in connection with global companies of the automotive sector? Is it possible to understand this relation as joint evolution?.

2. How are the pressures originated in autopart maquila companies passed on to machining workshops? 

3. What is the role of problem solving in the relations between AMCs and MWs? 

This work is split up into six sections. The first section puts forward a theoretical typology whose aim is to characterize the nature of transactions between AMCs and MWs. The second section provides a description of certain characteristics of Grupo Sigma
 on a worldwide level and in Mexico, as well as those of its two plants located in Ciudad Juarez and which are the object of this study. The third section analyzes the way productive and technological pressures are transmitted from AMCs to MWs. From this point of view it is possible to outline the joint evolution process of AMCs and MWs
. The fourth section attempts to explain the economic conditions of cooperation between AMCs and MWs. The fifth incorporates the following into the explanation: the number of suppliers, transactional costs and the learning processes involved in relations between AMCs and MWs. The last section puts forward a reading of the evolution of relations between AMCs and MWs based on the way problems are solved. Finally some reflections are provided by way of a conclusion.

 1.- A typology for explaining the nature of transactions 

How can we study the huge variety and complexity of transactions taking place between AMCs and MWs?
 Which are the key transactions in the technological evolution of companies? Answering this question obliges us to comprehensively characterize the nature of transactions and, as a result, create a typology (Cf. Table no. 1). 

The suppositions and hypotheses that allow the reading of this typology
 are the following
: 

a) Supposition regarding the actors. These are characterized by limited rationality and the main function of an economic organization is to make up for such cognitive limitations through cooperation; 

b) Transactions are characterized by three dimensions: the frequency of interchange (recurrent and occasional), the characteristics of investment (non-specific, mixed and idiosyncratic) and the degree of asset specificity. It is not possible to examine the complexity of transactions without bringing together these three dimensions;

c) Asset specificity is important to the degree that singular means of producing goods and services are created over time and, as a result, transactions move away from market transactions. The latter are characterized as anonymous and instantaneous. In interchanges with a high level of asset specificity it is necessary to consider transactions with regard thereto, as well as the identity and cognitive capability of the economic actor or organization
; 

d) The degree of asset specificity becomes an important factor in negotiation processes in the context of behavioral uncertainty (associated with opportunist behavior), as well as that of “radical” uncertainty (associated with the unbalancing dynamics of learning processes)
; and 

e) From a cognitive point of view, transactions that produce new cognitive structures are favored, provided they allow for the creation of new forms of regulating transactions
. 

Table no. 1

 ILLUSTRATIVE TransacTIONS

	
	
	Characteristics of Investment

	
	
	Non-specific
	Mixed
	Idiosyncratic

	Frequency
	Occasional
	Conventional equipment purchase
	Made to measure equipment purchase
	Construction of a plant

	
	Recurrent
	Conventional material purchase
	Made to measure material purchase
	Transfer of intermediate products to specific sites through successive stages


Source:  Williamson, (1989: 82).

In view of this hypothesis, it is necessary to reuse and interpret Williamson’s typology, by incorporating transactional cost theory, evolutionary economic theory (problem solving approach
) and neo-institutional theory
 (Nooteboom, 1996, 2000)
. The typology is described below: 

· Frequent and non-specific occasional and recurrent contracting transactions are often governed by the market. Given that products are standardized and that the market has a range of producers, it is relatively easy to look at experience to start or renew the contract. To the extent experience and information are available in the market, it is difficult for opportunist behavior to take place. In this context, the identity of agents is not very important. 

· The mixed transaction and the highly specific and recurrent investment transaction require bilateral or unified governing structures (vertical integration). Given the high level of asset specificity, problems of actor action control and monitoring arise. In extreme cases when opportunism intensifies, vertical integration, in other words replacing the market with the hierarchy, becomes necessary.  

· In mixed and idiosyncratic investment conducted occasionally, the producer has invested in specialist assets that are highly profitable only within the relation and whose transfer to other uses would involve high costs and great reuse difficulties. Given the occasional nature of the transaction, drafting a contract would be costly, so any sequential adaptations that emerge in the course of the relation, especially any that arise during contingencies, are based largely on administrative procedures and direct interaction between the different social actors (companies, institutions, etc.).

Literature on the role of suppliers differentiates between direct and indirect suppliers
. In the indirect supplier category it is necessary to distinguish suppliers of machinery parts or suppliers of specialized services linked with the automation of processes, for example, from suppliers of brooms or cardboard. There is a difference between, for instance, supplying cardboard and providing solutions for technological problems; in the latter case, interdependence is pronounced and critical. The qualitative dimension of the transaction of the relation is decisive in evaluating the role of MWs
. This is a key distinction that will help us develop our analytical perspective. 

Based on the typology (Cf. Table 1), it is possible to distinguish the transactions that play a central role in problem solving and, as a result, in relations between MWs and AMCs. 

The economic and technological functions of MWs are varied: 

a) manufacturing (batches) work instruments (e.g. blades for cutting harnesses, in which demand tends to be predictable)
; 

b) manufacturing machine components subject to regular wear and tear and demand for which is predictable and routine; 

c) designing and building assembly lines (planned demand, but which requires increasingly fast real time response speeds from MWs and AMCs); 

d) manufacturing components and/or subsystems in contingent situations (unplanned demand requiring a number of contacts between maquila company engineers and staff; construction of devices connecting machines, etc.). 

From the analytical perspective of problem solving, it is necessary to concentrate on exactly how MWs and AMCs resolve technological and organizational problems together 
. However, before doing this it is necessary to identify the company being studied.  

2.- The company Sigma.

The company Sigma was founded in Berlin, Germany, in 1847. This organization initially made long distance telegraph lines in Germany and in other European countries. Today, Sigma is a corporate group with plants in more than 190 countries. It manufactures approximately a million products grouped into 26 different types of businesses. In 2002 the group registered worldwide sales of just over 77,000 million dollars and employed more than 400,000 people. It makes household appliances, computers, autoparts, cellular telephones, etc., as well as other products.

