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Abstract — In recent years, peer-to-peer (P2P) computing has gained great attention in both research and industrial communities. Although many P2P systems, such as CAN, Pastry, Chord, Tapstry, etc., have been proposed, they can only support exact-match lookups. To overcome the limitation, a new area of P2P research, called peer data management system (PDMS), has emerged. In PDMS, metadata were used for annotating resources so that complex queries can be supported. In this paper, we propose a hybrid PDMS called RDF-Chord. In RDF-Chord, a set of keys is ingeniously designed so that the advantages of metadata are further utilized to significantly reduce the search spaces. From the experimental results, it shows that RDF-Chord is highly scalable and efficient, especially in range queries.
Index Terms—Peer Data Management System; RDF, RDF Repository; Peer-to-Peer Networks. 
1. INTRODUCTION

Since the wide spread usage of Napster and KazAa, people started to realize the power of resource sharing in a Peer-to-Peer (P2P) manner. In recent years, P2P systems have been widely used in several applications, such as file sharing [4], [32], multimedia delivery [23], video streaming [16], knowledge management [34], etc. P2P systems can be roughly classified into three categories: centralized, decentralized and unstructured, as well as decentralized and structured. Centralized P2P systems, such as Napster, require a centralized directory server and thus are not scalable. For decentralized and unstructured P2P systems such as Gnutella, queries are flooded throughout the entire network which generates a large volume of traffic with no guarantee to find the desired resource even if it exists. For efficiency and scalability, decentralized and structure P2P systems such as CAN [25], Pastry [28], Chord [30], Kademlia [18], and Tapstry [35] have been proposed. To integrate the advantages of both types of peer-to-peer networks and minimizes the disadvantages, Yang [33] proposed a hybrid peer-to-peer system for distributed data sharing. These P2P systems were also called DHT-based (Distributed Hash Table) systems, because they use a hash function to generate indices which are distributed among nodes. The query cost of DHT-based P2P systems can be guaranteed in logarithmic bounds. Although DHT-based P2P systems are scalable and efficient, only exact-match queries are supported [11].


Recently, a new branch of P2P research, called semantic-based P2P systems, has emerged. Related semantic-based P2P systems include RDFStore [26], Edutella [20], RDFPeers [2], Expertise [10], ContextPeers [9], SuperRing [1], SCS [7], R-Chord [14], Squid [29], M-Chord [21], Distributed Suffix Tree (DST) [36], ML-Chord [15], Mandreoli et al.’s scheme [17], Layered Adaptive Semantic-based Destination Management Systems (LA_DMS) [13], Dynamic Semantic Space (DSS) [8], RDF Trigger Language (RDFTL) [22], Gao et al. [6], Heine et al. scheme [12], and Super-Peer [19]. These semantic-based P2P systems can be roughly classified into three categories based on their main objectives. The main objective of the first category is to provide efficiency semantic reconciliations [6, 11, 15] to resolve the problems of heterogeneity of data representations. For applications that require timely notification of metadata change, Papamarkos et al. proposed a mechanism, called RDFTL [22], to monitor and process the changes of RDF metadata in P2P environment. The main objective of the second category is to provide faster queries by reducing search space according to the metadata of shared resources, such as Expertise, ContextPeers, SCS, ML-Chord, and SuperRing. Among them, ML-Chord proposed a multi-layered P2P resource sharing model. In ML-Chord, all resources are classified into categories based on a selected ontology and each category is corresponding to an overlay layer. The number of overlay layers depends on the number of categories for a specific domain or ontology. Moreover, ML-Chord used bridge nodes to help in finding the successor of a node n when node n and its successor are not in the same category. The experiments showed that ML-Chord is superior than both Chord and SCS. However, the P2P systems categorized into the second category, including ML-Chord, do not fully utilize the richness and flexibility of metadata (such as RDF) such that they are unable to handle complex queries, such as disjunctive, range and conjunctive multi-predicate queries. 
To support the complex queries, the third category, called peer data management systems (PDMS) [5], [31], were proposed. A PDMS is a decentralized architecture for sharing data among peers. The key issue in PDMS is how to organize and manage distributed resource indexes in P2P networks for routing queries efficiently. Many efforts have been devoted to study the key issue, they use metadata to generate indexes, and then distribute indexes to appropriate peers. Queries are sent to peers to locate the nodes that host the requested resources. That is, PDMS is constituted of the nodes that host the indices. Examples of such P2P systems include RDFStore, Edutella, RDFPeers, M-Chord, DST, Squid, R-Chord, Gao et al.’s, Heine et al.’s scheme and Super-Peer. 
The organization of PDMS systems can be either centralized (ex. RDFStore), fully distributed (ex. Edutella, M-Chord, DST, RDFPeers, Gao et al.’s scheme, Heine et al.’s scheme and Squid), or hybrid (ex. R-Chord and Super-Peer). Centralized PDMS systems require a central server and thus not scalable. All nodes in the network have to take part in fully distributed PDMS systems. This results in large search space that in turn results in higher query cost. In hybrid PDMS systems, because only selected nodes are in charge of query processing, the search space is smaller than that of fully distributed PDMS systems, and thus queries are generally faster. 
Resource Description Framework (RDF) [27], developed by World Wide Web Consortium (W3C), is one of the popular languages for representing metadata about resources. A RDF document is composed of a set of RDF triples. Each triple is in the form of (subject, predicate, object) where the subject denotes a resource, the predicate defines a specific property of the resource, and the object describes the actual value of the predicate. For example, “the creator of http://some.url/ is Eric Lu” can be represented as (http://some.url/, creator, Eric Lu) in RDF. Because the richness of RDF, queries that support RDF can be flexible and complex. Among the PDMS systems, only RDFStore, Edutella, Super-Peer, Gao et al.’s scheme, Heine et al.’s scheme, and RDFPeers support RDF-like queries. However, RDFStore suffers performance bottleneck and a single point of failure. Edutella does not scale well to a large number of nodes [2]. To be scalable, Super-Peer is the improved version of Edutella, but it requires definitions of schemata in advanced [2]. In addition, both Gao et al.’s scheme [6] and Heine et al.’s scheme [12] do not support range queries. To compare with previous works, RDFPeers defines eight possible atomic triple queries, summarized in Table I, which is efficient and scalable to support disjunctive and range queries as well as conjunctive multi-predicate queries. 
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Although RDFPeers is efficient and scalable, it has a few major drawbacks. RDFPeers is a fully distributed PDMS. RDFPeers does not take full advantages of metadata in range queries. For example, a node wishes to find products whose price falls within 100 and 500 and issues a range query, (?s, price, ?o) AND 100 
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500. In RDFPeers, the search space of the query includes not only price that falls within 100 and 500, but also all other predicates (?p) that falls within 100 and 500. A better approach is only to lookup the price that falls within 100 and 500. 
To support complex queries like RDFPeers and overcome its major drawbacks, a flexible PDMS for P2P networks, called RDF-Chord, is proposed in this paper. RDF-Chord contains three ring sets, namely subject ring set, predicate ring set and object ring set. Each ring set contains several categories, as shown in Fig. 1, and nodes in each category are organized as a Chord-like ring. The connections between different category layers are linked by bridge peers. Also, the bridge peers are formed as a Chord-like ring. Shared resources and nodes are assigned into the appropriate ring sets based on a set of newly designed keys. RDF keys are designed to provide more efficient range queries by fully utilizing the relationships between any two fields of a RDF triple. With such design, as for the example range query, (?s, price, ?o) AND 100 
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500, RDF-Chord only looks up the prices that fall in the range of 100 and 500. In other words, if the search space of range queries in RDFPeer is 2m, the search space in RDF-Chord is 2m/2. The design of RDF keys in RDF-Chord makes execution speeds of range queries at least 100 times faster than those of RDFPeers, proved by experimental results. From various experimental results, it can be concluded that RDF-Chord is far superior than RDFPeers.
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Fig. 1  The design of RDF-Chord model
The rest of the paper is organized as follows: In section II, previous works in PDMS are briefly reviewed. The design of RDF-Chord is described in section III. In section IV, various simulation experiments and their results are presented and analyzed. Finally, we conclude our work in section V.
2.  Review of PDMS Systems
RDFStore [26] is a centralized RDF repository which provides fast queries. However, like other centralized approaches, it is not only generally un-scalable, but also may suffer a single processing bottleneck and a single point of failure. M-Chord [21], Squid [29] and DST [36] use some special technique (such as iDistance, Hilbert space filling curve, and suffix tree, respectively) to map multiple keywords to a single key. By using the key, resources can be queried on a Chord overlay network. Although they are efficient, complex queries are not supported. In R-Chord [14], the metadata of shared resources are stored in super peers which are organized in a Chord overlay network. The relationships; such as join, union, similar, etc.; between super peers are built and can be used to speed up queries. Although R-Chord fully utilized semantics, it unfortunately does not support range queries.
Edutella [20] is built on a Gnutella-like network. The RDF documents of each shared resource are stored in its owner node. Because RDF-like queries are flooded to all nodes in the network, Edutella does not scale well. To overcome the problem, Nejdl et al. [19] proposed Super-Peer, a successor of Edutella, which arranges super peers in a hypercube topology that consists of 2d super peers in a d-dimensional hypercube. Each normal node has a direct link to a super peer and provides the super peer with its metadata information. Although Super-Peer provides better scalability, it does not support range queries and requires definitions of schemata in advance [2]. Gao et al. [6] developed an efficient method to improve query performance by using semantic similarity between queries and resources. Later on, Heine et al. [12] proposed a query evaluation algorithm to query RDF triples stored in peers. Both methods did not consider maintenance issues, such as node join and leave, which are common in P2P networks. Furthermore, they did not support complex queries such as range queries.
RDFPeers [2] is built on a multi-attribute addressable network (MAAN) [3] which is an extension of Chord [30]. The central concept of RDFPeers is to generate three hash keys based on the values of subject, predicate, and object for each RDF triple. Each triple will be stored at nodes based on the hash keys. For example, as shown in Fig. 3, N6 has a RDF document which is composed of two RDF triples. The hash values of the triples are shown in the top left corner of Fig. 3. As shown in Fig. 3, the hash values of the first triple (<info:index.htm>, <dc:creator>, “Tony”)  are 11, 2, and 9, respectively. Therefore, based on RDFPeers, the triple must be stored at their corresponding successors and they are N12, N2, and N10, respectively. Similarly, the second triple will be stored at N12, N5, and N10. 
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Fig. 3  The example of distributing triples in RDFPeers
RDFPeers defines ten types of queries including eight types of atomic queries, disjunctive and range queries, and conjunctive multi-predicate queries. The eight possible atomic queries are shown in Table I. Except for Q8, either one of the specified values (si, pi, or oi) in an atomic query is hashed. The query is forwarded to a node based on the hash value. The node will look up the triples it has and return the results to the requesting node. Disjunctive and range queries as well as conjunctive multi-predicate queries are the extension of atomic queries. The details of the query types will be described in details in Section 3. All surveyed P2P networks are compared and listed in Table II based on the supported complex query types. As easily seen in the table, both RDF-Chord and RDFPeers provides the same complex queries, and thus their performances will be evaluated in our experiments. 
Table II
The Comparisons of Schemes for Supporting Complex Queries

	Query types
References
	Disjunctive Query
	Range Query
	Multi-predicate Conjunctive Query

	RDFPeers [2]
	v
	v
	v

	Gao et al. [4]
	v
	x
	x

	Heine et al. [12]
	v
	x
	v

	R-Chord [12]
	v
	x
	v

	Super-Peer [19]
	v
	x
	v

	Edutella [20]
	v
	x
	v

	M-Chord [21]
	v
	x
	v

	RDFStore [26]
	x
	x
	x

	Squid [29]
	v
	x
	x

	DST [36]
	v
	x
	x

	RDF-Chord
	v
	v
	v


3. The Design of RDF-Chord 
3.1 The Architecture
RDF-Chord is a PDMS which is built on the top of an unstructured P2P network. Nodes that have shared resources in the network will join PDMS; in other words, the structure of RDF-Chord can be either fully distributed or hybrid. The architecture of RDF-Chord is shown in Fig. 4. There are three ring sets in RDF-Chord, and they are subject ring set, predicate ring set and object ring set. Each ring set contains multiple resource layers. In each resource layer, nodes are organized in a Chord-like ring. The nodes with higher processing power or bandwidth will be chosen as bridge peers (BPs). A BP in a ring set is linked to all resource layers in the ring set. Also, all BPs in a ring set are organized in a Chord-like overlay layer, called BP layer. An example ring set is shown in Fig. 5, where the white balls and black balls are peers and bridge peers, respectively.
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Fig. 4  The architecture of RDF-Chord
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Fig. 5  An example ring set
A node is assigned to a resource layer on each ring set based on the RDF triple(s) it has. The resource layer for each ring set is calculated based on (1).
lr = floor(Hx(tr) * Cr) / Hmax), where 0 
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 2                      (1)

In (1), the value of r is either 0, 1, or 2 which denotes the subject, predicate, or object, respectively. lr denotes the l th resource layer in r ring set. tr represents the rth element of triple t. For example, t0 represents the subject value of triple t. Cr is the number of resource layers in r ring set. Hx is a locality preserving hash function of x bits where Hx(v) = (v - vmin) * (2x - 1) / (vmax - vmin) [3]. In general, the hash space for tr can be different. It is assumed that the largest hash space of tr is x. Therefore, vmin and vmax are 0 and 2x – 1, respectively. Hmax is the maximum value of Hx plus one. 

The ID of every node is calculated as Hm(node’s IP address and port number), where Hm is a SHA-1 hash function of m-bits  and m = 2 * x. For example, it is assumed that Cr is 22 for all r and node N45 has a RDF triple (http://some.url/, creator, Eric Lu). If x = 3, the value of Hmax is 8 and m is 6. Supposed that the hash values of the triple are 2, 6, and 3; N45 is assigned to the resource layer 1 in subject ring set because l0 = floor(2 * 4 / 8) = 1 by (1). Similarly, N45 is also assigned to the resource layer 3 (floor(6 * 4 / 8) = 3) in predicate ring set and the resource layer 1 (floor(3 * 4 / 8) = 1) in object ring set.
3.2 Successor and Predecessor

The successor of node n is the node that is arranged after node n and closest to node n. The predecessor of node n is the node that is organized before node n and closest to node n. Node n can use n.find_successor(r, l, id) to find the successor of node id in lr. The pseudo code for n.find_successor(r, l, id) is shown in Fig. 6. In n.find_successor(r, l, id), if n is not connected to lr, it will ask a bridge peer to find the successor by invoking bp.find_successor(r, l, id). Otherwise, it will check whether or not node id is between n and its successor. If yes, node n returns its successor; otherwise, the predecessor n' of id is obtained first, and then n' will be asked to find the successor for id. In Fig. 6, n.find_predecessor(r, l, id) is used to find the predecessor for node id in lr. In n.find_predecessor(r, l, id), n.finger[r, l] denotes n’s finger table in lr, and n.finger[r, l, i] denotes the ith entry of n.finger[r, l]. For each entry in n.finger[r, l], n.find_predecessor(r, l, id) checks whether or not n.finger[r, l, i] is between n and id, excluding n and id. If yes, n.finger[r, l, i] is returned; otherwise, n is returned. Note that a finger table is a routing table kept by a node. If a node has a shared resource, it has three finger tables (one for each ring set). Each finger table contains up to m entries. The ith entry of node n will contain the address of successor ((n+2i-1) mod 2m). With such a finger table, the number of nodes that needs to be searched to find a successor in an N-node network is O(logN). In fact, because nodes are allocated to multiple layers (denoted as C layers), the query time is O(log(N/C)).

[image: image13.emf] 

// ask node  n  to find the successor of  id     //in the layer  l  of  r  ring set   ( l r )   n . find_successor ( r ,   l ,  id )       if  ( n  is linked to  l r )          if  ( id



( n ,  n.successor[ r ,  l ] ])             return   n. successor[ r ,   l ] ;           else             n'  =  n . find_predecessor ( r ,   l ,  id );             return   n' . find_successor ( r ,   l ,  id );       else          return   bp . find_successor ( r ,   l ,  id );   //search the predecessor of  id     //from finger tables   n . find_predecessor ( r ,   l ,  id )       for   i  =  n.finger[ r ,  l ].length  down to 0          if  ( n.finger[ r ,  l ,   i ]



( n ,  id ))             return   n.finger[ r ,  l ,   i ] ;       return   n ;  


Fig. 6  The pseudocode for obtaining id’s successor and predecessor

3.3 Finger Tables

To accelerate lookups, every node not only has a successor and a predecessor, but also maintains additional routing information called finger tables. If a node has a shared resource, it has three finger tables (one for each ring set). The size of each finger table is m. The ith entry of node n will contain the address of successor ((n+2i-1) mod 2m). With such a finger table, the number of nodes that needs to be searched to find a successor in an N-node network is O(logN). In fact, because nodes are allocated to multiple layers (denoted as C layers), the query time is O(log(N/C)). The procedure for node n to create finger tables in lr is shown in Fig. 7. In setup_finger(r, l), n calculates kj = (n+ 2j-1) mod 2m for all j where 1 
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 m. Then n invokes n.find_successor(r, l, kj) to find the successor of kj. The procedure will be repeated until all successors of kj are obtained. 


In addition to finger tables, an extra table, called BP table, is required. For bridge peers, the BP table is used to provide routing information in BP layer. Thus, the procedure of creating BP tables for bridge peers is identical to setup_finger(). Because normal peers do not have routing information in all resource layers, it is required for normal peers to contact a bridge peer to forward queries to an appropriate resource layer. Therefore, each normal peer needs a BP table that contains bridge peers. The procedure for creating BP tables for normal peers is described as follows: a normal peer randomly selects a node from its finger tables. Then, the peer retrieves the first entry, which is a bridge peer, from the BP table of the selected node, and the selected bridge peer becomes the first entry of its BP table. The second entry of its BP table is the successor of the first entry. The same procedure will continue until all entries are filled up. The size of BP tables for normal peers is d where 1 
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//build finger table and BP table   n . setup_finger ( r ,  l )       if  ( l  is BP layer)          if  ( n  is not a bridge peer)             n.finger[ r , BP_layer, 1]  =  n . find_successor ( r , BP_layer,  n +1);             for  j = 2  to  d                 n . finger[ r , BP_layer, j]  =  n . finger[ r , BP_layer, j - 1] . successor[ r , BP_layer] ;          else             for  j = 1  to  m                n.finger[ r ,  BP_layer , j]  =  n . find_successor ( r ,  BP_layer ,  n +2 j - 1 );       else          for  j = 1  to  m             n . finger[ r ,  l , j]  =  n . find_successor ( r ,  l ,  n +2 j - 1 );  


Fig. 7  The pseudocode for building finger tables

Partial finger tables and BP tables for N45 (a normal peer) and N51 (a BP) is shown in Fig. 8. As shown in Fig. 8, d is 2, the resource layer i in r ring set is denoted as ir, the finger table for ir is denoted as FTri, and the BP finger table for r ring set is denoted as BP-Tabler. As stated earlier, because l0 and l1 of N45 are 1 and 0, respectively, N45 has FT01 and FT10. The first entry of BP-Table0 for N45 is selected from the first entry of its FT01. Because the successor of N51 is N23, N23 became the second entry of BP-Table0. Because N51 is a bridge peer for all ring sets, it has only one BP table which is BP-Table0. Also, N51 has FTri for all resource layers in all ring sets.
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Fig. 8  Finger tables and BP tables of a BP and a normal peer
3.4 Distributing Indices
The indices of resources are generated by hashing function and then the indices are saved in the corresponding nodes. While receiving a query request, the request is also hashed to generate a key, and the node is obtained if its index matches the key. To efficiently process queries and manage distributed RDF triples, a set of keys is ingeniously designed so that the advantages of metadata are further utilized to significantly reduce the search spaces. The designed keys are shown in Eq. (2) to Eq. (10), where Hx is a locality-preserving hash function with 2x hash space. The space of all keys is 2m where m = 2 * x. ks, kp, and ko are the hash values of subject, predicate, and object of triple t, respectively. The design of ks, kp, and ko has at least two main advantages: (1) all query types supported by RDFPeers are also supported in RDF-Chord; (2) Because ks, kp, and ko are used in subject, predicate, and object ring sets, respectively, the search space is smaller than that of RDFPeers which results in faster queries.

The design of kpo clearly links the relationships between predicate and object. With kpo, for a specific predicate value (i.e. t1), the key space of its associated object value (i.e. t2) falls within the range of Hx(t1) * 2x + 0 and Hx(t1) * 2x + 2x - 1. Therefore, in range queries, the search space is restricted to 2x. On the contrary, for RDFPeers, the search space is 2m in range queries. For example, if the hash value of “price” is 5 and x = 3, kpo ensures that the key space of object values associated with “price” is within the range of 5 * 8 and 5 * 8 + 7. Similar explanations also apply to kso, ksp, kps, kos, and kop.
ks = Hx(t0) * 2x 
                                                 (2)

kp = Hx(t1) * 2x     
                                             (3)

ko = Hx(t2) * 2x 
                                                 (4)

kso = Hx(t0) * 2x + Hx(t2)     
                                     (5)
ksp = Hx(t0) * 2x + Hx(t1)     
                                     (6)

kpo = Hx(t1) * 2x + Hx(t2)     
                                     (7)

kps = Hx(t1) * 2x + Hx(t0)     
                                     (8)

kos = Hx(t2) * 2x + Hx(t0)     
                                     (9)

kop = Hx(t2) * 2x + Hx(t1)
                                          (10)

The pseudo code for distributing indices is shown in Fig. 9. The distribution of indices has to be done in all three ring sets. Every node may have zero or more resources, and each resource is described by one triple (denoted as ti). For the subject ring set, node n calculates l0, ks, ksp and kso for each triple ti it has. Then, n uses n.find_successor(0, l0, ks, ti) to find the node ns which is the successor of ks and stores ti in ns. Because kso and ksp are greater than or equal to ks, ns is used to find successors nso and nsp for kso and ksp by invoking ns.find_successor(0, l0, kso, ti) and ns.find_successor(0, l0, ksp, ti), respectively. The triple ti is also stored in both nso and nsp. Similar procedure has to be carried out in both predicate and object ring sets. For example, it is assumed that x = 3, and N45 has a hashed-triple (2, 6, 3). To distribute indexes, N45 calculates the values of l0, ks, ksp, and kso which are 1 (floor(2 * 4 / 8)), 16 (2 * 23), 22 (2 * 23 + 6), and 19 (2 * 23 + 3), respectively. Then, N45 invokes find_successor(0, 1, 16, t)  and obtains N16 which is responsible for key 16. N16 stores ti, calls find_successor(0, 1, 22, ti) and find_successor(0, 1, 19, ti), and obtains N23 and N20 which are the successors of 22 and 19, respectively. The triple ti is also stored in both N23 and N20. Similarly, ti is stored at nodes based on kp, kps, and kpo in predicate ring set. In object ring set, ti is stored at the nodes which are the successors of ko, kos, and kop. Note that, although the find_successor() in Fig. 9 has 4 parameters which is different from the find_successor() in Fig. 6, they are all used to find successor for a specified node. The only difference is that, for the find_successor() in Fig. 9, the triple ti is stored at successor nodes.
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Fig. 9 The pseudocode for distributing indexes
3.5 Query

Like RDFPeers, RDF-Chord supports eight types of atomic queries as shown in Table I. These atomic queries are further classified into three query types as shown in Table III. When an atomic query Qi is initiated, the query node n will invoke n.query(Qi) to locate the nodes which can resolve the query. If the subject of Qi is an exact value, it is a type-I query; if Qi is not of type I and its predicate is an exact value, it is then a type-II query; otherwise, it is a type-III query. All the costs of Type I, II, and III are log(N/Cr), which are lower than that of Table I. 
Table III
The possible query patterns in RDF-Chord
	Type
	Query
	Query Type
	Cost

	I
	(si, ?p, ?o)
	Q1
	log(N/Cr)

	
	(si, pi, ?o)
	Q4
	log(N/Cr)

	
	(si, ?p, oi)
	Q6
	log(N/Cr)

	
	(si, pi, oi)
	Q7
	log(N/Cr)

	II
	(?s, pi, ?o)
	Q2
	log(N/Cr)

	
	(?s, pi, oi)
	Q5
	log(N/Cr)

	III
	(?s, ?p, oi)
	Q3
	log(N/Cr)


The pseudo code for query(Qi) is shown in Fig. 10. When node n issues Qi and if Qi is of type I, the subject ring set is used to resolve the query. After l0 and ks are obtained, the nodes that host the requested resource are returned by find_successor(). Similarly, if Qi  is of type II, l1 and kp are calculated, and the query is resolved by using the predicate ring set. If Qi is of type III, l2 and ko are calculated, and the query is resolved by using the subject ring set. If node n has no direct link to lr, n will look up its BP-Tabler to find a BP and forward the query to the BP. Finally, the BP calls bp.find_successor(r, l, key) to find the location of the requested resources.
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Fig. 10 The pseudocode for query

For example, as shown in Fig. 11, N34 issues a query (2, ?p, 3). Because the subject value of the query is not a variable, the subject ring set is used to resolve the query. After calculation, N34 obtains l0 and key (i.e. ks) which are 1 and 19, respectively. However, because N34 does not have FT10 (i.e. does not have a direct link to l0), it looks up its BP-Table0 and obtains a BP N51. The query is forwarded to N51, and then N51 uses its FT10 to obtain N8 which is close to key 19. N51 passes the query to N8. The procedure will be repeated until the query is delivered to N20. When N20 receives the query, it looks up its indices, finds the matched triples, and returns the nodes (i.e. N8 and N45) which have the requested resource to N34.
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Fig. 11 An query example
In RDFPeers, disjunctive and range queries (i.e. Q9) are defined as follows, where “*” denotes zero or more of occurrences, and “(A|B|C)” denotes either A, B, or C is chosen: 
Q9                           :: = Query ‘AND’ ConstraintList

Query                      :: = Q1|Q2|Q3|Q4|Q5|Q6|Q7

ConstraintList          :: = OrExpression (‘&&’ OrExpression)*

OrExpression           :: = Expression (‘| |’ Expression)*

Expression               :: = Variable (NumericExpression

                                                    |StringExpression)

