Abstract. Today most text is stored in electronic form at one point or another in its life. It is then perhaps surprising that computers have made relatively little impact on how it is stored and retrieved, but such is the case. The Wide Area Information Server project (WAIS) seeks to alleviate this problem by making text databases widely accessible via a common user interface and wide area networking. The ultimate success of the effort depends, in part, on the availability of high-performance text search engines. Such engines can be implemented on massively parallel machines, using either signature �le or inverted �le database structures. Inverted �les are particularly appealing, and permit databases as large as 8192 Gigabytes to be searched in under 15 seconds, using currently available hardware

I. INTRODUCTION

A large proportion of the American workforce is constantly producing or consuming text in various forms � internal memoranda, reports, correspondence, technical papers, electronic mail, etc. � which originates in electronic form. And so it is perhaps surprising that computers have made relatively little impact on how such information is filed and retrieved. Just as they did a hundred years ago, people store their text in hierarchical files, ask co-workers if they know where some data might be found, and run to the librarian for help in accessing external data. Two recent developments � parallel information retrieval systems and wide-area information servers � have the potential to vastly improve on this situation, making essentially all the information in the world instantly available from a desktop computer.

II. CURRENT PRACTICE

The way in which electronic text is stored and organized (or, in most cases, not organized) makes its effective use for purposes other than generating hard-copy very dif�cult.

Personal data is generally stored in a hierarchical file system, but otherwise unorganized. An individual, looking for an old report or an old piece of electronic mail may have to look through a large number of directories on several machines before the wanted data is found. Information gets lost, and a considerable amount of time is wasted trying to guess where information might be located.

Most companies do not have an over-all structure for managing electronic text. Some electronic mail will be archived. Individuals may maintain their own on-line copies of correspondence they have produced. Engineering projects will have their own design files. Reports prepared by consultants may be filed by the person who requested the report. Files containing presentation graphics will reside on various desktop computers. If an individual wants to find a piece of text which is stored on-line, he must �gure out who to ask. On-line systems are rarely if ever available.

Off-site electronic text is better organized but, in practice, not much more accessible. Some databases are elaborately indexed using a tightly controlled vocabulary. Other databases are unindexed, relying on full-text searches. Every database vendor has its own indexing method and its own query syntax. In the majority of cases, the query syntax consists of a mixture of boolean and proximity operators. At the very least, these query interfaces are difficult for non-experts to use effectively; one is always walking a thin line between getting no documents and getting too many documents.These databases are generally available only as dial-up services, and rarely support anything except for teletype-style interfaces. In addition, they have traditionally charged their users by the connect-minute, a practice which strongly discourages the use of these systems for browsing and interactive exploration. As a result of all these factors, end-users are discouraged from signing onto a database and looking for information themselves; if they need on-line text search capability, they will be referred to a librarian. There is a good chance that the librarian will find the necessary information, but this may take several days, and the expense of the process discourages users going to an external information source for most inquiries.

III. WIDE AREA INFORMATION SERVERS

Various technologies exist which can solve these problems. Individual and corporate documents can be made more accessible by storing them in full text databases. Remote access can be simpli�ed by use of wide area networks. The varying query languages of different external databases can be forced into conformity by the establishment of standards. The difficulties associated with using boolean query systems can be avoided by using several non-boolean search methods developed in the information retrieval community. The ease of using the systems can be improved by the development of graphic interfaces. The Wide Area Information Server (WAIS) project [1] seeks to combine these technologies in order to make a wide

Massively Parallel Information Retrieval for W ide

Ar ea Information Servers

Craig Stan�ll Thinking Machines Corporation 245 First Street Cambridge MA 02154

Received 29 July 1991. ¤Connection Machine is a registered trademark of Thinking Machines Corporation. CM, CM-2, and Datavault are trademarks of Thinking Machines Corporation.¤Sun and¤Sun-4 are registered trademarks of Sun Microsystems, variety of data available in a desktop environment. This section will describe the major components of the current system (Fig. 1).

A. Search Methods

The search method used in WAIS is based on several information retrieval techniques developed in the 1970�s [2]. Queries consist of short natural language phrases, such as �Corazon Aquino and the Philippine Election.� Each phrase is broken into primitive components such as �Corazon Aquino,� and �Philippine Election,� and each component is assigned a numerical weight with rare (i.e. more speci�c) terms assigned higher value. Every document in the database is then scored against this query by summing the weights of the query terms it contains. The documents are then ranked from highest to lowest, and the best matches presented to the user. All this is hidden from the user, who knows only that he has asked a question and gotten back some documents which are likely to be relevant. The user may then browse the full text of these documents.

