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Abstract

We are in the process of building a time/knowledge exchange system for the process of E-learning and distance education. One of the objectives of the system is to improve the effectiveness of e-learning and distance education. In this paper we, propose a protocol for negotiation in the context of time/knowledge exchange. In precise terms, we propose a solution to Knowledge Plane problem, which is represented in terms of the Knowledge Distance between two chronobots, in a functional form.

1. Introduction

The chronobot is a device for storing and borrowing time.  Using the chronobot one can borrow time from someone else and/or return time to the same person.  It is a very convenient device for managing time.

A natural application domain for the chronobot is E-learning and distance education, although we can consider many other interesting application domains for the chronobot.  Indeed whenever we need to manage time and knowledge, we can make good use of the chronobot.
In this paper we, propose a protocol for negotiation in the context of time/knowledge exchange. In precise terms, we propose a solution to Knowledge Plane problem, which is represented in terms of the knowledge distance between two chronobots, in a functional form.

The rest of the paper is structured as follows. For purposes of clarity, in section 2, we restate the algorithm for Time/Knowledge exchange. In section 3, we discuss the definitions. In section 4, we discuss our solution to the problem of negotiation in terms of the concept of the Knowledge Plane. We discuss Related Work in section 5. We conclude in section 6 outlining directions of future research work. 

2. The Algorithm for Time/Knowledge Exchange

The Algorithm for Time/Knowledge Exchange must first take into account all the initial specifications of the protocol and devise a way in order to settle the bid among the Chronobot that initiated the bid and the Chronobot(s) that proposes to perform the task. The Algorithm is basically a constraint satisfaction algorithm that interoperates with the various Chronobots and co-ordinates the settlement of a bid in a distributed manner selecting the best bid using a metric known as the QoB (Quality of Bid).

Firstly, the algorithm performs validation as described in section 2. Then it utilizes a technique based on Multi-Expert weight updation to select the best possible Chronobot(s) to perform the task. This procedure is described as follows. 

The algorithm for time/knowledge exchange must consider criteria for deciding the Quality of Bid (QoB). We now go on to describe the complete set of criteria.

2.1 The Criteria for Time/Knowledge Exchange

The complete set of criteria that the algorithm must take into account in order to decide the Chronobot(s) that win(s) the bid, are as follows.

1. The user profile history of the Chronobot:

The User profile history will be maintained for each Chronobot entering the bid and it will be checked by a routine before the bid is being finalized. The Chronobot initiating the bid must annotate the weight that it wishes to assign to this in the skill set specification.

2. Detail whether the Chronobot has defaulted before or not:

The information regarding whether the Chronobot that is entering the bid has defaulted or not must be maintained for each Chronobot and the appropriate weight that the Chronobot that is initiating the bid gives to it must also be retrieved from the database.

3. The Skill set required by the Chronobot initiating the bid:

The Chronobot initiating the bid can specify how much weight it wants to assign to each of the skill sets respectively.

4. Prior experience with handling similar problems:

This can be annotated in the skill set requirement and the weight that the Chronobot initiating the bid wants to assign to this can also be specified.

5. Whether the Chronobot initiating the bid has a preference or not in multiple Chronobot(s) solving the problem:

In certain cases, it is better for multiple Chronobots to work on solving the problem. This can be specified by the Chronobot, initiating the bid, in the weight that it wants to assign for this criterion.

6. The feedback from previous Chronobot(s):

The Chronobot(s) that have utilized the Chronobot entering the bid must leave behind feedback, either positive or negative. The Chronobot, initiating the bid, can specify the weight that it wants to assign for this criterion by annotation in the skill set. 

The actual Automata-based formulation of the protocol is continued in the following sections starting with the definitions.

3. Definitions 

Definition 1: The self-model [1] of a Chronobot includes the current set of values for the various criteria and the weights that the Chronobot assigns for each of those criteria.

Definition 2: The alien-model [1] of a Chronobot includes the current set of values that the various Chronobots taking part in the bidding process assign to the multitude of criteria specified by the Chronobot initiating the bid.