The group arrived in Mexico in 1894, with the aim of marketing electrical urban lighting systems. By 2002 the company Sigma set up in Mexico was employing 11,500  people and registered sales worth 1,100 million dollars. The head office of this group is located in Mexico City. It has 14 branches mainly in the central and northern regions of the country (Table No. 2). Today Sigma’s lines of production have diversified and cover the following lines of business: a) Automation and working of machinery, b) Power transmission and distribution, c) Production and logistical systems, and d) Automotive systems (Table no. 2).

Table no. 2

LocaTION AND TYPE OF Products MADE IN Plants OF THE SIGMA CorporatE GROUP IN MExico

	Location
	Line of Business
	Products

	Guadalajara
	* Automation and working of machinery

* Automotive systems
	* Electrical motors, low tension apparatus and reduced voltage starters.

* Control modules for airbags, information systems and alarm systems.

	Querétaro
	* Power transmission and distribution

* Automation and working of machinery
	* Electronic panels, switches, tripolar operation isolating switches and isolators.

* Low tension electronic panels, compacted substations and charge centers.

	Chihuahua (Ciudad Juárez)
	* Automation and working of machinery

* Automotive systems

* Lighting
	* Power switches and detectors.

* Valves, sensors, detectors and intake manifolds.

* Lights and components.

	Nuevo Leon

(Monterrey)
	Automotive systems
	Modules for air filters used in gas and diesel units.

	Estado de México (Tepozotlán)
	Lighting
	Lights

	Estado de México

(Tlanepantla)
	Production and logistical systems
	Storage, electrical monorail systems, load handling, baggage handling and automobile assembly.

	Aguascalien-tes
	Automotive systems  
	Electric control for airbags, sensors and control  module for motors.

	Puebla

(Cuatlancin-go)
	Automotive systems  
	Electric and electronic harnesses.


Sources: Lara, Arellano and García using Sigma Corporation and ELM data (2000).

In the mid-1990s Sigma de México set up a plant in Ciudad Juárez specializing in the production of four electric/electronic emissions control subsystems
. In 1995, this plant had 500 employees and its main task was autopart component assembly and soldering. Its main customer was Ford. By  2002, Sigma de México had two plants in Ciudad Juárez, Chihuahua. 

The Sigma I plant was acquired in 1997 from Philips. Sigma I employs 650 workers and their work processes are becoming capital intensive
. Its main customers are General Motors (40%), Chrysler  (25%) and Ford (25%).
 However, since early 2002 the company Sigma I has been changing its production operations from actuators and censors to the production of gas pumps
. Sigma I will produce one and a half million and 250,000 gas pumps a year for General Motors and VW, respectively. The Sigma I plant is switching production from actuators and censors over to the Sigma II plant, thereby giving rise to a process of consolidation, which is common among maquila companies in these times of recession. The Sigma II plant employs 1,300 workers, performs assembly work and produces actuators and censors.
  

3.- How are autopart maquila companies and machining workshops linked?
. 

In order to answer this question, it is necessary to review critical dimensions such as: how are processes affected by the shortening of the product life cycle? How does reduction of inventories and just in time production exert pressure on AMC chains of value? How do AMCs adapt to the production of small batches? What is the reaction between competitive advantage and time, and what is their role in the set of MW pressures? Why do “production” and technological problem solving become a defining moment in the forging of ties between AMCs and MWs? This section examines some replies to these questions, by outlining connections between the company Sigma and MWs
. In order to answer these questions, a look is taken (3.1) at the implications of new trends in automotive sector product design followed by (3.2) the implications of just in time, zero inventory and technological imbalances in relations between AMCs and MWs.  

3.1. New trends in the design of products in the automotive sector
. 

Automotive and autoparts sector companies need to adapt to the environment (market, technology, institutions, contingencies, etc) quickly, efficiently and consistently. How do companies try to increase real time response speeds? Is it by improving the internal and external coordination of goods and information? Or by designing products simultaneously and not sequentially? Or by redesigning the product and production processes?  Or by creating a conveyor belt and faster and more flexible machines? Automotive and autoparts sector companies are pushing through changes in various directions. One of the most important driving forces for acceleration is the development of design. For many years, the development of product design in the automotive industry was exclusively the task of assemblers. They would determine the configurations and the set of component interrelations, and then tender out the project in order to choose whichever supplier offered the lowest costs. However, this process has now changed with the promoting of the adjusted production model. Today, terminal companies and their frontline suppliers work together – on the basis of continuous interchange of information and not only of prices as was the case previously – in order to reduce administrative, coordination and transactional costs, cut times and improve design flexibility (Womack, Jones and Roos, 1992; Lara, Corona and Buendía, 1997).  

Product components are currently made independently and integrated through interfaces until a module is produced. As a whole this is referred to as modular production.
 Without doubt, the biggest contribution of modular design is its dividing of design problems into sub-problems, thereby providing local solutions that are both faster and more efficient. How is this achieved? By representing the problem from a new product architecture
; by subdividing the problem; by identifying and exploring the density of links between “n” components, in order to configure weakly interdependent subsystems; by trial and error (algorithms and experience) to find the optimum local solution; and finally by resolving the trade-off between adaptation speed and moving away from a global optimum (which is only possible with full information). Whichever organization is best able to tackle and solve problems by organizing a division of the work, and combining autonomy and interdependence, will be in a better position to adapt and survive
. 

Modular design is a driving force for acceleration because:

1) It makes it possible to reduce the degree of interdependence between different components and subsystems, thereby allowing simultaneous design forms to be developed. The evolution of complex systems characterized by a high degree of interdependence (K( 0) between components requires a high level of intra and inter- firm integration. Modular design  reconfigures subsystem hierarchy;

2) By semi-separating subsystems from each other, autonomous problem-solving is encouraged, thereby speeding up and stimulating exploration and innovation;

3) It encourages company specialization in subsystem and component clusters, to the extent it integrates technological fields and functions that were fragmented in the integral design. Modular design allows autoparts companies to specialize into a cohesive subsystem cluster, to the extent they have greater autonomy and incentives for progressing in areas relating to their technological base. Autoparts companies using modular architecture are in a better position to combine their different lines of business and innovate processes and products with greater autonomy than under the integral design system
.