In order to focus the search, the user may indicate to the system that a given document is �relevant� to his search (this is called �relevance feedback� [3]. The system will then examine the full text of that document, break it into words, and use the most important words in the document to construct a new query. This query will be run against the database, and the result presented to the user. In most cases, the results of this search will contain a high proportion of documents on the same topic as the feedback document. Once again, this process is hidden from the user, who only knows that he has indicated to the system that a particular document

FIG. 1: WAIS ARCHITECTURE

Local Area Network

Local Information

Wide Area Network

Server

Public Information Server

Local Information Server

Corporate Information

Server

Corporate Information Server

Public Information Server

Corporation Boundary

User Interface

User Interface User Interface was interesting, and that the system has presented him with more documents on the same topic.

This sort of search system has several advantages. First and foremost, because queries are expressed in natural language, there is no need for the user to learn an artificial query language. Second, the document ranking scheme, in which documents are presented to the user in order of likely interest, eliminates some of the brittleness of boolean systems; the user will always find something, without being overwhelmed by the thousands of documents which may result from a poorly crafted boolean query. Third, the use of relevance feedback gives a convenient method for focusing a search, enabling the user to be confident that he has found a majority of the documents on a given topic. Finally, the natural language/relevance feedback interface style provides the designer of a query system with a great deal of freedom in the choice of specific information retrieval algorithms. As better methods are developed, they can be incorporated into the system without forcing the users to learn a new query language.

B. Graphic Interfaces

The second major component of the WAIS system is a graphic interface. This interface needs to support natural language querying, relevance feedback, document display, and database selection. Interaction is defined in terms of several kinds of objects (represented by icons) plus actions such as dragging and opening. For example, to initiate a search the user will create a �question�, which will have slots for data sources, relevant documents, and a natural language question. Data sources and relevant documents are added to the question by dragging their icons into the appropriate slots. The natural language query is created by typing into the query slot. When the user clicks on a �search� button, the interface will contact all selected data sources, send them a query, and wait for a response. When the response comes, the headlines of the relevant documents will appear in another frame, along with icons standing for the documents. These icons can be opened to examine the full text, or they can be dragged back into the �relevant documents� slot to feed them back into the query. At any time, the user can start a new query (without abandoning the old one) by creating a second question object.