Definition 3: A Chronobot is a 8-tuple (M, S, f, k, s0, F, DB, ()

Where

M is a non-empty set of messages (the message space)

S is a non-empty set of states (the state space), S = Sc * Ds * Da

Where 

Sc is a nonempty set  of states of the Chronobot

Ds is a nonempty set of self-models of the Chronobot, and

Da is a nonempty set of alien-models of the Chronobot

f :  Sc * (M * M)* -> Sc is the state transition function. Given the current state of the Chronobot and the history of messages exchanged between the Chronobot initiating the bid and the Chronobots participating in the bidding process, f specifies the next state

k :  Ds *  Da -> N is the  knowledge distance function. Given the self-model of the Chronobot and the set of all other alien models of Chronobots participating in the bidding process, k specifies the knowledge distance between the negotiating entities
Φ :  Ds *  Da -> Ds is the knowledge plane function. Given the self-model of the Chronobot and the set of all other alien models of Chronobots participating in the bidding process, when k, the knowledge distance between the negotiating entities exceeds threshold t, the knowledge plane function is responsible for transferring to the higher plane of knowledge
s0 in S is the initial state of the   Chronobot

F, a subset of S, is the nonempty set of final states 

DB is the Database that stores the history of all the Chronobots involved in the Time/Knowledge Exchange.

The database is updated appropriately. More details on our protocol can be found in [7]. We now go on to describe the concept of Knowledge Plane that has been utilized among the Chronobot agents.
4. The Concept of Knowledge Plane

We would like to express our terminology as follows. When we refer to agents, we refer to Chronobot agents. We first discuss the concept of Knowledge Distance and then go on to describe the concept of Knowledge Plane. For two agents, agent x and agent y, each agent is characterized by attributes (x1, ..., xn), and (y1, ..., yn). For the two corresponding attributes xi and yi, the information distance measure is denoted by di (xi, yi), where di is between 0 and 1 (a metric).

The exchange rate between agents x and y, is denoted as follows. 

Exchange (agent x, agent y) = 

e ^ (1 / ∑ Cji * d(xji, yji))

where:

the summation is over all the terms Cji * d(xji, yji), and

Cji is a scaling constant.

We now illustrate an example as follows.

Let us assume that the two agents' primary skill matches. Therefore C1 d1 (x1, y1) = 0.  If the primary skill does not match, C1 d1 (x1, y1) becomes a big number.  For instance, C1 is 10,000 and d1 is between 0 and 1, in this case close to 1.  Then C1 d1 (x1, y1) is close to 100,000 and the exchange rate is close to 1. No need to continue.

The two agent's familiarity with subject area also is comparable, so c2 d2 (x2, y2) = 0.  If the familiarly does not match, then C2 d2 (x2, y2) becomes a big number. For instance, C2 is 1,000 and d2 is between 0 and 1, in this case close to 1.  Then C2 d2 (x2, y2) is close to 1,000 and the exchange rate is close to 1. No need to continue either.

Finally, the two agents differ in secondary skill. Therefore C3 d3 (x3, y3) is small and we have an exchange rate that reflects the difference in the two agents' secondary skill. Notice the index function takes care of the re-arrangement of the relative importance of the n attributes.  The constants Cj are also important.  They take care of the relative scaling of the various attributes. The following figure illustrates the schematic representation of the Exchange rate as depicted in different dimensions.
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As long as the maximum of the pair-wise exchange rate value among all Chronobots taking part in the bidding process remains below threshold, t, all Chronobots are in the same Knowledge Plane. When it exceeds this threshold value, then the Knowledge Plane function ( is responsible for transferring to the higher plane of knowledge. 

Let us illustrate this in terms of a scenario. We have assumed so far that the participating chronobots are along the same knowledge plane. This condition is not necessarily true. For instance, we now match chronobots based on programming language skills. Lets assume there is a specific requirement for people with experience with Patterns.  We need to match to this requirement people with experience in programming with templates in C++. This is because Patterns are implemented using templates in the latest version of C++ and .NET. Using the concept of the Knowledge plane we will be able to do this appropriately. 
We now present an example with respect to the automata-based formulation. Let us assume that there are two chronobot agents A1 and A2 in the system. The self-model of A1 includes the current set of values for the various criteria and the weights that A1 assigns for each of those criteria. Similarly the self-model of A2 includes the current set of values for the various criteria and the weights that A2 assigns for each of those criteria. Let chronobot A2 initiate the bid. The alien-model of A1 includes the current set of values that it assigns to the multitude of criteria specified by A2. Now in order to concretely specify the knowledge distance between A1 and A2 we assume that C1 d1 (x1, y1) = 0. This means that A1 and A2 are in the same knowledge plane and their primary skills match. For instance, if C1 is 10,000 and d1 is between 0 and 1, in this case close to 1.  Then C1 d1 (x1, y1) is close to 100,000 and the exchange rate is close to 1. In this case A1 and A2 are in different Knowledge planes. Henceforth we need to use the Knowledge Plane function, Φ in order to scale the knowledge distance as follows. Since their primary skills do not match, we need to look at the correlation in terms of the programming language skills. Lets assume in this case that C2 d2 (x2, y2) is small. Then we have ensured that A1 and A2 in the same Knowledge Plane and hence A1 can satisfy A2’s bid. 