From this point of view, the history  of the German company Sigma is reproduced. The corporate group Sigma has, on a global scale, greater freedom for redefining the technological hierarchy of components that make up a module and, in turn, reconfigure its business units and divisions.  Autonomy and pressure for making the necessary changes in the context of reducing the life cycle of products
 and processes
. 

The Sigma I plant is undergoing two simultaneous changes: 1) Sigma I is transferring the censor and actuator business to the Sigma II plant. 2) A company of Sigma corporation located in the US, where it makes gas pumps, is closing operations and switching them over to the Sigma I plant. From the point of view of capabilities, the transfer of equipment, product and technology amount to a radical change.

 “We are making a 180 degree turnaround. (The gas pump) is a far more voluminous and complex product and requires more care than other types of machinery. The transfer process is complex and means a lot of responsibility. And above all (it takes) a lot of time. We are planning (to complete this transfer) in a timeframe of one and a half to two years. We are bringing (from the US) line after line, machine by machine, (which) must be calibrated, validated (..) and then ... run the first parts (which) must be sent to the customer. (At this moment) we are in a process of transfer”.
  

The transition from labor intensive processes to capital intensive ones modifies the technological infrastructure, equipment lay-out and connection (functional and flow of communications) between different machinery and working groups and, in general, changes technological capabilities.  Similarly, as assembly line construction time (automatic and manual) is reduced, further collaboration is required with machining centers capable of supporting these processes. This is all the more so when the adjusting of automation processes may lead to unexpected contingencies that need to be resolved as quickly as possible
. 

This process of technological cooperation has not just been reduced on the level of machining centers but also among the plants and customers of Grupo Sigma.

In the Aguascalientes-México plant belonging to this group, production modularization has helped cut response times for the assembly and design needs of its customers. In 1996, this plant won 67 per cent of the A4 Project tendered by Volkswagen, in which the integration and production of a set of automotive harnesses was designed. This electric-electronic modular system, called Bordnetze, was made up by different individual subsystems that were placed on the dashboard of the automobile. The project consisted of obtaining direct connections between different simple harnesses in order to obtain a set of individual modules that were compatible with the specific version of each specific VW automobile. In this regard, modularization made it possible to considerably cut overall electric assembly process reaction time. The design and production of the Bordnetze required a constant flow of information, the deployment of technological and productive capabilities, and trial and error testing by the engineers of VW Puebla and the Sigma plant in Aguascalientes.
  

The transition from labor intensive processes towards capital intensive ones (Ciudad Juárez plant),  the design of the Bordnetze (Aguascalientes plant), the reduction of costs of production and the shortening of product and process lifetimes reflect the ability of Grupo Sigma in Mexico to adapt to the environment (customer needs). These technological responses can be explained by the company’s ability to coordinate its human and technological resources, as well as its knowledge on a regional and global level.
 

3.2.- Just in time, Zero inventory and Technological Imbalances

Womack, Jones and Roos (1992) point out that a common practice in the automotive industry is the use of the just-in-time (JIT) system for delivering components directly to assembly chains, almost every hour or, at least, at different times during the day, without the arriving parts being inspected.
 

The purpose of JIT is to reduce or get rid of inventories. Under this system each supplier or workstation must produce only what the market requires or (from an internal point of view) enough to satisfy the needs of the previous station (upstream). Low inventory levels also extend to spare parts. As a Sigma I engineer said:

“some spare parts are in the inventory, the ones you have to change every so often. And there are spare parts that you don’t have and you don’t know when they are going to break down”. 

What are the consequences of keeping low inventory (products and spare parts) levels? Without a cushion or large inventories to cover contingencies, errors are far more visible and sensitive. In some cases, the lack of spare parts increases the vulnerability of AMCs and therefore increases dependence on local resources. The main effect of JIT is that it increases the interdependence of AMCs on MWs. When we consider the existence of any AMC in the 1970s or in the decade as of the year 2000, it is important to bear in mind that, in this time, automobiles have been transformed into technologically complex systems characterized by a more extensive and complex division of work and whose subsystems and components evolve at different rates. As a result, when an AMC produces a similar product, we are talking about qualitatively different times
. Time is not a linear category (Lara and García, 2004). It is necessary to describe how companies “navigate” in this process of time compression. A machining workshop manager said:

“The maquila company always wants everything “urgently.(...) If maquila companies did not have any urgency, there would be no workshops. (..) If (the MW) does not do (the work) now, the maquila company “will leave you and leave you for good”. (MWs) have to navigate with that.” (Interview with MW manager).     

Some contingencies, especially the ones that take place on a process level (machinery, automation processes, etc), may lead to the immediate paralysis of the production line. The highly routinized production system of AMCs relies heavily on the attention and responsibility of local MWs. The need to coordinate the production process on the basis of market needs leads to the setting up of extensive communications on the part of the chain of value. The vulnerability of processes leads to more intense cooperation between machining workshops, autoparts suppliers and assemblers. 

Production in small batches is another element on which the just-in-time system is based. This system cannot be set up efficiently without the help of suppliers. Maquila companies often change designs or retake old designs. The nature of this relation between Sigma and MWs is described below.

The first thing to outline in the whole history of AMCs is the common emergence of “contingencies” of different types. For example, in 2001, an automotive company asked Sigma to manufacture “just” 2,500 parts of an actuator, which had not been made for 10 years. There were no machines to make that actuator. This meant the line had to be modified. The main problem was that it was necessary to make a mold in order to produce part of the actuator. The mold was very expensive
 and it took almost a year to make. Under such circumstances, engineers have to readapt production lines and the interaction between different machines, etc.  The outcome of this situation was that the exclusive attention of an MW group was required. 

The problem of contemporary capitalism lies in speed, in the compression of time. One essential problem of organizing the production process is that AMCs must respond to the environment. Speed is part of the competitive advantage; in order to ensure company survival it is necessary to adapt as quickly as possible. One of the reasons why the MW of the company Sigma does not work with designs is that “time is a key factor” (ibid)”. Sigma only has general equipment. For example, a manager of Sigma I points out that: “in order to produce gears it is necessary to have specialized equipment for measuring the distance between one gear and another. The AMC does not have such specialist equipment. In the best of circumstances, it could be produced internally but “they would take three months. On the other hand, if they send it to an MW they will deliver the component to you in three days”
. 