NumericExpression :: = (‘>’ | ‘<’ | “=” | ‘!=’ | ‘<=’ | ‘>=’)

                                     NumericLiteral

StringExpression     :: = (‘=’ | ‘!=’) Literal

Literal                     :: = PlainLiteral | URI | NumericLiteral

An example disjunctive query can be defined as (?s, name, ?o) AND ?o = “Java Programming” || ?o = “Java and XML”, and the query is to find resources whose name is either “Java Programming” or “Java and XML”. In RDF-Chord, disjunctive queries can be accomplished by issuing query(Qi) multiple times and merging their query results. 
When a node issues a range query, for example, (?s, p, ?o) AND l 
[image: image23.wmf]£
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 u, where l is the lower bound and u is the upper bound of the object value, because p is an exact value, l1 is calculated. Also, because the object value is within the range of l and u, kpol and kpou, respectively; will be calculated based on (7). If either lower or upper bound is not given, 0 or 2x-1 is used to replace kpol or kpou, respectively. Then, the query is forwarded to Nl which is returned by find_successor(1, l1, kpol). When N1 receives the query, it will check whether or not it is the successor of kpou. If yes, it will lookup its indices and return the matched results back to the requested node. Otherwise, it forwards the query to its immediate successor. The process will be repeated until the query reaches Nu, the successor of kpou. Due to the design of kpo, all nodes that host resources in the range of kpol or kpou are guarantee to be in the same resource layer. For example, to query the resources whose year is in the range of 2005 and 2011, a range query can be defined as (?s, year, ?o) AND ?o 
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 2005 && ?o 
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2011. 
The conjunctive multi-predicate queries (i.e. Q10) in RDFPeers are defined as follows, where “+” denotes one or more of occurrences:

                                                     Q10 := Queries ‘AND’ ConstraintList

                                                     Queries := (Q2|Q5)+

Conjunctive multi-predicate queries can be resolved by using predicate ring set. When a node n issues a conjunctive multi-predicate query, l1 and kp are calculated. If ConstrainList contains range queries, the lower and upper bounds of kpo and kps are also calculated to accelerate lookups. For example, to query resources authored by “Eric Lu” and the year is in the range of 2005 and 2011, a conjunctive multi-predicate query can be defined as (?s, author, “Eric Lu”) (?s, year, ?o) AND ?o 
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 2005 AND ?o 
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2011.
3.6 Node Join

Because only nodes with resources join RDF-Chord, the structure of RDF-Chord can be either fully distributed (when every node has resources) or hybrid (when partial nodes have resources). When a new node joins RDF-Chord, it has to find out its successor node in each ring set. The procedure of node join is described as follows: If a node n wants to join RDF-Chord, it randomly selects a node snode from existing nodes and invokes join(snode) as shown in Fig. 12. If node n has any RDF triple, l0, l1, and l2 are calculated. If there is no existing node in lr, node n will invoke create(r, l) as shown in Fig. 12. In create(r, l), n simply sets its predecessor to nil and its successor to itself. If lr is not empty, n invokes init(r, l, snode) to set its predecessor to nil, obtain its successor via snode.find_successor(r, l, n), and reset the successor’s predecessor to n. Then, n calls setup_finger(r, l) to build all required finger tables. Finally, n invokes distribute_indexes() to distribute indices. If n does not have any RDF triple, it still needs routing information to PDMS. This can be done by copying some finger tables from snode. For simplicity, n simply copies snode’s BP table as its finger table.
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Fig. 12 The pseudocode for node join

As shown in Fig. 13(A), N51 is the successor of N24 in resource layer 1 of subject ring set (i.e. 10). When N45 joins, it invokes init() and finds out that N51 is its successor as shown in Fig. 13(B). N45 not only assigns N51 as its successor, but also sets its predecessor to nil. Additionally, the predecessor of N51 is changed to N45. However, the successor of N24 is still N51 at this point which will be fixed after the maintenance is completed. As shown in Fig. 13(B), the correct successor of N24 should be N45, because N45 is between N24 and N51 in the ring. Therefore, the error will be fixed after stabilize() is executed which shown in Fig. 13(C). The details of stabilize() will be described in the next section.
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Fig. 13 Node join: (A) Before N45 joins 10 (B) After N45.init(10) (C) After N24.stabilize()

3.7 Maintenance
Because nodes may join or leave RDF-Chord frequently, it is required to maintain routing information such as finger tables, successors, and predecessors periodically. For normal nodes, the maintenance task is simply to copy the latest routing information (i.e. any finger table or BP table) from snode which is described in the previous section. If snode failed, normal nodes have to connect to the first available node from finger tables and update finger tables. For nodes in PDMS, each node runs check_predecessor(), stabilize(), fix_fingers(), and distribute_indexes() in sequence during maintenance. The main function of check_predecessor() is to check whether or not n’s predecessor has failed. If yes, n’s predecessor will be set to nil which is shown in Fig. 14. In stabilize() as shown in Fig. 15, for each FTrl, the predecessor of n’s successor is assigned to p. Then, if p is within the range of n and n.successor[r, l] (excluding n and n.successor[r, l]), p will be assigned to n.successor[r, l]. Finally, n.successor[r, l].notify(n) is invoked. The main purpose of   n.notify(node) is to set node as n’s predecessor if n’s predecessor  is nil or node is within the range of n’s predecessor and n (excluding n’s predecessor and n).
For example, as shown in Fig. 13(B), after N45 joined the network, its predecessor is nil, and the successor of N24 is N51. They are incorrect at this stage. When N24 performs stabilize(), its successor is replaced with N45 because the predecessor of N24’s successor is N45, and because N45 is in the range of N24 and N51. Also, N45 executes notify(N24). Since the predecessor of N45 is nil, N24 is assigned to be the successor of N45. After stabilize() is completed, all errors were corrected as shown in Fig. 13(C).
fix_fingers() was designed to maintain finger tables and its pseudocode is shown in Fig. 16. Each node will rebuild its finger tables and BP tables by calling fix_fingers () as shown in Fig. 16. After finger tables were rebuilt, distribute_indexes() is executed to distributed indexes.
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//checks whether predecessor has failed, executed periodically   n . check_predecessor ()       for each   FT r l           if  ( n.predecessor [ r ,  l ]   has failed )             predecessor [ r ,  l ]  =  nil ;  


Fig. 14 The pseudocode for check_predecessor
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//verifies n’s successor in lr which is linked //and notify the successor about n, executed periodically n.stabilize()    for each FTrl       p = n.successor[r, l].predecessor[r, l];       if (p



(n, n.successor[r, l]))          n.successor[r, l] = p;       n.successor[r, l].notify(n);  n.notify(node)    if (n.predecessor[r, l] is nil or node



(n.predecessor[r, l], n))       n.predecessor[r, l] = node; 


Fig. 15 The pseudocode for stabilize
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//refreshes finger table entries, BP table entries    //executed periodically   n . fix_finge rs ()       for each   FT r l         n . setup_finger ( r ,  l );  


Fig. 16 The pseudocode for fix_fingers
4 Simulation Experiments and Analysis
PeerSim [24], a popular P2P simulator, was used for all experiments presented in this section. All experiments were executed on a PC with an Intel Core 2 Duo CPU (3.0GHz), 4GB RAM, and JDK 1.6.0_14.
4.1 Simulation Environment
Unless otherwise stated, all experiments presented below are based on the parameters summarized in Table IV. The number of nodes varies from 4096 to 524288 (i.e. 212 - 219). The number of resource layers in each ring set varies from 16 to 256. The number of bits for the SHA-1 hash function is 20. The numbers of bits for the locality preserving hash function used in RDF-Chord and RDFPeers are 10 and 20, respectively. Because RDFPeers is built on MAAN which is extension of Chord, there is only one layer for RDFPeers. It is assumed each node has a resource which is described by a RDF triple. The number of BPs is 8, and they are used in all ring sets. The size of BP tables in normal peer is 1.

[image: image34]
4.2 Average Query Cost
The average query cost is the average number of hops a query message has to go through. It is calculated as follows: every node in the network issues a query in turn and the average number of hops is calculated. The average query costs for all types of atomic queries are shown in Fig. 17, Fig. 18, and Fig. 19. The experimental results show that the average query cost of RDF-Chord is about 2 hops less than that of RDFPeers for all types of atomic queries. Therefore, the smaller the search space, the faster the queries. Additionally, for a given number of nodes, the average query costs for Q1-Q7 queries are almost the same. For simplicity, only Q1 queries are used to study the performance of atomic queries in the following experiments, unless otherwise stated.
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Fig. 17 The average query costs of type I queries vs. number of nodes
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Fig. 18 The average query costs of type II queries vs. number of nodes
[image: image37.png]11

Average number of hops

No. of nodes

—e—RDFPeers - Q3 —#—RDF-Chord - Q3

Number of nodes

4096 8192 16384 32768 65536 131072 262144 524288

RDFPeers - Q3 6.985 7.496 7.990 8.464 8.919 9.368 9.756 9.999

RDF-Chord - Q3 4.328 4.781 5.286 5.802 6.323 6.852 7.346 7.870





Fig. 19 The average query costs of type III queries vs. number of nodes
To study the possible impacts of various range sizes on range queries, (?s, p, ?o) AND l 
[image: image38.wmf]£
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 u was first examined. The experimental results are shown in Fig. 20. In the experiments, the number of nodes is 131072 and the range size varies from 50 to 400. From Fig. 20, it can be observed that the average query cost of RDFPeers is much larger than that of RDF-Chord. The average query costs for RDF-Chord in various range sizes are about 8 hops. The average query cost of RDFPeers increases as the range size increases. For the range size of 400, the average query cost of RDFPeers is 52430 hops. The main reason why RDF-Chord is far superior than RDFPeers in range queries is because kpo not only correctly links object values to its associated predicate value, but also successfully restricts the search space of the object values to 2x instead of 2m. Because the design of keys in (4), (5), (6), (7), (8), (9), and (10); the experimental results of other types of range queries are similar to Fig. 19.
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Fig. 20 Average query costs of range query vs. range sizes
In the aforementioned experiments, the number of resource layers in each ring set is fixed at 128. To study the effects of the number of resource layers on average query costs, experiments were carried out to evaluate the average query costs as the number of resource layers is changed. The network size is fixed at 131072 and the number of resource layers in each ring set varies from 16 to 256. The experiment results are illustrated in Fig. 21. It is shown that the average query cost decreases when the number of resource layers increases.
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Fig. 21 Average query costs vs. the number of resource layers
4.3 Node Join

When a node joins the network, it is required to transmit messages to update routing information. The average cost of joining a node is calculated as follows: when a node joins the network, the total number of messages required to find successors, build finger tables, and distributing indexes is recorded. The process will be repeated 10 times by randomly selecting 10 different nodes (i.e. snode in Fig. 12), and the average number of messages is calculated. The number of resource layers varies from 16 to 256 and the number of nodes varies from 4096 to 524288. From the experimental results which are summarized in Table V, it shows that RDF-Chord is better than RDFPeers when the number of resource layers is greater than or equal to 256. The joining cost is dominated by the cost to execute find_successor(). Whereas the cost of find_successor() in RDFPeers is O(logN), it is O(log(N/C)) in RDF-Chord for each ring set; that is, 3 * O(log(N/C)) in total.  In other words, the search spaces of RDFPeers and RDF-Chord in each ring are N and N/C, respectively. Therefore, as long as C increases along with N, the average cost of joining a node in RDF-Chord is less than that in RDFPeers.
Table V
Joining costs vs. number of nodes
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32768 65536 131072 262144 524288

RDFPeers

122.300 136.300 151.300 167.300 184.300 202.300 221.300 241.300

RDF - Chord 16 Layers 128.600 153.800 179.600 208.200 243.100 280.200 316.500 361.400

RDF - Chord 32 Layers 106.700 128.600 151.800 178.800 209.400 243.700 278.300 316.300

RDF - Chord 64 Layers 85.600 106.700 125.900 155.700 184.500 208.300 241.000 276.400

RDF - Chord 128 Layers 68.200 86.700 105.600 127.000 149.900 179.900 212.900 241.400

RDF - Chord 256 Layers 57.400 72.800 87.000 106.000 131.100 155.400 182.900 207.100


4.4 Maintenance Costs

  The average maintenance cost is measured by the total number of messages transmitted during maintenance and divided by the number of nodes. In the experiments, it is assumed that there is no node joining or leaving the network during maintenance. The number of resource layers varies from 16 to 256 and the number of nodes varies from 4096 to 524288. From the experimental results shown in Table VI, the maintenance cost of RDF-Chord is lower than that of RDFPeers when the number of resource layers is greater than or equal to 128. Because the maintenance cost is also dominated by find_successor(), it can be observed that the cost (either maintenance cost or join cost) decreases as the number of resource layers increases.
Table VI
Maintenance costs vs. number of nodes
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RDFPeers

130.873 160.152 197.516 237.880 290.154 351.221 412.727 485.392

RDF - Chord 16 Layers 173.079 222.602 286.277 365.313 461.548 577.333 710.572 867.066

RDF - Chord 32 Layers 136.337 174.795 223.870 287.289 366.105 462.554 577.104 712.435

RDF - Chord 64 Layers 109.378 136.887 174.747 224.528 287.676 366.820 463.168 578.026

RDF - Chord 128 Layers 93.079 109.926 136.926 174.579 224.729 287.913 366.719 462.837

RDF - Chord 256 Layers 85.691 93.094 109.860 136.933 174.806 224.302 287.770 366.792


4.5 Total Costs

  To further verify RDF-Chord is an efficient and scalable PDMS, the total costs of RDF-Chord in various situations are investigated. The total cost includes query cost and maintenance cost. 


  In the experiments, the network size is 131072 and the number of resource layers varies from 16 to 256. It is assumed that each node performs maintenance once every 30 seconds. Within one 30-second period, there are 32768, 65536, 98304, 131072, 163840, 196608 atomic queries (i.e. Q1). The total costs are shown in Fig. 22. From the experimental results, it can be observed that the total cost of RDF-Chord is less than that of RDFPeers when the number of resource layers is greater than 128. 
So far, only atomic queries are considered in the study of total costs of RDF-Chord. In the following experiments, range queries are also included in the calculation of total costs. The number of nodes and the number of queries is fixed at 131072 and 98304, respectively. The ratios of range queries (the number of range queries over the total number of queries) vary from 0.5% to 2.5%. The experimental results are shown in Fig. 23. It is observed that the total cost of RDF-Chord is less than that of RDFPeers when the ratio of range queries is not smaller than 1.2%.
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Fig. 22 Analysis of total costs
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Fig. 23 Total costs for atomic and range query
4.6 The Number of Bridge Peers

In the previous experiments, the number of BPs is fixed. It is interesting to investigate the effects of the number of BPs on average query costs. The network size varies from 4096 to 524288 and the number of bridge peers varies from 2 to 2048. Each node in the network requests an atomic query (ie. Q1) in turn, and the average number of hops is recorded. The experimental results are shown in Fig. 24. From the figure, it is shown that the average query cost grows slightly when the number of BPs increases. This is because BPs link to every resource layer, and thus the number of nodes in each resource layers is increased. It is noted that the average number of hops is decreased when the number of BPs is 1024. The decline is due to the fact that the ID of the lower 10 bits of the chosen BPs is 0, and thus the triples which are hashed by a 10-bits locality persevering hash function are stored at the BPs. As a result, queries are processed directly by the BPs which is faster.
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Fig. 24 Average query costs vs. the number of BPs

4.7 The Sizes of PDMS

To investigate the effects of the sizes of PDMS on RDF-Chord, the following experiments are carried out. In the experiments, the total number of nodes is 524288 and the number of resource layers is 128. The number of seeds varies from 4096 to 131072; in other words, only 4096, 8192, 16384, 32768, 65536, and 131072 nodes join PDMS. Every node in the network issues a query and the average number of hops is calculated. The experimental results are presented in Fig. 25. From the figure, it is shown that the average query costs of RDF-Chord grow slightly when the number of seeds is increased, and the average query costs of RDFPeers are fixed because the search space of RDFPeers is always the whole network. For all cases, the average query costs of RDF-Chord are less than that of RDFPeers. The average query costs were also calculated for Q4, Q5, Q6, and Q7, and the results are similar to Fig. 25.
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Fig. 25 Average query cost vs. the sizes of PDMS


  In addition to the average query costs, the total costs (includes maintenance cost and query cost) of RDF-Chord and RDFPeers are also investigated. The total number of nodes is 524288, and the number of seeds varies from 4096 to 131072. It is assumed that each node will perform the maintenance tasks once every 30 second and there are 131072 queries (i.e. Q1) within one 30-second period. For normal nodes, they simply copy the BP table from snode, and thus the maintenance cost is 1 hop. The experimental results are presented in Fig. 26. From the figure, it can be observed that the total cost of RDF-Chord is less than RDFPeers when the number of resource layers is not less than 16. Similarly, the total costs are also calculated when the numbers of queries are 262144, 393216, 524288, 655360, and 786432. The experimental results are similar to Fig. 26.
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Fig. 26 Total costs vs. the sizes of PDMS
5 Conclusion and Future Work
In this paper, we presented a hybrid PDMS called RDF-Chord. It is composed of three ring sets, and each ring set contains multiple Chord-like rings. In addition to atomic queries, RDF-Chord also supports complex queries such as multi-attribute queries and range queries. From various experimental results, it is demonstrated that RDF-Chord outperforms RDFPeers. One major advantage of RDF-Chord over RDFPeers is that the semantics relationships among subject, predicate, and object are properly utilized. In the future, we intend to further explorer the relationships among resources to improve query capabilities and possibly reduce maintenance cost. For example, “RDB” (relational database) can be defined as the super-concept of “MySQL” and “Oracle”. When users search for “RDB”, PDMS may suggest searching for “MySQL” or “Oracle”. To speed up queries, keys may be generated based on “RDB”, ”MySQL”, and “Oracle” such that ”MySQL” and “Oracle” are in the sub-space of “RDB”.
Like other RDF-based P2P networks, RDF-Chord was designed based on the assumption of only one triple per resource. However, the assumption is not true. For example, a MP3 (a subject) song is usually described by singer (predicate and object), production year, etc. The future plan is to consider multiple triples into RDF-Chord.
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Table � SEQ Table \* ROMAN �I�


The eight possible atomic triple queries


No.�
Query Pattern�
Cost�
Query Semantics�
�
Q1�
(si, ?p, ?o)�
logN�
given subject si, find all predicates and objects of the resource identified by si�
�
Q2�
(?s, pi, ?o)�
logN�
given predicate pi, find the subjects and objects of the triples having this predicate�
�
Q3�
(?s, ?p, oi)�
logN�
given object oi of any predicate, find the subjects and predicates of matched triples�
�
Q4�
(si, pi, ?o)�
logN�
given subject si, find its object of predicate pi�
�
Q5�
(?s, pi, oi)�
logN�
given object oi of predicate pi, find the subjects of matched triples�
�
Q6�
(si, ?p, oi)�
logN�
given subject si, find its predicate which has object oi�
�
Q7�
(si, pi, oi)�
logN�
return this triple if it exists otherwise return nothing�
�
Q8�
(?s, ?p, ?o)�
O(N)�
find all possible triples�
�
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Fig. � SEQ Fig. \* ARABIC �2�   An example RDF document


















































Table � SEQ Table \* ROMAN �IV�


Simulation parameters


Number of nodes�
2k, where k = 12, 13, 14, …, 19�
�
�
RDFPeers�
RDF-Chord�
�
Number of resource layers�
1�
2c, where c = 4,5, …, 8�
�
ID BITs (m)�
20�
20�
�
Number of bits of locality preserving hash function (x)�
20�
10�
�
Number of BPs�
-�
8�
�
The size of BP table (d)�
-�
1�
�
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//distributing indexes
n.distribute_indexes()
   for each triple ti
      l0 = floor(Hx(ti0) * C0 / Hmax);
      ks = Hx(ti0) * 2x;
      kso = Hx(ti0) * 2x + Hx(ti2);
      ksp = Hx(ti0) * 2x + Hx(ti1);
      ns = n.find_successor(0, l0, ks, ti);
      ns.find_successor(0, l0, kso, ti);
      ns.find_successor(0, l0, ksp, ti);
      l1 = floor(Hx(ti1) * C1 / Hmax);
      kp = Hx(ti1) * 2x; 
      kpo = Hx(ti1) * 2x + Hx(ti2);
      kps = Hx(ti1) * 2x + Hx(ti0);
      np = n.find_successor(1, l1, kp, ti);
      np.find_successor(1, l1, kpo, ti);
      np.find_successor(1, l1, kps, ti);
      l2 = floor(Hx(ti2) * C2 / Hmax);
      ko = Hx(ti2) * 2x;
      kos = Hx(ti2) * 2x + Hx(ti0);
      kop = Hx(ti2) * 2x + Hx(ti1);
      no = n.find_successor(2, l2, ko, ti);
      np.find_successor(2, l2, kos, ti);
      np.find_successor(2, l2, kop, ti);


// ask node n to find the successor of id 
//in lr and store the triple
n.find_successor(r, l, id, t)
   if (n is linked to lr)
      if (id     (n, n.successor[r, l]])
         n.successor[r, l].store(t);
         return n.successor[r, l];
      else
         n' = n.find_predecessor(r, l, id, t);
         return n'.find_successor(r, l, id, t);
   else
      return bp.find_successor(r, l, id, t);


//search the predecessor of id 
//from finger tables
n.find_predecessor(r, l, id, t)
   for i = n.finger[r, l].length down to 0
      if (n.finger[r, l, i]     (n, id))
         return n.finger[r, l, i];
   return n;
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Query Cost

		No.of nodes vs. Routing hops

						12		13		14		15		16		17		18		19

		No. of nodes				4096		8192		16384		32768		65536		131072		262144		524288

		RDFPeers		RDFPeers - Q1		7		7.4847412109		7.963684082		8.4740905762		8.9428100586		9.3738555908		9.7429695129		10.0008907318

				RDFPeers - Q2		6.9887695313		7.4691162109		7.9753417969		8.4764709473		8.955291748		9.372756958		9.7451438904		9.9999656677

				RDFPeers - Q3		6.9848632813		7.4964599609		7.990234375		8.4644165039		8.9188079834		9.3684005737		9.7556800842		9.9985122681

				RDFPeers - Q4		6.9877929688		7.4987792969		7.9841308594		8.4675292969		8.9497070313		9.3785018921		9.7480697632		10.0015201569

				RDFPeers - Q5		7.0205078125		7.4924316406		7.9602050781		8.466003418		8.9398956299		9.3743286133		9.7470092773		10.0022335052

				RDFPeers - Q6		6.9855957031		7.5061035156		8.0076293945		8.4627685547		8.9357147217		9.3840637207		9.7470626831		9.9987888336

				RDFPeers - Q7		6.9626464844		7.5135498047		7.9557495117		8.4554138184		8.9481506348		9.3811187744		9.7509155273		9.9969120026

		RDF-Chord		RDF-Chord - Q1		4.4084472656		4.8039550781		5.3775024414		5.8460388184		6.404296875		6.8457260132		7.2901535034		7.8855781555

				RDF-Chord - Q2		4.3513183594		4.9123535156		5.2896728516		5.781463623		6.3910522461		6.8767547607		7.3016281128		7.8802223206

				RDF-Chord - Q3		4.3276367188		4.7805175781		5.286315918		5.8023681641		6.3229675293		6.8517913818		7.3457069397		7.8702869415

				RDF-Chord - Q4		4.3127441406		4.8806152344		5.2836303711		5.8427429199		6.3722686768		6.8159484863		7.3395423889		7.852973938

				RDF-Chord - Q5		4.4194335938		4.8127441406		5.2473754883		5.8281555176		6.3005981445		6.8164596558		7.3262748718		7.8637256622

				RDF-Chord - Q6		4.3518066406		4.7739257813		5.4265136719		5.9113769531		6.2720184326		6.8737716675		7.3636817932		7.8548564911

				RDF-Chord - Q7		4.36328125		4.8537597656		5.2658691406		5.7944335938		6.3336486816		6.7955627441		7.2962646484		7.86120224





Range Query

		Range size vs. Routing hops

		Node 524288 (2^19)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		26224.3714885711		52438.7533931732		78653.12118721		104867.499744415		131081.868053436		157296.248474121		183510.623033523		209724.99577713

		RDF-Chord 16 Layers		Range Query		11.8332748413		13.41746521		14.9298877716		16.5749206543		18.1517066956		19.5968875885		21.3213272095		22.8258056641

		RDF-Chord 32 Layers		Range Query		10.57654953		11.3610515594		12.1117248535		12.9575996399		13.6133785248		14.4807853699		15.1333885193		16.0989627838

		RDF-Chord 64 Layers		Range Query		9.7087078094		10.1315135956		10.5255298615		10.9378643036		11.2664299011		11.7438011169		12.1809711456		12.5788097382

		RDF-Chord 128 Layers		Range Query		9.061548233		9.2718639374		9.4625091553		9.6174144745		9.9075183868		10.0528125763		10.2705745697		10.4845428467

		RDF-Chord 256 Layers		Range Query		8.4814357758		8.5394306183		8.5849399567		8.7071895599		8.8737659454		8.96134758		9.0325126648		9.088602066

		Node 262144 (2^18)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		13116.93002		26224.12822		39331.31892		52438.50699		65545.6858		78652.86767		91760.05942		104867.2528

		RDF-Chord 16 Layers		Range Query		10.5522079468		11.3237380981		12.1183547974		12.8620529175		13.7707557678		14.4717979431		15.1897315979		16.0720748901

		RDF-Chord 32 Layers		Range Query		9.7174949646		10.1348114014		10.503162384		10.88048172		11.2484016418		11.6361274719		12.1253242493		12.5511779785

		RDF-Chord 64 Layers		Range Query		9.0266571045		9.2282676697		9.4366111755		9.6125450134		9.8377113342		10.0529403687		10.272644043		10.5214309692

		RDF-Chord 128 Layers		Range Query		8.4565086365		8.4997558594		8.6755104065		8.7707214355		8.8298683167		8.921710968		8.968952179		9.1723136902

