1995 International Workshop on Object-Orientation in Operating Systems (I-WOOOS’95)University of Lund, Sweden, August 14-15th, 1995.Object-Stacking in the World-Wide WebYasushi Shinjo, Satoshi Zakimi, Seiki KyanDepartment of Information EngineeringUniversity of the RyukyusNishihara, Okinawa 903-01, JapanPhone: +81 98 895 2221 Ext. 3266Fax: +81 98 895 2688E-Mail: yas@ie.u-ryukyu.ac.jpURL: http://bottom.ie.u-ryukyu.ac.jp/~yas/AbstractObject-stacking is a model for structuring object basedsystems. The main feature of object-stacking is thatlayers of objects with a uniform interface areconstructed, and the functions of these objects areintegrated. The effectiveness of object-stacking has beenshown for file systems of distributed operating systems.This paper presents the application of the object-stackingmodel to the World-Wide Web, an informationexploring/providing system on the Internet. Object-stacking gives powerful tools to information providerswho use the World-Wide Web. This paper describes theimplementation method of object-stacking in the World-Wide Web. This paper proposes the new concepts ofdemand stacking, virtual stackable objects, and pointerswizzling in the World-Wide Web.1 IntroductionObject-stacking is a model for structuring object-basedsystems[10][11]. The main feature of object-stacking isthat layers of objects with a uniform interface areconstructed, and the functions of these objects areintegrated. Object-stacking can be used in object-basedsystems in which the client-server model of interprocesscommunication is satisfied. In this paper, we describethe use of object-stacking in the World-Wide Web.The World-Wide Web (W3) is an informationexploring/providing system on the Internet based onhypermedia [1]. W3 provides still image data, videodata, audio data as well as text data.W3 has many good user interface programs, such asMosaic, Netscape, etc. However, W3 provides a fewtools to the information providers. On the provider sideof W3, maintaining consistency among multiple views ofa single data is one of the biggest problems. Suppose thatthere is a large image data. It is desired to provide asmall view of the original large data for the users whoaccesses through a slow communication line by apersonal computer with a monochrome display. Thesmall view is created by reducing its colors and scalingits size. It is hard to maintain several views consistentfor data which is updated frequently.In Japan and other countries, the multiple viewproblem arises in character encoding. For example,Japanese is usually expressed by using thousands of Kanjicharacters (Chinese characters). Usually, Japanese kanjiis encoded by using one of the following three codingmethods:(1) JIS (Japan Industrial Standard) kanji code. Thisis based on an ISO standard [7].(2) Shift-JIS kanji code by Microsoft.(3) EUC (Extended Unix Code) for Japanese.JIS and EUC are used in UNIX applications. Shift-JIS isused in personal computers, such as Macintosh and IBMPC/AT compatibles with MS-DOS or MS-Windows. It ishard for information providers to maintain these threeviews consistently.W3 is used to distribute information widely. It can beused to share information within a closed group ofpeople. To accomplish this, many efforts are made onauthentication and encryption.These problems have been solved in file systems byusing object-stacking [10][11]. Object-stacking isproposed for providing multiple view, first [11]. In filesystems, kanji code transformation and image conversionare done by object-stacking. Encryption andcompression are popular applications of object-stacking.In this paper, we describe the implementation methodof object-stacking in W3. We have transferred sometechniques developed in file systems into W3. We alsodeveloped new techniques, such as demand stacking,virtual stackable objects, and pointer swizzling in W3.We present these new techniques in depth in this paper.And, we compare our techniques with others.