However, contests demanding multiple skills are not won by the fastest contestant in all the tests, which is unlikely, but by the competitor that has the best performance on average. This is the situation and the type of productive pressure encountered throughout the story of AMCs, MWs and other plants of the Sigma Corporation. 

4.- Produce or buy: economic basis for inter-company cooperation.

During the construction phase of new investments, maquila companies are in need of specialist technology, which consists of highly specialized equipment and capabilities. Technological infrastructure, the spatial distribution of the physical equipment, etc., must be constantly redesigned as quickly as possible to allow the construction of new models or new variants. In some cases, certain maquila companies build a specialized support center (for example, Delphi
 and Philips) while in other cases, maquila companies rely on MWs located in Ciudad Juárez. These two different types of ties between AMCs and local MWs give rise to the following question: which factors explain the decision by AMCs to buy (contract MW services) or build local capabilities and infrastructure to satisfy their demand for specialized support? The experience of Sigma I sheds some light on this question.

Sigma  has its own machining workshop. It has a hoist, a milling machine and equipment and machinery for performing simple tasks, essentially for manufacturing parts or spares for machines. Machine parts often get broken or worn out and it is necessary to produce those parts. The internal MW only works as a limited means of support. The internal machining workshop “only puts out the fire”. It only solves problems once they arise. Because of this, when problems too complex for the internal MW to deal with, the companies has to rely on external MWs
. Sometimes, when the work requires a high level of precision, especially if it is necessary to produce prototypes, they will often turn to suppliers located in Texas. The company does not invest in its own MW for economic reasons:

“A machine that has been switched off loses a lot of money, thousands of dollars. It is a difficult decision to produce internally (some components) and save money when you are losing a lot of money on halted lines”
.

Maquila companies do not have infinite resources for building machining centers, which are expensive and complex. It is not profitable to make costly investments in internal MWs that are only going to be used in contingencies. It is only worth dealing with frequent problems that do not require expensive equipment. These are critical resources but, in order for them to be profitable, they must be used more intensively than a small or medium sized maquila company can provide for. Maquila companies must have equipment and capabilities that may be used quickly and efficiently, which amount to resources that are close geographically but also from a cognitive point of view. Because of this it is necessary for the region to have a population of MWs that are as technologically advanced as possible.

An additional factor prompts Sigma to value its links with the environment more rigorously. Business units are often evaluated as sources of costs and benefits. 

“In the purchases area, we are committed to or responsible for saving money every year. We set targets and the whole company undertakes to spend less and increase the efficiency of resources. It is a fallacy that if you managed to save, you have more money and you’re going to spend more. On the contrary, the more you save and the less you spend, the better it is for your company. Maquila companies are also competing with companies of the same corporation. In other words, we, plant two, are competing with plant one in terms of efficiency and earnings”.

This new form of governance places business units between the market and the hierarchy. First of all, business units must compete for internal and external projects both with sister units and with  rival companies.
 Business units are therefore not assured of remaining in the market and have to compete efficiently. This situation gives rise to a system of internal incentives and springboards promoting efficiency and greater speed in setting up routines and flexible forms of organization. Part of this competitiveness is linked to MW competitiveness.  

5.- Number of suppliers, transactional and learning costs

The history of relations between Sigma and MWs can be divided into two stages: decentralization of purchases and centralization of purchases, which are the focus of this section.

5.1.-  Decentralization of purchases at the Sigma plant in Tijuana.

Initially the MW search and selection process by Sigma was characterized by decentralization.

“The manufacturing engineer would contact the machining workshop and say “look, this is what I need (..) and there were as many machining suppliers as manufacturing engineers. We eventually had a list of 35 machining workshops. We would call some (MWs) two or three times a week, and others once a month.”

At first, the engineers would personally contact the MWs
. Each engineer had his MW portfolio. The purchasing department would only receive the order. This system provided a set of benefits, the most important of which included: i) the speed with which each engineer could establish a direct relation; ii) the possibility for each engineer to set up a relation with MWs depending on his specific needs; iii) the organization had an extensive and varied portfolio of MWs, which allowed it to “explore” a range of scenarios and technological capabilities. 

Seen from another angle, this decentralized MW selection system also had its drawbacks, such as: i) customer portfolio stability depended on engineer employment stability. When an engineer left the company, the relation with the MW was lost; ii) for the same reason, given this precarious situation, it became difficult to accumulate technological capabilities and idiosyncrasies; iii) it also became difficult to establish general rules for contracting in view of the discretional nature of MW selection and recruitment; iv) transactional costs were high given the high number of contacts the company had to make, and; v) economies of scale and scope were not taken advantage of because of fragmented demand in a numerous group of MWs. 

5.2.-  Centralization of purchases and transactional costs at the Sigma plant in Tijuana.

Once the Sigma I and II plants were acquired by Sigma corporation, far-reaching changes were introduced in the way engineers contracted MWs. 

“Previously, the engineer would call his supplier and say, look, make me one of these. But not anymore, (the engineer) will have to come to the purchasing department, and the purchasing department will assign a workshop to him. We will have three suppliers to deal with everything. These workshops will have to be quite big to cover the demand for any work we may have. Now the different types of work we want (from the engineers) will have to be provided in a drawing, and then a price quote is provided. Engineers will have no say in the selection of the supplier.”

This project began in 2002 and its aim is: i) to unify and centralize relations between Sigma I and II plants and MWs, ii) to reduce the number of MWs. It is estimated that only three will be used;  these “will have to be big” in order to cover 100 per cent of the work of Sigma I and II plants 
,   iii) the purchasing department will now act as a bridge between MWs and engineers. The engineers will have to ask the purchasing department to assign them the workshop, and iv) Centralization, which will not only affect the selection and contracting process but also demand, as a quoting requirement, a greater degree of engineer knowledge encoding. 

 
This reduction in the number of suppliers gives rise to a large set of positive consequences (Lara,2003): i) it will cut transactional and production costs given that demand is concentrated on a smaller group of companies; specialization will be encouraged; ii) it will lead to the development of technological capabilities among a select group of machining workshops, and large MWs will be favored
; iii) it will encourage stability in supply contacts; iv) it will reduce discretionality in negotiations by setting forth criteria governing MW selection. The disadvantages of this strategy are that the range of experiences and capabilities obtained by having an extensive portfolio of MWs will be lost. 