C. Networks

The third major component of the WAIS system is a wide area network plus a protocol enabling clients and servers to exchange information. If a reliable network already exists (e.g. NSF-net), then little needs to be done except for assigning a network address to the server. If a good network connection is not available, then the situation becomes much more dif�cult. A 9600 Baud telephone connection is generally suf�- cient if the transmission protocol includes error detection and correction. Once a server has been set up on the network, it is necessary for clients to be able to contact it. This has been done by establishing a database called the directory of servers, which is a WAIS database having descriptions and network addresses for all publicly available WAIS servers, and which all WAIS servers know how to contact. The final component of the WAIS network architecture is the protocol between the servers and the clients. The starting point for this was the Z 39.50 protocol, which was initially set up to allow the interchange of information between libraries. This protocol was inadequate in several ways (it did not support relevance feedback, it did not provide adequate support for the transmission of the full text of documents, etc.), but was fairly easy to extend. IV. PARALLEL TEXT SERVERS For WAIS to succeed, it must be possible to build full text retrieval systems which can deliver quick responses (1-2 seconds is ideal) when searching databases having anywhere from a few megabytes of text (e.g. a personal database) to hundreds, thousands, or even tens of thousands of Gigabytes. Some databases can be adequately served by serial machines (e.g. personal or departmental databases having a few megabytes to one gigabyte of data). Other databases � those which are either extremely large (e.g. a corporate text repository) or accessed very heavily (e.g. an external database service) � will require levels of performance which cannot be attained on serial machines. For these databases, parallel text servers are an appropriate technology. Α. Παραλλελ Σιγνατυρ ε Φιλεσ Ινιτιαλ ωορκ ον παραλλελ τεξτ σερϖερσ ρεπρεσεντεδ τηε δατα− βασε ασ αν οϖερλαπ ενχοδεδ σιγνατυρε ϕ ιλε [4][5]. Ιν τηισ ρεπρε− σεντατιον, εαχη δοχυμεντ ισ βροκεν ιντο σεγμεντσ χονταινινγ (ϕορ εξαμπλε) 30 ωορδσ. Α σιγνατυρε ϕ ιλε ισ τηεν χρεατεδ βψ αππλψινγ τηε ϕολλοωινγ προχεδυρε το εαχη συχη σεγμεντ ιν τηε δαταβασε: 1. Α ρεγιον οϕ μεμορψ ισ αλλοχατεδ ανδ ινιτιαλιζεδ το 0. Τηισ ωιλλ βεχομε τηε σιγνατυρε οϕ τηε τεξτ σεγμεντ. 2. Σεϖεραλ ηαση ϕυνχτιονσ αρε αππλιεδ το εαχη ωορδ ιν τηε σεγ− μεντ. Τηε βιτσ οϕ τηε σιγνατυρε αδδρεσσεδ βψ τηεσε ϕυνχ− τιονσ αρε σετ το 1. 3. Α γρουπ οϕ χονσεχυτιϖε σιγνατυρεσ αρε ασσιγνεδ το εαχη προχεσσορ . 4. Το προβε α σιγνατυρε ϕορ τηε πρεσενχε οϕ α ωορδ, τηε σαμε σετ οϕ ηαση ϕυνχτιονσ αρε αππλιεδ το ιτ ανδ τηε χορρεσπονδ− ινγ βιτσ οϕ τηε σιγνατυρε αρε ΑΝΔεδ τογετηερ . Ιϕ τηε ρεσυλτ ισ 1, τηεν τηε ωορδ ισ ασσυμεδ το βε πρεσεντ ιν τηε σεγμεντ, εϖεν τηουγη τηερε ισ α σμαλλ ποσσιβιλιτψ τηατ τηε 1 ισ α ρεσυλτ οϕ χοινχιδενχε. Σιγνατυρε ⇒λεσ ηαϖε α νυμβερ οϕ αδϖανταγεσ, ναμελψ: 1) τηε προβε οπερατιον ισ ϖερψ ϕαστ, παρτιχυλαρλψ ον ΣΙΜΔ μαχηινεσ χονστρυχτεδ ϕρομ βιτ−σεριαλ προχεσσορσ (ε.γ. τηε Χοννεχτιον Μαχηινε μοδελσ ΧΜ−1 ανδ ΧΜ−2 [6], τηε Γοοδψεαρ ΜΠΠ [7] ανδ τηε ΔΑΠ [8]; ανδ 2) τηε σιγνατυρε ⇒λε ισ μυχη σμαλλερ τηαν τηε ϕυλλ τεξτ.Τηε δεγρεε οϕ χομπρεσσιον δεπενδσ ον τηε αχχεπταβλε ερρορ ρατε ιν τηε προβε στεπ, ωιτη 30% βεινγ ποσσι− βλε ϕορ σψστεμσ ηαϖινγ ερρορ ρατεσ ον τηε ορδερ οϕ . Τηε δισαδϖανταγεσ οϕ τηισ σχηεμε αρε 1) τηατ τηε σψστεμ χαν ονλψ ρεπρεσεντ τηε πρεσενχε ορ αβσενχε οϕ α ωορδ; οτηερ ινϕορ− 1.2 10 6-· mation, such as its position and the number of times it occurred will necessarily be lost [9][10]; and 2) that there is no effective strategy for searching databases which are too large to �t in main memory [11].