5. Related Work

In terms of specifying bid negotiation, there have been attempts in the following manner, Specifically Nash equilibrium has been suggested as a mechanism for negotiation. Negotiation protocols are marked by an important milestone, namely, the Nash Equilibrium. Before the Nash equilibrium was formulated, it was a general assumption that each negotiating entity acting as per sole self-interest would ensure proper  negotiation. The Nash equilibrium [8] formulates that, when two or more negotiating entities co-operate they could ensure that their self-interests are served better than the earlier case, e. g. cartels such as Organization of the Petroleum Exporting Countries (OPEC). 

Other protocols include, but are not limited to the following.


In terms of multi-agent systems such as in the context of our CVC, the classic book on Negotiation is "Rules of Encounter" by Jeffrey S. Rosenchein  and Gilad Zlotkin [9]. 



The key idea here is the following.  Machines that Make Deals, in otherwords automated agents negotiate to reach agreements using game theory in developing appropriate protocols. The authors also define three dimensions along which inter-agent negotiation can be discussed. The first dimension distinguishes negotiation by its granularity (whether agents negotiate over complete tasks, states of the world, or the worth that each agent sees). The second dimension defines five attributes by which proposed negotiation mechanisms can be evaluated: efficiency, stability, simplicity, distribution, and symmetry.


The third dimension describes the assumptions or axioms on which the theory is constructed. For example, it is assumed that agents will not take future negotiations into account in a current negotiation; that all agents offer the same operations in the world at identical costs; and that there is no money or other mechanism for explicit transfer of utility among agents. Also discuss three domains of negotiation, namely, Task Oriented Domain, State Oriented Domain and Worth Oriented Domain. 

The principles suggested by Rosenchein et al with respect to automated negotiation apply to closed and semi-closed environments, by which we mean those in which there is no possibility of feedback to improve the system. Hence recently protocols that have looked at applying automated negotiation in dynamic and open environments. 


Dastani et al [10] propose a methodology for constructing flexible negotiation protocols based on joint actions and dialogue games. The Key Idea here is that even though negotiating agents may have competing interests, they share a common goal to coordinate their actions and in order to represent coordinated actions they use partial representations called recipes, specifically, dialogue games. Empirical evidence of this is that studies of human dialogue show frequently recurring patterns of dialogue acts. Hence patterns are described by the rules of a dialogue game.
In terms of negotiation in Resource Management, Maheswaran et al [11] employ negotiation in the context of assigning software agents   for the procurement and assignment of computational and network resources. The key here is that the authors show that the dynamic auction of resources has a unique Nash Equilibrium, and then develop decentralized negotiation strategies. 


Kulik et al [12] propose negotiation protocols for data dissemination in wireless sensor networks. The key idea here is that nodes first name their data using high-level data descriptors, namely, metadata. Metadata are then used in negotiations to eliminate redundant data transmissions in the network.
Although there has been prior art in quantifying knowledge exchange in the context of Natural Language processing (NLP) there has been no prior work on the exchangeability of knowledge and time and in the advocation of such knowledge/time exchange protocols. We summarize the work of three of the best attempts at quantifying knowledge exchange.

In [4], the authors describe a project known as SHADE (SHAred Dependency Engineering). SHADE's approach has three main components: a shared knowledge representation (language and domain-specific vocabulary), protocols supporting information exchange for change notification and subscription, and facilitation services for content-directed routing and intelligent matching of information consumers and producers.

In [5], a protocol called Generic Frame Protocol (GFP) is discussed. It provides a set of Common Lisp functions that provide a generic interface to underlying frame knowledge representation systems (FRSs). The interface layer allows an application some independence from the idiosyncrasies of specific FRS software and enables the development of generic tools (e.g., graphical browsers, frame editors) that operate on many FRSs. The GFP protocol is complementary to language specifications developed to support knowledge sharing. KIF, the Knowledge Interchange Format, provides a declarative language for describing knowledge. As a pure specification language, KIF does not include commands for knowledge base query or manipulation. Furthermore, KIF is far more expressive than FRSs. The Generic Frame Protocol focuses on operations that are efficiently supported by most FRSs (e.g., operations on frames, slots, facets; inheritance and slot constraint checking).

In [6], the authors discuss the design and use of a shared representation of knowledge (language and vocabulary) to facilitate communication among specialists and their tools. They go on to describe a formal approach to representing engineering knowledge, and its role in a computational framework that integrates a heterogeneous mix of software tools, and discuss its relationship to current and emerging data exchange standards.

5. Conclusion and Future Work

We have outlined a solution to the Knowledge Plane problem in the context of Time/Knowledge exchange.  We plan to work on improving the formalization in terms of the Knowledge Plane further as part of our future work.
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