-- 2 --2 Object-stacking in file systemsThe key idea of object-stacking is to stack objects thathave a uniform interface. To stack Object b1 (an upperobject) on Object a1 (a lower object) means that Objectb1 holds the id (identifier) of Object a1, and Object b1calls Object a1 to implement its functions. The interfaceof an object is the set of its exported procedures. Tochoose objects flexibly, they must have a u n i f o r m interface. If interfaces of objects are not uniform, theobjects that can be stacked on an object are restricted.Figure 1 shows stacking of three file objects. Wedefine a bottom object as an object that holds no objectid. In Figure 1, Object a1 is a bottom object. Wedefine a stackable object as an object that holds an id of alower object which interface is equivalent to that ofitself, and it calls the lower object to implement itsfunction. In Figure 1, Object b1 and Object c1 arestackable objects.In Figure 1, each object provides the followingfunctions, respectively.c1: Sort.b1: Translate upper case characters to lower case ones.a1: Store data.These functions are integrated into the top object, Objectc1. That is, an object is created which has the functionsto store lower-case sorted data.In Figure 1, when each stackable object accepts a readrequest from its client (including its upper object), thestackable object sends a read request to the correspondinglower object. Next, the stackable object performs theappropriate filter operation (sorting or translation) onthe result that is returned from the lower object. Finally,the stackable object returns the filtered data to the client.In Figure 1, the ids of Object c1, b1 and a1 areregistered into a directory object. These registered idscan be regarded as three views of a single object. InFigure 1, the following views are provided:(1) The original view.(2) The lower-case view.(3) The sorted lower-case view.Moreover, multiple view can be implemented by stackingseveral upper objects on a single lower object [10].In file systems based on object-stacking, file objects ordirectory objects are stacked, and their high-levelfunctions are integrated. In object-stacking, each objectprovides a simple function, such as filtering, indirection,caching, masking, or grouping. By stacking such objects,their functions are integrated and can be used together.

c1b1a1

Client 1

file1.lower.sortedfile1.lowerfile1�A directory

sortStackable

objects

A bottom object

: Object ID and Call: An object

Interface

tr A-Z a-z

Figure 1: Integrating the functions of objects bystacking in a file system.2.1 Server-stacking and server-cascadingIn object-stacking, layers are constructed from objects.Similarly, layers can be constructed from servers. Werefer this method as server-stacking. Server-stacking isimplemented in the Ficus system [3]. In Ficus, theinterface of NFS vnode is used as a uniform interface.Server-stacking is a special and protected case ofobject-stacking. Protection means prevention of creationof illegal stacks of objects [10].In this paper, we describe both object-stacking andserver-stacking in the World-Wide Web. We use theterm "a stackable server" for denoting both a server ofstackable objects in object stacking and a server inserver-stacking.In the Spring system, layers of file servers areconstructed for implementing a distributed file systemand an attribute-caching file system [4]. In theimplementation of those file systems, a single serverprovides two types of objects which are relatedinternally. We call this technique server-cascading.Server-cascading is a special and protected case of object-cascading [9]. We are now implementing a new windowsystem based on object-cascading.2.2 Object-stacking and delegationThe mechanism of object-stacking is similar todelegation [5][13]. Delegation is a mechanism toimplement shared behavior in object-oriented systems.In delegation, behaviors of objects are shared

-- 3 --implicitly. If variables and methods are not defined in anobject, its prototype is searched automatically. Indelegation, there is a special variable, named self, whichholds the object that receives a message first from aclient. These two mechanisms make delegation powerfulas inheritance.In object-stacking, an object can use functions of itslower objects by calling the lower objects explicitly. Inobject-stacking, explicit procedure invocation is neededto forward received messages to lower objects. Themethods that are not defined in an object are notforwarded to its lower objects, but they are rejected. Indelegation, to disable automatic invocation of prototypes,it is needed to redefine the methods in the object.3 Object-stacking in the World-WideWebThe World-Wide Web (W 3 ) is a wide-areainformation exploring/providing system based onhypermedia. In this section, we show an overview of themechanism of W3, first. Second, we present severalstackable objects in W3. Finally, we discuss the W3-Proxy server as a stackable server in W3.3.1 The overview of the W3 mechanismW3 has come to stand for the following definitions:(1) HTML (HyperText Markup Language):HTML is a markup language used to create hypertextresources in W3. To express hyperlinks to otherresources, HTML uses URL below.(2) URL (Uniform Resource Locator): URL is acompact representation of the location and the accessmethod for a resource available on the Internet. URLused in W3 has the following form:protocol://host:port/dir/filenameThe "protocol" indicates a communication protocol1.Usually, the protocol is "http" which will be describedbelow. URL can also express other protocols. The"host" and the "port" are the host name of the serverof the resource and the port number of the server inTCP/IP. If the port number is omitted, the default valueof the protocol is used. The following string"/dir/filename" is the string that is used by theserver to distinguish resources in the server. Usually,this string means a relative path name from the workingdirectory of the server in a file system.(3) HTTP (HyperText Transfer Protocol):