Nevertheless, such systems are capable of delivering high performance for databases as large as 25 Gigabytes. Main memory systems of this sort are a good choice for heavily accessed databases where the high performance translates into a high throughput. Β. Παραλλελ Ινϖερτεδ Φιλεσ Φορ δαταβασεσ ωηιχη αρε τοο λαρ γε ϕορ αϖαιλαβλε μεμορψ ορ ϕορ ωηιχη τηε νυμβερ οϕ ινθυιριεσ περ σεχονδ ισ νοτ λαρ γε ενουγη το φυστιϕψ τηε εξπενσε οϕ α λαρ γε πριμαρψ μεμορψ , σεχ− ονδαρψ στοραγε μυστ βε εμπλοψεδ. Ασ νοτεδ αβοϖε, τηισ ρυλεσ ουτ τηε υσε οϕ τηε σιγνατυρε αλγοριτημ. Τηε βεστ σολυτιον ιν τηισ χασε ισ το αδαπτ τηε ινϖερτεδ ϕ ιλε στρυχτυρε γενεραλλψ υσεδ ιν σεριαλ σψστεμσ. Ιν τηισ σορτ οϕ σψστεμ, εαχη δοχυμεντ ισ ινδεξεδ το προδυχε α σετ οϕ ποστινγσ. Εαχη ποστινγ χονταινσ α ωορδ, αν ιδεντιϕ ιερ ϕορ τηε δοχυμεντ ιτ ωασ χονταινεδ ιν, ανδ αδδιτιοναλ ινϕορματιον (ε.γ. α νυμεριχαλ ωειγητ ινδιχατινγ ηοω μανψ τιμεσ ιτ οχχυρρεδ) ωηιχη μαψ βε ρεθυιρεδ βψ τηε σεαρχη στρατεγψ βεινγ υσεδ. Τηεσε ποστινγσ αρε σορτεδ βψ ωορδ, τηε ωορδσ αρε στριππεδ ϕρομ τηε ποστινγσ, ανδ τηε ρεσυλτσ ωριτ− τεν το δισκ. Ατ τηε σαμε τιμε, αν ινδεξ ισ βυιλτ ωηιχη περμιτσ τηε ποστινγσ ϕορ α γιϖεν ωορδ το βε ϕουνδ ον δισκ. Τηε αδϖαν− ταγε οϕ τηισ ϕ ιλε στρυχτυρε ισ τηατ α ρελατιϖελψ σμαλλ αμουντ οϕ δατα νεεδσ το βε αχχεσσεδ ιν ανσωερινγ α θυερψ . Τηε πριμαρψ δισαδϖανταγε οϕ τηισ ⇒λε στρυχτυρε ισ τηατ ιτ ισ ϕαιρλψ χομπλεξ το βυιλδ ανδ μαινταιν ανδ, ιν παρτιχυλαρ , ρεαλ−τιμε μοδιϕ ιχατιονσ το τηε δαταβασε αρε διϕ ⇒χυλτ το συππορτ. Ασ νοτεδ αβοϖε, Ω ΑΙΣ τεξτ σερϖερσ νεεδ το εϖαλυατε θυεριεσ χονσιστινγ οϕ ωορδσ πλυσ ωειγητσ ινδιχατινγ τηε ιμπορτανχε οϕ τηοσε ωορδσ. Τηε βασιχ χομπυτατιον ισ το 1) χρεατε α σχορε αχχυμυλατορ (χαλλεδ α μαιλβοξ) ϕορ εαχη δοχυμεντ ανδ ζερο ιτ; 2) ρεαδ τηε ποστινγσ ϕορ εαχη τερμ ιν τηε θυερψ; ανδ 3) ινχρε− μεντ τηε μαιλβοξεσ ϕορ τηε δοχυμεντσ ρεϕερενχεδ βψ τηεσε ποστινγσ. Ιν τηε σιμπλεστ παραλλελ ινϖερτεδ ϕ ιλε στρυχτυρε, τηε ποστινγσ αρε διστριβυτεδ αρβιτραριλψ αχροσσ τηε προχεσσορσ ανδ, ατ θυερψ τιμε, σεντ το τηε προχεσσορ χονταινινγ τηε αππροπριατε μαιλβοξ [12]. Ιν α μορε χομπλεξ ϕ ιλε στρυχτυρε, χαλλεδ α παρτιτιονεδ ποστινγ ⇒λε, τηε ποστινγσ αρε στορεδ ον δισκ ιν συχη α ωαψ τηατ τηεψ ωιλλ, ωηεν ρεαδ ιντο τηε μαχηινε∏ σ μεμορψ , βε ιν τηε σαμε προχεσσορ ασ τηειρ μαιλβοξ [13]. Τηε λατερ ⇒λε στρυχτυρε ισ σομεωηατ ϕαστερ τηαν τηε ϕορμερ , ασ ιτ ινϖολϖεσ νο ιντερπροχεσ− σορ χομμυνιχατιον, βυτ βυιλδινγ τηισ ⇒λε στρυχτυρε ισ μορε διϕ− ⇒χυλτ. Βενχημαρκσ ρεϖεαλ τηατ, υσινγ τηε παρτιτιονεδ αλγοριτημ ανδ αν 8192 προχεσσορ ΧΜ−2, ιτ σηουλδ βε ποσσιβλε το εϖαλυατε α 10−τερμ θυερψ αγαινστ α 100 Γιγαβψτε δαταβασε ιν 1.8 σεχονδσ (χομπυτε ονλψ), ϖσ. 45 σεχονδσ ϕορ α ϕαστ σεριαλ μαχηινε (α Συν 4/330). Τηε σεχονδ μαφορ ισσυε ιν παραλλελ ινϖερτεδ ϕ ιλε δεσιγν ισ Ι/ Ο. Τηε Χοννεχτιον Μαχηινε συππορτσ α δισκ αρραψ χαλλεδ τηε