6.- Problem solving and the evolution of forms of inter-firm cooperation. 

The firm is an economic organization whose raison d´etre is to adapt to unexpected technological contingencies or imbalances. Technological imbalances may be conceptualized as: i)  events that companies face and that originate in the environment, or ii) as an indispensable part of the technological learning process. There is an internal connection between problem solving, organizational structure and flows of information. Because of this it is necessary to illustrate the nature of problem solving. Why and who are the actors that demand most MW services?

“Without doubt it is the manufacturing engineers, who are constantly looking for ways to improve the production processes. To make them smoother, safer... the manufacturing engineers do not find the answers to this in catalogs, they are ideas. So (the engineers) implement these ideas through a machining workshop. It is important that engineers who provide support for machining workshops have experience, so that they may make recommendations, (...). Once you have identified a company that is supplying quality goods and services, it is likely that this trend will be maintained, (..)  It is unlikely that there will be a downturn in which you stop trusting them. The thing is that they (the machining workshops) are constantly investing in new equipment and in training for their employees, etc. For example... this clamp from a winding machine 
 that cuts copper wire was sold to us by the machine manufacturer for six hundred and seventy dollars apiece. Engineers here therefore look at the possibility of designing something that is the same and then get it made with a local supplier. And they do this at half the price. Three thousand five hundred pesos was the last price quoted.”
 

As maquila workers (engineers, technicians and laborers) manage to develop skills, especially in designing products and processes, they take AMCs into new terrain. In other words, by moving towards better forms of organization and competitiveness, AMCs will need to come up with novel ways of solving problems. Sigma I is escalating the use of new technologies, moving from labor intensive censor and valve assembly to capital intensive gas pump assembly. This situation is accompanied by a growing use of numerical control machines; the increased complexity and vulnerability of assembling, growing levels of production; the increasingly extensive and complex intra-plant and intra-company division of labor, all of these factors create a need in the company for new design, production and coordination capabilities.
 

The equipment used by Sigma I is imported, but it is necessary to “connect” this equipment together. The task of “connecting”, designing and building is the responsibility of the engineers. In Sigma I the manufacturing engineers have the greatest need to forge ties with MWs:

Designs tend to be changed a lot in maquila companies, but it’s a highly complex process. Before changing the process, first you take the prototype (to the machining workshop): “look at this part, we need the drawing, we need  you to make this modification, we need the (design) not for production but as a prototype (to) see the feasibility of it working. Sometimes Mexican engineers have ideas. (Mexican engineers) bring significant changes to the productive processes or to the product itself; but these (changes) must go through a process of evaluation and authorization”
. 

When the designs made by engineers are “drastic”, this means that major changes are involved in the processes and they are sent to design centers (US or Germany) to be evaluated and approved. When the modifications are smaller, engineers will take the risk of implementing them “and maybe they would work and then they would mention this” to the management (ibid)
. 

Maquila companies need precise support for dealing with contingencies associated with equipment or automation process failures. Here maquila companies need to have equipment and capabilities that can be used quickly and efficiently. This means resources that are close geographically and close also from a cognitive point of view
.

There is a key internal connection between learning and technological imbalances. The basic functions of economic organizations are production, distribution, knowledge and  information. It is the company, not the market, that is the “locus” where different heterogeneously distributed capabilities are combined. In the company capabilities A and B belonging to the actors of working groups x and z are combined. The result of capability (A + B) integration will be a new capability, which we may call C. New capability C will then become a tool for exploring new technological horizons, possibilities and opportunities. If, in addition, capabilities (A + B + C ) = D are combined and integrated, it will be possible to understand the dynamic, accumulative, specific and unbalancing nature of technological knowledge and learning. As a result, in view of the dynamic properties, it may be stated that it is knowledge and not opportunism, as Williamson claims, that allows the emergence of radical uncertainty. This internal pressure makes it possible to define the nature of connections between AMCs and MWs, in particular: who needs the work; why, what for and under which conditions is interdependence between economic organizations formed.

Relations of cooperation between social actors based on specific assets, and the dependence that this generates, increase uncertainty in the presence of opportunism. However, relations of cooperation also arise in a context of asymmetrical knowledge, the absence of a common language and of clear rules between the parties. Trust, and not just opportunism, as is claimed by Williamson, governs relations of cooperation between companies. To the extent that individuals representing companies “A” and “B” negotiate interchange, the cognitive gap between the two parties is reduced, communication becomes more fluid and the social rules to be complied with become clearer. When these three processes come together, uncertainty is reduced (García, 2003). Inter-firm relations align perceptions, understanding and targets that may initially be different. Knowledge between the parties tends to become more homogenous as culture is shared and experiences socialized
.

Conclusion.

The main proposal of this work deals with how the pressure generated by cutting product life cycles is passed on to the process. From the analytical perspective put forward in this article, it is possible to establish the deep, internal and, hence, endogenous relation between AMCs and MWs. Its opaque and amorphous nature from other explanatory points of view is relocated here. AMCs and MWs are part of an extensive and complex global and regional division of labor. The economic, technological and organizational evolution in the automotive sector emerges as the joint evolution of a heterogeneous population of companies, suppliers and assemblers. 

From this point of view one of the main consequences of technological change on relation between AMCs and MWs lies, firstly, at the level of the “tangible” rather than the “intangible” value chain, and in how MWs help solve problems. The role of MW technological support must be highlighted. If MWs play a crucial role, it does not consist of being suppliers of direct components, that are otherwise marginal, but of being organizational instruments that allow the stabilization and improvement of the productive processes of AMCs. It is necessary to underline the importance of the “technological” function of AMCs. More than a source of cost-based comparative advantages, they are a source of absolute technological advantage
.
 

