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Historically, HVAC and building environmental control systems have communicated via proprietary protocols, and only with the devices manufactured by a sole source, or affiliated manufacturers.  This has left building owners and managers in the awkward position of having to make an initial selection of building controls manufacturer at the onset of building construction, with the outcome of being committed for an extended period (at least the product life cycle) to a single building control system manufacturer.  Control system performance has typically been ignored in burdensome prescriptive control system specifications developed during building construction or renovation planning, which overemphasized the materials and methods, and neglected entirely the expected outcome or long term performance of the control system.  Emphasis on components, materials, and operating systems, versus the customer expectation, has led to misapplication of products, lack of attention to proper control sequences, long term operation reliability, and future costs and performance.
The economic impact of this scenario over years of control systems upgrades (available from a single source), control system modifications as building use changes (available from a single source), control system expansions as buildings are added to (available from a single source), and years of proprietary service, was the unending overpayment for systems and services, and continued degradation of system and supplier performance.  Alternatives to proprietary system installation were limited, and the alternatives to qualified factory service personnel were scarce, except as qualified individuals left the large control companies and after fighting onerous non compete campaigns began their own control installation and service companies.  Even in the case where independent control companies successfully incubated and grew, the control over distribution of products by proprietary system manufacturers made high level support of large systems a practical impossibility for independent manufacturers or distributors.
Proprietary control systems generally resulted in reduced customer satisfaction with control system and control system supplier performance.  It could be argued that this is a subjective measurement, fostered by the resentment of building managers who had only single source alternatives for pricing of service and expansion of control systems.  More often observed however was apathetic response by large control service providers due to lack of motivating competitive forces.  Without potential competition to keep the threat of customer switching to another system supplier at hand, the incentive for incumbent proprietary systems providers to perform at acceptable levels was diminished.
Proprietary Systems and the Markov Model

The building manager was faced with extraordinarily high costs to perform wholesale replacement, or continue to be dissatisfied with system and supplier performance.  This scenario is easily modeled mathematically with a multivariable Markov switching model.  The Markov model considers the cost to continue on a specific path, versus the cost to begin with a new vendor (switch).  This is a switching scenario between two discrete and independent modes (in this case control systems of different manufacture). The switching model uses multiple variables (vectors) which could measure customer satisfaction, and alternative switching prices, either internally, to the same vendor in the form of a system upgrade, or externally to a new system supplier.   Inevitably customer satisfaction will fall to 
	 
	 
	New Control System
	 
	 

	Incumbent Control System
	A
	B
	C
	D
	E

	A
	0.787
	0.05
	0.04
	0.118
	0.005

	B
	0.02
	 0.7
	0.22
	0.05
	0.01

	C
	0.27
	0.1
	0.6
	0.008
	0.022

	D
	0.024
	0.2
	0.032
	0.68
	0.064

	E
	0.0025
	0.08
	0.11
	0.0345
	0.773


near the threshold value where a customer is willing to switch.  Imminent switching was (is) often signaled to the supplier through an unwillingness of the building manager to fund service, upgrades, etc., as well as resistance to expanding a proprietary system.  This direct or indirect signaling leads to short term supplier performance improvements, as customer satisfaction improvements, however decay of customer satisfaction begins almost immediately after signaling stops, and the threat of switching is removed. This cycle will continue over time, unless either the proprietary supplier maintains a high commitment to satisfaction, avoiding the switching alternative entirely, or the switching price drops sufficiently over time as the cost of technology decreases, and the customer exercises the switching option.
A Markov Model contains the following elements: (N,S,Q) can be used to describe the switching from one control vendor to another in a proprietary universe.

N is a positive integer representing the number of states in the model (the number of potential control system providers).
Table 1

Q  is a vector of  parameters, of which there are three types.

πJ for J=1…(N-1)   N is the probability of choosing state J as the initial state.
αj,k for j- 1..(N-1), k=1…N is the probability of switching from state j to state k, or one specific control system supplier j to a second specific control system supplier k.
bj,(o) for j= 1..(N-1) and o,  is the probability of emitting symbol o from state j or the probability of ending at one specific supplier from a given starting supplier. 
The Markov Model would be structured:

P(x,y| Q)= .787 for A,A or same state switching, and .05 for A,B, or alternate state switching.
Therefore a specific probability could be calculated for each pair of from / to switching sequences with an appropriate probability of arrival at a final steady state given a sample of previous switching cycles, and a calculation of the cost to switch.  As the probabilities assigned would show however, due to the high cost of switching, the α probabilities would be so low, that the probability of any final outcome other than a return to origin would be very small.  This same state switching is a result less or customer satisfaction and more of cost to switch, and uncertainty regarding successful switching.
Monopolistic pricing model – supplier 