1In URL definition, the term "scheme" is used insted of the term"protocol". For example, "scheme" includes "file" for local files.HTTP is a generic stateless communication protocol onTCP/IP [1]. HTTP is based on the client-server modelof interprocess communication [12]. HTTP definesinteraction between clients and servers. In HTTP, theGET request is the most frequently used request. To geta resource, a client sends a GET request with a URL as anargument to a server. When the server receives the GETrequest, the server searches for the resource which ispointed to by the URL, and sends the content of theresource. In HTTP, the following requests are alsodefined: P O S T for creation of resources, P U T forupdating resources, DELETE for deleting resources. InHTTP, a connection of TCP/IP is established every timea single resource is transferred.URL has two forms: the full form and the partialform. The full form of URL consists of a protocol, ahost name, an optional port number, and a path name ofa file as described above. The partial form of URL is apath name of a file. For example, consider that aresource described in HTML is denoted by the URL"http://host1/port1/dir1/file1.html". Ifthis resource contains the URL "file2.html" in apartial form, the URL "file2.html" points to ther e s o u r c e d e n o t e d b y t h e f u l l U R L "http://host1/port1/dir1/file2.html". Notethat the full form and the partial form are also called theabsolute form and the relative form, respectively.The following is an example interaction between aclient and a server of HTTP. First, suppose that theclient needs a resource denoted by the next URL:http://host1:port1/Welcome.htmlThe client analyzes this URL, and knows that the serveron host1 is waiting for requests at port1. So, theclient opens a TCP/IP connection to the server, and sendsthe following request in HTTP.GET /Welcome.html HTTP/1.0"GET" is the request type, "/Welcome.html" is theURL of the document in the partial form, and"HTTP/1.0" is a version of HTTP.When the server accepts the above request, the serveropens the file "W e l c o m e . h t m l " in the workingdirectory, and reads the contents of the file. Then, theserver sends the contents of the file to the client throughthe TCP/IP connection.Figure 2 shows an example of a hypertext resource inHTML returned by a server. The first line is called astatus line in HTTP. This line indicates the status of theresponse. In this example, the status is OK. The nextline means that the contents of the response body are inHTML. The next empty line is the delimiter of theresponse header and the response body.