		RDF-Chord 256 Layers		Range Query		7.8665046692		7.9843101501		7.9514770508		8.0493240356		8.1078491211		8.1822395325		8.1531257629		8.1925354004

		Node 131072 (2^17)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		6562.9694824219		13116.5519104003		19670.1538619995		26223.7562484741		32777.3488845825		39330.9255981445		45884.5324935913		52438.1268463134

		RDF-Chord 16 Layers		Range Query		9.6773681641		10.0479812622		10.4754867554		10.8509979248		11.2672119141		11.6919555664		12.0352401733		12.4801712036

		RDF-Chord 32 Layers		Range Query		9.0188751221		9.1896438599		9.4148330688		9.6109695435		9.770614624		9.9662475586		10.2713165283		10.4358444214

		RDF-Chord 64 Layers		Range Query		8.4502563477		8.588722229		8.6577377319		8.7248458862		8.8344573975		8.9104003906		9.0200119019		9.1502990723

		RDF-Chord 128 Layers		Range Query		7.924949646		7.9511795044		8.0684509277		8.017868042		8.0931549072		8.0871200562		8.1342086792		8.3130493164

		RDF-Chord 256 Layers		Range Query		7.3120269775		7.4170074463		7.4561080933		7.4540786743		7.4602279663		7.4983596802		7.5159606934		7.5538787842

		Node 65536 (2^16)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		3285.7406768799		6562.5310211182		9839.313293457		13116.1206970214		16392.9180908203		19669.714187622		22946.5089569091		26223.3244476318

		RDF-Chord 16 Layers		Range Query		8.9685058594		9.1588134766		9.4001617432		9.5452423096		9.8079376221		9.9756164551		10.1719360352		10.4129180908

		RDF-Chord 32 Layers		Range Query		8.4191436768		8.469833374		8.6194915771		8.739730835		8.8322906494		8.9169006348		9.0049438477		9.1691589355

		RDF-Chord 64 Layers		Range Query		7.864440918		7.9763336182		7.9898834229		8.023651123		8.1177062988		8.1709747314		8.1474761963		8.2439117432

		RDF-Chord 128 Layers		Range Query		7.3739624023		7.3327331543		7.358581543		7.4410247803		7.4463348389		7.4974975586		7.5099334717		7.4848327637

		RDF-Chord 256 Layers		Range Query		6.9253540039		6.8944702148		6.9109344482		6.9117279053		6.9734954834		6.9917907715		6.8342590332		6.9310913086

		Node 32768 (2^15)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		1646.8551330566		3285.2863464355		4923.6475830078		6562.0502929688		8200.4754638672		9838.8602294922		11477.249053955		13115.6369628906

		RDF-Chord 16 Layers		Range Query		8.3857727051		8.4697265625		8.5958557129		8.6654052734		8.7937927246		8.8753662109		8.9802246094		9.0847167969

		RDF-Chord 32 Layers		Range Query		7.9133605957		7.9182739258		7.9813842773		8.0361633301		8.0587463379		8.1122741699		8.1795654297		8.2596130371

		RDF-Chord 64 Layers		Range Query		7.339630127		7.3441772461		7.4720458984		7.4185791016		7.4072570801		7.4888000488		7.555847168		7.5320739746

		RDF-Chord 128 Layers		Range Query		6.8845214844		6.8015441895		6.8593139648		6.8055725098		6.9581298828		6.8922729492		6.92578125		6.9489135742

		RDF-Chord 256 Layers		Range Query		6.4000549316		6.3383789063		6.3333129883		6.3932800293		6.3975219727		6.351348877		6.3725891113		6.430267334

		Node16384 (2^14)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		827.2025756836		1646.3991088867		2465.5829467773		3284.7655639648		4103.9856567383		4923.186340332		5742.3766479492		6561.5819091797

		RDF-Chord 16 Layers		Range Query		7.8408203125		7.8924560547		7.9600219727		7.9710693359		8.0668334961		8.0743408203		8.1375732422		8.1289672852

		RDF-Chord 32 Layers		Range Query		7.3775024414		7.3112182617		7.3993530273		7.4204711914		7.4022216797		7.4194946289		7.5773925781		7.5134277344

		RDF-Chord 64 Layers		Range Query		6.9286499023		6.8385620117		6.8720703125		6.8905029297		6.8091430664		6.9028320313		6.9182739258		6.9276123047

		RDF-Chord 128 Layers		Range Query		6.4409790039		6.3766479492		6.3206176758		6.3521728516		6.3311767578		6.3629760742		6.3428344727		6.3797607422

		RDF-Chord 256 Layers		Range Query		5.8536987305		5.8970336914		5.8823852539		5.7877807617		5.8507080078		5.8945922852		5.8071289063		5.9563598633

		Node 8192 (2^13)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		417.0466308594		826.7115478516		1236.2810058594		1645.9132080078		2055.5225830078		2465.1077880859		2874.6640625		3284.2878417969

		RDF-Chord 16 Layers		Range Query		7.28125		7.3488769531		7.3791503906		7.3581542969		7.4083251953		7.4403076172		7.4796142578		7.5134277344

		RDF-Chord 32 Layers		Range Query		6.8060302734		6.8205566406		6.7963867188		6.8665771484		6.8461914063		6.830078125		6.7821044922		6.8299560547

		RDF-Chord 64 Layers		Range Query		6.4720458984		6.3504638672		6.2631835938		6.3870849609		6.3586425781		6.3843994141		6.4045410156		6.4429931641

		RDF-Chord 128 Layers		Range Query		5.849609375		5.7786865234		5.8016357422		5.7585449219		5.8399658203		5.9320068359		5.8199462891		5.8933105469

		RDF-Chord 256 Layers		Range Query		5.3865966797		5.3731689453		5.3850097656		5.3975830078		5.3704833984		5.3889160156		5.3898925781		5.4100341797

		Node 4096 (2^12)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		211.7595214844		416.6081542969		621.3657226563		826.1955566406		1031.029296875		1235.7692871094		1440.5874023438		1645.3752441406

		RDF-Chord 16 Layers		Range Query		6.8000488281		6.8139648438		6.7937011719		6.8576660156		6.7585449219		6.8522949219		6.9645996094		6.8403320313

		RDF-Chord 32 Layers		Range Query		6.3701171875		6.3676757813		6.4006347656		6.2819824219		6.2390136719		6.3215332031		6.3217773438		6.4440917969

		RDF-Chord 64 Layers		Range Query		5.7878417969		5.8381347656		5.857421875		5.8474121094		5.8034667969		5.8227539063		5.8977050781		5.9870605469

		RDF-Chord 128 Layers		Range Query		5.3503417969		5.3122558594		5.318359375		5.3806152344		5.2814941406		5.3542480469		5.3361816406		5.439453125

		RDF-Chord 256 Layers		Range Query		4.8630371094		4.916015625		5.0041503906		4.8640136719		4.8603515625		4.8942871094		4.93359375		4.8747558594





SO Range Query

		Range size vs. Routing hops

		Node 524288 (2^19)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		26224.3714885711		52438.7533931732		78653.12118721		104867.499744415		131081.868053436		157296.248474121		183510.623033523		209724.99577713

		RDF-Chord 16 Layers		Range Query		11.818529129		13.3791847229		14.9790096283		16.5388355255		18.0802440643		19.699678421		21.2166309357		22.7571640015

		RDF-Chord 32 Layers		Range Query		10.6209583282		11.3978805542		12.1686153412		12.9346847534		13.7025508881		14.5087966919		15.2066230774		16.1038761139

		RDF-Chord 64 Layers		Range Query		9.7195930481		10.130449295		10.5141391754		10.9168148041		11.2971286774		11.7237815857		12.1219062805		12.5742359161

		RDF-Chord 128 Layers		Range Query		9.066116333		9.2457866669		9.4602050781		9.6577453613		9.8511543274		10.0278491974		10.2688407898		10.4571323395

		RDF-Chord 256 Layers		Range Query		8.4559593201		8.5363750458		8.6648159027		8.70977211		8.8317260742		8.9172534943		9.0543003082		9.1821079254

		Node 262144 (2^18)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		13116.93002		26224.12822		39331.31892		52438.50699		65545.6858		78652.86767		91760.05942		104867.2528

		RDF-Chord 16 Layers		Range Query		10.5636558533		11.3191566467		12.0679512024		12.9229660034		13.6402740479		14.415473938		15.2475585938		16.0776672363

		RDF-Chord 32 Layers		Range Query		9.6766357422		10.0751647949		10.5038452148		10.9403076172		11.2783699036		11.6518859863		12.1118164063		12.4184799194

		RDF-Chord 64 Layers		Range Query		9.056602478		9.2276725769		9.4272117615		9.6136856079		9.7724571228		9.9781188965		10.2869682312		10.4689788818

		RDF-Chord 128 Layers		Range Query		8.5001716614		8.5309448242		8.6721801758		8.7168121338		8.8230323792		8.979675293		9.0760192871		9.1213874817

		RDF-Chord 256 Layers		Range Query		7.8945388794		7.9429016113		7.977771759		8.0228042603		8.1263275146		8.1927833557		8.230846405		8.2478218079

		Node 131072 (2^17)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		6562.9694824219		13116.5519104003		19670.1538619995		26223.7562484741		32777.3488845825		39330.9255981445		45884.5324935913		52438.1268463134

		RDF-Chord 16 Layers		Range Query		9.6720428467		10.0630569458		10.4574584961		10.8473205566		11.2592926025		11.6530990601		12.0503692627		12.436050415

		RDF-Chord 32 Layers		Range Query		9.0380706787		9.2212905884		9.4069213867		9.583190918		9.7788925171		10.0143432617		10.1988983154		10.4230575562

		RDF-Chord 64 Layers		Range Query		8.4282989502		8.5835494995		8.6336898804		8.6628723145		8.8365402222		8.8943634033		8.996421814		9.0946731567

		RDF-Chord 128 Layers		Range Query		7.8964614868		7.9386138916		8.0445480347		7.9841156006		8.1217803955		8.1557846069		8.2516860962		8.2220993042

		RDF-Chord 256 Layers		Range Query		7.4123535156		7.402961731		7.45753479		7.4386444092		7.511932373		7.5252151489		7.5560836792		7.6616516113

		Node 65536 (2^16)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		3285.7406768799		6562.5310211182		9839.313293457		13116.1206970214		16392.9180908203		19669.714187622		22946.5089569091		26223.3244476318

		RDF-Chord 16 Layers		Range Query		9.0063018799		9.1881103516		9.3505401611		9.6061859131		9.8394775391		9.9960784912		10.1957702637		10.3843994141

		RDF-Chord 32 Layers		Range Query		8.4215545654		8.5000915527		8.6548919678		8.774597168		8.8299713135		8.9024353027		9.0122833252		9.1589202881

		RDF-Chord 64 Layers		Range Query		7.9120483398		7.9652404785		7.9972839355		8.0733795166		8.1296081543		8.1454467773		8.2196960449		8.2213745117

		RDF-Chord 128 Layers		Range Query		7.3426208496		7.4094848633		7.3343505859		7.4580535889		7.4853820801		7.4853515625		7.5137329102		7.5137176514

		RDF-Chord 256 Layers		Range Query		6.820602417		6.8313598633		6.9122314453		6.9092559814		6.9525909424		6.9205474854		6.9433288574		6.9046936035

		Node 32768 (2^15)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		1646.8551330566		3285.2863464355		4923.6475830078		6562.0502929688		8200.4754638672		9838.8602294922		11477.249053955		13115.6369628906

		RDF-Chord 16 Layers		Range Query		8.3422851563		8.4579772949		8.618560791		8.669342041		8.7636108398		8.8971557617		8.9623718262		9.1152954102

		RDF-Chord 32 Layers		Range Query		7.8558349609		7.922088623		7.9612731934		8.0468444824		8.0419006348		8.1188049316		8.1463317871		8.2106628418

		RDF-Chord 64 Layers		Range Query		7.4613952637		7.3251647949		7.2581176758		7.4158935547		7.522064209		7.4958496094		7.4979858398		7.4987182617

		RDF-Chord 128 Layers		Range Query		6.8885192871		6.8868408203		6.9141235352		6.9210510254		6.9349975586		6.940246582		6.9191894531		6.9533996582

		RDF-Chord 256 Layers		Range Query		6.36328125		6.3481750488		6.4136657715		6.3492126465		6.3433532715		6.3461608887		6.3871154785		6.3812561035

		Node16384 (2^14)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		827.2025756836		1646.3991088867		2465.5829467773		3284.7655639648		4103.9856567383		4923.186340332		5742.3766479492		6561.5819091797

		RDF-Chord 16 Layers		Range Query		7.8684082031		7.9110717773		7.9657592773		7.9863891602		7.9823608398		8.0874633789		8.1828613281		8.2082519531

		RDF-Chord 32 Layers		Range Query		7.3157348633		7.3486938477		7.3874511719		7.4799194336		7.4756469727		7.4602050781		7.462097168		7.4216918945

		RDF-Chord 64 Layers		Range Query		6.8945922852		6.8954467773		6.8905029297		6.9275512695		6.868347168		6.8943481445		6.9830932617		6.9779663086

		RDF-Chord 128 Layers		Range Query		6.3108520508		6.3986206055		6.4674682617		6.4076538086		6.3497924805		6.3489379883		6.3451538086		6.432800293

		RDF-Chord 256 Layers		Range Query		5.8733520508		5.8480834961		5.8465576172		5.9209594727		5.8583374023		5.9114379883		5.8323364258		5.9104614258

		Node 8192 (2^13)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		417.0466308594		826.7115478516		1236.2810058594		1645.9132080078		2055.5225830078		2465.1077880859		2874.6640625		3284.2878417969

		RDF-Chord 16 Layers		Range Query		7.3466796875		7.392578125		7.3901367188		7.4025878906		7.4057617188		7.3768310547		7.4650878906		7.4793701172

		RDF-Chord 32 Layers		Range Query		6.9163818359		6.8096923828		6.7432861328		6.7297363281		6.8590087891		6.8292236328		6.9107666016		7.0267333984

		RDF-Chord 64 Layers		Range Query		6.3269042969		6.3671875		6.4339599609		6.4396972656		6.3813476563		6.3319091797		6.3404541016		6.2664794922

		RDF-Chord 128 Layers		Range Query		5.8127441406		5.9143066406		5.8952636719		5.8393554688		5.822265625		5.8382568359		5.8271484375		5.8245849609

		RDF-Chord 256 Layers		Range Query		5.3983154297		5.2816162109		5.3861083984		5.3699951172		5.3323974609		5.2889404297		5.3795166016		5.2945556641

		Node 4096 (2^12)

		Range sizes				50		100		150		200		250		300		350		400

		RDFPeers		Range Query		211.7595214844		416.6081542969		621.3657226563		826.1955566406		1031.029296875		1235.7692871094		1440.5874023438		1645.3752441406

		RDF-Chord 16 Layers		Range Query		6.7160644531		6.875		6.8696289063		6.7758789063		6.8295898438		6.8630371094		6.8835449219		6.8381347656

		RDF-Chord 32 Layers		Range Query		6.2395019531		6.3205566406		6.3674316406		6.3125		6.2978515625		6.3598632813		6.2954101563		6.4272460938

		RDF-Chord 64 Layers		Range Query		5.9299316406		5.841796875		5.7934570313		5.9204101563		5.7746582031		5.8283691406		5.8120117188		6.0092773438

		RDF-Chord 128 Layers		Range Query		5.3940429688		5.279296875		5.4147949219		5.3342285156		5.3696289063		5.4973144531		5.3254394531		5.3706054688

		RDF-Chord 256 Layers		Range Query		4.8747558594		4.8540039063		4.9079589844		4.8974609375		4.9262695313		4.9653320313		4.9086914063		4.8859863281





Number of Layers

		No. of categories vs. Routing hops

		Node 524288 (2^19)

		No. of categories				16		32		64		128		256

		RDF-Chord		Q1		10.0611534119		9.3191223145		8.5925750732		7.8855781555		7.3477153778

				Q2		10.0616722107		9.3280754089		8.5737628937		7.8802223206		7.3265419006

				Q3		10.0571632385		9.3251247406		8.5428447723		7.8702869415		7.3378238678

				Q4		9.2779922485		8.832567215		8.3331394196		7.852973938		7.3483791351

				Q5		9.2583122253		8.8220806122		8.3462200165		7.8637256622		7.3782100677

				Q6		9.2748661041		8.8151473999		8.3296585083		7.8548564911		7.3740406036

				Q7		9.108537674		8.7365550995		8.3611125946		7.86120224		7.3688602448

		Node 262144 (2^18)

		No. of categories				16		32		64		128		256

		RDF-Chord		Q1		9.2677154541		8.4930534363		7.8943939209		7.2901535034		6.8369293213

				Q2		9.2668151855		8.5641860962		7.8875198364		7.3016281128		6.7805213928

				Q3		9.2005119324		8.5867385864		7.8781280518		7.3457069397		6.8403396606

				Q4		8.7870178223		8.3245582581		7.8275299072		7.3395423889		6.8484573364

				Q5		8.7793922424		8.3105316162		7.8651695251		7.3262748718		6.8498497009

				Q6		8.7819404602		8.3141098022		7.8463363647		7.3636817932		6.8672370911

				Q7		8.7216339111		8.3348808289		7.8527030945		7.2962646484		6.8280677795

		Node 131072 (2^17)

		No. of categories				16		32		64		128		256

		RDF-Chord		Q1		8.4893264771		7.8951034546		7.3044662476		6.8457260132		6.2484207153

				Q2		8.4449539185		7.8193664551		7.3134765625		6.8767547607		6.3106307983

				Q3		8.4567871094		7.8772277832		7.3453521729		6.8517913818		6.3610305786

				Q4		8.290397644		7.8441467285		7.3946990967		6.8159484863		6.3636779785

				Q5		8.2970962524		7.8349685669		7.3495635986		6.8164596558		6.3583221436

				Q6		8.3026657104		7.8359527588		7.3375015259		6.8737716675		6.3896179199

				Q7		8.2495727539		7.8430099487		7.3369598389		6.7955627441		6.3330230713

		Node 65536 (2^16)

		No. of categories				16		32		64		128		256

		RDF-Chord		Q1		7.770980835		7.2613983154		6.8489227295		6.404296875		5.8469543457

				Q2		7.7776489258		7.2322540283		6.7827148438		6.3910522461		5.8168792725

				Q3		7.8301849365		7.2701568604		6.8453216553		6.3229675293		5.8743591309

				Q4		7.7885437012		7.358291626		6.8738861084		6.3722686768		5.8712921143

				Q5		7.7778778076		7.350112915		6.8615722656		6.3005981445		5.8915405273

				Q6		7.7738952637		7.3195648193		6.8564910889		6.2720184326		5.8128509521

				Q7		7.7960357666		7.3162994385		6.8198699951		6.3336486816		5.9134979248

		Node 32765 (2^15)

		No. of categories				16		32		64		128		256

		RDF-Chord		Q1		7.2464599609		6.7634887695		6.2944946289		5.8460388184		5.3847351074

				Q2		7.2421569824		6.714263916		6.3030395508		5.781463623		5.3532104492

				Q3		7.256072998		6.8149719238		6.2812194824		5.8023681641		5.3522033691

				Q4		7.2707824707		6.8171691895		6.3776855469		5.8427429199		5.3604736328

				Q5		7.2740783691		6.8600463867		6.4023132324		5.8281555176		5.3290100098

				Q6		7.258605957		6.8878173828		6.3464660645		5.9113769531		5.3439941406

				Q7		7.2996520996		6.8042907715		6.3379821777		5.7944335938		5.3551330566

		Node 16384 (2^14)

		No. of categories				16		32		64		128		256

		RDF-Chord		Q1		6.7102050781		6.2831420898		5.8182373047		5.3775024414		4.8629150391

				Q2		6.6721191406		6.3010864258		5.7498168945		5.2896728516		4.7928466797

				Q3		6.7537231445		6.2329711914		5.8141479492		5.286315918		4.8222045898

				Q4		6.8095092773		6.3804321289		5.8807373047		5.2836303711		4.9401245117

				Q5		6.8308105469		6.3262329102		5.8118896484		5.2473754883		4.8915405273

				Q6		6.8220214844		6.3944702148		5.9806518555		5.4265136719		4.8670043945

				Q7		6.8120117188		6.3471069336		5.6879272461		5.2658691406		4.8824462891

		Node 8192 (2^13)

		No. of categories				16		32		64		128		256

		RDF-Chord		Q1		6.1328125		5.7817382813		5.27734375		4.8039550781		4.3100585938

				Q2		6.2446289063		5.8771972656		5.3314208984		4.9123535156		4.3518066406

				Q3		6.2224121094		5.7639160156		5.3325195313		4.7805175781		4.3797607422

				Q4		6.2943115234		5.9066162109		5.322265625		4.8806152344		4.3531494141

				Q5		6.2677001953		5.8143310547		5.2313232422		4.8127441406		4.2998046875

				Q6		6.3211669922		5.8057861328		5.3468017578		4.7739257813		4.3264160156

				Q7		6.3171386719		5.8532714844		5.4364013672		4.8537597656		4.3956298828

		Node 4096 (2^12)

		No. of categories				16		32		64		128		256

		RDF-Chord		Q1		5.8122558594		5.1694335938		4.7941894531		4.4084472656		3.8837890625

				Q2		5.6574707031		5.2097167969		4.8903808594		4.3513183594		3.8891601563

				Q3		5.583984375		5.1984863281		4.8979492188		4.3276367188		3.8854980469

				Q4		5.8137207031		5.2875976563		4.8371582031		4.3127441406		3.888671875

				Q5		5.7534179688		5.3237304688		4.9765625		4.4194335938		3.9645996094

				Q6		5.8298339844		5.1713867188		4.8620605469		4.3518066406		3.9055175781

				Q7		5.7397460938		5.40234375		4.8012695313		4.36328125		3.9145507813





Successful Rate

		Node 524288 (2^19), Category 128 (2^7)																		Node 524288 (2^19), Category 64 (2^6)

		Failure rate vs. Avg. query cost, Avg. no. of timeouts, Successful rate																		Failure rate vs. Avg. query cost, Avg. no. of timeouts, Successful rate

		Simulation results						Failure ratios												Simulation results						Failure ratios

								0.0		0.1		0.2		0.3		0.4		0.5								0.0		0.1		0.2		0.3		0.4		0.5

		Avg. query cost (Min, Max)																		Avg. query cost (Min, Max)

		RDFPeers				Query Type I, II, III		9.998 (1, 19)		10.754 (1, 23)		11.597 (1, 26)		12.563 (1, 28)		13.696 (1, 34)		15.010 (1, 37)		RDFPeers				Query Type I, II, III		9.998 (1, 19)		10.754 (1, 23)		11.597 (1, 26)		12.563 (1, 28)		13.696 (1, 34)		15.010 (1, 37)

						Query Type IV, V, VI		9.996 (1, 19)		10.752 (1, 25)		11.602 (1, 28)		12.563 (1, 29)		13.683 (1, 31)		14.995 (1, 36)						Query Type IV, V, VI		9.996 (1, 19)		10.752 (1, 25)		11.602 (1, 28)		12.563 (1, 29)		13.683 (1, 31)		14.995 (1, 36)

						Query Type VII		10.000 (1, 19)		10.755 (1, 23)		11.595 (1, 26)		12.563 (1, 28)		13.687 (1, 31)		15.043 (1, 36)						Query Type VII		10.000 (1, 19)		10.755 (1, 23)		11.595 (1, 26)		12.563 (1, 28)		13.687 (1, 31)		15.043 (1, 36)

		RDF-Chord				Query Type I, II, III		7.920 (1, 13)		8.425 (1, 15)		9.124 (1, 17)		8.355 (1, 18)		8.916 (1, 17)		9.650 (1, 20)		RDF-Chord				Query Type I, II, III		8.470 (1, 14)		9.099 (1, 15)		9.253 (1, 16)		9.765 (1, 17)		9.526 (1, 17)		9.412 (2, 17)

						Query Type IV, V, VI		7.860 (1, 14)		8.020 (1, 16)		8.413 (1, 17)		9.537 (1, 19)		9.156 (1, 16)		10.424 (1, 18)						Query Type IV, V, VI		8.319 (1, 15)		8.553 (1, 16)		8.923 (1, 16)		9.400 (1, 18)		9.582 (1, 18)		11.155 (1, 22)

						Query Type VII		7.858 (1, 14)		7.976 (1, 15)		8.726 (1, 16)		8.857 (1, 18)		9.688 (1, 18)		10.060 (1, 19)						Query Type VII		8.317 (1, 15)		8.537 (1, 15)		8.907 (1, 17)		9.934 (1, 20)		10.034 (1, 20)		10.770 (1, 23)

		Avg. no. of timeouts    (Min, Max)																		Avg. no. of timeouts    (Min, Max)

		RDFPeers				Query Type I, II, III		0.0 (0, 0)		8.917 (1,34)		19.606 (1, 65)		32.438 (1, 98)		47.961 (1, 155)		66.906 (1, 195)		RDFPeers				Query Type I, II, III		0.0 (0, 0)		8.917 (1,34)		19.606 (1, 65)		32.438 (1, 98)		47.961 (1, 155)		66.906 (1, 195)

						Query Type IV, V, VI		0.0 (0, 0)		8.930 (1, 34)		19.606 (1, 64)		32.408 (1, 97)		47.935 (1, 141)		66.780 (1, 187)						Query Type IV, V, VI		0.0 (0, 0)		8.930 (1, 34)		19.606 (1, 64)		32.408 (1, 97)		47.935 (1, 141)		66.780 (1, 187)

						Query Type VII		0.0 (0, 0)		8.927 (1, 35)		19.577 (1, 63)		32.409 (1, 105)		47.970 (1, 153)		67.047 (2, 202)						Query Type VII		0.0 (0, 0)		8.927 (1, 35)		19.577 (1, 63)		32.409 (1, 105)		47.970 (1, 153)		67.047 (2, 202)