The monopolistic pricing model applies to all proprietary control systems, for which there is no substitute.  In the case where there is any substitute (at a higher price), the monopoly supplier price will increase to approach the substitute price. The model for the supplier of proprietary systems is to maximize profits, by selling all necessary upgrades or improvements as well as service.  Supplier profit is maximized by constraining investment in systems or services until marginal cost is equal to marginal revenue.  Consequently, a profit maximizing proprietary supplier will raise sale prices to the point near the switching threshold, while at the same time, generating additional sales by charging for all service calls, upgrades, and expansions.  These price increases drive the switching threshold (through lower customer satisfaction) to a lower price limit, such that in the next switching decision, the switch threshold limit will be reduced increasing the probability of customer switching.
Oligopolistic pricing model – supplier

In some cases, large facilities, particularly institutional and commercial facilities with multiple buildings, have attempted to maintain competitive pricing by purchasing systems or requesting proposals from more than one proprietary vendor.  Although the expectation from the purchasers perspective is that prices will approach competitive open market levels, in practice this rarely happens.  Complex bid signaling strategies are used by control systems providers in oligopoly pricing situations, with bidders either increasing or decreasing bid prices where they are not the incumbent provider, based upon expected competitive pricing on future projects, or bidding on past projects by competitors, where they may be incumbent.  Taken through multiple iterations of bidding and signaling, this pricing leads to monopolistic pricing strategies in single buildings or areas of a complex where single incumbent providers have the major share of installed equipment.
Open systems and Standard Communications

In the early to middle 1990s, open systems and standard communications protocols became topics of serious discussion driven by ongoing pricing associated with proprietary systems.  Open systems have been commonplace in manufacturing environments for decades with a number of widely used open, documented protocols, with d conversion methods available for interoperability.  Closed systems without interoperability in a manufacturing environment would not be tolerated, due to the intrinsic need for communication to MIS, MMS, and SPC systems requiring real time information from multiple systems.  In the HVAC world of direct digital control, which was only a ten to fifteen year old market in the 1990s, the largest systems manufacturers worked to maintain proprietary possession and control of all source and object code required to unlock or reverse engineer proprietary control systems.  Smaller HVAC control manufacturers began to embrace open systems, recognizing that driving the market awareness of open systems would provide a competitive advantage and allow accretion of market share.  By the mid 1990s, two primary forms of open systems had developed into standard communication protocols.  BACnet (Building Automation and Control NETwork) and Lonworks (Local Operating Network).  Both communications protocols were adopted rapidly by second tier controls the system manufacturers.  Additional integration tools and open systems platforms began to appear in the HVAC market as Microsoft introduced data exchange formats such as ODBIC, DDE, OLE and OPC.  Large system manufacturers (comprising over 65% market share in aggregate) resisted adoption of open protocols to protect existing market share, further leverage already developed products, and continue monopolistic expansion of legacy control systems.  Several large manufacturers formed alliances with equipment manufacturers, promoting the adoption of manufacturer based control system protocols, and used these alliances as de facto evidence of being an open system provider.  In reality the control system protocols being published and adopted were secondary network control system protocols, and were not the primary communications protocols to talk to legacy controller networks.  

Open Systems and the Markov Model
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	Incumbent Control System
	A
	B
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	E

	A
	0.288
	0.234
	0.1
	0.25
	0.129

	B
	0.03
	0.204
	0.22
	0.418
	0.128

	C
	0.27
	0.21
	0.24
	0.22
	0.06

	D
	0.388
	0.2
	0.032
	0.17
	0.21

	E
	0.21
	0.11
	0.265
	0.225
	0.19


 The introduction and application of open system standards to DDC control systems had an immediate and dramatic impact on products and systems switching costs.  For those manufacturers who were truly open, and used either Lonworks, or BACnet as their only communications methods, a new switching model could be established based on very low cost to switch between such vendors, and an incrementally larger switching cost for BACnet, LON, OPC or other gateway between a new open system and a legacy control system, with the primary factor impacting switching being customer satisfaction.  The impact of customer satisfaction on a customer’s propensity to switch or maintain incumbent systems was not lost on open systems manufacturers.  Once open systems were established and adopted by what were termed second tier vendors (not holders of major market share) competition among control system manufacturers at all level intensified.  This competition was apparent in all pricing, and in major areas of performance metrics.  The cost to switch vendors when using open systems had dropped precipitously.  The appeal to building owners and managers for open systems was significant.  No longer would they be held hostage by the cost of wholesale replacement, or sole source upgrades to obsolete legacy control systems.  

Again, Q  is a vector of  parameters, of which there are three types.

πJ for J=1…(N-1)   N is the probability of choosing state J as the initial state.

αj,k for j- 1..(N-1), k=1…N is the probability of switching from state j to state k, or one specific control system supplier j to a second specific control system supplier k.

bj,(o) for j= 1..(N-1) and o,  is the probability of emitting symbol o from state j or the probability of ending at one specific supplier from a given starting supplier. 