-- 4 --

HTTP/1.0 200 Document followsContent-Type: text/html<HEAD><TITLE>University of the Ryukyus W3 Home Page. </TITLE></HEAD><BODY><IMG SRC="title.gif"><H2>Welcome to W3 server at the University of the Ryukyus. </H2>If you want to change to Japanese, <A HREF="Welcome-j.html">click here. </A><A HREF="./UR_history/history-e.html">About the University.</A></BODY>Figure 2: A W3 resource in HTML.In the response body, <IMG SRC="title.gif">means that the content of the image file "title.gif"should be expanded there. The region from <A> to</A> is called an anchor. An anchor means the startingpoint of a hyperlink (hyper reference, HREF) to anotherresource.When the client application receives this resource, theclient application formats the resource, and displays theformatted resource to the user. For example, the clientapplication expands inline images, and changes the fontsfor anchors.Besides HTTP, other protocols, such as FTP, Gopher,and WAIS are supported in W3 [1]. In this paper, wedeal with only HTTP.Our research focuses on support for informationproviders of W3. In this paper, the term "user" means ahuman who uses a client application.3.2 Stackable objects in W3To implement object-stacking, we have to find objectsand a uniform interface. We can regard the resourcesthat are denoted by URLs and transferred via HTTP asobjects. As objects with a uniform interface, we use theobjects that can accept the GET request of HTTP. Now,we define the following terms:¥ An HTTP object is an object which is transferredvia HTTP.¥ A text object is an HTTP object which content typeis text.¥ An HTML object is a text object which isdescribed in HTML.¥ An image object is an HTTP object which contenttype is image.As the uniform interface in W3 is defined, stackableobjects in W3 are defined inferentially. A stackableHTTP object holds another HTTP object as a lowerobject. When it receives a GET request from a client, itsends a GET request to its lower object. Then, it receivesa response message from the lower object, performs anoperation on the response message, and sends a responsemessage to the client.Figure 3 shows two stacks of HTTP objects. Theobjects in Figure 3 provide the following functions,respectively:(c1, c2) Reduce the sizes for image objects. Donothing for other types of objects.(b1, b2) Translate kanji code into Shift-JIS for textobjects. Do nothing for other types of objects.(a1, a2) Store data.These functions are integrated into the top objects,Object c1 and c2. That is, a shift-JIS text object and asmall image object are created.Figure 4 shows the effects of the stackable objects.This hard copy was made on Macintosh which supportsshift-JIS kanji code. On the left of Figure 4, a largeimage and broken kanji characters are displayed. Thesecorrespond to Object a1 and a2 in Figure 3. On theright of Figure 4, a small image and correct kanjicharacters are displayed. These correspond to Object c1and c2 in Figure 3.We have implemented the following stackable HTTPobjects:(1) Image conversion objects. An image conversionstackable object converts a lower image object using oneimage format to an image object with a different imageformat. This object is also used for scaling andchanging the number of colors. This stackable objecthelps a user who accesses through a slow line, such as aninternational line or a home telephone line, to reduce thesize of an image object. This also helps an informationprovider who uses an image scanner. She/he can saveimages in a scanner-specific format in spool directories.Simultaneously, people in the Internet can view thoseimages in a standard format, such as GIF (Graphic ImageFormat). These objects are implemented by using theconvert command in the ImageMagic package.(2) Kanji filter objects. A kanji filter stackable objecttranslates the kanji code of its lower HTTP object intospecified one. As described in Section 1, there are threepopular encoding methods for Japanese. By using theseobjects, an information provider can provide three viewsof a single text data which includes kanji characters.(3) Encryption/decryption objects. These are used toshare information within a closed group of people whoare distributed in the Internet. By using these objects,information can be shared safely over insecure networks.(4) General-purpose stackable HTTP objects whichinvoke UNIX filter commands. By using these objects,

-- 5 --filter commands in UNIX are translated into stackableHTTP objects.(5) M4 macro objects. These are instances of theabove objects. These objects invoke the m4 macrolanguage processor of UNIX.We have a plan to implement the following stackableHTTP objects:(1) Kanji-to-Romaji translation objects. These objectstranslate documents with kanji characters into that withalphabet characters. These objects help Japanese learnersand native Japanese people who are using a clientapplication which cannot display kanji characters.(2) Read aloud objects. These objects transform textdata into audio data. These objects will use Kanji-to-Romaji translation objects for preprocessing.(3) Scheduling/congestion control objects. Theseobjects observe the usage of network resources and theloads of servers, and schedule the requests and controlspeeds of transfer.3.3 W3-Proxy is a stackable HTTP serverW3-Proxy of CERN is an HTTP server typicallyrunning on a firewall machine, providing with access tothe outside world for people inside the firewall [6]. Ithas a facility of caching of resources.In terms of ours, W3-Proxy is a stackable HTTPserver. It can be used together with our stackableservers for caching and crossing firewall.Unlike our stackable servers, W3-Proxy does notchange the contents of lower objects. Our stackableserver changes the contents of lower objects. Thischange includes rewriting of URLs in HTML objects.About rewriting of URLs, we will describe in Section 4.2in depth.The main supporting target is different between W3-Proxy and our stackable HTTP servers. The formersupports mainly information users, and the lattersupports mainly information providers.

c2Client 2 (Mosaic) c1a2a1Welcome2-j.htmltitle.gif (thru) b2b1 shift-jis (thru) convert -scale

0.5x0.5

Client 1(Mosaic)

Figure 3: Integrating the functions of objects bystacking in the World-Wide Web.