		RDF-Chord				Query Type I, II, III		0.0 (0, 0)		4.431 (1, 17)		9.253 (1, 27)		9.977 (1, 37)		15.324 (1, 42)		21.907 (1, 65)		RDF-Chord				Query Type I, II, III		0.0 (0, 0)		5.273 (1, 15)		8.640 (1, 31)		14.841 (1, 37)		17.763 (1, 52)		25.978 (1, 65)

						Query Type IV, V, VI		0.0 (0, 0)		3.016 1, 13)		6.916 (1, 25)		14.174 (1, 38)		16.003 (1, 46)		24.966 (2, 57)						Query Type IV, V, VI		0.0 (0, 0)		3.712 (1, 19)		8.311 (1, 30)		13.731 (1, 47)		18.236 (1, 50)		29.371 (1, 78)

						Query Type VII		0.0 (0, 0)		3.321 (1, 15)		8.057 (1, 22)		11.802 (1, 37)		18.449 (1, 43)		23.401 (1, 57)						Query Type VII		0.0 (0, 0)		3.695 (1, 15)		8.065 (1, 29)		14.978 (1, 42)		20.881 (1, 53)		27.890 (1, 72)

		Successful rate (%)																		Successful rate (%)

		RDFPeers				Query Type I, II, III		100.00%		85.06%		70.04%		55.21%		40.84%		27.37%		RDFPeers				Query Type I, II, III		100.00%		85.06%		70.04%		55.21%		40.84%		27.37%

						Query Type IV, V, VI		100.00%		84.98%		70.00%		55.34%		40.58%		27.06%						Query Type IV, V, VI		100.00%		84.98%		70.00%		55.34%		40.58%		27.06%

						Query Type VII		100.00%		85.02%		70.03%		55.24%		40.76%		27.11%						Query Type VII		100.00%		85.02%		70.03%		55.24%		40.76%		27.11%

		RDF-Chord				Query Type I, II, III		100.00%		78.44%		58.87%		43.62%		28.26%		16.92%		RDF-Chord				Query Type I, II, III		100.00%		78.07%		59.65%		41.92%		28.01%		15.65%

						Query Type IV, V, VI		100.00%		81.23%		57.57%		40.21%		26.47%		15.94%						Query Type IV, V, VI		100.00%		78.20%		59.59%		41.52%		30.42%		17.27%

						Query Type VII		100.00%		80.50%		58.12%		43.97%		29.31%		18.47%						Query Type VII		100.00%		78.60%		58.40%		42.35%		26.63%		17.44%

		Node 131072 (2^17) Layers 128 (2^7)

		Failure rate vs. Avg. query cost, Avg. no. of timeouts, Successful rate

		Simulation results						Failure ratios

								0.0		0.1		0.2		0.3		0.4		0.5

		Avg. query cost (Min, Max)

		RDFPeers				Q1		9.373 (1, 17)		10.039 (1, 20)		10.766 (1, 23)		11.608 (1, 26)		12.520 (1, 27)		13.642 (1, 31)

						Q4		9.381 (1, 17)		10.050 (1, 21)		10.770 (1, 23)		11.602 (2, 24)		12.544 (2, 28)		13.630 (2, 31)

						Q7		9.380 (1, 17)		10.042 (1, 21)		10.781 (1, 23)		11.622 (2, 24)		12.589 (1, 28)		13.664 (1, 31)

		RDF-Chord				Q1		6.839 (1, 12)		7.046 (1, 13)		7.222 (1, 13)		7.835 (1, 14)		7.729 (1, 16)		7.824 (1, 15)

						Q4		6.920 (1, 12)		6.859 (1, 13)		7.317 (1, 13)		7.707 (1, 14)		7.665 (1, 16)		7.779 (1, 14)

						Q7		6.872 (1, 12)		7.138 (1, 13)		7.974 (1, 13)		7.502 (1, 14)		7.783 (1, 16)		8.331 (1, 17)

		Avg. no. of timeouts    (Min, Max)

		RDFPeers				Q1		0.0 (0, 0)		7.315 (1, 28)		15.857 (1, 59)		26.137 (1, 93)		38.120 (1, 107)		52.701 (2, 145)

						Q4		0.0 (0, 0)		7.338 (1, 30)		15.879 (1, 54)		26.132 (1, 74)		38.216 (1, 117)		52.640 (1, 148)

						Q7		0.0 (0, 0)		7.311 (1, 28)		15.917 (1, 58)		26.148 (1, 78)		38.521 (1, 104)		53.076 (1, 153)

		RDF-Chord				Q1		0.0 (0, 0)		2.949 (1, 10)		4.816 (1, 14)		8.614 (1, 24)		11.167 (1, 35)		14.104 (1, 44)

						Q4		0.0 (0, 0)		2.177 (1, 10)		4.726 (1, 17)		7.849 (1, 20)		9.604 (1, 28)		12.907 (1, 38)

						Q7		0.0 (0, 0)		2.774 (1, 10)		7.615 (1, 23)		7.278 (1, 26)		10.394 (1, 32)		15.203 (1, 39)

		Successful rate (%)

		RDFPeers				Q1		100.00%		81.73%		63.95%		47.82%		33.40%		20.60%

						Q4		100.00%		81.55%		64.08%		48.02%		33.13%		20.36%

						Q7		100.00%		81.87%		64.56%		47.96%		33.15%		20.44%

		RDF-Chord				Q1		100.00%		77.70%		61.22%		41.41%		29.91%		19.21%

						Q4		100.00%		76.93%		56.56%		43.38%		32.71%		16.99%

						Q7		100.00%		74.34%		53.94%		42.77%		24.25%		16.84%





Successful Rate - Table

		Simulation results						Failure ratios

								0.0		0.1		0.2		0.3		0.4		0.5

		Avg. query cost (Min, Max)

		RDFPeers				Q1		9.373 (1, 17)		10.039 (1, 20)		10.766 (1, 23)		11.608 (1, 26)		12.520 (1, 27)		13.642 (1, 31)

						Q4		9.381 (1, 17)		10.050 (1, 21)		10.770 (1, 23)		11.602 (2, 24)		12.544 (2, 28)		13.630 (2, 31)

						Q7		9.380 (1, 17)		10.042 (1, 21)		10.781 (1, 23)		11.622 (2, 24)		12.589 (1, 28)		13.664 (1, 31)

		RDF-Chord				Q1		6.839 (1, 12)		7.046 (1, 13)		7.222 (1, 13)		7.835 (1, 14)		7.729 (1, 16)		7.824 (1, 15)

						Q4		6.920 (1, 12)		6.859 (1, 13)		7.317 (1, 13)		7.707 (1, 14)		7.665 (1, 16)		7.779 (1, 14)

						Q7		6.872 (1, 12)		7.138 (1, 13)		7.974 (1, 13)		7.502 (1, 14)		7.783 (1, 16)		8.331 (1, 17)

		Avg. no. of timeouts    (Min, Max)

		RDFPeers				Q1		0.0 (0, 0)		7.315 (1, 28)		15.857 (1, 59)		26.137 (1, 93)		38.120 (1, 107)		52.701 (2, 145)

						Q4		0.0 (0, 0)		7.338 (1, 30)		15.879 (1, 54)		26.132 (1, 74)		38.216 (1, 117)		52.640 (1, 148)

						Q7		0.0 (0, 0)		7.311 (1, 28)		15.917 (1, 58)		26.148 (1, 78)		38.521 (1, 104)		53.076 (1, 153)

		RDF-Chord				Q1		0.0 (0, 0)		2.949 (1, 10)		4.816 (1, 14)		8.614 (1, 24)		11.167 (1, 35)		14.104 (1, 44)

						Q4		0.0 (0, 0)		2.177 (1, 10)		4.726 (1, 17)		7.849 (1, 20)		9.604 (1, 28)		12.907 (1, 38)

						Q7		0.0 (0, 0)		2.774 (1, 10)		7.615 (1, 23)		7.278 (1, 26)		10.394 (1, 32)		15.203 (1, 39)

		Successful rate (%)

		RDFPeers				Q1		100.00%		81.73%		63.95%		47.82%		33.40%		20.60%

						Q4		100.00%		81.55%		64.08%		48.02%		33.13%		20.36%

						Q7		100.00%		81.87%		64.56%		47.96%		33.15%		20.44%

		RDF-Chord				Q1		100.00%		77.70%		61.22%		41.41%		29.91%		19.21%

						Q4		100.00%		76.93%		56.56%		43.38%		32.71%		16.99%

						Q7		100.00%		74.34%		53.94%		42.77%		24.25%		16.84%





Joining Cost

		No. of nodes		4096		8192		16384		32768		65536		131072		262144		524288

		RDFPeers		122.300		136.300		151.300		167.300		184.300		202.300		221.300		241.300

		RDF - Chord 16 Layers		128.600		153.800		179.600		208.200		243.100		280.200		316.500		361.400

		RDF - Chord 32 Layers		106.700		128.600		151.800		178.800		209.400		243.700		278.300		316.300

		RDF - Chord 64 Layers		85.600		106.700		125.900		155.700		184.500		208.300		241.000		276.400

		RDF - Chord 128 Layers		68.200		86.700		105.600		127.000		149.900		179.900		212.900		241.400

		RDF - Chord 256 Layers		57.400		72.800		87.000		106.000		131.100		155.400		182.900		207.100

		The Cost of Joining Node

						12		13		14		15		16		17		18		19

		No. of nodes				4096		8192		16384		32768		65536		131072		262144		524288

		RDFPeers				122.3		136.3		151.3		167.3		184.3		202.3		221.3		241.3

		RDF - Chord 16 Layers		Subject Ring Set		42.4		52.4		59.9		69.4		82.7		92.2		106		120.8

				Predicate Ring Set		42.6		49.7		59.5		69.5		80		95.1		105.6		120.2

				Object Ring Set		43.6		51.7		60.2		69.3		80.4		92.9		104.9		120.4

				Total		128.6		153.8		179.6		208.2		243.1		280.2		316.5		361.4

		RDF - Chord 32 Layers		Subject Ring Set		35.5		43		50.6		60.1		67.6		82.2		92.4		105.3

				Predicate Ring Set		34.4		43.4		50		57.9		70.6		79.4		93.2		105.6

				Object Ring Set		36.8		42.2		51.2		60.8		71.2		82.1		92.7		105.4

				Total		106.7		128.6		151.8		178.8		209.4		243.7		278.3		316.3

		RDF - Chord 64 Layers		Subject Ring Set		28.7		36.7		42.6		53.1		62		70.5		78.3		92

				Predicate Ring Set		28.8		34.4		42		50		60.8		69.6		81.5		91.3

				Object Ring Set		28.1		35.6		41.3		52.6		61.7		68.2		81.2		93.1

				Total		85.6		106.7		125.9		155.7		184.5		208.3		241		276.4

		RDF - Chord 128 Layers		Subject Ring Set		21.3		28		35.7		42.5		49.2		58.8		70.7		81

				Predicate Ring Set		23.4		29.4		34.9		42.1		49		60.4		71.5		81

				Object Ring Set		23.5		29.3		35		42.4		51.7		60.7		70.7		79.4

				Total		68.2		86.7		105.6		127		149.9		179.9		212.9		241.4

		RDF - Chord 256 Layers		Subject Ring Set		19.4		25.3		29.6		36.2		42.9		51.8		61.6		68.8

				Predicate Ring Set		18.1		23.2		29.2		35.6		44.8		51.8		60		70.6

				Object Ring Set		19.9		24.3		28.2		34.2		43.4		51.8		61.3		67.7

				Total		57.4		72.8		87		106		131.1		155.4		182.9		207.1





Join-Table

		No. of nodes		4096		8192		16384		32768		65536		131072		262144		524288

		RDFPeers		122.300		136.300		151.300		167.300		184.300		202.300		221.300		241.300

		RDF - Chord 16 Layers		128.600		153.800		179.600		208.200		243.100		280.200		316.500		361.400

		RDF - Chord 32 Layers		106.700		128.600		151.800		178.800		209.400		243.700		278.300		316.300

		RDF - Chord 64 Layers		85.600		106.700		125.900		155.700		184.500		208.300		241.000		276.400

		RDF - Chord 128 Layers		68.200		86.700		105.600		127.000		149.900		179.900		212.900		241.400

		RDF - Chord 256 Layers		57.400		72.800		87.000		106.000		131.100		155.400		182.900		207.100





Maintenance Cost

		Maintenance Cost

						9		10		11		12		13		14		15		16		17		18		19

		RDFPeers

		No. of nodes				512		1024		2048		4096		8192		16384		32768		65536		131072		262144		524288

		FixFinger				46.49609375		60.6943359375		83.0024414063		106.8803710938		134.6413574219		170.6593017578		209.4654541156		260.358505249		320.0906600952		380.4741401672		452.4032268524

		Stabilize				2		2		2		2		2		2		2		2		2		2		2

		Check_Predecessor				1		1		1		1		1		1		1		1		1		1		1

		Distribute/Update Index Cost				16.576171875		18.0439453125		19.5073242188		20.9926757813		22.5102539063		23.856628418		25.4149475098		26.7958831787		28.1300582886		29.2525978088		29.9882926941

		Total Cost				66.072265625		81.73828125		105.509765625		130.873046875		160.1516113281		197.5159301758		237.8804016254		290.1543884277		351.2207183838		412.7267379761		485.3915195465

		RDFMLChord

		No. of nodes				512		1024		2048		4096		8192		16384		32768		65536		131072		262144		524288

		No. of categories 2 (2^1)

		FixFinger		Subject Ring Set		44.416015625		59.8798828125		77.0854492188		105.4213867188		132.501953125		166.1784057617		209.6809692383		258.0601959229		313.5716400146		377.8035507202		447.7978630659

				Predicate Ring Set		44.875		60.708984375		78.1440429688		103.5681152344		133.1516113281		168.8314208984		207.5886230469		259.1213531494		310.7534332275		376.7540168762		449.5177841187

				Object Ring Set		45.115234375		59.5263671875		79.8427734375		102.9289550781		131.8311767578		168.618347168		207.9677429199		256.922668457		311.6175994873		376.4349555969		450.408952713

		Stabilize		Subject Ring Set		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125		2.0009765625		2.0004882813		2.0002441406		2.0001220703		2.0000610352

				Predicate Ring Set		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125		2.0009765625		2.0004882813		2.0002441406		2.0001220703		2.0000610352

				Object Ring Set		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125		2.0009765625		2.0004882813		2.0002441406		2.0001220703		2.0000610352

		Check_Predecessor		Subject Ring Set		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625		1.0004882813		1.0002441406		1.0001220703		1.0000610352		1.0000305176

				Predicate Ring Set		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625		1.0004882813		1.0002441406		1.0001220703		1.0000610352		1.0000305176

				Object Ring Set		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625		1.0004882813		1.0002441406		1.0001220703		1.0000610352		1.0000305176

		Distribute/Update Index Cost		Subject Ring Set		4.826171875		5.4423828125		6.2890625		7.4260253906		8.8388671875		10.3716430664		11.9474487305		13.5534057617		15.0986633301		15.2030029297		16.6158943176

				Subject Ring Set		4.8046875		5.3447265625		6.2734375		7.4379882813		8.8447265625		10.447265625		12.0582580566		13.5966491699		15.0572814941		16.4964294434		17.7151947021

				Predicate Ring Set		4.951171875		5.416015625		6.0776367188		7.0588378906		8.0833740234		9.114074707		10.2263183594		11.1933746338		12.2307357788		12.4296531677		13.3308372498

				Predicate Ring Set		4.92578125		5.4267578125		6.2416992188		7.4775390625		8.8165283203		10.4120483398		12.0400695801		13.5974121094		15.0220184326		16.4657440186		17.7207984924

				Object Ring Set		4.658203125		4.8291015625		5.3876953125		5.9658203125		6.4127197266		6.9132080078		7.4526367188		7.9133453369		8.4120330811		8.6442909241		9.1622371674

				Object Ring Set		4.962890625		5.2802734375		6.3837890625		7.4665527344		8.7939453125		10.4064941406		12.0359802246		13.5390472412		15.0546875		16.4717521667		17.7267837524

		Sum		Subject Ring Set		52.3359375		68.369140625		86.3979492188		115.8591308594		144.3466796875		179.5529785156		224.6298828125		274.6143341064		331.6706695557		396.0067367554		467.4138489363

				Predicate Ring Set		52.919921875		69.171875		87.2451171875		113.638671875		144.2408447266		180.948425293		220.81640625		273.3154602051		325.9845352173		392.1838531494		465.8487129211

				Object Ring Set		52.8671875		67.40234375		88.25390625		111.9064941406		141.2497558594		178.5344848633		218.4218444824		267.8367462158		323.0299987793		388.0794296265		462.5712814331

		Total Cost				158.123046875		204.943359375		261.8969726563		341.404296875		429.8372802734		539.0358886719		663.8681335449		815.7665405273		980.6852035522		1176.2700195313		1395.8338432905

		No. of categories 4 (2^2)

		FixFinger		Subject Ring Set		36.03125		48.2060546875		64.037109375		84.673828125		107.8519287109		139.067199707		175.374420166		218.1824493408		267.7694168091		326.0540428162		392.1577186584

				Predicate Ring Set		35.916015625		47.505859375		63.4951171875		83.9582519531		109.7294921875		138.4284667969		174.6134033203		217.6469421387		269.6165618896		324.7054100037		392.4200553894

				Object Ring Set		35.888671875		47.7138671875		63.685546875		83.6628417969		108.4987792969		138.0716552734		174.9707946777		217.9970245361		267.3259887695		325.7297439575		393.2303714752

		Stabilize		Subject Ring Set		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125		2.0009765625		2.0004882813		2.0002441406		2.0001220703

				Predicate Ring Set		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125		2.0009765625		2.0004882813		2.0002441406		2.0001220703

				Object Ring Set		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125		2.0009765625		2.0004882813		2.0002441406		2.0001220703

		Check_Predecessor		Subject Ring Set		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625		1.0004882813		1.0002441406		1.0001220703		1.0000610352

				Predicate Ring Set		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625		1.0004882813		1.0002441406		1.0001220703		1.0000610352

				Object Ring Set		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625		1.0004882813		1.0002441406		1.0001220703		1.0000610352

		Distribute/Update Index Cost		Subject Ring Set		4.578125		4.880859375		5.5258789063		6.4240722656		7.4600830078		8.8787841797		10.4902954102		12.1455688477		13.7277679443		15.2166175842		16.6240310669

				Subject Ring Set		4.470703125		4.9072265625		5.5786132813		6.3837890625		7.4729003906		8.8615112305		10.4967956543		12.1352996826		13.715461731		15.2212562561		16.6235427856

				Predicate Ring Set		4.421875		4.8154296875		5.50390625		6.2185058594		7.1649169922		8.1463623047		9.2611083984		10.3502960205		11.4160003662		12.4228439331		13.3302154541

				Predicate Ring Set		4.482421875		4.86328125		5.5776367188		6.4189453125		7.5166015625		8.9110107422		10.4536132813		12.1544494629		13.7396392822		15.2093658447		16.6101818085

				Object Ring Set		4.3984375		4.6103515625		5.1162109375		5.5708007813		6.1643066406		6.5766601563		7.1110534668		7.6250152588		8.0939331055		8.6276512146		9.12317276

				Object Ring Set		4.3671875		4.7197265625		5.5654296875		6.42578125		7.5080566406		8.9926147461		10.5202026367		12.1211547852		13.7307052612		15.1968307495		16.6611709595

		Sum		Subject Ring Set		43.796875		56.1806640625		72.6098632813		94.1213378906		118.3237304688		150.9518432617		188.8676452637		233.3294830322		284.4979171753		344.2710266113		411.7819328308

				Predicate Ring Set		43.525390625		55.4150390625		72.0458984375		93.2001953125		119.9061279297		149.5806884766		186.8774414062		230.9987030029		284.0332946777		340.1286201477		408.750453949

				Object Ring Set		43.474609375		55.41796875		71.8486328125		92.2570800781		117.6748046875		147.6541748047		185.084777832		228.6235046387		278.4206542969		337.3577613831		405.3537273407

		Total Cost				130.796875		167.013671875		216.5043945313		279.5786132813		355.9046630859		448.186706543		560.829864502		692.9516906738		846.9518661499		1021.7574081421		1225.8861141205

		No. of categories 8 (2^3)

		FixFinger		Subject Ring Set		28.056640625		36.41796875		49.5297851563		65.1442871094		85.1247558594		111.4524536133		141.6714782715		177.9931030273		221.6911773682		269.0347595215		329.9409713745

				Predicate Ring Set		28.798828125		36.8203125		48.6635742188		65.1889648438		85.7524414063		110.5844726563		141.466003418		176.5856628418		220.1465988159		271.989616394		328.3247890472

				Object Ring Set		28.546875		36.6201171875		49.1645507813		64.8666992188		85.6334228516		110.3352050781		140.7997131348		178.0501708984		220.7736816406		270.5526237488		330.4790744781

		Stabilize		Subject Ring Set		2.25		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125		2.0009765625		2.0004882813		2.0002441406

				Predicate Ring Set		2.25		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125		2.0009765625		2.0004882813		2.0002441406

				Object Ring Set		2.25		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125		2.0009765625		2.0004882813		2.0002441406

		Check_Predecessor		Subject Ring Set		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625		1.0004882813		1.0002441406		1.0001220703

				Predicate Ring Set		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625		1.0004882813		1.0002441406		1.0001220703

				Object Ring Set		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625		1.0004882813		1.0002441406		1.0001220703

		Distribute/Update Index Cost		Subject Ring Set		3.904296875		4.431640625		4.9487304688		5.6013183594		6.4090576172		7.516784668		8.982208252		10.5214538574		12.1923370361		13.8291702271		15.3261871338

				Subject Ring Set		3.791015625		4.2822265625		4.9584960938		5.58203125		6.5224609375		7.5347290039		8.9459838867		10.540435791		12.2049255371		13.7905082703		15.3124408722

				Predicate Ring Set		3.734375		4.4287109375		4.9462890625		5.4633789063		6.3358154297		7.2203979492		8.2363891602		9.3162231445		10.4476165771		11.4722747803		12.4662094116

				Predicate Ring Set		4		4.4130859375		4.896484375		5.5559082031		6.4774169922		7.5201416016		8.8961791992		10.5598144531		12.2096099854		13.7666854858		15.3184013367

				Object Ring Set		3.8125		4.2001953125		4.7807617188		5.2097167969		5.7199707031		6.2614746094		6.7650756836		7.2703704834		7.7517471313		8.259147644		8.7557258606

				Object Ring Set		3.9140625		4.3818359375		4.9702148438		5.609375		6.5251464844		7.5372924805		8.9548950195		10.607421875		12.2311096191		13.7761039734		15.2846698761

		Sum		Subject Ring Set		35.3359375		44.037109375		57.572265625		73.7924804688		94.5572509766		121.9809570313		153.6595458984		191.5174865723		236.884979248		285.8646621704		348.2675247192

				Predicate Ring Set		35.908203125		44.4365234375		56.7036132813		73.69921875		95.1116943359		120.8165893555		152.7082519531		188.9048156738		233.5956802368		286.4626235962		343.7913646698

				Object Ring Set		35.734375		44.0078125		57.0390625		73.1232910156		94.3768310547		119.6083984375		150.5706481934		188.3234710693		231.5268936157		281.8125038147		342.2351665497

		Total Cost				106.978515625		132.4814453125		171.3149414063		220.6149902344		284.0457763672		362.4059448242		456.9384460449		568.7457733154		702.0075531006		854.1397895813		1034.2940559387

		No. of categories 16 (2^4)

		FixFinger		Subject Ring Set		22.98828125		28.8330078125		37.3159179688		49.37109375		65.2210693359		86.0452270508		111.0302734375		141.971496582		178.7578048706		221.8722496033		272.3149223328

				Predicate Ring Set		23.03125		28.5673828125		37.6059570313		49.6184082031		65.5063476563		85.5499267578		111.5297546387		141.4979095459		179.0023269653		221.5988769531		271.3695049286

				Object Ring Set		23.587890625		28.638671875		37.3344726563		49.7429199219		65.9191894531		86.056640625		111.0050354004		142.1000976563		178.6744613647		221.4758529663		272.8477401733

		Stabilize		Subject Ring Set		2.5		2.25		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125		2.0009765625		2.0004882813

				Predicate Ring Set		2.5		2.25		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125		2.0009765625		2.0004882813

				Object Ring Set		2.5		2.25		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125		2.0009765625		2.0004882813

		Check_Predecessor		Subject Ring Set		1.25		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625		1.0004882813		1.0002441406

				Predicate Ring Set		1.25		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625		1.0004882813		1.0002441406

				Object Ring Set		1.25		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625		1.0004882813		1.0002441406

		Distribute/Update Index Cost		Subject Ring Set		3.443359375		3.78125		4.396484375		5.0498046875		5.6602783203		6.5238037109		7.5723266602		8.9899597168		10.5740127563		12.2250137329		13.8555908203

				Subject Ring Set		3.470703125		3.8359375		4.5415039063		5.0717773438		5.6088867188		6.5557861328		7.5766906738		9.0087280273		10.6678543091		12.2066879272		13.8350200653

				Predicate Ring Set		3.34765625		3.86328125		4.3818359375		4.966796875		5.6315917969		6.2734985352		7.1737060547		8.2180175781		9.3737487793		10.4713478088		11.5046768188

				Predicate Ring Set		3.55078125		4.0205078125		4.3110351563		5.03515625		5.5826416016		6.4647827148		7.5141601563		8.99269104		10.6109848022		12.2084732056		13.852186203

				Object Ring Set		3.40234375		3.9365234375		4.3793945313		4.8681640625		5.3217773438		5.8226318359		6.3553771973		6.774017334		7.2805023193		7.8137588501		8.278421402

				Object Ring Set		3.515625		3.9599609375		4.3637695313		4.9584960938		5.6234130859		6.5339355469		7.6224060059		8.9592590332		10.611076355		12.2050018311		13.8446865082

		Sum		Subject Ring Set		30.181640625		35.9892578125		44.8999023438		57.5146484375		73.9282226563		95.5924682617		121.6143188477		153.9673156738		192.3347473145		237.0987281799		289.1712455749