MWs perform many functions that may be described as arising from joint evolution with AMCs   because: a) they contribute technologically and with resources to shortening the life cycle of the process and, hence, of the product. From this point of view, their existence in so much support infrastructure is decisive or critical; b) they make it possible to deal with contingencies (quantitative and qualitative) caused in the environment or in the changing geographic location patterns of companies globally and regionally; c) they free AMCs from the need to invest in expensive equipment and installations and thereby allow them to concentrate their resources (capital and human) on activities closer to their technological core; and d) AMCs are highly routinized production units, but islands of space and capability formation remain subject to the decisions of actors (engineers), especially when it comes to solving problems. These actors must link up with production units that are more business oriented, namely MWs. Such interaction spaces must be filled in by the face to face interaction of the different actors. Because of this, direct interaction between engineers and MW managers is crucial for guaranteeing that problems are described and solved. Efficiency in solving problems depends on the cognitive distance between engineers and TM managers. For all these reasons, AMCs need to build closer relations of technological cooperation and coordination with the MWs. 

The history of relations between AMCs and MWs is hence presented to us as a conflictive laboratory of learning. It is necessary to recognize that the ability of maquila companies to escalate from the production of A to B, or from capability x to z, is, to a large extent, possible if we accept the different functions of the machining workshop. MWs provide AMCs with services, response speed, capabilities and a cognitive framework for problem solving. Increasing usage of a new time concept produced by the proliferation of large global and modern companies sets forth a new culture and pattern of inter-firm interaction that leads to new forms of inter-subjectivity. It is in this network that the machining workshops of Ciudad Juárez are to be found.

Let us now go back to our starting point and ask a question of a normative nature. Is it in our interests to create and strengthen machining workshops that produce simple components, low in added value, but scale and capital intensive? Or rather, would it be more convenient for MWs to become suppliers of increasingly complex items and machinery, as well as suppliers of qualified services that allow AMCs to stabilize and improve their production processes? A critical hypothesis of the evolutionary theory is that a company’s dynamism lies in its ability to solve problems, as a result of which, an MW that uses its cognitive and organizational capabilities to help solve problems will be more important strategically than an MW that supplies old components of a low technological content, even if this relation is short term. The MW may be linked to the AMC for a specific situation and on a short term basis but, comparatively, it may be technologically superior to an MW linked in a more stable and long term manner, but which produces simple components, with high economies of scale but a low technological content. From the point of view of the escalation processes of maquila companies and MWs, a relation is more beneficial if it is
 associated with the solving of technological problems, even under short term conditions, than a relation that is stable, simple and long term. 
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� The interviews were conducted in the years 200 and 2002. The relation is examined from the point of view of a global company in the autoparts maquila sector and the machining workshop sector, both of which are  located in Ciudad Juárez, Chihuahua.  


� These factors are: supply barriers; uncompetitive prices; unacceptable delivery times;  inability to handle large volumes with “just in time” deliveries; inability to supply large volumes, lack of commercial solvency; and administrative inflexibility.


� This statement is correct in part. It is necessary to look at the nature of the networks joined by MYPIMES (micro, small and medium companies), but it is also essential to characterize the nature of transactions. Including both dimensions in the history of relations between maquila companies and MWs becomes a more coherent explanatory strategy, especially for outlining the connections between AMCs and MWs. These two dimensions are brought together in this work.


� The main difficulties are: lack of risk investment, the shortage of bank credits and excessive government regulation.


� One of them manufactures metal items, plates and parts for machining and the other company makes workstations, chain transporters, ergonomic seats, as well as other products; both are located in Ciudad Juárez, Chihuahua. 


� The author points out that, in addition to these factors, the Mexican government has no long term strategy and there is an absence of instruments and institutional support for the creation and development of Mexican companies.


� It is not possible to attempt to explain the dynamics of machining centers on the basis of its shortcomings. For instance, pointing out that capital and quality are in short supply or that there is no own culture amounts to a mere repetition of what is already known. 


� The natural conclusion of such approaches is to opt for State intervention given the failure of the market to encourage dynamic and feedback processes among small and medium companies.  


� In order to outline the economic and technological evolution of MWs it is necessary to explain the conditions of supply and demand. 


� The name of the company has been changed for the purposes of anonymity.


� From this point of view it is possible to explain a range of phenomena associated with the object of study regarding population dynamics (growth in the number of MWs; the degree of diversification /specialization of the MW population, etc); the direction and speed of technological escalation of MWs; and the evolutionary limits and possibilities of MWs.


� UNCTAD (2001:131) provides a typology intended to characterize relations between foreign businesses and local economic organizations. It identifies five forms of relation: 1) pure market transaction (anonymous and instantaneous relation); 2) short term ties (intermittent purchases); 3) long term ties (long term contracts for the supply of inputs; subcontracting of intermediate or end components); 4) relations of equity (joint investments with suppliers, etc); and 5) spillover (effect-demonstration of maquila companies in unrelated firms). 


This typology sheds confusion rather than light on the matter by bringing three dimensions under a single concept:  a)  temporary (short and long term); b) the different forms of hybrid transactions (relations of equity and joint investments), and c)  effects or spillover. Furthermore, this typology fails to recognize two critical dimensions for characterizing transactions: the degree of asset specificity and the nature of uncertainty. As a result, to the extent that their variables are not explained clearly and precisely, it is not possible to know which criterion allows transactions to be classified. The minimum rules of consistency are not complied with.


When UNCTAD (2001:131) analyzes the time dimension of the transaction (long and short term) it only considers the product or component dimension and not the different forms of asset specificity (specificity of the site, human capital, equipment, time and capability) (Williamson, 1989) that help explain the relation in a less linear manner. Studies on subcontracting often reduce analysis to the material relation (intermediate or end product). This form of studying inter-firm relations hampers the formulation of more realistic and informative explanations. The outcome of all these factors is that this typology fails to provide a coherent analytical framework given that it lacks consistent hypotheses that help establish connections between foreign companies and local ones.                                                                                      


� In order to avoid turning a typology into a straitjacket or in a scheme to which reality needs to be “adjusted”, it must be accompanied by the explanatory hypotheses on which it is based. Hempel, (1965) 


� The suppositions and hypotheses of this typology do not exclusively fit Williamson’s transactional cost approach. We took the three basic dimensions of Williamson’s transactions and incorporated them in a problem solving approach associated with evolutionary economic theory (Marengo, et.al.1999, Dosi, et.al. 2003ª and 2003b)  and neo-institutional theory (Nooteboom, 2000). 