The Markov Model would again be structured:

P(x,y| Q)= .288 for A,A or same state switching, and .234 for A,B, or alternate state switching. Note that the probability of a customer switching (1-.288) is greater than the probability of customer retention.  This is hypothetical, and may or may not reflect actual switching propensity in the long term, but is reflective of introduction of open systems into the marketplace.
Table 2
In the new Markov model probability of switching J to state K or one supplier to another becomes less dependent on price and more dependent on satisfaction with the incumbent supplier.  Consequently αj,k  will be restructured to conform to the switching probabilities based upon satisfaction versus being based on the price based switching probability.
Open systems and competitive pricing

Switching from an oligopolistic pricing model or a monopolistic pricing model to a competitive pricing model yields two consequences.  The first consequence is competitive pricing on a dynamic basis which means that not only in initial stage J, but also in future states, pricing will be competitive. This leads to a priori higher value (more features and benefits for less cost).  The second consequence is that long term satisfaction not only at specific sites, but in the market generally will improves, as the competitive basis shifts away from price to performance.  A side function of the second consequence is that business Darwinism transforms the marketplace.  Only the strongest, fastest and best providers will survive.
Competitive pricing model – supplier 

Supplier pricing in a competitive world is dependent upon the number of competitors, supplier resource allocation constraints, and present valuation of projected profitability of the contract and subsequent service and maintenance work based upon the securing of a specific project.

The number of competitors on a specific project may be limited by either owner qualification perspectives, or technical specifications associated with the project, or a combination of both. In an ideal world, an informed and astute building owner or manager will provide significant input qualifying vendors based on their ability to execute a single project and ability to support a project on a long-term basis. The technical specification will set forth performance parameters as well as a prescriptive approach to long-term performance. The technical specification may also restrict use of proprietary technologies which may impact long-term expansion and operating costs.  Through the dogmatic application of rigorous technical criteria including communications methods, alternative sources for field devices, and stringent and candid evaluation of vendors, a field of highly qualified open system suppliers can be identified.  
Role of the specifier
Specific project pricing is impacted by what are typically seen as barriers to entry on a per project basis.  These barriers would include the costs of proposal preparation and estimating. The quality and thoroughness of engineering will reduce the uncertainty of cost estimation as well as perceived risk on the project by documenting completely the technical requirements for the project.  In the world of project estimating and bidding, lack of clarity, or inattention to specific details is quantifiable in cost, either to the owner, or to the bidder, or to both.  If specifications or scope of work is unclear, but engineering risk mitigated with blanket phrases such as “field verify”, “coordinate as necessary with other trades”  and “to be determined in field”, the cost of the project goes up.  The contractor must assign cost, both to estimate and to install, based upon the risk calculation.  If these conditions do not require costs, but the contractor builds them in, the owner overpays.  If the contractor does not build the costs into the project, and the installation manager forces the contractor to absorb them, the project has negative profitability.  In any event, the cost to prepare a responsible bid goes up, often dramatically, as responsible bidders are required to spend hundreds of man hours estimating and field verifying conditions which should have been verified by the engineering firm prior to issuance of final documents for pricing.   The risk of preparing a project proposal at a cost of tens, or possibly hundreds of thousands of dollars, and not being successful is a considerable barrier to entry and in many situations will reduce the number of competitors on a project. 
The objective of the systems integration engineer should be to provide documentation of actual conditions, with a specific engineered scope of work, to a qualified field of system integrators.  This will yield competitive bids, with a minimal inclusion of risk premium.
The variables impacting the pricing of the project from the supplier side are:
Present valuation of projected profits over some future number of years.  The time horizon for valuation will be adjusted based upon the rate of technology change, the historical frequency of vendor changes by the building owner or manager, and the vendor’s historical turnover frequency on projects.  
Expected profitability of installation projects is relevant as bidding companies evaluate project margin expectation during bidding.   Bidders will use specific pricing strategies based upon project management experience, long term stability of the end user, profit pickup or erosion history, and expected time to complete the project.
Historical performance of competitors based upon past performance in the bidding arena is relevant.  As technology continues to change, and as new bidders enter into specific markets with the intent of using market penetration pricing strategies, bidders must discount old bidding strategies, and use bidding models based upon stronger and more efficient competition.  More efficient competition in the project bidding arena, as well as in competition for the long term service and support provides a smaller opportunity to maximize profit in future years with connected service and expansion, or restricted competition.
Resource constraints of the supplier affect pricing strategies, as business owners will work to maximize profits based upon availability of resources.  When resources are constrained, they will be allocated so as to produce maximum profit (Project profit + PV Yrs 1-n service and expansion profit).  
Vendor Performance – Open Systems

In an open systems model of competition, vendor performance becomes the overriding factor in determining the customer switching affinity, as system pricing reaches a commodity level, and switching costs decrease to a minimal number.  Product pricing becomes less a component as competition drives excess profits associated with monopolistic pricing out of the model.  Excess profits associated with captive service are diminished as customers have a greater selection of service providers.  Customer satisfaction becomes the only metric which can be reliably expected to predict whether a customer will or won’t switch from one open system provider to another.  Therefore, in the field of open system providers, the emphasis on product and pricing diminishes, as vendors recognize that only through superior performance can they attract and retain customers, grow market share and remain profitable.  