				Predicate Ring Set		30.12890625		35.8056640625		45.1752929688		57.6789550781		74.1848144531		94.846862793		121.7151794434		152.721786499		191.3790054321		235.0716896057		285.8749141693

				Object Ring Set		30.853515625		35.9736328125		44.8857421875		57.7951660156		74.5894775391		95.6140136719		121.6391601562		154.0652160645		192.2884674072		236.6823196411		289.6931591034

		Total Cost				91.1640625		107.7685546875		134.9609375		172.9887695313		222.7025146484		286.0533447266		364.9686584473		460.7543182373		576.0022201538		708.8527374268		864.7393188477

		No. of categories 32 (2^5)

		FixFinger		Subject Ring Set		20.482421875		23.3330078125		29.013671875		37.9189453125		50.0087890625		65.7495117188		86.1179199219		111.4302215576		142.3970718384		178.8739585876		222.3055629732

				Predicate Ring Set		20.861328125		23.3798828125		29.1328125		37.8713378906		50.2269287109		65.7460327148		86.1219177247		111.1881866455		141.7811737605		178.7353782654		221.8561382294

				Object Ring Set		20.27734375		23.369140625		29.0981445313		37.7426757813		50.2181396484		66.1581420898		86.4060668945		111.6276855469		142.4267654419		178.7048034668		222.4438457489

		Stabilize		Subject Ring Set		3		2.5		2.25		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125		2.0009765625

				Predicate Ring Set		3		2.5		2.25		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125		2.0009765625

				Object Ring Set		3		2.5		2.25		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125		2.0009765625

		Check_Predecessor		Subject Ring Set		1.5		1.25		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625		1.0004882813

				Predicate Ring Set		1.5		1.25		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625		1.0004882813

				Object Ring Set		1.5		1.25		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625		1.0004882813

		Distribute/Update Index Cost		Subject Ring Set		3.15625		3.4248046875		3.9375		4.4196777344		4.9572753906		5.6998901367		6.5330810547		7.6164093018		8.9813461304		10.5984344482		12.25274086

				Subject Ring Set		3.0390625		3.4365234375		3.9965820313		4.4438476563		5.0827636719		5.7103271484		6.4574584961		7.568572998		8.9328918457		10.6338539124		12.2826194763

				Predicate Ring Set		3.00390625		3.5029296875		3.9936523438		4.3937988281		5.0622558594		5.5895996094		6.2937316895		7.2467651367		8.3400192261		9.348651886		10.5204429626

				Predicate Ring Set		3.041015625		3.416015625		4.0483398438		4.4348144531		4.9674072266		5.7085571289		6.5880432129		7.6324005127		8.9952392578		10.5693321228		12.2686595917

				Object Ring Set		3.099609375		3.470703125		3.9296875		4.3234863281		4.8840332031		5.3150634766		5.832824707		6.3571014404		6.8363037109		7.3220024109		7.8710250854

				Object Ring Set		3.08203125		3.4833984375		4.01953125		4.36328125		5.0096435547		5.6567382813		6.5270690918		7.6222991943		9.0031661987		10.5775794983		12.2735519409

		Sum		Subject Ring Set		28.138671875		30.5078125		36.326171875		45.5261230469		58.0598144531		74.4962768555		95.6744384766		122.0583496094		154.3842773437		192.4753227234		237.559768677

				Predicate Ring Set		28.365234375		30.6328125		36.5014648438		45.4526367188		58.3829345703		74.3825073242		95.4390869141		121.4466705322		153.1270523616		191.0869598389		235.3780460358

				Object Ring Set		27.859375		30.6025390625		36.4926757813		45.2934570313		58.3215332031		74.8617553711		95.9565734863		122.2617034912		154.4357910156		192.2853126526		237.7188625336

		Total Cost				84.36328125		91.7431640625		109.3203125		136.2722167969		174.7642822266		223.7405395508		287.070098877		365.7667236328		461.947120721		575.8475952148		710.6566772463

		No. of categories 64 (2^6)

		FixFinger		Subject Ring Set		20.50390625		20.6572265625		23.6083984375		29.09765625		38.0557861328		50.0958251953		66.0711669922		86.3882904053		111.6074142456		142.3686943542		179.0668449402

				Predicate Ring Set		21.08203125		20.591796875		23.5048828125		29.3051757813		37.9986572266		50.1384277344		66.1826171875		86.3629455566		111.7006072998		142.4086227417		179.0131626129

				Object Ring Set		20.759765625		20.6494140625		23.388671875		29.208984375		37.7687988281		50.1550292969		66.1090393066		86.2697601318		111.7292404175		142.3139419556		179.1908855438

		Stabilize		Subject Ring Set		4		3		2.5		2.25		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125

				Predicate Ring Set		4		3		2.5		2.25		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125

				Object Ring Set		4		3		2.5		2.25		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625		2.001953125

		Check_Predecessor		Subject Ring Set		2		1.5		1.25		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625

				Predicate Ring Set		2		1.5		1.25		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625

				Object Ring Set		2		1.5		1.25		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125		1.0009765625

		Distribute/Update Index Cost		Subject Ring Set		2.76171875		3.05078125		3.484375		4.0061035156		4.5087890625		5.0480957031		5.7285461426		6.4827270508		7.5787658691		9.0149307251		10.5667133331

				Subject Ring Set		2.77734375		3.1015625		3.3427734375		3.8315429688		4.5447998047		5.0006103516		5.743560791		6.4881896973		7.5764083862		9.0199241638		10.5850486755

				Predicate Ring Set		2.849609375		3.1650390625		3.4775390625		3.9016113281		4.4642333984		5.0173950195		5.5508728027		6.31199646		7.2309570313		8.2856826782		9.4050884247

				Predicate Ring Set		2.75		3.0908203125		3.4541015625		3.8918457031		4.4840087891		5.0502929688		5.6633605957		6.5447692871		7.6143264771		8.9696006775		10.6054668427

				Object Ring Set		2.763671875		3.056640625		3.4458007813		3.8522949219		4.3294677734		4.7955932617		5.2926940918		5.8592529297		6.3174667358		6.8246078491		7.3283901215

				Object Ring Set		2.76953125		3.0615234375		3.4252929688		3.9182128906		4.4729003906		5.0258178711		5.6179504395		6.5520477295		7.556968689		9.069694519		10.5553131104

		Sum		Subject Ring Set		29.265625		28.2080078125		30.8427734375		36.4787597656		45.7520751953		58.2376708984		74.8465881348		95.8944549561		122.1978988647		154.3894844543		192.6364879608

				Predicate Ring Set		29.931640625		28.2568359375		30.732421875		36.5817871094		45.650390625		58.2495727539		74.7803649902		95.6983795166		121.9432830811		153.7001647949		191.4211807251

				Object Ring Set		29.5234375		28.2060546875		30.5844726563		36.4362792969		45.2857666016		58.0443725586		74.4486083984		95.1524505615		121.0584259033		152.1444091797		189.5222053528

		Total Cost				88.720703125		84.6708984375		92.1596679688		109.4968261719		136.6882324219		174.5316162109		224.0755615234		286.7452850342		365.1996078491		460.2340584289		573.5798740387

		No. of categories 128 (2^7)

		FixFinger		Subject Ring Set		25.267578125		20.908203125		21.103515625		23.7719726563		29.2142333984		37.979309082		50.0219116219		66.126159668		86.357749939		111.5860099792		142.2528610229

				Predicate Ring Set		24.6015625		21.005859375		21.1826171875		23.7368164063		29.1688232422		38.0854492188		50.1616210938		66.1756744385		86.4152984619		111.7057876587		142.2759494781

				Object Ring Set		25.310546875		20.9052734375		21.03125		23.796875		29.6104736328		37.9306030273		49.96484375		66.2513580322		86.5858535767		111.7463569641		142.4364719391

		Stabilize		Subject Ring Set		6		4		3		2.5		2.25		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625

				Predicate Ring Set		6		4		3		2.5		2.25		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625

				Object Ring Set		6		4		3		2.5		2.25		2.125		2.0625		2.03125		2.015625		2.0078125		2.00390625

		Check_Predecessor		Subject Ring Set		3		2		1.5		1.25		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125

				Predicate Ring Set		3		2		1.5		1.25		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125

				Object Ring Set		3		2		1.5		1.25		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625		1.001953125

		Distribute/Update Index Cost		Subject Ring Set		2.59765625		2.8369140625		3.0537109375		3.4765625		3.9787597656		4.4572143555		5.0017089844		5.6861877441		6.4898986816		7.5428276062		8.9772396088

				Subject Ring Set		2.599609375		2.7783203125		3.13671875		3.5319824219		3.9315185547		4.4669799805		5.1020202637		5.6744842529		6.5387420654		7.5327682495		8.9605922699

				Predicate Ring Set		2.552734375		2.708984375		3.09375		3.4287109375		3.9134521484		4.4328613281		5.0137329102		5.6047973633		6.3076171875		7.2588119507		8.2177391052

				Predicate Ring Set		2.591796875		2.7646484375		3.0815429688		3.4887695313		3.9189453125		4.4447631836		5.0597839355		5.6531219482		6.4485473633		7.5583114624		8.9456691742

				Object Ring Set		2.556640625		2.7744140625		3.0708007813		3.3781738281		3.951171875		4.3876342773		4.8168945313		5.3759918213		5.8718261719		6.3241539001		6.8478393555

				Object Ring Set		2.5390625		2.7568359375		3.0454101563		3.5026855469		3.9567871094		4.4561157227		4.9877624512		5.7080078125		6.4962463379		7.5541114807		8.9481239319

		Sum		Subject Ring Set		36.865234375		29.7451171875		28.6572265625		30.9985351563		36.5679931641		45.6240234375		58.1173706063		74.8592224121		95.8710861206		122.1405563354		154.2359600067

				Predicate Ring Set		36.154296875		29.71484375		28.7763671875		30.9155273438		36.4572753906		45.7058105469		58.2691040039		74.8273468018		95.7463531494		121.9763183594		153.4995479584

				Object Ring Set		36.849609375		29.662109375		28.5766601563		31.0495605469		36.9422607422		45.57421875		58.0463562012		75.0062408447		96.1055374146		122.3121871948		154.390455246

		Total Cost				109.869140625		89.1220703125		86.0102539063		92.9636230469		109.9675292969		136.9040527344		174.4328308114		224.6928100586		287.7229766846		366.4290618896		462.1259632111

		No. of categories 256 (2^8)

		FixFinger		Subject Ring Set		35.78515625		24.775390625		21.2919921875		20.9074707031		23.6965332031		29.2571411133		38.0531921387		50.1841583252		66.148651123		86.3932151794		111.6215324402

				Predicate Ring Set		35.490234375		25.7109375		20.6923828125		21.0185546875		23.8292236328		29.4288330078		38.0992736816		50.0863952637		65.9729385376		86.3931541443		111.6724491119

				Object Ring Set		34.54296875		25.7939453125		20.8203125		21.0134277344		23.8565673828		29.1527709961		37.9020996094		50.1662445068		66.0614318848		86.3110618591		111.7229137427

		Stabilize		Subject Ring Set		10		6		4		3		2.5		2.25		2.125		2.0625		2.03125		2.015625		2.0078125

				Predicate Ring Set		10		6		4		3		2.5		2.25		2.125		2.0625		2.03125		2.015625		2.0078125

				Object Ring Set		10		6		4		3		2.5		2.25		2.125		2.0625		2.03125		2.015625		2.0078125

		Check_Predecessor		Subject Ring Set		5		3		2		1.5		1.25		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625

				Predicate Ring Set		5		3		2		1.5		1.25		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625

				Object Ring Set		5		3		2		1.5		1.25		1.125		1.0625		1.03125		1.015625		1.0078125		1.00390625

		Distribute/Update Index Cost		Subject Ring Set		2.42578125		2.5869140625		2.8447265625		3.0874023438		3.4487304688		3.9010620117		4.4978942871		4.9965057373		5.7104187012		6.5230178833		7.4920253754

				Subject Ring Set		2.49609375		2.5810546875		2.7705078125		3.0778808594		3.5224609375		3.9497070313		4.4499511719		5.0141448975		5.6350021362		6.5854568481		7.6049423218

				Predicate Ring Set		2.50390625		2.544921875		2.7719726563		3.1262207031		3.4692382813		3.9524536133		4.4381103516		4.9833679199		5.6176071167		6.3452377319		7.2268009186

				Predicate Ring Set		2.4296875		2.55078125		2.7612304688		3.0966796875		3.48046875		3.9764404297		4.4233398438		5.017791748		5.6890869141		6.5221786499		7.6062011719

				Object Ring Set		2.416015625		2.5673828125		2.6987304688		3.0661621094		3.4249267578		3.8597412109		4.3646850586		4.9134521484		5.3645935059		5.8381347656		6.3548965454

				Object Ring Set		2.439453125		2.6142578125		2.7421875		3.0766601563		3.4587402344		3.9705810547		4.442199707		5.0559387207		5.6544036865		6.4947280884		7.5285167694

		Sum		Subject Ring Set		53.28125		36.3623046875		30.13671875		28.4948730469		30.8952636719		36.533203125		45.7385864258		58.2744140625		74.9059448242		95.9396705627		122.1252765656

				Predicate Ring Set		52.994140625		37.255859375		29.4643554688		28.6447753906		31.0484619141		36.7562866211		45.7248840332		58.1635131836		74.6374206543		95.7618293762		121.9109687805

				Object Ring Set		51.958984375		37.361328125		29.5190429688		28.5795898438		31.0314941406		36.387512207		45.454284668		58.1734466553		74.4729003906		95.1726341248		121.0895290381

		Total Cost				158.234375		110.9794921875		89.1201171875		85.7192382813		92.9752197266		109.6770019531		136.917755127		174.6113739014		224.0162658691		286.8741340637		365.1257743841

				2^9		2^10		2^11		2^12		2^13		2^14		2^15		2^16		2^17		2^18		2^19

		No. of nodes		512		1024		2048		4096		8192		16384		32768		65536		131072		262144		524288

		RDFPeers		66.072265625		81.73828125		105.509765625		130.873046875		160.1516113281		197.5159301758		237.8804016254		290.1543884277		351.2207183838		412.7267379761		485.3915195465

		Layer 2		158.123046875		204.943359375		261.8969726563		341.404296875		429.8372802734		539.0358886719		663.8681335449		815.7665405273		980.6852035522		1176.2700195313		1395.8338432905

		Layer 4		130.796875		167.013671875		216.5043945313		279.5786132813		355.9046630859		448.186706543		560.829864502		692.9516906738		846.9518661499		1021.7574081421		1225.8861141205

		Layer 8		106.978515625		132.4814453125		171.3149414063		220.6149902344		284.0457763672		362.4059448242		456.9384460449		568.7457733154		702.0075531006		854.1397895813		1034.2940559387

		Layer 16		91.05078125		107.7451171875		134.9765625		172.8984375		222.4008789063		285.3420410156		363.7016296387		458.5690765381		572.6716461182		704.4614944458		859.1730537415

		Layer 32		84.380859375		91.73046875		109.23046875		136.232421875		174.638671875		223.3988647461		286.3758544923		364.5015258789		459.7802582332		572.5920181274		706.2541503908

		Layer 64		88.720703125		84.6708984375		92.1596679688		109.4968261719		136.6882324219		174.5316162109		224.0755615234		286.7452850342		365.1996078491		460.2340584289		573.5798740387

		Layer 128		109.88671875		89.1396484375		86.0356445313		92.8391113281		109.9619140625		136.8355712891		174.2619628915		224.3607940674		287.0985565186		365.1991043091		460.0256786346

		Layer 256		158.1640625		110.9794921875		89.1201171875		85.7192382813		92.9752197266		109.6770019531		136.917755127		174.6113739014		224.0162658691		286.8741340637		365.1257743841





Maintenance-Table

		No. of nodes		4096		8192		16384		32768		65536		131072		262144		524288

		RDFPeers		130.873		160.152		197.516		237.880		290.154		351.221		412.727		485.392

		RDF - Chord 16 Layers		172.898		222.401		285.342		363.702		458.569		572.672		704.461		859.173

		RDF - Chord 32 Layers		136.232		174.639		223.399		286.376		364.502		459.780		572.592		706.254

		RDF - Chord 64 Layers		109.497		136.688		174.532		224.076		286.745		365.200		460.234		573.580

		RDF - Chord 128 Layers		92.839		109.962		136.836		174.262		224.361		287.099		365.199		460.026

		RDF - Chord 256 Layers		85.719		92.975		109.677		136.918		174.611		224.016		286.874		365.126





Total Cost - Nodes 131072

		Total Cost																				Stabilization		Q1		Q4		Q7		Range Query		Joining

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query								RDFPeers		351.221		9.3738555908		9.3785018921		9.3811187744		26223.7562484741		202.300

						1		0		0		0								L = 16		572.672		8.4893264771		8.290397644		8.2495727539		10.8509979248		276.200

		query rate				0.25		0.5		0.75		1		1.25		1.5				L = 32		459.780		7.8951034546		7.8441467285		7.8430099487		9.6109695435		244.100

		RDFPeers		Stabilization (30s)		131072		131072		131072		131072		131072		131072				L = 64		365.200		7.3044662476		7.3946990967		7.3369598389		8.7248458862		213.800

				Query times (30s)		32768		65536		98304		131072		163840		196608				L = 128		287.099		6.8457260132		6.8159484863		6.7955627441		8.017868042		179.000

				Node joining (30s)		0		0		0		0		0		0				L = 256		224.016		6.2484207153		6.3636779785		6.3330230713		7.4540786743		154.400

				Total cost		46342364.4999999		46649526.9999999		46956689.4999999		47263851.9999999		47571014.4999999		47878176.9999999

		RDF-Chord - L = 16		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query costs (30s)		32768		65536		98304		131072		163840		196608

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		75339396.2499999		75617574.4999999		75895752.7499999		76173930.9999999		76452109.2499999		76730287.4999999

		RDF-Chord - L = 32		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		60523024.7571422		60781731.5071422		61040438.2571422		61299145.0071422		61557851.7571422		61816558.5071422

		RDF-Chord - L = 64		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		48106795.7499998		48346148.4999998		48585501.2499998		48824853.9999998		49064206.7499998		49303559.4999998

		RDF-Chord - L = 128		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		37854902.75		38079223.5		38303544.25		38527865		38752185.75		38976506.5

		RDF-Chord - L = 256		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		29567008.25		29771756.5		29976504.75		30181253		30386001.25		30590749.5

		Total Cost - Q1

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						1		0		0		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		46342364.4999999		46649526.9999999		46956689.4999999		47263851.9999999		47571014.4999999		47878176.9999999

		RDF-Chord - L = 16		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query costs (30s)		32768		65536		98304		131072		163840		196608

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		75339396.2499999		75617574.4999999		75895752.7499999		76173930.9999999		76452109.2499999		76730287.4999999

		RDF-Chord - L = 32		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		60523024.7571422		60781731.5071422		61040438.2571422		61299145.0071422		61557851.7571422		61816558.5071422

		RDF-Chord - L = 64		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		48106795.7499998		48346148.4999998		48585501.2499998		48824853.9999998		49064206.7499998		49303559.4999998

		RDF-Chord - L = 128		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		37854902.75		38079223.5		38303544.25		38527865		38752185.75		38976506.5

		RDF-Chord - L = 256		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		29567008.25		29771756.5		29976504.75		30181253		30386001.25		30590749.5

		Total Cost - Q4

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		1		0		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		46342516.7499999		46649831.4999999		46957146.2499999		47264460.9999999		47571775.7499999		47879090.4999999

		RDF-Chord - L = 16		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query costs (30s)		32768		65536		98304		131072		163840		196608

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		75332877.7499999		75604537.4999999		75876197.2499999		76147856.9999999		76419516.7499999		76691176.4999999

		RDF-Chord - L = 32		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		60521355.0071422		60778392.0071422		61035429.0071422		61292466.0071422		61549503.0071422		61806540.0071422

		RDF-Chord - L = 64		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		48109752.4999998		48352061.9999998		48594371.4999998		48836680.9999998		49078990.4999998		49321299.9999998

		RDF-Chord - L = 128		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		37853927		38077272		38300617		38523962		38747307		38970652

		RDF-Chord - L = 256		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		29570785		29779310		29987835		30196360		30404885		30613410

		Total Cost - Q7

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		0		1		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		46342602.4999999		46650002.9999999		46957403.4999999		47264803.9999999		47572204.4999999		47879604.9999999

		RDF-Chord - L = 16		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query costs (30s)		32768		65536		98304		131072		163840		196608

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		75331539.9999999		75601861.9999999		75872183.9999999		76142505.9999999		76412827.9999999		76683149.9999999

		RDF-Chord - L = 32		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		60521317.7571422		60778317.5071422		61035317.2571422		61292317.0071422		61549316.7571422		61806316.5071422

		RDF-Chord - L = 64		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		48107860.4999998		48348277.9999998		48588695.4999998		48829112.9999998		49069530.4999998		49309947.9999998

		RDF-Chord - L = 128		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		37853259		38075936		38298613		38521290		38743967		38966644

		RDF-Chord - L = 256		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		29569780.5		29777301		29984821.5		30192342		30399862.5		30607383

		Total Cost - Range Query

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		0		0		1

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		905335246.749999		1764635291.5		2623935336.25		3483235381		4342535425.75		5201835470.5

		RDF-Chord - L = 16		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query costs (30s)		32768		65536		98304		131072		163840		196608

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		75416783.4999999		75772348.9999999		76127914.4999999		76483479.9999999		76839045.4999999		77194610.9999999

		RDF-Chord - L = 32		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		60579250.2571422		60894182.5071422		61209114.7571422		61524047.0071422		61838979.2571422		62153911.5071422

		RDF-Chord - L = 64		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		48153338.7499998		48439234.4999998		48725130.2499998		49011025.9999998		49296921.7499998		49582817.4999998

		RDF-Chord - L = 128		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		37893311.5		38156041		38418770.5		38681500		38944229.5		39206959

		RDF-Chord - L = 256		Stabilization (30s)		131072		131072		131072		131072		131072		131072

				Query times (30s)		32768		65536		98304		131072		163840		196608

				Node joining (30s)		0		0		0		0		0		0

				Total cost		29606515.25		29850770.5		30095025.75		30339281		30583536.25		30827791.5





Total Cost - Query Rate

		New node join		Number of nodes 131072

		Query Rate		0.25		0.5		0.75		1		1.25		1.5

				32768		65536		98304		131072		163840		196608

		RDFPeers		46342566.7999999		46649729.2999999		46956891.7999999		47264054.2999999		47571216.7999999		47878379.2999999

		RDF-Chord - 16 Layers		75339672.4499999		75617850.6999999		75896028.9499999		76174207.1999999		76452385.4499999		76730563.6999999

		RDF-Chord - 32 Layers		60523268.8571422		60781975.6071422		61040682.3571422		61299389.1071422		61558095.8571422		61816802.6071422

		RDF-Chord - 64 Layers		48107009.5499998		48346362.2999998		48585715.0499998		48825067.7999998		49064420.5499998		49303773.2999998

		RDF-Chord - 128 Layers		37855081.75		38079402.5		38303723.25		38528044		38752364.75		38976685.5

		RDF-Chord - 256 Layers		29567162.65		29771910.9		29976659.15		30181407.4		30386155.65		30590903.9

		No new node join - Q1

				32768		65536		98304		131072		163840		196608

		RDFPeers		46342364.4999999		46649526.9999999		46956689.4999999		47263851.9999999		47571014.4999999		47878176.9999999

		RDF-Chord - 16 Layers		75339396.2499999		75617574.4999999		75895752.7499999		76173930.9999999		76452109.2499999		76730287.4999999

		RDF-Chord - 32 Layers		60523024.7571422		60781731.5071422		61040438.2571422		61299145.0071422		61557851.7571422		61816558.5071422

		RDF-Chord - 64 Layers		48106795.7499998		48346148.4999998		48585501.2499998		48824853.9999998		49064206.7499998		49303559.4999998

		RDF-Chord - 128 Layers		37854902.75		38079223.5		38303544.25		38527865		38752185.75		38976506.5

		RDF-Chord - 256 Layers		29567008.25		29771756.5		29976504.75		30181253		30386001.25		30590749.5

		No new node join - Q4

				32768		65536		98304		131072		163840		196608

		RDFPeers		46342516.7499999		46649831.4999999		46957146.2499999		47264460.9999999		47571775.7499999		47879090.4999999

		RDF-Chord - 16 Layers		75332877.7499999		75604537.4999999		75876197.2499999		76147856.9999999		76419516.7499999		76691176.4999999

		RDF-Chord - 32 Layers		60521355.0071422		60778392.0071422		61035429.0071422		61292466.0071422		61549503.0071422		61806540.0071422

		RDF-Chord - 64 Layers		48109752.4999998		48352061.9999998		48594371.4999998		48836680.9999998		49078990.4999998		49321299.9999998

		RDF-Chord - 128 Layers		37853927		38077272		38300617		38523962		38747307		38970652

		RDF-Chord - 256 Layers		29570785		29779310		29987835		30196360		30404885		30613410

		No new node join - Q7

				32768		65536		98304		131072		163840		196608

		RDFPeers		46342602.4999999		46650002.9999999		46957403.4999999		47264803.9999999		47572204.4999999		47879604.9999999

		RDF-Chord - 16 Layers		75331539.9999999		75601861.9999999		75872183.9999999		76142505.9999999		76412827.9999999		76683149.9999999

		RDF-Chord - 32 Layers		60521317.7571422		60778317.5071422		61035317.2571422		61292317.0071422		61549316.7571422		61806316.5071422

		RDF-Chord - 64 Layers		48107860.4999998		48348277.9999998		48588695.4999998		48829112.9999998		49069530.4999998		49309947.9999998

		RDF-Chord - 128 Layers		37853259		38075936		38298613		38521290		38743967		38966644

		RDF-Chord - 256 Layers		29569780.5		29777301		29984821.5		30192342		30399862.5		30607383

		No new node join - Range query

				32768		65536		98304		131072		163840		196608

		RDFPeers		905335246.749999		1764635291.5		2623935336.25		3483235381		4342535425.75		5201835470.5