� This is another difference with regard to Williamson’s analysis. While, according to the latter, the main function of the company is to reduce transactional costs, in our view this role becomes secondary. The function of economic organizations, in accordance with Simon (1962), is to resolve problems under conditions of limited rationality.  


� In both cases uncertainty is non-parametrical. This is another difference. Williamson only considers behavioral uncertainty, while neo-institutionalism considers the “radical” uncertainty associated with learning processes. Both formulations are included in the interpretation of this typology. The importance of one or the other is an empirical question and not an a-priori definition.  


� While Williamson favors analysis of alternative forms of government (market, hybrid and unified-hierarchy), our point of view favors the ways that, depending on transactional complexity, companies set forth mechanisms for solving problems. 


� Since Adam Smith, economic theory has reflected on the benefits of the division of labor, in particular on the way worker specialization allows problems to be solved. Two theories deal with this matter: team theory  (Alchian and Demsetz, 1972; Radner, 2000) and organizational cognitive theory (Richardson, 1997; Langlois and Robertson, 1995; Loasby, 1998;  Marengo and Dosi, 2003).


� Economic neo-institutionalism takes elements from the old American institutionalism  (Veblen, Commons, Ayres and Mitchell), while the ideas of Williamson conserve some important neo-classical suppositions; this is the case of efficiency and economic equilibrium. Gandlgruber (2003).


� A different integration proposal from the theory of Williamson (1985) and Nelson and Winter (1982) may be found in Taboada (2004), as well as García, et.al, (2004).


� Direct suppliers of AMCs contribute with components that are incorporated into the product; indirect suppliers provide services and components relating to their “processes”.


� It is necessary to do away with the old mental systems for “looking” at small and medium companies related to AMCs. Such systems prevent serious and systematic reflection. 


�In the case of demand for specialist blades for cutting harnesses, there is a framework of preventive maintenance that identifies when the blades need to be changed. They are not changed when they are damaged but after a given number of cycles. This information is generated by production and manufacturing engineers. Interview with a purchasing manager. Sigma II; 2002, Ciudad Juárez, Mexico.  


� Sigma produces temperature/steam censors and valves.


� Work on an assembly line may now be performed by three or four people, whereas previously twenty or thirty operators were required. Sigma II has approximately 20 production lines. 


� And to a lesser degree it distributes its output to Japanese firms (Honda and Hitachi) and European firms (Mercedes Benz and BMW). Interview with sales manager at  Sigma II plant, Ciudad Juárez, 2002. 


� The production of actuators and censors is being moved to the Sigma II plant.


� Raw materials are imported from the US.


� In accordance with the evolutionary theory, the main function of a theory is not to create a mirror on reality but to provide explanations - conjectures that arrange the experience (ex post rationality) in a pragmatic manner (Pierce, 1965; Dewey, 2000). It is therefore necessary to outline how actors in this singular experience have set up relations with MWs. This experience is obviously singular. We are not trying to generalize results, but rather to test the (relative) superiority or inferiority of our explanation, compared with other explanations. 


� Modularity in the product or organizational architecture: “... is a bundle of characteristics that define (a) interfaces between elements of the whole, (b) a function-to-component (or task-to-organization unit) mapping that defines what those elements are, and (c) hierarchies of decomposition of the whole into functions, components, tasks, etc” (Sako, 2002,  3). Modularity may be observed on three levels (Sako and Murria, 1999) (Helper,  et. al, 1999): 


a) the level associated with production facilities that help provide product variety (strategies that reduce assembly costs and complexity in the automotive sector);   


b) the level that corresponds to maximizing ease of usage and maintenance of goods acquired by the consumer (for example, compatibility with regard to computers); 


c) the level on which characteristics are chosen and design tasks are developed between areas or interfaces that are interdependent on each other (this is the case of the creation of rules and standardization patterns).


� Unlike Baldwin and Clark (2000) in the cognitive model presented in this article, representation (dimension - cognitive – organizational) is a more powerful tool that decomposition. It is necessary to decompose for solving problems: a) representation and b) the solution. This distinction has important practical implications.


� The capacity to adapt is always local. There is no global optimum.


� A very clear case that illustrates this process is that of the company Lear Corporation. For decades, the main products of Lear were seats and seat components, but in the last few years it has emerged as a company capable of providing the full interior system. The range of action currently covers six market segments of interiors (Lara, Trujano and García, 2004). 


� Modular design has a dual impact on the life cycle of products. On the one hand, it speeds up technological mutation and cuts product lifetime. On the other,  it allows reuse of some modules, as a result of which it extends the useful life of “certain” product subsystems. 


� Most of the explanations on maquila companies have not given any importance to the fact that changes in product design have far-reaching implications on the design of maquila company and MW processes.  In other words, product obsolescence, in connection with the reduction of product life cycles, is also expressed in process obsolescence. 





� Ibid.


� Information published in a Grupo Sigma de México magazine, no. 4, 1996.


� Knowledge in the company lies with the human resources, but also with strategy, structure, routines and organizational systems (Afuah, 1999) distributed unevenly on a global level. 


� According to Ohno (1991), just in time means: “that, in a continuous process, the necessary suitable parts for mounting must be incorporated into the chain precisely when they are needed and only in the amounts required. A company using this procedure may approach zero stock” (28-29). 





� Some molds cost between 80,000 and 200,000 dollars. 





� Interview with a sales manager, Sigma, Ciudad Juárez, 2002.


� Delphi has a machining workshop in the Delphi engineering center in Ciudad Juárez, as well as a specialized and complex machining center in Tamaulipas, Northern Mexico. The existence of machining centers belonging to EMAs is probably associated, first of all, with technological escalation processes and, secondly, with the existence of economies of scale and minimum equipment intensive requirements, necessary for justifying the existence of internal MWs for AMCs. This may also be explained by the fact that, even if continuous special work is needed, it is possible that investing in an owned MW is not feasible for a small company.


� The company makes purchases worth 150,000 dollars a year from MWs. However, due to the crisis, this figure fell to 20,000 dollars. 