-- 6 --4 Demand stacking, virtual stackableobjects and pointer swizzlingAs compared with file systems, W3 has the followingfeatures:(1) No directory object is needed. URLs, whichcorrespond to object ids, include symbolicnames, and they are human-readable.(2) HTML objects include references to otherobjects.By the first feature, object creation methods in W3become different from that in file systems. This isdiscussed in Section 4.1, and two new ideas are proposed:demand stacking and virtual stackable objects. Thesecond feature requires the rewriting of URLs in HTMLobjects. We call this rewriting pointer swizzling. Wedescribe pointer swizzling in Section 4.2.In this paper, we describe both object-stacking andserver-stacking in W3. These can be chosen byinformation providers. From a technical point of view,both object-stacking and server-stacking have manycommon aspects, as described in Section 2.1. Thedifferences appear in pointer swizzling in W3.4.1 Demand stacking and virtual stackable objectsThis subsection describes how to create stacks ofobjects in W3. In file systems, stacks of objects arecreated step by step, or duplicated from existing ones intemplate object bases all at once [10]. In any case, stacksof objects are constructed from bottom to top. In W3,these operations are troublesome since there are so manyobjects in the world. In addition, W3 has human-readable object ids, URLs. URLs should be used tocreate stacks.Now, we introduce the new idea of demand stackingfor stack creation in W3. Demand stacking means thatstacking is done on demand by a client. We call astackable object created on demand as a virtual stackableobject. In contrast to this new stacking, we refer oldstacking in file systems as pre-stacking. In pre-stacking,stackable objects are created by calling object creationprocedures first, and then the ids of new stackable objectsare fixed later. Stacks of objects are constructed frombottom to top. In demand stacking, virtual stackableobjects are created by accessing with the object ids(URLs) first, and then stacks of objects are created later.Stacks of objects are constructed from top to bottom.

b1Client 1(Mosaic)

a1http://hA:pA/dir1/file1.htmlGET string-Object-b1 HTTP/1.0A virtual stackable objecthttp://hB:pB/string-Object-b1

Server AServerB

This URL is synthesized from string-Object-b1.

: URL (object id)A bottom objectFigure 5: Creation of a virtual stackable object ondemand.An example of creation of a virtual stackable object isshown in Figure 5. In Figure 5, Object a1 is a bottomobject, and it is identified by the following URL:(a1) http://hA:pA/dir1/file1.htmlThis bottom object is managed by a regular HTTPserver, named Server A on host hA at port pA.Now, let us create a virtual stackable object, namedObject b1, which holds the id of Object a1 as its lowerobject. Suppose that Server B, the server of Object b1,is running on host hB, and accepting requests at port pB.As Object b1 is a virtual stackable object, it is notneeded to send an object creation request (POST inHTTP) to Server B. Instead, the following object readrequest causes creation of Object b1:GET /string-Object-b1 HTTP/1.0Where "string-Object-b1" describes Object b1 inServer B. The full URL of Object b1 is: (b1) http://hB:pB/string-Object-b1When Server B accepts the GET request, Server Bcreates Object b1 which lower object is Object a1.Object b1 sends the GET request to Object a1.In demand stacking, "string-Object-b1" isimportant. In pre-stacking, a server knows the id of alower object before creation of a new stackable object,and the server saves the id of the lower object in aworking file. When the server receives a requestmessage to a stackable object, the server fetches the id ofthe lower object from the working file, and uses thefetched id to send request messages to the lower object.In demand stacking, on the other hand, the serverreceives the object id ("string-Object-b1") first.The server has to find the id of the lower object in thegiven object id. In the case of Object b1, the lowerobject is Object a1 which is identified by the URL"http://hA:pA/dir1/file1.html". Therefore,