		RDF-Chord - 16 Layers		75416783.4999999		75772348.9999999		76127914.4999999		76483479.9999999		76839045.4999999		77194610.9999999

		RDF-Chord - 32 Layers		60579250.2571422		60894182.5071422		61209114.7571422		61524047.0071422		61838979.2571422		62153911.5071422

		RDF-Chord - 64 Layers		48153338.7499998		48439234.4999998		48725130.2499998		49011025.9999998		49296921.7499998		49582817.4999998

		RDF-Chord - 128 Layers		37893311.5		38156041		38418770.5		38681500		38944229.5		39206959

		RDF-Chord - 256 Layers		29606515.25		29850770.5		30095025.75		30339281		30583536.25		30827791.5





Total Cost - Query Rate
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Total Cost-Ratio Q1&range query
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Query Cost - PDMS ratio
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Maintenance Cost - PDMS ratio

		Query = 393216, a new node join

		The ratio of Q1 and range query		0.999 / 0.001		0.998 / 0.002		0.997 / 0.003		0.996 / 0.004		0.995 / 0.005

		RDFPeers		60029268.8869999		70337183.4739999		80645098.0609999		90953012.6479998		101260927.235

		RDF-Chord - 16 Layers		78400561.8469999		78401490.4939999		78402419.1409999		78403347.7879999		78404276.4349999

		RDF-Chord - 32 Layers		63369717.8131422		63370392.5191422		63371067.2251422		63371741.9311422		63372416.6371422

		RDF-Chord - 64 Layers		50740448.3159998		50741006.8319998		50741565.3479998		50742123.8639998		50742682.3799998

		RDF-Chord - 128 Layers		40323070.905		40323531.81		40323992.715		40324453.62		40324914.525

		RDF-Chord - 256 Layers		31819867.484		31820341.568		31820815.652		31821289.736		31821763.82

		Query = 98304, a new node join

		The ratio of Q1 and range query		0.99 / 0.01		0.98 / 0.02		0.97 / 0.03		0.96 / 0.04		0.95 / 0.05

		RDFPeers		72726678.2674999		98496464.7349999		124266251.2025		150036037.67		175805824.1375

		RDF-Chord - 16 Layers		75898350.5674999		75900672.1849999		75902993.8024999		75905315.4199999		75907637.0374999

		RDF-Chord - 32 Layers		61042369.1221422		61044055.8871422		61045742.6521422		61047429.4171422		61049116.1821422

		RDF-Chord - 64 Layers		48587111.3399998		48588507.6299998		48589903.9199998		48591300.2099998		48592696.4999998

		RDF-Chord - 128 Layers		38304875.5125		38306027.775		38307180.0375		38308332.3		38309484.5625

		RDF-Chord - 256 Layers		29977844.36		29979029.57		29980214.78		29981399.99		29982585.2

		Query = 98304, no new node join

		The ratio of Q1 and range query		0.99 / 0.01		0.98 / 0.02		0.97 / 0.03		0.96 / 0.04		0.95 / 0.05

		RDFPeers		72726475.9674999		98496262.4349999		124266048.9025		150035835.37		175805621.8375

		RDF-Chord - 16 Layers		75898074.3674999		75900395.9849999		75902717.6024999		75905039.2199999		75907360.8374999

		RDF-Chord - 32 Layers		61042125.0221422		61043811.7871422		61045498.5521422		61047185.3171422		61048872.0821422

		RDF-Chord - 64 Layers		48586897.5399998		48588293.8299998		48589690.1199998		48591086.4099998		48592482.6999998

		RDF-Chord - 128 Layers		38304696.5125		38305848.775		38307001.0375		38308153.3		38309305.5625

		RDF-Chord - 256 Layers		29977689.96		29978875.17		29980060.38		29981245.59		29982430.8

		Query = 98304, a new node join

		The ratio of Q1 and range query		0.995 / 0.005		0.990 / 0.010		0.985 / 0.015		0.980 / 0.020		0.975 / 0.025

		RDFPeers		59841785.0337499		72726678.2674999		85611571.5012499		98496464.7349999		111381357.96875

		RDF-Chord - 16 Layers		75897189.7587499		75898350.5674999		75899511.3762499		75900672.1849999		75901832.9937499

		RDF-Chord - 32 Layers		61041525.7396422		61042369.1221422		61043212.5046422		61044055.8871422		61044899.2696422

		RDF-Chord - 64 Layers		48586413.1949998		48587111.3399998		48587809.4849998		48588507.6299998		48589205.7749998

		RDF-Chord - 128 Layers		38304299.38125		38304875.5125		38305451.64375		38306027.775		38306603.90625

		RDF-Chord - 256 Layers		29977251.755		29977844.36		29978436.965		29979029.57		29979622.175

		Query = 98304, no new node join

		The ratio of range query		0.5%		1.0%		1.5%		2.0%		2.5%

		RDFPeers		59841582.7337499		72726475.9674999		85611369.2012499		98496262.4349999		111381155.66875

		RDF-Chord - 16 Layers		75896913.5587499		75898074.3674999		75899235.1762499		75900395.9849999		75901556.7937499

		RDF-Chord - 32 Layers		61041281.6396422		61042125.0221422		61042968.4046422		61043811.7871422		61044655.1696422

		RDF-Chord - 64 Layers		48586199.3949998		48586897.5399998		48587595.6849998		48588293.8299998		48588991.9749998

		RDF-Chord - 128 Layers		38304120.38125		38304696.5125		38305272.64375		38305848.775		38306424.90625

		RDF-Chord - 256 Layers		29977097.355		29977689.96		29978282.565		29978875.17		29979467.775





Maintenance Cost - PDMS ratio
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Total Cost - PDMS ratio
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Total Cost - PDMS ratio - 2^12
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Total Cost - PDMS ratio - 2^13
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Total Cost - PDMS ratio - 2^14

		No. of BP		1		2		4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384		32768		65536		131072		262144		524288

		Nodes 4096		4.1086425781		4.3334960938		4.2529296875		4.2331542969		4.4711914063		4.7253417969		5.0205078125		5.3713378906		5.6884765625		5.8549804688		5.7204589844		6.0061035156		5.978515625

		Nodes 8192		4.6821289063		4.7351074219		4.8073730469		4.7635498047		4.857421875		4.9819335938		5.1966552734		5.4794921875		5.7796630859		5.9781494141		5.9039306641		6.2504882813		6.4925537109		6.5124511719

		Nodes 16384		5.3637084961		5.3180541992		5.2707519531		5.2881469727		5.4703979492		5.4130859375		5.5051879883		5.6781005859		5.8977050781		6.0083007813		5.950012207		6.3753051758		6.7596435547		7.0065917969		6.9927978516

		Nodes 32768		5.8004760742		5.8953857422		5.8392333984		5.7779846191		5.8256530762		5.8235778809		5.8960571289		5.9208679199		6.0259094238		6.0932922363		5.9691162109		6.4183959961		6.8674926758		7.2423095703		7.4956665039		7.5028076172

		Nodes 65536		6.345199585		6.3545837402		6.3020782471		6.2398223877		6.311706543		6.3218688965		6.2954559326		6.2944641113		6.2887420654		6.181137085		5.9824523926		6.449432373		6.9261474609		7.3733520508		7.7434692383		7.9954833984		8.0029296875

		Nodes 131072		6.8472213745		6.8808059692		6.8517608643		6.8817062378		6.8234939575		6.7529754639		6.7547683716		6.6200561523		6.5246276855		6.3600769043		5.9875564575		6.4770889282		6.9638214111		7.4315032959		7.8630981445		8.2417373657		8.4955749512		Out of Memory

		Nodes 262144		7.3622665405		7.332862854		7.2906761169		7.3282737732		7.3266143799		7.2810440063		7.2540931702		7.1187934875		6.9475364685		6.5543937683		5.986995697		6.4874992371		6.9810180664		7.4600448608		7.9313926697		8.3711395264		8.7414169312		Out of Memory		Out of Memory

		Nodes 524288		7.8282089233		7.7769069672		7.9032363892		7.899356842		7.9263935089		7.8547935486		7.8081455231		7.6264457703		7.3885631561		6.8970661163		5.9929599762		6.4855556488		6.9849090576		7.476568222		7.9612445831		8.4281330109		Out of Memory		Out of Memory		Out of Memory		Out of Memory





Total Cost - PDMS ratio - 2^14
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Total Cost - PDMS ratio - 2^15

		





Total Cost - PDMS ratio - 2^15
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RDFPeers - Q3

RDF-Chord - Q3

Number of nodes

Average number of hops

6.9848632813

4.3276367188

7.4964599609

4.7805175781

7.990234375
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8.4644165039

5.8023681641
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Total Cost - PDMS ratio - 2^16
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RDF-Chord - Q1

Number of resource layers

Average number of hops
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Total Cost - PDMS ratio - 2^17
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RDFPeers - range query

RDF-Chord - range query

Range size

Average number of hops

6562.9694824219

7.924949646

13116.5519104003

7.9511795044

19670.1538619995

8.0684509277

26223.7562484741
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32777.3488845825
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Distribution index
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		65536		65536		65536		65536		65536		65536		65536		65536

		131072		131072		131072		131072		131072		131072		131072		131072

		262144		262144		262144		262144		262144		262144		262144		262144

		524288		524288		524288		524288		524288		524288		524288		524288



RDFPeers - Q1

RDFPeers - Q4

RDFPeers - Q6

RDFPeers - Q7

RDF-Chord - Q1

RDF-Chord - Q4

RDF-Chord - Q6

RDF-Chord - Q7

Number of nodes

Average number of hops

7

6.9877929688

6.9855957031

6.9626464844

4.4084472656

4.3127441406

4.3518066406

4.36328125

7.4847412109

7.4987792969

7.5061035156

7.5135498047

4.8039550781

4.8806152344

4.7739257813

4.8537597656

7.963684082

7.9841308594

8.0076293945

7.9557495117

5.3775024414

5.2836303711

5.4265136719

5.2658691406

8.4740905762

8.4675292969

8.4627685547

8.4554138184

5.8460388184

5.8427429199

5.9113769531

5.7944335938

8.9428100586

8.9497070313

8.9357147217

8.9481506348

6.404296875

6.3722686768

6.2720184326

6.3336486816

9.3738555908

9.3785018921

9.3840637207

9.3811187744

6.8457260132

6.8159484863

6.8737716675

6.7955627441

9.7429695129

9.7480697632

9.7470626831

9.7509155273

7.2901535034

7.3395423889

7.3636817932

7.2962646484

10.0008907318

10.0015201569

9.9987888336

9.9969120026

7.8855781555

7.852973938

7.8548564911

7.86120224



		4096		4096		4096		4096

		8192		8192		8192		8192

		16384		16384		16384		16384

		32768		32768		32768		32768

		65536		65536		65536		65536

		131072		131072		131072		131072

		262144		262144		262144		262144

		524288		524288		524288		524288



RDFPeers - Q2

RDFPeers - Q5

RDF-Chord - Q2

RDF-Chord - Q5

Number of nodes

Average number of hops

6.9887695313

7.0205078125

4.3513183594

4.4194335938

7.4691162109

7.4924316406

4.9123535156

4.8127441406

7.9753417969

7.9602050781

5.2896728516

5.2473754883

8.4764709473

8.466003418

5.781463623

5.8281555176

8.955291748

8.9398956299

6.3910522461

6.3005981445

9.372756958

9.3743286133

6.8767547607

6.8164596558

9.7451438904

9.7470092773

7.3016281128

7.3262748718

9.9999656677

10.0022335052

7.8802223206

7.8637256622



		32768		32768		32768		32768		32768		32768

		65536		65536		65536		65536		65536		65536

		98304		98304		98304		98304		98304		98304

		131072		131072		131072		131072		131072		131072

		163840		163840		163840		163840		163840		163840

		196608		196608		196608		196608		196608		196608



RDFPeers

RDF-Chord - 16 Layers

RDF-Chord - 32 Layers

RDF-Chord - 64 Layers

RDF-Chord - 128 Layers

RDF-Chord - 256 Layers

Number of queries

Total number of messages

46342364.4999999

75339396.2499999

60523024.7571422

48106795.7499998

37854902.75

29567008.25

46649526.9999999

75617574.4999999

60781731.5071422

48346148.4999998

38079223.5

29771756.5

46956689.4999999

75895752.7499999

61040438.2571422

48585501.2499998

38303544.25

29976504.75

47263851.9999999

76173930.9999999

61299145.0071422

48824853.9999998

38527865

30181253

47571014.4999999

76452109.2499999

61557851.7571422

49064206.7499998

38752185.75

30386001.25

47878176.9999999

76730287.4999999

61816558.5071422

49303559.4999998

38976506.5

30590749.5



		0.005		0.005		0.005		0.005		0.005		0.005

		0.01		0.01		0.01		0.01		0.01		0.01

		0.015		0.015		0.015		0.015		0.015		0.015

		0.02		0.02		0.02		0.02		0.02		0.02

		0.025		0.025		0.025		0.025		0.025		0.025



RDFPeers

RDF-Chord - 16 Layers

RDF-Chord - 32 Layers

RDF-Chord - 64 Layers

RDF-Chord - 128 Layers

RDF-Chord - 256 Layers

The ratio of range queries

Total number of messages

59841582.7337499

75896913.5587499

61041281.6396422

48586199.3949998

38304120.38125

29977097.355

72726475.9674999

75898074.3674999

61042125.0221422

48586897.5399998

38304696.5125

29977689.96

85611369.2012499

75899235.1762499

61042968.4046422

48587595.6849998

38305272.64375

29978282.565

98496262.4349999

75900395.9849999

61043811.7871422

48588293.8299998

38305848.775

29978875.17

111381155.66875

75901556.7937499

61044655.1696422

48588991.9749998

38306424.90625

29979467.775



		32768		32768		32768		32768		32768		32768

		65536		65536		65536		65536		65536		65536

		98304		98304		98304		98304		98304		98304

		131072		131072		131072		131072		131072		131072

		163840		163840		163840		163840		163840		163840

		196608		196608		196608		196608		196608		196608



RDFPeers

RDF-Chord - 16 Layers

RDF-Chord - 32 Layers

RDF-Chord - 64 Layers

RDF-Chord - 128 Layers

RDF-Chord - 256 Layers

Number of queries

Total number of messages

905335246.749999

75416783.4999999

60579250.2571422

48153338.7499998

37893311.5

29606515.25

1764635291.5

75772348.9999999

60894182.5071422

48439234.4999998

38156041

29850770.5

2623935336.25

76127914.4999999

61209114.7571422

48725130.2499998

38418770.5

30095025.75

3483235381

76483479.9999999

61524047.0071422

49011025.9999998

38681500

30339281

4342535425.75

76839045.4999999

61838979.2571422

49296921.7499998

38944229.5

30583536.25

5201835470.5

77194610.9999999

62153911.5071422

49582817.4999998

39206959

30827791.5



		2		2		2		2		2		2		2		2

		4		4		4		4		4		4		4		4

		8		8		8		8		8		8		8		8

		16		16		16		16		16		16		16		16

		32		32		32		32		32		32		32		32

		64		64		64		64		64		64		64		64

		128		128		128		128		128		128		128		128

		256		256		256		256		256		256		256		256

		512		512		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024		1024		1024

		2048		2048		2048		2048		2048		2048		2048		2048



Nodes 4096

Nodes 8192

Nodes 16384

Nodes 32768

Nodes 65536

Nodes 131072

Nodes 262144

Nodes 524288

Number of bridge peers

Average number of hops

4.3334960938

4.7351074219

5.3180541992

5.8953857422

6.3545837402

6.8808059692

7.332862854

7.7769069672

4.2529296875

4.8073730469

5.2707519531

5.8392333984

6.3020782471

6.8517608643

7.2906761169

7.9032363892

4.2331542969

4.7635498047

5.2881469727

5.7779846191

6.2398223877

6.8817062378

7.3282737732

7.899356842

4.4711914063

4.857421875

5.4703979492

5.8256530762

6.311706543

6.8234939575

7.3266143799

7.9263935089

4.7253417969

4.9819335938

5.4130859375

5.8235778809

6.3218688965

6.7529754639

7.2810440063

7.8547935486

5.0205078125

5.1966552734

5.5051879883

5.8960571289

6.2954559326

6.7547683716

7.2540931702

7.8081455231

5.3713378906

5.4794921875

5.6781005859

5.9208679199

6.2944641113

6.6200561523

7.1187934875

7.6264457703

5.6884765625

5.7796630859

5.8977050781

6.0259094238

6.2887420654

6.5246276855

6.9475364685

7.3885631561

5.8549804688

5.9781494141

6.0083007813

6.0932922363

6.181137085

6.3600769043

6.5543937683

6.8970661163

5.7204589844

5.9039306641

5.950012207

5.9691162109

5.9824523926

5.9875564575

5.986995697

5.9929599762

6.0061035156

6.2504882813

6.3753051758

6.4183959961

6.449432373

6.4770889282

6.4874992371

6.4855556488



		0.78125 % 
(2^12 / 2^19)		0.78125 % 
(2^12 / 2^19)		0.78125 % 
(2^12 / 2^19)		0.78125 % 
(2^12 / 2^19)		0.78125 % 
(2^12 / 2^19)		0.78125 % 
(2^12 / 2^19)

		1.5625 %
(2^13 / 2^19)		1.5625 %
(2^13 / 2^19)		1.5625 %
(2^13 / 2^19)		1.5625 %
(2^13 / 2^19)		1.5625 %
(2^13 / 2^19)		1.5625 %
(2^13 / 2^19)

		3.125 % 
(2^14 / 2^19)		3.125 % 
(2^14 / 2^19)		3.125 % 
(2^14 / 2^19)		3.125 % 
(2^14 / 2^19)		3.125 % 
(2^14 / 2^19)		3.125 % 
(2^14 / 2^19)

		6.25 %
(2^15 / 2^19)		6.25 %
(2^15 / 2^19)		6.25 %
(2^15 / 2^19)		6.25 %
(2^15 / 2^19)		6.25 %
(2^15 / 2^19)		6.25 %
(2^15 / 2^19)

		12.5 %
(2^16 / 2^19)		12.5 %
(2^16 / 2^19)		12.5 %
(2^16 / 2^19)		12.5 %
(2^16 / 2^19)		12.5 %
(2^16 / 2^19)		12.5 %
(2^16 / 2^19)

		25 %
(2^17 / 2^19)		25 %
(2^17 / 2^19)		25 %
(2^17 / 2^19)		25 %
(2^17 / 2^19)		25 %
(2^17 / 2^19)		25 %
(2^17 / 2^19)



RDFPeers - Q1

RDFPeers - Q2

RDFPeers - Q3

RDF-Chord - Q1

RDF-Chord - Q2

RDF-Chord - Q3

The ratio of PDMS sizes

Average number of hops

10.0008907318

9.9999656677

9.9985122681

4.4084472656

4.3513183594

4.3276367188

10.0008907318

9.9999656677

9.9985122681

4.8039550781

4.9123535156

4.7805175781

10.0008907318

9.9999656677

9.9985122681

5.3775024414

5.2896728516

5.286315918

10.0008907318

9.9999656677

9.9985122681

5.8460388184

5.781463623

5.8023681641

10.0008907318

9.9999656677

9.9985122681

6.404296875

6.3910522461

6.3229675293

10.0008907318

9.9999656677

9.9985122681

6.8457260132

6.8767547607

6.8517913818



		0.78125 % 
(2^12 / 2^19)		0.78125 % 
(2^12 / 2^19)		0.78125 % 
(2^12 / 2^19)		0.78125 % 
(2^12 / 2^19)		0.78125 % 
(2^12 / 2^19)		0.78125 % 
(2^12 / 2^19)

		1.5625 %
(2^13 / 2^19)		1.5625 %
(2^13 / 2^19)		1.5625 %
(2^13 / 2^19)		1.5625 %
(2^13 / 2^19)		1.5625 %
(2^13 / 2^19)		1.5625 %
(2^13 / 2^19)

		3.125 % 
(2^14 / 2^19)		3.125 % 
(2^14 / 2^19)		3.125 % 
(2^14 / 2^19)		3.125 % 
(2^14 / 2^19)		3.125 % 
(2^14 / 2^19)		3.125 % 
(2^14 / 2^19)

		6.25 %
(2^15 / 2^19)		6.25 %
(2^15 / 2^19)		6.25 %
(2^15 / 2^19)		6.25 %
(2^15 / 2^19)		6.25 %
(2^15 / 2^19)		6.25 %
(2^15 / 2^19)

		12.5 %
(2^16 / 2^19)		12.5 %
(2^16 / 2^19)		12.5 %
(2^16 / 2^19)		12.5 %
(2^16 / 2^19)		12.5 %
(2^16 / 2^19)		12.5 %
(2^16 / 2^19)

		25 %
(2^17 / 2^19)		25 %
(2^17 / 2^19)		25 %
(2^17 / 2^19)		25 %
(2^17 / 2^19)		25 %
(2^17 / 2^19)		25 %
(2^17 / 2^19)



RDFPeers

RDF-Chord - 16 Layers

RDF-Chord - 32 Layers

RDF-Chord - 64 Layers

RDF-Chord - 128 Layers

RDF-Chord - 256 Layers

The ratio of PDMS sizes

Total number of messages

255795785.75

91934688

72626880

58560544

49776544

45974912

255795785.75

117930240

92843072

72880000

58805664

49835008

255795785.75

151005216

118473176

92791727.9999997

72970375.9999997

58664016

255795785.75

192158495.999999

151554216.000044

118829448

92653996.0004425

73014411.9999999

255795785.75

241965110

192579829.999999

151759102

118993384

92837307.9999999

255795785.75

301881872.999999

242616387.028569

192951470.999999

151943899

118792321



		No.of nodes vs. Routing hops

		No. of nodes 524288 (2^19) No. of resource layers 128 (2^7)

						(2^12 / 2^19)		(2^13 / 2^19)		(2^14 / 2^19)		(2^15 / 2^19)		(2^16 / 2^19)		(2^17 / 2^19)

		The ratio of PDMS size				0.78125 %		1.5625 %		3.125 %		6.25 %		12.5 %		25 %

		RDFPeers		RDFPeers - Q1		10.0008907318		10.0008907318		10.0008907318		10.0008907318		10.0008907318		10.0008907318

				RDFPeers - Q2		9.9999656677		9.9999656677		9.9999656677		9.9999656677		9.9999656677		9.9999656677

				RDFPeers - Q3		9.9985122681		9.9985122681		9.9985122681		9.9985122681		9.9985122681		9.9985122681

				RDFPeers - Q4		10.0015201569		10.0015201569		10.0015201569		10.0015201569		10.0015201569		10.0015201569

				RDFPeers - Q5		10.0022335052		10.0022335052		10.0022335052		10.0022335052		10.0022335052		10.0022335052

				RDFPeers - Q6		9.9987888336		9.9987888336		9.9987888336		9.9987888336		9.9987888336		9.9987888336

				RDFPeers - Q7		9.9969120026		9.9969120026		9.9969120026		9.9969120026		9.9969120026		9.9969120026

		RDF-Chord		RDF-Chord - Q1		4.4084472656		4.8039550781		5.3775024414		5.8460388184		6.404296875		6.8457260132

				RDF-Chord - Q2		4.3513183594		4.9123535156		5.2896728516		5.781463623		6.3910522461		6.8767547607

				RDF-Chord - Q3		4.3276367188		4.7805175781		5.286315918		5.8023681641		6.3229675293		6.8517913818

				RDF-Chord - Q4		4.3127441406		4.8806152344		5.2836303711		5.8427429199		6.3722686768		6.8159484863

				RDF-Chord - Q5		4.4194335938		4.8127441406		5.2473754883		5.8281555176		6.3005981445		6.8164596558

				RDF-Chord - Q6		4.3518066406		4.7739257813		5.4265136719		5.9113769531		6.2720184326		6.8737716675

				RDF-Chord - Q7		4.36328125		4.8537597656		5.2658691406		5.7944335938		6.3336486816		6.7955627441





		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0



RDFPeers - Q1

RDFPeers - Q2

RDFPeers - Q3

RDF-Chord - Q1

RDF-Chord - Q2

RDF-Chord - Q3

The ratio of PDMS sizes

Average number of hops



		Number of nodes 524288 (2^19)

				(2^12 / 2^19)		(2^13 / 2^19)		(2^14 / 2^19)		(2^15 / 2^19)		(2^16 / 2^19)		(2^17 / 2^19)

		the ratio of PDMS size		0.78125 %		1.5625 %		3.125 %		6.25 %		12.5 %		25 %

		RDFPeers		485.3915195465		485.3915195465		485.3915195465		485.3915195465		485.3915195465		485.3915195465

		RDF-Chord - 16 Layers		173.8984375		223.4008789063		286.3420410156		364.7016296387		459.5690765381		573.6716461182

		RDF-Chord - 32 Layers		137.232421875		175.638671875		224.3988647461		287.3758544923		365.5015258789		460.7802582332

		RDF-Chord - 64 Layers		110.4968261719		137.6882324219		175.5316162109		225.0755615234		287.7452850342		366.1996078491

		RDF-Chord - 128 Layers		93.8391113281		110.9619140625		137.8355712891		175.2619628915		225.3607940674		288.0985565186

		RDF-Chord - 256 Layers		86.7192382813		93.9752197266		110.6770019531		137.917755127		175.6113739014		225.0162658691





		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0



RDFPeers

RDF-Chord - 16 Layers

RDF-Chord - 32 Layers

RDF-Chord - 64 Layers

RDF-Chord - 128 Layers

RDF-Chord - 256 Layers

The ratio of PDMS size

Average number of messages



		Number of Nodes 524288 (2^19)		Number of Queries 131072				Query Rate 0.25

				(2^12 / 2^19)		(2^13 / 2^19)		(2^14 / 2^19)		(2^15 / 2^19)		(2^16 / 2^19)		(2^17 / 2^19)

		the ratio of PDMS size		0.78125 %		1.5625 %		3.125 %		6.25 %		12.5 %		25 %

		RDFPeers		255795785.75		255795785.75		255795785.75		255795785.75		255795785.75		255795785.75