DataVault. Each DataVault can store up to 60 Gigabytes of data, which would be sufficient to hold the inverted file for a database as large as 180 Gigabytes. The DataVault has a transfer rate of 25 Megabytes per second. It may be used in two modes: striped mode and independent disk mode. In striped mode, all the disks in the DataVault operate synchronously, yielding a very high transfer rate. The disadvantage of this mode is that it has a latency of 200 milliseconds, so that no more than 5 I/O�s per second may be supported. In independent disk mode, each disk may be given a different seek address. In this access mode, the DataVault�s latency is 225 milliseconds per 32 I/O�s.

According to one model of the retrieval process, an average term from an average query will occur 3000 times per Gigabyte of full text. Each term posting requires approximately four bytes of data. Evaluating a 10-term query against a 100 Gigabyte database will thus require the transfer of 12 Megabytes of data, which should take slightly under 0.5 seconds. A full discussion of the performance characteristics of parallel database servers is beyond the scope of this paper; the interested reader is referred to [13]. Table 1, taken from the referenced paper, summarizes the performance characteristics of various systems having between 1.5 and 8192 Gigabytes of data.

TABLE 1 PERFORMANCE OF CM-2 FOR VARIOUS DATABASE SIZES.

TIMES IN SECONDS, 10-TERM QUERIES. Σιζε Προχεσσορσ Δαταςαυλτσ Τιμε Στοραγε Μετηοδ 1.5 ΓΒ 4Κ 0 0.055 Μαιν Μεμορψ 3 ΓΒ 8Κ 0 0.055 Μαιν Μεμορψ 6 ΓΒ 16Κ 0 0.055 Μαιν Μεμορψ 12 ΓΒ 32Κ 0 0.055 Μαιν Μεμορψ 24 ΓΒ 64Κ 0 0.055 Μαιν Μεμορψ 64 ΓΒ 8Κ 1 1.7 Ινδεπενδεντ Δισκ 128 ΓΒ 8Κ 1 2.8 Ινδεπενδεντ Δισκ 256 ΓΒ 16Κ 2 3.6 Στριπεδ Δισκ 512 ΓΒ 32Κ 4 3.6 Στριπεδ Δισκ 1024 ΓΒ 64Κ 8 3.6 Στριπεδ Δισκ 2048 ΓΒ 64Κ 16 5.1 Στριπεδ Δισκ 4096 ΓΒ 64Κ 32 8.2 Στριπεδ Δισκ 8192 ΓΒ 64Κ 64 12.4 Στριπεδ Δισκ ς. ΧΟΝΧΛΥΣΙΟΝΣ Τηισ παπερ ηασ αρ γυεδ 1) τηατ χυρρεντ μετηοδσ ϕορ αχχεσσινγ ον−λινε τεξτ αρε ιναδεθυατε; 2) τηατ Ω ιδε Αρεα Ινϕορματιον Σερϖερσ ρεπρεσεντ α ποσσιβλε σολυτιον το τηισ προβλεμ; ανδ 3) τηατ παραλλελ τεξτ σερϖερσ χαν βε βυιλτ το συππορτ ανψ σιζε δατα− βασε λικελψ το βε νεεδεδ ιν τηε νεξτ δεχαδε. Τηισ προχεσσ ισ, οϕ χουρσε, ιν ιτσ ινϕανχψ . Ατ τηισ ποιντ, ιτ ισ προβαβλψ μοστ ιμπορταντ τηατ πεοπλε υσε ανδ εξπεριμεντ ωιτη Ωιδε Αρεα Ινϕορματιον Σερϖερσ. Τηισ ισ χυρρεντλψ βεινγ δονε ον α ρεσεαρχη βασισ ατ α ϖαριετψ οϕ σιτεσ ον τηε Ιντερνετ. Τηοσε ωηο ωιση το οβταιν τηε σοϕτωαρε δεσχριβεδ ιν τηισ παπερ μαψ δο σο βψ χονταχτινγ Βρεωστερ Καηλε ϖια ε−μαιλ (βρεωστερ≅− τηινκ.χομ).