-- 7 --" s t r i n g - O b j e c t - b 1 " must include enoughinformation to synthesize the URL of Object a1.We use the following two types of strings to identifyObject b1 in Server B:(1) A string including the full URL of Object a1.(2) A string including the partial URL of Object a1.The former is used in object-stacking. This type ofstring enables a stack creator to choose a lower objectwithout any restriction. The latter is used in server-stacking. A creator of a stackable object has a freechoice of a lower object within the Server A, but thecreator cannot specify an object in another server.In general, we use the following form for a virtualstackable object in object-stacking:http://hS1:pS1/options1!lower-url-1where the string "lower-url-1" is a full URL whichstarts with "http://". If this lower object is also avirtual stackable object, the URL of the virtual stackableobject is as follows:http://hS1:pS1/options1!\http://hS2:pS2/options2!lower-url-2The symbol ’!’ stands for the delimiter of host names inthe old UUCP (UNIX-to-UNIX-CoPy) fashion. InUUCP, users have to specify all relay hosts to the finaldestination host from left to right, like "r e l a y - host1!relay-host2!...!destination-host".In pipeline of UNIX, data flows from left to right of thesymbol ’| ’. In a URL of a virtual stackable object,requests propagate from left to right of the symbol ’!’,and response data flows from right to left.4.2 Pointer swizzlingUnlike file systems, HTML objects in W3 includereferences (URLs) to other objects. To implementobject-stacking and server-stacking, these referencesshould be rewritten consistently. We define thisrewriting pointer swizzling. This term stands for pointerswizzling in OOOS (object-oriented operating systems)and OODB (object-oriented databases), of course [2][14].In OOOS and OODB, pointer swizzling is a techniqueto speedup navigation operation. In those environments,objects are copied from the server (the object manager)into the address space of an application process. In aserver, references are represented by object ids. If acopied object includes a reference to an object inmemory, this reference is turned (swizzled) into thephysical pointer to the object in memory.a1 b1a2b2

Upper objects swizzlereferences tolower objects references toother HTTP objects

Lower objectsFigure 6: Pointer swizzling in W3.In stacking HTML objects, pointer swizzling is neededas similar to OOOS and OODB. Let us consider theexample in Figure 6. In Figure 6, there are two bottomHTML objects, Object a1 and Object a2. On those twoobjects, Object b1 and Object b2 are stacked,respectively. Object a1 includes the reference to Objecta2. In other words, Object a1 includes the URL ofObject a2. The corresponding reference (URL) inObject b1 should be rewritten to the URL of Object b2.To implement pointer swizzling, we use differentstrategies for object-stacking and server-stacking.4.2.1 Pointer swizzling in server-stackingAs described in Section 3.1, URL has two forms: thefull form and the partial form. In server-stacking, werewrite only the partial (relative) form of URL, and weleave the full (absolute) form of URL unchanged. Thisstrategy can be implemented easily in virtual stackableobjects. Each virtual stackable object simply passesURLs in the lower HTML object to the client.In this strategy, information providers have todescribe references in the partial (relative) form of URL.Using the partial form of URL is a regular way todescribe hypertext in HTML.4.2.2 Pointer swizzling in object-stackingIn object-stacking, we have to rewrite both the partial(relative) form and the full (absolute) form of URL.This is because virtual stackable objects in object-stackingalways require the full form of URL to access lowerobjects.The rewriting rules are as follows:(1) For a URL in the full form, the next prefix isattached:http://self_host:self_port/self_opts!(2) For a URL in the partial form, the next prefix isattached:http://self_host:self_port/self_opts!\http://lower_host:lower_port/\