		RDF-Chord - 16 Layers		91934688		117930240		151005216		192158495.999999		241965110		301881872.999999

		RDF-Chord - 32 Layers		72626880		92843072		118473176		151554216.000044		192579829.999999		242616387.028569

		RDF-Chord - 64 Layers		58560544		72880000		92791727.9999997		118829448		151759102		192951470.999999

		RDF-Chord - 128 Layers		49776544		58805664		72970375.9999997		92653996.0004425		118993384		151943899

		RDF-Chord - 256 Layers		45974912		49835008		58664016		73014411.9999999		92837307.9999999		118792321

		Number of Nodes 524288 (2^19)		Number of Queries 262144				Query Rate 0.5

				(2^12 / 2^19)		(2^13 / 2^19)		(2^14 / 2^19)		(2^15 / 2^19)		(2^16 / 2^19)		(2^17 / 2^19)

		the ratio of PDMS size		0.78125 %		1.5625 %		3.125 %		6.25 %		12.5 %		25 %

		RDFPeers		257106622.5		257106622.5		257106622.5		257106622.5		257106622.5		257106622.5

		RDF-Chord - 16 Layers		92696512		118734080		151884736		193108303.999999		242983668		302994585.999999

		RDF-Chord - 32 Layers		73304448		93600896		119296720		152440720.000044		193531595.999999		243651214.028569

		RDF-Chord - 64 Layers		59188928		73571712		93554335.9999997		119654480		152656804		193908881.999999

		RDF-Chord - 128 Layers		50354368		59435328		73675215.9999997		93420248.0004425		119832808		152841182

		RDF-Chord - 256 Layers		46483968		50399936		59301408		73720199.9999999		93603679.9999999		119611314

		Number of Nodes 524288 (2^19)		Number of Queries 393216				Query Rate 0.75

				(2^12 / 2^19)		(2^13 / 2^19)		(2^14 / 2^19)		(2^15 / 2^19)		(2^16 / 2^19)		(2^17 / 2^19)

		the ratio of PDMS size		0.78125 %		1.5625 %		3.125 %		6.25 %		12.5 %		25 %

		RDFPeers		258417459.25		258417459.25		258417459.25		258417459.25		258417459.25		258417459.25

		RDF-Chord - 16 Layers		93458336		119537920		152764256		194058111.999999		244002226		304107298.999999

		RDF-Chord - 32 Layers		73982016		94358720		120120264		153327224.000044		194483361.999999		244686041.028569

		RDF-Chord - 64 Layers		59817312		74263424		94316943.9999997		120479512		153554506		194866292.999999

		RDF-Chord - 128 Layers		50932192		60064992		74380055.9999997		94186500.0004425		120672232		153738465

		RDF-Chord - 256 Layers		46993024		50964864		59938800		74425987.9999999		94370051.9999999		120430307

		Number of Nodes 524288 (2^19)		Number of Queries 524288				Query Rate 1

				(2^12 / 2^19)		(2^13 / 2^19)		(2^14 / 2^19)		(2^15 / 2^19)		(2^16 / 2^19)		(2^17 / 2^19)

		the ratio of PDMS size		0.78125 %		1.5625 %		3.125 %		6.25 %		12.5 %		25 %

		RDFPeers		259728296		259728296		259728296		259728296		259728296		259728296

		RDF-Chord - 16 Layers		94220160		120341760		153643776		195007919.999999		245020784		305220011.999999

		RDF-Chord - 32 Layers		74659584		95116544		120943808		154213728.000044		195435127.999999		245720868.028569

		RDF-Chord - 64 Layers		60445696		74955136		95079551.9999997		121304544		154452208		195823703.999999

		RDF-Chord - 128 Layers		51510016		60694656		75084895.9999997		94952752.0004425		121511656		154635748

		RDF-Chord - 256 Layers		47502080		51529792		60576192		75131775.9999999		95136423.9999999		121249300

		Number of Nodes 524288 (2^19)		Number of Queries 655360				Query Rate 1.25

				(2^12 / 2^19)		(2^13 / 2^19)		(2^14 / 2^19)		(2^15 / 2^19)		(2^16 / 2^19)		(2^17 / 2^19)

		the ratio of PDMS size		0.78125 %		1.5625 %		3.125 %		6.25 %		12.5 %		25 %

		RDFPeers		261039132.75		261039132.75		261039132.75		261039132.75		261039132.75		261039132.75

		RDF-Chord - 16 Layers		94981984		121145600		154523296		195957727.999999		246039342		306332724.999999

		RDF-Chord - 32 Layers		75337152		95874368		121767352		155100232.000044		196386893.999999		246755695.028569

		RDF-Chord - 64 Layers		61074080		75646848		95842159.9999997		122129576		155349910		196781114.999999

		RDF-Chord - 128 Layers		52087840		61324320		75789735.9999997		95719004.0004425		122351080		155533031

		RDF-Chord - 256 Layers		48011136		52094720		61213584		75837563.9999999		95902795.9999999		122068293

		Number of Nodes 524288 (2^19)		Number of Queries 786432				Query Rate 1.5

				(2^12 / 2^19)		(2^13 / 2^19)		(2^14 / 2^19)		(2^15 / 2^19)		(2^16 / 2^19)		(2^17 / 2^19)

		the ratio of PDMS size		0.78125 %		1.5625 %		3.125 %		6.25 %		12.5 %		25 %

		RDFPeers		262349969.5		262349969.5		262349969.5		262349969.5		262349969.5		262349969.5

		RDF-Chord - 16 Layers		95743808		121949440		155402816		196907535.999999		247057900		307445437.999999

		RDF-Chord - 32 Layers		76014720		96632192		122590896		155986736.000044		197338659.999999		247790522.028569

		RDF-Chord - 64 Layers		61702464		76338560		96604767.9999997		122954608		156247612		197738525.999999

		RDF-Chord - 128 Layers		52665664		61953984		76494575.9999997		96485256.0004425		123190504		156430314

		RDF-Chord - 256 Layers		48520192		52659648		61850976		76543351.9999999		96669167.9999999		122887286
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		Total Cost																		The Ratio of PDMS Size 2^12 / 2^19 (0.78125%)

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query										Stabilization		Q1		Q4		Q7		Range Query		Joining

						0		0		0		1								RDFPeers		485.3915195465		10.0008907318		10.0015201569		9.9969120026		104867.499744415		241.3

		query rate				0.25		0.5		0.75		1		1.25		1.5				L = 16		173.8984375		5.8122558594		5.8137207031		5.7397460938		6.8576660156		127.7

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288				L = 32		137.232421875		5.1694335938		5.2875976563		5.40234375		6.2819824219		109.6

				Query times (30s)		131072		262144		393216		524288		655360		786432				L = 64		110.4968261719		4.7941894531		4.8371582031		4.8012695313		5.8474121094		89.6

				Node joining (30s)		0		0		0		0		0		0				L = 128		93.8391113281		4.4084472656		4.3127441406		4.36328125		5.3806152344		71

				Total cost		13999677875.5		27744870801.9999		41490063728.4999		55235256654.9999		68980449581.4998		82725642507.9998				L = 256		86.7192382813		3.8837890625		3.888671875		3.9145507813		4.8640136719		58.2

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		92071712		92970560		93869408		94768256		95667104		96565952

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		72772704		73596096		74419488		75242880		76066272		76889664

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		58698592		59465024		60231456		60997888		61764320		62530752

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		49903968		50609216		51314464		52019712		52724960		53430208

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		46103392		46740928		47378464		48016000		48653536		49291072

		Total Cost - Q1

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						1		0		0		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795785.75		257106622.5		258417459.25		259728296		261039132.75		262349969.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		91934688		92696512		93458336		94220160		94981984		95743808

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		72626880		73304448		73982016		74659584		75337152		76014720

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		58560544		59188928		59817312		60445696		61074080		61702464

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		49776544		50354368		50932192		51510016		52087840		52665664

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		45974912		46483968		46993024		47502080		48011136		48520192

		Total Cost - Q4

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		1		0		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795868.25		257106787.5		258417706.75		259728626		261039545.25		262350464.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		91934880		92696896		93458912		94220928		94982944		95744960

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		72642368		73335424		74028480		74721536		75414592		76107648

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		58566176		59200192		59834208		60468224		61102240		61736256

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		49764000		50329280		50894560		51459840		52025120		52590400

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		45975552		46485248		46994944		47504640		48014336		48524032

		Total Cost - Q7

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		0		1		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795264.25		257105579.5		258415894.75		259726210		261036525.25		262346840.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		91925184		92677504		93429824		94182144		94934464		95686784

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		72657408		73365504		74073600		74781696		75489792		76197888

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		58561472		59190784		59820096		60449408		61078720		61708032

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		49770624		50342528		50914432		51486336		52058240		52630144

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		45978944		46492032		47005120		47518208		48031296		48544384

		Total Cost - Range Query

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		0		0		1

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		13999677875.5		27744870801.9999		41490063728.4999		55235256654.9999		68980449581.4998		82725642507.9998

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		92071712		92970560		93869408		94768256		95667104		96565952

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		72772704		73596096		74419488		75242880		76066272		76889664

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		58698592		59465024		60231456		60997888		61764320		62530752

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		49903968		50609216		51314464		52019712		52724960		53430208

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		46103392		46740928		47378464		48016000		48653536		49291072





		Total Cost																		The Ratio of PDMS Size 2^13 / 2^19 (1.5625%)

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query										Stabilization		Q1		Q4		Q7		Range Query		Joining

						1		0		0		0								RDFPeers		485.3915195465		10.0008907318		10.0015201569		9.9969120026		104867.499744415		241.3

		query rate				0.25		0.5		0.75		1		1.25		1.5				L = 16		223.4008789063		6.1328125		6.2943115234		6.3171386719		7.3581542969		151

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288				L = 32		175.638671875		5.7817382813		5.9066162109		5.8532714844		6.8665771484		127.5

				Query times (30s)		131072		262144		393216		524288		655360		786432				L = 64		137.6882324219		5.27734375		5.322265625		5.4364013672		6.3870849609		107.5

				Node joining (30s)		0		0		0		0		0		0				L = 128		110.9619140625		4.8039550781		4.8806152344		4.8537597656		5.7585449219		89.1

				Total cost		255795785.75		257106622.5		258417459.25		259728296		261039132.75		262349969.5				L = 256		93.9752197266		4.3100585938		4.3531494141		4.3956298828		5.3975830078		72.8

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		117930240		118734080		119537920		120341760		121145600		121949440

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92843072		93600896		94358720		95116544		95874368		96632192

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		72880000		73571712		74263424		74955136		75646848		76338560

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		58805664		59435328		60064992		60694656		61324320		61953984

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		49835008		50399936		50964864		51529792		52094720		52659648

		Total Cost - Q1

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						1		0		0		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795785.75		257106622.5		258417459.25		259728296		261039132.75		262349969.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		117930240		118734080		119537920		120341760		121145600		121949440

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92843072		93600896		94358720		95116544		95874368		96632192

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		72880000		73571712		74263424		74955136		75646848		76338560

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		58805664		59435328		60064992		60694656		61324320		61953984

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		49835008		50399936		50964864		51529792		52094720		52659648

		Total Cost - Q4

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		1		0		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795868.25		257106787.5		258417706.75		259728626		261039545.25		262350464.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		117951408		118776416		119601424		120426432		121251440		122076448

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92859440		93633632		94407824		95182016		95956208		96730400

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		72885888		73583488		74281088		74978688		75676288		76373888

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		58815712		59455424		60095136		60734848		61374560		62014272

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		49840656		50411232		50981808		51552384		52122960		52693536

		Total Cost - Q7

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		0		1		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795264.25		257105579.5		258415894.75		259726210		261036525.25		262346840.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		117954400		118782400		119610400		120438400		121266400		122094400

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92852448		93619648		94386848		95154048		95921248		96688448

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		72900848		73613408		74325968		75038528		75751088		76463648

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		58812192		59448384		60084576		60720768		61356960		61993152

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		49846224		50422368		50998512		51574656		52150800		52726944

		Total Cost - Range Query

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		0		0		1

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		13999677875.5		27744870801.9999		41490063728.4999		55235256654.9999		68980449581.4998		82725642507.9998

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		118090848		119055296		120019744		120984192		121948640		122913088

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92985264		93885280		94785296		95685312		96585328		97485344

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		73025456		73862624		74699792		75536960		76374128		77211296

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		58930784		59685568		60440352		61195136		61949920		62704704

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		49977552		50685024		51392496		52099968		52807440		53514912





		Total Cost																		The Ratio of PDMS Size 2^14 / 2^19 (3.125%)

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query										Stabilization		Q1		Q4		Q7		Range Query		Joining

						0		0		0		1								RDFPeers		485.3915195465		10.0008907318		10.0015201569		9.9969120026		104867.499744415		241.3

		query rate				0.25		0.5		0.75		1		1.25		1.5				L = 16		286.3420410156		6.7102050781		6.8095092773		6.8120117188		7.9710693359		179.7

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288				L = 32		224.3988647461		6.2831420898		6.3804321289		6.3471069336		7.4204711914		153.3

				Query times (30s)		131072		262144		393216		524288		655360		786432				L = 64		175.5316162109		5.8182373047		5.8807373047		5.6879272461		6.8905029297		128.2

				Node joining (30s)		0		0		0		0		0		0				L = 128		137.8355712891		5.3775024414		5.2836303711		5.2658691406		6.3521728516		107.1

				Total cost		13999677875.5		27744870801.9999		41490063728.4999		55235256654.9999		68980449581.4998		82725642507.9998				L = 256		110.6770019531		4.8629150391		4.9401245117		4.8824462891		5.7877807617		90.2

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		151170480		152215264		153260048		154304832		155349616		156394400

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118622248		119594864		120567480		121540096		122512712		123485328

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92932271.9999997		93835423.9999997		94738575.9999997		95641727.9999997		96544879.9999997		97448031.9999997

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		73098127.9999997		73930719.9999997		74763311.9999997		75595903.9999997		76428495.9999997		77261087.9999997

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		58785240		59543856		60302472		61061088		61819704		62578320

		Total Cost - Q1

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						1		0		0		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795785.75		257106622.5		258417459.25		259728296		261039132.75		262349969.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		151005216		151884736		152764256		153643776		154523296		155402816

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118473176		119296720		120120264		120943808		121767352		122590896

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92791727.9999997		93554335.9999997		94316943.9999997		95079551.9999997		95842159.9999997		96604767.9999997

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		72970375.9999997		73675215.9999997		74380055.9999997		75084895.9999997		75789735.9999997		76494575.9999997

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		58664016		59301408		59938800		60576192		61213584		61850976

		Total Cost - Q4

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		1		0		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795868.25		257106787.5		258417706.75		259728626		261039545.25		262350464.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		151018232		151910768		152803304		153695840		154588376		155480912

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118485928		119322224		120158520		120994816		121831112		122667408

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92799919.9999997		93570719.9999997		94341519.9999997		95112319.9999997		95883119.9999997		96653919.9999997

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		72958071.9999997		73650607.9999997		74343143.9999997		75035679.9999997		75728215.9999997		76420751.9999997

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		58674136		59321648		59969160		60616672		61264184		61911696

		Total Cost - Q7

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		0		1		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795264.25		257105579.5		258415894.75		259726210		261036525.25		262346840.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		151018560		151911424		152804288		153697152		154590016		155482880

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118481560		119313488		120145416		120977344		121809272		122641200

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92774647.9999997		93520175.9999997		94265703.9999997		95011231.9999997		95756759.9999997		96502287.9999997

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		72955743.9999997		73645951.9999997		74336159.9999997		75026367.9999997		75716575.9999997		76406783.9999997

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		58666576		59306528		59946480		60586432		61226384		61866336

		Total Cost - Range Query

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		0		0		1

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		13999677875.5		27744870801.9999		41490063728.4999		55235256654.9999		68980449581.4998		82725642507.9998

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		151170480		152215264		153260048		154304832		155349616		156394400

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118622248		119594864		120567480		121540096		122512712		123485328

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92932271.9999997		93835423.9999997		94738575.9999997		95641727.9999997		96544879.9999997		97448031.9999997

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		73098127.9999997		73930719.9999997		74763311.9999997		75595903.9999997		76428495.9999997		77261087.9999997

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		58785240		59543856		60302472		61061088		61819704		62578320





		Total Cost																		The Ratio of PDMS Size 2^15 / 2^19 (6.25%)

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query										Stabilization		Q1		Q4		Q7		Range Query		Joining

						0		0		0		1								RDFPeers		485.3915195465		10.0008907318		10.0015201569		9.9969120026		104867.499744415		241.3

		query rate				0.25		0.5		0.75		1		1.25		1.5				L = 16		364.7016296387		7.2464599609		7.2707824707		7.2996520996		8.6654052734		213.9

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288				L = 32		287.3758544923		6.7634887695		6.8171691895		6.8042907715		8.0361633301		181

				Query times (30s)		131072		262144		393216		524288		655360		786432				L = 64		225.0755615234		6.2944946289		6.3776855469		6.3379821777		7.4185791016		155.5

				Node joining (30s)		0		0		0		0		0		0				L = 128		175.2619628915		5.8460388184		5.8427429199		5.7944335938		6.8055725098		127.2

				Total cost		13999677875.5		27744870801.9999		41490063728.4999		55235256654.9999		68980449581.4998		82725642507.9998				L = 256		137.917755127		5.3847351074		5.3604736328		5.3551330566		6.3932800293		105.8

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		192344479.999999		193480271.999999		194616063.999999		195751855.999999		196887647.999999		198023439.999999

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		151721028.000044		152774344.000044		153827660.000044		154880976.000044		155934292.000044		156987608.000044

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118976784		119949152		120921520		121893888		122866256		123838624

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92779764.0004425		93671784.0004425		94563804.0004425		95455824.0004425		96347844.0004425		97239864.0004425

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		73146603.9999999		73984583.9999999		74822563.9999999		75660543.9999999		76498523.9999999		77336503.9999999

		Total Cost - Q1

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						1		0		0		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795785.75		257106622.5		258417459.25		259728296		261039132.75		262349969.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		192158495.999999		193108303.999999		194058111.999999		195007919.999999		195957727.999999		196907535.999999

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		151554216.000044		152440720.000044		153327224.000044		154213728.000044		155100232.000044		155986736.000044

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118829448		119654480		120479512		121304544		122129576		122954608

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92653996.0004425		93420248.0004425		94186500.0004425		94952752.0004425		95719004.0004425		96485256.0004425

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		73014411.9999999		73720199.9999999		74425987.9999999		75131775.9999999		75837563.9999999		76543351.9999999

		Total Cost - Q4

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		1		0		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795868.25		257106787.5		258417706.75		259728626		261039545.25		262350464.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		192161683.999999		193114679.999999		194067675.999999		195020671.999999		195973667.999999		196926663.999999

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		151561252.000044		152454792.000044		153348332.000044		154241872.000044		155135412.000044		156028952.000044

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118840352		119676288		120512224		121348160		122184096		123020032

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92653564.0004425		93419384.0004425		94185204.0004425		94951024.0004425		95716844.0004425		96482664.0004425

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		73011231.9999999		73713839.9999999		74416447.9999999		75119055.9999999		75821663.9999999		76524271.9999999

		Total Cost - Q7

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		0		1		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795264.25		257105579.5		258415894.75		259726210		261036525.25		262346840.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		192165467.999999		193122247.999999		194079027.999999		195035807.999999		195992587.999999		196949367.999999

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		151559564.000044		152451416.000044		153343268.000044		154235120.000044		155126972.000044		156018824.000044

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118835148		119665880		120496612		121327344		122158076		122988808

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92647232.0004425		93406720.0004425		94166208.0004425		94925696.0004425		95685184.0004425		96444672.0004425

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		73010531.9999999		73712439.9999999		74414347.9999999		75116255.9999999		75818163.9999999		76520071.9999999

		Total Cost - Range Query

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		0		0		1

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		13999677875.5		27744870801.9999		41490063728.4999		55235256654.9999		68980449581.4998		82725642507.9998

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		192344479.999999		193480271.999999		194616063.999999		195751855.999999		196887647.999999		198023439.999999

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		151721028.000044		152774344.000044		153827660.000044		154880976.000044		155934292.000044		156987608.000044

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118976784		119949152		120921520		121893888		122866256		123838624

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92779764.0004425		93671784.0004425		94563804.0004425		95455824.0004425		96347844.0004425		97239864.0004425

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		73146603.9999999		73984583.9999999		74822563.9999999		75660543.9999999		76498523.9999999		77336503.9999999





		Total Cost																		The Ratio of PDMS Size 2^16 / 2^19 (12.5%)

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query										Stabilization		Q1		Q4		Q7		Range Query		Joining

						1		0		0		0								RDFPeers		485.3915195465		10.0008907318		10.0015201569		9.9969120026		104867.499744415		241.3

		query rate				0.25		0.5		0.75		1		1.25		1.5				L = 16		459.5690765381		7.770980835		7.7885437012		7.7960357666		9.5452423096		242.6

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288				L = 32		365.5015258789		7.2613983154		7.358291626		7.3162994385		8.739730835		206.8

				Query times (30s)		131072		262144		393216		524288		655360		786432				L = 64		287.7452850342		6.8489227295		6.8738861084		6.8198699951		8.023651123		183.5

				Node joining (30s)		0		0		0		0		0		0				L = 128		225.3607940674		6.404296875		6.3722686768		6.3336486816		7.4410247803		153.2

				Total cost		255795785.75		257106622.5		258417459.25		259728296		261039132.75		262349969.5				L = 256		175.6113739014		5.8469543457		5.8712921143		5.9134979248		6.9117279053		127.1

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		241965110		242983668		244002226		245020784		246039342		247057900

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		192579829.999999		193531595.999999		194483361.999999		195435127.999999		196386893.999999		197338659.999999

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		151759102		152656804		153554506		154452208		155349910		156247612

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118993384		119832808		120672232		121511656		122351080		123190504

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92837307.9999999		93603679.9999999		94370051.9999999		95136423.9999999		95902795.9999999		96669167.9999999

		Total Cost - Q1

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						1		0		0		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795785.75		257106622.5		258417459.25		259728296		261039132.75		262349969.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		241965110		242983668		244002226		245020784		246039342		247057900

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		192579829.999999		193531595.999999		194483361.999999		195435127.999999		196386893.999999		197338659.999999

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		151759102		152656804		153554506		154452208		155349910		156247612

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118993384		119832808		120672232		121511656		122351080		123190504

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92837307.9999999		93603679.9999999		94370051.9999999		95136423.9999999		95902795.9999999		96669167.9999999

		Total Cost - Q4

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		1		0		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795868.25		257106787.5		258417706.75		259728626		261039545.25		262350464.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		241967412		242988272		244009132		245029992		246050852		247071712

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		192592529.999999		193556995.999999		194521461.999999		195485927.999999		196450393.999999		197414859.999999

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		151762374		152663348		153564322		154465296		155366270		156267244

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118989186		119824412		120659638		121494864		122330090		123165316

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92840497.9999999		93610059.9999999		94379621.9999999		95149183.9999999		95918745.9999999		96688307.9999999

		Total Cost - Q7

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		0		1		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795264.25		257105579.5		258415894.75		259726210		261036525.25		262346840.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		241968394		242990236		244012078		245033920		246055762		247077604

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		192587025.999999		193545987.999999		194504949.999999		195463911.999999		196422873.999999		197381835.999999

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		151755294		152649188		153543082		154436976		155330870		156224764

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118984124		119814288		120644452		121474616		122304780		123134944

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92846029.9999999		93621123.9999999		94396217.9999999		95171311.9999999		95946405.9999999		96721499.9999999

		Total Cost - Range Query

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		0		0		1

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		13999677875.5		27744870801.9999		41490063728.4999		55235256654.9999		68980449581.4998		82725642507.9998

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		242197666		243448780		244699894		245951008		247202122		248453236

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		192773597.999999		193919131.999999		195064665.999999		196210199.999999		197355733.999999		198501267.999999

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		151913076		152964752		154016428		155068104		156119780		157171456

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		119129270		120104580		121079890		122055200		123030510		124005820

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		92976869.9999999		93882803.9999999		94788737.9999999		95694671.9999999		96600605.9999999		97506539.9999999





		Total Cost																		The Ratio of PDMS Size 2^17 / 2^19 (25%)

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query										Stabilization		Q1		Q4		Q7		Range Query		Joining

						0		0		0		1								RDFPeers		485.3915195465		10.0008907318		10.0015201569		9.9969120026		104867.499744415		241.3

		query rate				0.25		0.5		0.75		1		1.25		1.5				L = 16		573.6716461182		8.4893264771		8.290397644		8.2495727539		10.8509979248		276.2

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288				L = 32		460.7802582332		7.8951034546		7.8441467285		7.8430099487		9.6109695435		244.1

				Query times (30s)		131072		262144		393216		524288		655360		786432				L = 64		366.1996078491		7.3044662476		7.3946990967		7.3369598389		8.7248458862		213.8

				Node joining (30s)		0		0		0		0		0		0				L = 128		288.0985565186		6.8457260132		6.8159484863		6.7955627441		8.017868042		179

				Total cost		13999677875.5		27744870801.9999		41490063728.4999		55235256654.9999		68980449581.4998		82725642507.9998				L = 256		225.0162658691		6.2484207153		6.3636779785		6.3330230713		7.4540786743		154.4

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		302191421.999999		303613683.999999		305035945.999999		306458207.999999		307880469.999999		309302731.999999

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		242841289.028569		244101018.028569		245360747.028569		246620476.028569		247880205.028569		249139934.028569

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		193137642.999999		194281225.999999		195424808.999999		196568391.999999		197711974.999999		198855557.999999

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		152097534		153148452		154199370		155250288		156301206		157352124

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118950349		119927370		120904391		121881412		122858433		123835454

		Total Cost - Q1

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						1		0		0		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795785.75		257106622.5		258417459.25		259728296		261039132.75		262349969.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		301881872.999999		302994585.999999		304107298.999999		305220011.999999		306332724.999999		307445437.999999

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		242616387.028569		243651214.028569		244686041.028569		245720868.028569		246755695.028569		247790522.028569