� Interview with a purchasing manager, Sigma I, Ciudad Juárez, Mexico, 2001. 


�There is demand, so then why is a population of more advanced and specialized MWs not set up in the region? In Chicago, centered on the automotive industry, there is an association of more than 5,000 machining workshops. Given the high demand for specialist work in Ciudad Juárez, why has a similar phenomenon not also taken place there? One of the reasons given by an external machining workshop manager is that MWs are unable to adapt to the demands of maquila companies because of the high level of investment the maquilas expect them to undertake. For every million dollars, the MWs would have to invest 150,000 dollars. This requirement is complicated by the fact that AMCs are often not willing to triangulate financing between the bank, the customer – AMC and the supplier, in order to share the risk and commitment in this way.


Interview with a machining workshop owner in Ciudad Juárez, Mexico, 2001. 


� Interview with a purchasing manager, Sigma, Ciudad Juárez, 2001. 


� This process of cooperation and competition is observed on a corporate level and inside different industrial clusters (García & Lara 1993)  


� Interview with purchasing manager, Sigma, Ciudad Juárez, Mexico, 2001. 


� It is possible that the growth of the MW population in Ciudad Juárez in the late 1990s was boosted by the existence of decentralized forms of contracting in AMCs. 


� Machining workshops, as is often the case, will not be linked to direct component supply, but will instead focus on the area of machining and equipment�.  


� Relations between MWs and AMCs are characterized by severe instability. This state of affairs has many origins. One of them is the intense competition between MWs. MWs often compete by lowering prices in order to win bidding competitions. There is no security whatsoever for MWs. This situation makes it difficult for MWs to recover even tool costs and, as a result, they commit resources in expensive and specialized investments. 





� Each winding machine has nine clamps. If there is a power outage they will all be damaged and need to be replaced. Electricity flow instability is a common problem in Ciudad Juárez. 


� Faced with the complexity, uncertainty and lack of clarity generated by problems in the company, alliances, negotiations and bargaining take place between parties in order to select and process any information and knowledge that will provide a fast solution for any contingencies that arise (Choo, 1999).


� ibid


� Ibid.


� And while times are speeded up, it is possible to observe the great slowness in incorporating this dimension in studies of AMCs and MWs. It is necessary to systematically study the dimension of time specificity in the evolution of Mexico’s northern border. 





� Social rules provide solidarity for relations of cooperation to the extent they are developed on the basis of : i) trust that is selective and uses monitoring systems,  ii) the setting forth of sanctions in anticipation of party behavior; and iii) the publicizing of a bad reputation is at stake if agreements are broken or not complied with (Nooteboom, et. al., 1993; and 2000). 





� In order to shed light on the distinction between comparative advantage and absolute advantage see Dosi, Pavitt and Soete (  ) International Trade and Technological Change.


� This affirmation leads to the rejection of the dichotomy set forth by UNCTAD between short term and long term relations, because it does not help us understand the role of machining workshops and, less still, the relation between MWs and AMCs. 





�PAGE \# "'Página: '#'�'"  ��Modular development, intra-national and global clusters, competition. Interdependence.


�PAGE \# "'Página: '#'�'"  ��(the latter aspect has not been developed and it would be interesting to include the analysis put forward by Nooteboom on the relation. If it is not included, it would be better to eliminate this part of the title). Under which conditions are more far-reaching cooperation, coordination and integration processes created between MWs and AMCs?





�PAGE \# "'Página: '#'�'"  �� Exclusive relations during short but production-intensive periods; marked equilibrium, problem solving approach; a cognitive approach, Dosi. Exclusive and varied relations in times of crisis; speed demands. 


Increase in several transactional dimensions, especially in the different ways of evolving asset specificity (article on time and cooperation).


�PAGE \# "'Página: '#'�'"  ��





This part provides a definition of the technological trajectory of E/E autoparts and the automotive sector (check material of the Ibero in this part). 


Define what a complex system is (Dosi) and the importance of the division of labor (link up with the fact that AMCs are big companies in Juárez.) 





Element 4, it is necessary to add the growing number of components and subsystems included in an automobile:  10,000 to 15,000 components for a vehicle, 2 million in a plane (Fujimoto).


From this point of view it is necessary to enumerate at least the different pressures that arise in the automotive sector (outline the problem of the need to reduce costs in the time of design and engineering used (design of products and processes). (the importance of design activities has often been highlighted while pilot plant design and general process design activities have been overlooked( (lead time research policy). 


The concept of time and interdependence:  technological systems, establishments, national and intra-national companies and clusters. 


This section begins with a description of the reduction of inventories on a global and regional level (check the latest questionnaire as well as the work of Carrillo). Are there any quotes for this part?.........








�PAGE \# "'Página: '#'�'"  ��New trends in design and production in the automotive sector towards the end of the 1990s. (Womack). 


Need to shorten the life cycle of products: Increased speed


Cost reduction


Just in time


Vertical disintegration of non-primary activities.





�PAGE \# "'Página: '#'�'"  ��Changes: the readaptation of large and complex companies (here is where the reference to average plant size in the automotive and E/E sectors in Ciudad Juárez comes in... the E/E sector is mentioned because of the convergence between these two sectors Cf. Lara; porter and report)





�PAGE \# "'Página: '#'�'"  ��This section begins with a description of the reduction of inventories on a global and regional level (check the latest questionnaire as well as the work of Carrillo). Are there any quotes for this part?.........





�PAGE \# "'Página: '#'�'"  �� Here the reduction in product and process design times is described. Provide quantitative data. Womack and Cusomano. 


�PAGE \# "'Página: '#'�'"  ��The von Hipel system is introduced here. In the description of relations between AMCs and MWs, it is necessary to include the importance of time specificity. Time specificity will be deemed to consider analytical dimensions such as: speed, sequence, duration, synchronization, problem solving and the evolution of forms of cooperation between AMCs and MWs. 


Importance of RP in the evolution of relations between AMCs and MWs.


Include Rosemberg; Sticky information; Dosi, FCE popper-book/on the way science evolves.





�PAGE \# "'Página: '#'�'"  ��This idea must be included in the conclusion.