ΡΕΦΕΡΕΝΧΕΣ [1] Καηλε, Β. & Μεδλαρ, Α. (1991). Αν ινϕορματιον σψστεμ ϕορ χορπορατε υσερσ: Ωιδε Αρεα Ινϕορματιον Σερϖερσ. Τεχηνιχαλ ρεπορτ ΤΜΧ−199. Χαμβριδγε ΜΑ: Τηινκινγ Μαχηινεσ Χορπορατιον. [2] Σαλτον, Γ. (Εδ.). (1971). Τηε Σμαρτ Σψστεμ −−− Εξπεριμεντσ ιν αυτοματιχ δοχυμεντ προχεσσινγ. Ενγλεωοοδ Χλιϕϕσ, Νϑ: Πρεντιχε−Ηαλλ. [3] Ροχχηιο, ϑ.ϑ., ϑρ. (1971). Ρελεϖανχε ϕεεδβαχκ ιν ινϕορματιον ρετριεϖαλ. Ιν Γ. Σαλτον (Εδ.), Τηε Σμαρτ Σψστεμ −−− Εξπεριμεντσ ιν αυτοματιχ δοχυ− μεντ προχεσσινγ. Ενγλεωοοδ Χλιϕϕσ, Νϑ: Πρεντιχε−Ηαλλ. [4] Σταν⇒λλ, Χ. & Καηλε, Β. (1986). Παραλλελ ϕρεε−τεξτ σεαρχη ον τηε Χοννεχ− τιον Μαχηινε σψστεμ. Χομμυνιχατιονσ οϕ τηε ΑΧΜ, 29(12), 1229−1239. [5] Πογυε, Χ. & Ωιλλετ, Π. (1987). Υσε οϕ τεξτ σιγνατυρεσ ϕορ δοχυμεντ ρετριεϖαλ ιν α ηιγηλψ παραλλελ ενϖιρονμεντ. Παραλλελ Χομπυτινγ, 4, 259− 268. [6] Ηιλλισ, Δ. (1985). Τηε Χοννεχτιον Μαχηινε. Χαμβριδγε, ΜΑ: ΜΙΤ Πρεσσ. [7] Βατχηερ, Κ.Ε. (1980). Δεσιγν οϕ α μασσιϖελψ παραλλελ προχεσσορ. ΙΕΕΕ Τρανσαχτιονσ ον Χομπυτινγ, Χ−29(9), 836−840. [8] Φλανδερσ, Π.Μ., Ηυντ, Δ.ϑ., Ρεδδαωαψ, Σ.Φ., & Παρκινσον, Δ. (1977). Εϕϕιχιεντ ηιγη σπεεδ χομπυτινγ ωιτη τηε διστριβυτεδ αρραψ προχεσσορ. Ιν Δ.ϑΥ. Κυχκ, Δ.Η. Λαωριε, & Α.Η. Σαμεη (Εδσ.), Ηιγη σπεεδ χομπυτινγ ανδ αλγοριτημ οργανιζατιον (ππ. 113−127). Νεω Ψορκ: Αχαδεμιχ Πρεσσ. [9] Χροϕτ, Β. (1988). Ιμπλεμεντινγ ρανκινγ στρατεγιεσ υσινγ τεξτ σιγνατυρεσ. ΑΧΜ Τρανσαχτιονσ ον Οϕ⇒χε Ινϕορματιον Σψστεμσ 6(1), 42−62. [10] Σαλτον, Γ. & Βυχκλεψ, Χ. (1987). Παραλλελ τεξτ σεαρχη μετηοδσ. Χομμυ− νιχατιονσ οϕ τηε ΑΧΜ, 31(2), 202−215. [11] Στονε, Η. (1987). Παραλλελ θυερψινγ οϕ λαργε δαταβασεσ: Α χασε στυδψ. Χομπυτερ, 20(10), 11−21. [12] Σταν⇒λλ, Χ., Τηαυ, Ρ., & Ωαλτζ, Δ. (1989, ϑυνε). Α παραλλελ ινδεξεδ αλγο− ριτημ ϕορ ινϕορματιον ρετριεϖαλ. Παπερ πρεσεντεδ ατ τηε Ιντερνατιοναλ Χονϕερενχε ον Ρεσεαρχη ανδ Δεϖελοπμεντ ιν Ινϕορματιον Ρετριεϖαλ. Χαμβριδγε, ΜΑ. [13] Σταν⇒λλ, Χ., & Τηαυ, Ρ. (1991). Ινϕορματιον ρετριεϖαλ ον τηε Χοννεχτιον Μαχηινε: 1 το 8192 γιγαβψτεσ. Ινϕορματιον Προχεσσινγ ανδ Μαναγε− μεντ 27(4), 285−310.