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		192951470.999999		193908881.999999		194866292.999999		195823703.999999		196781114.999999		197738525.999999

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		151943899		152841182		153738465		154635748		155533031		156430314

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118792321		119611314		120430307		121249300		122068293		122887286

		Total Cost - Q4

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		1		0		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795868.25		257106787.5		258417706.75		259728626		261039545.25		262350464.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		301855798.999999		302942437.999999		304029076.999999		305115715.999999		306202354.999999		307288993.999999

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		242609708.028569		243637856.028569		244666004.028569		245694152.028569		246722300.028569		247750448.028569

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		192963297.999999		193932535.999999		194901773.999999		195871011.999999		196840249.999999		197809487.999999

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		151939996		152833376		153726756		154620136		155513516		156406896

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118807428		119641528		120475628		121309728		122143828		122977928

		Total Cost - Q7

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		0		1		0

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		255795264.25		257105579.5		258415894.75		259726210		261036525.25		262346840.5

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		301850447.999999		302931735.999999		304013023.999999		305094311.999999		306175599.999999		307256887.999999

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		242609559.028569		243637558.028569		244665557.028569		245693556.028569		246721555.028569		247749554.028569

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		192955729.999999		193917399.999999		194879069.999999		195840739.999999		196802409.999999		197764079.999999

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		151937324		152828032		153718740		154609448		155500156		156390864

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118803410		119633492		120463574		121293656		122123738		122953820

		Total Cost - Range Query

		Query Type				Type I, II, III		Type IV, V, VI		Type VII		Range Query

						0		0		0		1

		query rate				0.25		0.5		0.75		1		1.25		1.5

		RDFPeers		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		13999677875.5		27744870801.9999		41490063728.4999		55235256654.9999		68980449581.4998		82725642507.9998

		RDF-Chord - L = 16		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query costs (30s)		131072		262144		393216		524288		655360		786432

				Node joining costs (30s)		0		0		0		0		0		0

				Total cost		302191421.999999		303613683.999999		305035945.999999		306458207.999999		307880469.999999		309302731.999999

		RDF-Chord - L = 32		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		242841289.028569		244101018.028569		245360747.028569		246620476.028569		247880205.028569		249139934.028569

		RDF-Chord - L = 64		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		193137642.999999		194281225.999999		195424808.999999		196568391.999999		197711974.999999		198855557.999999

		RDF-Chord - L = 128		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		152097534		153148452		154199370		155250288		156301206		157352124

		RDF-Chord - L = 256		Stabilization (30s)		524288		524288		524288		524288		524288		524288

				Query times (30s)		131072		262144		393216		524288		655360		786432

				Node joining (30s)		0		0		0		0		0		0

				Total cost		118950349		119927370		120904391		121881412		122858433		123835454





		RDF Triple 1 (number of resource per node)

		No. of nodes				9		10		11		12		13		14		15		16		17		18		19

						512		1024		2048		4096		8192		16384		32768		65536		131072		262144

		RDFPeers		S & P & O Index		16.447265625		17.966796875		19.466796875		20.9934082031		22.4251708984		23.9432373047		25.4173583984		26.8076019287		28.1218643188		29.2374839783

		RDF-Chord - 16 Layers		S & SO Index		3.45703125		3.9228515625		4.4560546875		4.9755859375		5.5185546875		6.369140625		7.1697692871		8.2495880127		9.3926315308		10.4295501709

				P & PO Index		3.353515625		3.9599609375		4.4262695313		4.970703125		5.4978027344		6.3225097656		7.2442016602		8.2100067139		9.3824234009		10.497341156

				O Index		3.435546875		3.69140625		4.2548828125		4.8012695313		5.2951660156		5.7960205078		6.3101196289		6.7994995117		7.283996582		7.8143844604

				Total		10.24609375		11.57421875		13.1372070313		14.7475585938		16.3115234375		18.4876708984		20.7240905762		23.2590942383		26.0590515137		28.7412757874

		RDF-Chord - 32 Layers		S & SO Index		2.94140625		3.5029296875		3.8984375		4.2941894531		5.0506591797		5.5867919922		6.3790588379		7.1732025146		8.3106842041		9.4344711304

				P & PO Index		3.1015625		3.462890625		3.8745117188		4.4877929688		5.0498046875		5.5456542969		6.3346557617		7.2697601318		8.2802734375		9.3710250854

				O Index		3.10546875		3.3798828125		3.79296875		4.3498535156		4.8424072266		5.3264160156		5.7969055176		6.3359222412		6.8232192993		7.3401870728

				Total		9.1484375		10.345703125		11.5659179688		13.1318359375		14.9428710938		16.4588623047		18.5106201172		20.7788848877		23.4141769409		26.1456832886

		RDF-Chord - 64 Layers		S & SO Index		2.802734375		3.0263671875		3.4775390625		3.8920898438		4.4659423828		5.0318603516		5.6155395508		6.3656311035		7.2523727417		8.2875518799

				P & PO Index		2.806640625		3.01953125		3.5346679688		3.8576660156		4.3891601563		4.9664916992		5.5579223633		6.302520752		7.193939209		8.3305778503

				O Index		2.828125		3.0771484375		3.4282226563		3.9353027344		4.3614501953		4.8373413086		5.3510437012		5.8577880859		6.3113021851		6.8479652405

				Total		8.4375		9.123046875		10.4404296875		11.6850585938		13.2165527344		14.8356933594		16.5245056152		18.5259399414		20.7576141357		23.4660949707

		RDF-Chord - 128 Layers		S & SO Index		2.580078125		2.732421875		3.0537109375		3.3842773438		3.8930664063		4.407043457		5.0126037598		5.6243896484		6.3631362915		7.2045288086

				P & PO Index		2.599609375		2.7177734375		3.080078125		3.4685058594		3.9666748047		4.3768920898		5.0159912109		5.6337280273		6.3642272949		7.2536392212

				O Index		2.529296875		2.833984375		3.0087890625		3.427734375		3.8825683594		4.3690185547		4.8526916504		5.3300323486		5.8658905029		6.3303489685

				Total		7.708984375		8.2841796875		9.142578125		10.2805175781		11.7423095703		13.1529541016		14.8812866211		16.5881500244		18.5932540894		20.7885169983

		RDF-Chord - 256 Layers		S & SO Index		2.41015625		2.6201171875		2.8046875		3.0544433594		3.5150146484		3.9257202148		4.4012756348		4.9603729248		5.6598052979		6.3633804321

				P & PO Index		2.453125		2.5869140625		2.7451171875		3.0998535156		3.4588623047		3.9624023438		4.432434082		4.9594116211		5.6505508423		6.3325080872

				O Index		2.431640625		2.5771484375		2.7626953125		3.0993652344		3.4768066406		3.9536743164		4.326385498		4.825592041		5.3622741699		5.8418655396

				Total		7.294921875		7.7841796875		8.3125		9.2536621094		10.4506835938		11.841796875		13.1600952148		14.7453765869		16.6726303101		18.5377540588

		RDF Triple 2 (number of resource per node)

		No. of nodes				9		10		11		12		13		14		15		16		17		18		19

						512		1024		2048		4096		8192		16384		32768		65536		131072		262144

		RDFPeers		S & P & O Index		32.890625		35.9375		38.9995117188		41.9465332031		44.9802246094		47.8529663086		50.7954101563		53.6056060791		56.2470016479		58.4925613403

		RDF-Chord - 16 Layers		S & SO Index		7.783203125		8.892578125		9.7802734375		11.0256347656		12.3403320313		14.2757568359		16.4906005859		18.4468078613		20.7688140869		22.8135223389

				P & PO Index		7.541015625		8.6162109375		9.7822265625		11.1672363281		12.6379394531		14.1774902344		16.3766174316		18.5332489014		20.7379837036		22.800151825

				O Index		7.4921875		8.6064453125		9.4536132813		10.501953125		11.4848632813		12.4763183594		13.3906860352		14.4784393311		15.4148025513		16.4586257935

				Total		22.81640625		26.115234375		29.0161132813		32.6948242188		36.4631347656		40.9295654297		46.2579040527		51.4584960937		56.9216003418		62.0722999573

		RDF-Chord - 32 Layers		S & SO Index		6.95703125		7.8154296875		8.802734375		9.9372558594		11.1945800781		12.5877685547		14.288482666		16.5951843262		18.5932388306		20.9103431702

				P & PO Index		6.626953125		7.8193359375		8.818359375		10.0385742188		10.9909667969		12.5968017578		14.4060668945		16.4579925537		18.7777023315		20.8990097046

				O Index		6.861328125		7.5732421875		8.6567382813		9.6962890625		10.7194824219		11.6071777344		12.5375061035		13.6016235352		14.5998077393		15.6401100159

				Total		20.4453125		23.2080078125		26.2778320313		29.6721191406		32.9050292969		36.7917480469		41.2320556641		46.654800415		51.9707489014		57.4494628906

		RDF-Chord - 64 Layers		S & SO Index		6.193359375		7.068359375		7.8525390625		8.8256835938		9.8664550781		11.0606079102		12.7092895508		14.5604400635		16.5444717407		18.7727584839

				P & PO Index		6.322265625		6.7939453125		7.8354492188		8.91015625		9.9951171875		11.193359375		12.7261352539		14.461517334		16.4787902832		18.734375

				O Index		6.0859375		6.9541015625		7.607421875		8.7736816406		9.5925292969		10.6981811523		11.6345214844		12.5858306885		13.6662521362		14.6047592163

				Total		18.6015625		20.81640625		23.2954101563		26.5095214844		29.4541015625		32.9521484375		37.0699462891		41.6077880859		46.6895141602		52.1118927002

		RDF-Chord - 128 Layers		S & SO Index		5.416015625		6.201171875		7.138671875		7.9191894531		8.7805175781		9.8821411133		11.099609375		12.6148071289		14.3905029297		16.4839935303

				P & PO Index		5.5		6.0380859375		6.8720703125		8.0324707031		8.8587646484		9.7786254883		11.1561279297		12.5461730957		14.4222183228		16.5657424927

				O Index		5.685546875		6.134765625		6.8276367188		7.8344726563		8.6892089844		9.6713867188		10.5291748047		11.6887207031		12.6444549561		13.6658821106

				Total		16.6015625		18.3740234375		20.8383789063		23.7861328125		26.3284912109		29.3321533203		32.7849121094		36.8497009277		41.4571762085		46.7156181335

		RDF-Chord - 256 Layers		S & SO Index		5.138671875		5.5322265625		6.0693359375		6.9445800781		7.8233642578		8.96484375		9.8352355957		11.1449127197		12.7798843384		14.4894943237

				P & PO Index		5.166015625		5.6328125		6.1909179688		6.8930664063		7.8994140625		8.9301147461		9.9067687988		11.373626709		12.6624298096		14.5689697266

				O Index		5.076171875		5.466796875		6.0991210938		6.9020996094		7.7849121094		8.7702636719		9.6733703613		10.6364440918		11.6887741089		12.7115364075

				Total		15.380859375		16.6318359375		18.359375		20.7397460938		23.5076904297		26.665222168		29.4153747559		33.1549835205		37.1310882568		41.7700004578

		RDF Triple 3 (number of resource per node)

		No. of nodes				9		10		11		12		13		14		15		16		17		18		19

						512		1024		2048		4096		8192		16384		32768		65536		131072		262144

		RDFPeers		S & P & O Index		49.33203125		53.90234375		58.3193359375		62.8249511719		67.4288330078		71.8322753906		76.2388000488		80.4403686523		84.3521957397		87.7395706177

		RDF-Chord - 16 Layers		S & SO Index		12.443359375		14.193359375		15.46484375		17.4350585938		20.0057373047		23.0751342773		26.3212585449		29.6672515869		32.7411422729		35.7727127075

				P & PO Index		12.30859375		13.63671875		15.6166992188		17.5368652344		20.1982421875		23.1265258789		26.2978515625		29.5539093018		32.8072967529		35.8048477173

				O Index		11.810546875		13.2314453125		14.8330078125		16.3354492188		17.7548828125		19.399597168		20.8428649902		22.2904968262		23.8249588013		25.3303108215

				Total		36.5625		41.0615234375		45.9145507813		51.3073730469		57.9588623047		65.6012573242		73.4619750977		81.5116577148		89.3733978271		96.9078712463

		RDF-Chord - 32 Layers		S & SO Index		11.134765625		12.6259765625		14.03515625		15.8972167969		17.6845703125		20.362487793		23.3167419434		26.5927734375		29.8859481812		33.090927124

				P & PO Index		11.091796875		12.3056640625		14.1767578125		15.5712890625		17.8583984375		20.3590698242		23.3025512695		26.5407409668		29.9604797363		33.1698913574

				O Index		10.958984375		11.9716796875		13.4736328125		15.3264160156		16.5832519531		18.1475219727		19.595123291		21.108795166		22.6247406006		24.070224762

				Total		33.185546875		36.9033203125		41.685546875		46.794921875		52.1262207031		58.8690795898		66.2144165039		74.2423095703		82.4711685181		90.3310432434

		RDF-Chord - 64 Layers		S & SO Index		9.9375		11.13671875		12.5986328125		14.2253417969		15.7847900391		17.8155517578		20.3717956543		23.4434814453		26.6670379639		30.0726165771

				P & PO Index		9.8984375		11.0341796875		12.6206054688		14.166015625		15.9573974609		17.8830566406		20.4996948242		23.4349212646		26.5919570923		29.9771614075

				O Index		9.75		11.0302734375		12.2993164063		13.9548339844		15.3295898438		16.7332763672		18.3788146973		19.7591094971		21.3789520264		22.6539421082

				Total		29.5859375		33.201171875		37.5185546875		42.3461914063		47.0717773438		52.4318847656		59.2503051758		66.637512207		74.6379470825		82.7037200928

		RDF-Chord - 128 Layers		S & SO Index		8.69140625		9.8232421875		11.0444335938		12.7465820313		14.1713867188		15.91796875		17.9047241211		20.6437225342		23.5249557495		26.7195663452

				P & PO Index		9.048828125		9.8046875		11.134765625		12.6098632813		14.0185546875		16.0140380859		17.9230041504		20.4026794434		23.510017395		26.850933075

				O Index		8.6640625		9.8154296875		10.8515625		12.4599609375		13.9129638672		15.4229736328		16.8843078613		18.331161499		19.8572540283		21.3105773926

				Total		26.404296875		29.443359375		33.0307617188		37.81640625		42.1029052734		47.3549804688		52.7120361328		59.3775634766		66.8922271729		74.8810768127

		RDF-Chord - 256 Layers		S & SO Index		8.025390625		8.7998046875		9.876953125		11.2719726563		12.6793212891		14.2633056641		16.1107788086		18.1300506592		20.5286865234		23.424659729

				P & PO Index		8.0546875		8.884765625		9.9658203125		11.23828125		12.6228027344		14.400390625		15.9720458984		17.9594116211		20.4068756104		23.4766845703

				O Index		8.05859375		8.779296875		9.857421875		11.1293945313		12.3509521484		13.91015625		15.3197937012		16.9019012451		18.3379440308		19.8447799683

				Total		24.138671875		26.4638671875		29.7001953125		33.6396484375		37.6530761719		42.5738525391		47.4026184082		52.9913635254		59.2735061646		66.7461242676

		RDF Triple 4 (number of resource per node)

		No. of nodes				9		10		11		12		13		14		15		16		17		18		19

						512		1024		2048		4096		8192		16384		32768		65536		131072		262144

		RDFPeers		S & P & O Index		65.77734375		71.8759765625		77.8276367188		83.9826660156		89.8511962891		95.7893066406		101.5812988281		107.2491912842		112.485748291		117.0134391785

		RDF-Chord - 16 Layers		S & SO Index		16.998046875		19.296875		21.6713867188		24.3955078125		28.1085205078		32.1920166016		36.519317627		40.8201599121		44.9371795654		49.0247039795

				P & PO Index		17.474609375		19.2548828125		21.9790039063		24.5166015625		28.1282958984		32.1240844727		36.5460510254		40.9120178223		44.9988174438		49.0599746704

				O Index		16.935546875		18.341796875		20.265625		22.2209472656		24.2250976563		26.1358642578		28.3037109375		30.1421203613		32.2342758179		34.2977218628

				Total		51.408203125		56.8935546875		63.916015625		71.1330566406		80.4619140625		90.451965332		101.3690795898		111.8742980957		122.1702728271		132.3824005127

		RDF-Chord - 32 Layers		S & SO Index		15.330078125		17.3447265625		19.6982421875		22.2368164063		25.1258544922		28.3920288086		32.7411193848		37.0852508545		41.4990844727		45.7034416199

				P & PO Index		15.177734375		17.2216796875		19.6748046875		22.216796875		24.8575439453		28.5741577148		32.7144470215		37.1322784424		41.446762085		45.5976486206

				O Index		14.912109375		16.53125		18.8125		20.9699707031		22.9417724609		24.7741699219		26.9187011719		28.9355163574		30.8596801758		32.7239875793

				Total		45.419921875		51.09765625		58.185546875		65.4235839844		72.9251708984		81.7403564453		92.3742675781		103.1530456543		113.8055267334		124.0250778198

		RDF-Chord - 64 Layers		S & SO Index		13.810546875		15.439453125		17.576171875		19.8298339844		22.2813720703		25.0177001953		28.6215209961		32.7859802246		37.35987854		41.8217163086

				P & PO Index		13.6953125		15.4462890625		17.8559570313		20.0534667969		22.0856933594		25.3098144531		28.7032470703		32.961730957		37.4540557861		41.6966743469

				O Index		13.888671875		15.4541015625		17.58984375		19.1264648438		21.0285644531		23.0738525391		25.0732727051		27.1098937988		29.0146713257		31.1382293701

				Total		41.39453125		46.33984375		53.0219726563		59.009765625		65.3956298828		73.4013671875		82.3980407715		92.8576049805		103.8286056519		114.6566200256

		RDF-Chord - 128 Layers		S & SO Index		12.03515625		13.931640625		15.66796875		17.9897460938		19.7197265625		22.5876464844		25.3407287598		28.9858398438		33.0547409058		37.622882843

				P & PO Index		12.294921875		13.6982421875		15.7758789063		17.8137207031		19.5006103516		22.0038452148		25.1949768066		28.8798675537		33.2194061279		37.6395072937

				O Index		12.375		13.474609375		15.47265625		17.0676269531		19.2080078125		21.0874023438		23.3755493164		25.2926635742		27.2501678467		29.1349372864

				Total		36.705078125		41.1044921875		46.9165039063		52.87109375		58.4283447266		65.678894043		73.9112548828		83.1583709717		93.5243148804		104.3973274231

		RDF-Chord - 256 Layers		S & SO Index		11.162109375		12.46484375		13.951171875		15.7978515625		17.5534667969		19.7827758789		22.4592285156		25.3066711426		28.7710189819		32.9858398438

				P & PO Index		11.076171875		12.3798828125		14.03125		15.8322753906		17.9130859375		19.6384277344		22.6155395508		25.2897949219		29.01953125		33.2734413147

				O Index		10.8984375		12.16015625		13.8076171875		15.3381347656		17.4759521484		19.2593994141		21.3841247559		23.3033294678		25.4137115479		27.3770637512

				Total		33.13671875		37.0048828125		41.7900390625		46.9682617188		52.9425048828		58.6806030273		66.4588928223		73.8997955322		83.2042617798		93.6363449097

		RDF Triple 5 (number of resource per node)

		No. of nodes				9		10		11		12		13		14		15		16		17		18		19

						512		1024		2048		4096		8192		16384		32768		65536		131072		262144

		RDFPeers		S & P & O Index		82.205078125		89.83984375		97.3642578125		104.9296875		112.3045654297		119.7086181641		126.9914245605		134.0964355469		140.6163711548		146.2417755127

		RDF-Chord - 16 Layers		S & SO Index		21.8671875		25.009765625		27.6806640625		31.7214355469		36.2731933594		41.6976928711		47.0191955566		52.4723510742		57.5049972534		62.5617904664

				P & PO Index		22.173828125		24.7509765625		28.0791015625		31.9030761719		36.4020996094		41.2267456055		47.0025939941		52.260559082		57.4817810059		62.5119590759

				O Index		21.66015625		23.5810546875		26.0737304688		28.4655761719		31.0787353516		33.3538208008		35.6959838867		38.3952636719		40.8093338013		43.5291862488

				Total		65.701171875		73.341796875		81.8334960938		92.0900878906		103.7540283203		116.2782592773		129.7177734375		143.1281738281		155.7961120605		168.6029357911

		RDF-Chord - 32 Layers		S & SO Index		19.705078125		22.5185546875		24.9213867188		28.4096679688		32.2414550781		37.3228759766		42.3872070313		47.9920501709		53.2718887329		58.4108314514

				P & PO Index		20.421875		22.7646484375		25.384765625		28.4924316406		32.4495849609		37.05078125		42.0168762207		47.9451141357		53.3986587524		58.4457588196

				O Index		19.115234375		21.76953125		24.3803710938		26.6787109375		29.2880859375		31.7515258789		34.1506958008		36.6859588623		39.1563873291		41.7914810181

				Total		59.2421875		67.052734375		74.6865234375		83.5808105469		93.9791259766		106.1251831055		118.5547790527		132.6231231689		145.8269348145		158.6480712891

		RDF-Chord - 64 Layers		S & SO Index		17.68359375		20.166015625		22.7700195313		25.3520507813		29.1007080078		32.8131103516		37.6150512695		43.0980377197		48.3866577148		53.7244491577

				P & PO Index		18.017578125		20.1767578125		22.904296875		25.5090332031		28.6263427734		32.6517944336		37.1497497559		42.9941864014		48.3651504517		53.8441619873

				O Index		17.537109375		20.130859375		22.2338867188		24.552734375		27.0018310547		29.623840332		31.8748779297		34.6444549561		37.196105957		39.6967697144

				Total		53.23828125		60.4736328125		67.908203125		75.4138183594		84.7288818359		95.0887451172		106.6396789551		120.7366790771		133.9479141235		147.2653808594

		RDF-Chord - 128 Layers		S & SO Index		16.28125		18.068359375		20.3725585938		23.1223144531		25.7341308594		28.9017333984		32.7463378906		37.584854126		43.0716629028		48.7674865723

				P & PO Index		16.193359375		17.75390625		20.2036132813		23.1401367188		25.8170166016		29.2352294922		32.8634338379		37.9223022461		43.2892227173		48.5486946106

				O Index		15.953125		17.6181640625		20.1303710938		22.4670410156		25.1055908203		27.4586181641		29.6323547363		32.4066619873		34.9894332886		37.5124893188

				Total		48.427734375		53.4404296875		60.7065429688		68.7294921875		76.6567382813		85.5955810547		95.2421264648		107.9138183594		121.3503189087		134.8286705017

		RDF-Chord - 256 Layers		S & SO Index		14.345703125		15.8095703125		18.0561523438		20.4572753906		22.8796386719		25.8576049805		28.9344787598		33.1534423828		37.8444747925		43.1779785156

				P & PO Index		14.021484375		16.2373046875		17.8608398438		20.3217773438		22.8436279297		25.8834228516		29.0260314941		32.7922973633		37.6873397827		42.8850097656

				O Index		14.466796875		15.84375		17.7255859375		20.0498046875		22.6759033203		25.091796875		27.2269897461		29.9662780762		32.5657806396		35.005443573

				Total		42.833984375		47.890625		53.642578125		60.8288574219		68.3991699219		76.832824707		85.1875		95.9120178223		108.0975952148		121.0684318542

		No. of triple per node		1		2		3		4		5

		RDFPeers		28.1218643188		56.2470016479		84.3521957397		112.485748291		140.6163711548

		RDF-Chord - 16 Layers		26.0590515137		56.9216003418		89.3733978271		122.1702728271		155.7961120605

		RDF-Chord - 32 Layers		23.4141769409		51.9707489014		82.4711685181		113.8055267334		145.8269348145

		RDF-Chord - 64 Layers		20.7576141357		46.6895141602		74.6379470825		103.8286056519		133.9479141235

		RDF-Chord - 128 Layers		18.5932540894		41.4571762085		66.8922271729		93.5243148804		121.3503189087

		RDF-Chord - 256 Layers		16.6726303101		37.1310882568		59.2735061646		83.2042617798		108.0975952148
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		No. of nodes		4096		8192		16384		32768		65536		131072		262144		524288

		RDFPeers		130.873		160.152		197.516		237.880		290.154		351.221		412.727		485.392

		RDF - Chord 16 Layers		173.079		222.602		286.277		365.313		461.548		577.333		710.572		867.066

		RDF - Chord 32 Layers		136.337		174.795		223.870		287.289		366.105		462.554		577.104		712.435

		RDF - Chord 64 Layers		109.378		136.887		174.747		224.528		287.676		366.820		463.168		578.026

		RDF - Chord 128 Layers		93.079		109.926		136.926		174.579		224.729		287.913		366.719		462.837

		RDF - Chord 256 Layers		85.691		93.094		109.860		136.933		174.806		224.302		287.770		366.792
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//create a node at lr
n.create(r, l)
   n.predecessor[r, l] = nil;
   n.successor[r, l] = n;

//n joins to lr via snode
n.init(r, l, snode)
   n.predecessor[r, l] = nil;
   n.successor[r, l] = snode.find_successor(r, l, n);
   n.successor[r, l].predecessor[r, l] = n;


//Based on n' s triple, 
//n joins to the layer l of r ring set (lr)
n.join(snode)
   if (n has RDF triple(s))
      for each triple ti
         l0 = floor(Hx(ti0) * C0 / Hmax);
         l1 = floor(Hx(ti1) * C1 / Hmax);
         l2 = floor(Hx(ti2) * C2 / Hmax);
         if (l0 has no existing node)
            n.create(0, l0);
         else
            n.init(0, l0, snode);
         if (l1 has no existing node)
            n.create(1, l1);
         else
            n.init(1, l1, snode);
         if (l2 has no existing node)
            n.create(2, l2);
         else
            n.init(2, l2, snode);
         n.setup_finger(0, l0);
         n.setup_finger(1, l1);                    
         n.setup_finger(2, l2);
      n.distribute_indexes();
   else
      n will copy snode’s BP table
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