-- 8 --working_directory/"self_host" and "self_port" are the host name andthe port number of the server of the target virtualstackable object, respectively. "lower_host" and"lower_port" are the host name and the port numberof the server of the lower object, respectively."working_directory" is the directory name part ofthe URL of the target virtual stackable object.For example, let us consider a virtual stackable object,named Object b1, which is identified by the followingURL:http://hB:pB/!\http://hA:pA/dir1/file1.htmlWe name the lower object of Object b1 as Object a1.The URL of Object a1 is next:http://hA:pA/dir1/file1.htmlSuppose that Object a1 includes the following URL in thepartial form:HREF="file2.html"This URL is rewritten into the following URL:HREF="http://hB:pB/!\http://hA:pA/dir1/file2.html"As this URL denotes that the server of this object is onhost hB at port pB, the following GET request to thisobject is directed to the server on host hB at port pB.GET /!http://hA:pA/dir1/file2.html \HTTP/1.0This server can access the lower object, Object a1 byextracting the URL of Object a1 from the URL of Objectb1.Suppose that Object a1 includes the following URL inthe full form:HREF="http://h3:p3/dir3/file3.html"This URL is rewritten into the following:HREF="http://hB:pB/!\http://h3:p3/dir3/file3.html"4.3 W3-Proxy and pointer swizzlingIn W3-Proxy, pointer swizzling is not performed.This is because W3-Proxy forces clients to send allrequests to W3-Proxy. This forcing changes the oldmodel of W3 clients. Pre-proxy clients send requestmessages to final destination servers directly, asdescribed in Section 3.1. To use W3-Proxy, theprograms of pre-proxy clients have been modified tosend all requests to W3-Proxy. For our stackable HTTPserver, in contrast, this modification is not neededbecause of pointer swizzling.In W3-Proxy, all requests come to W3-Proxy. Thisproperty can be used to use object-stacking in clients’sites (information users’ sites). For example, kanji codetranslation can be implemented in clients’ sites easily.4.4 M4 macro stackable HTTP serverTo use object-stacking in W3, information providershave to write URLs of virtual stackable objects in HTMLobjects. Since the URLs of virtual stackable objects arevery long in object-stacking, writing such URLs is apainful work. We solve this problem by using stackableobjects that invoke the m4 macro processor of UNIX.The m4 macro processor includes the followingdefinitions before the contents of the lower object:define(‘TEXT_JIS’, http://host1:port1/)define(‘IMAGE_SCALE’,http://host2:port2/)define(‘IMAGE_MONO’, http://host3:port3/)define(‘M4_FILTERED’, 1)So information providers can use the following shortURL for a stackable virtual object:Monochrome and JIS-code data is<A HREF="IMAGE_MONO!TEXT_JIS!\http://host4/dir4/file4.html">here </A>.Note that information providers do not have to writelong URLs in all pages. Instead, they have to write longURLs in several key pages, such as home pages. This isbecause other pages followed by the key pages becomevirtual stackable objects recursively.5 ImplementationWe have implemented several stackable HTTP servers.In implementation of those servers, we have transferredsome techniques developed in file systems into W3. Wehave also developed new techniques, such the virtualstackable objects, demand stacking, and pointer swizzlingdescribed in Section 4. In this section, we show theimplementation of these new techniques and compare theimplementation with that in file systems.5.1 The structure of stackable HTTP serversThe structure of stackable HTTP servers is similar tothat of stackable file servers [10]. The differencesbetween file systems and W3 appear in handling of objectids and resident objects in memory.In file systems, numeric object ids are used. Data ofstackable file objects is stored in a working file which ismaintained by the server. When a server receives arequest, the server first transfers the numeric object id

-- 9 --into the pointer to the object in main memory. Theobject id is used to locate data in the working file. Theobject in main memory has several states and cachesinside or outside the server. According to the request,the object in main memory should be locked.In contrast to a stackable file object, a virtual stackableHTTP object is created on demand, as described inSection 4.1. A URL, which is the object id of a virtualstackable HTTP object, contains all information about thevirtual stackable HTTP object, including the id of thelower object. Therefore, no fetching operation fromfiles is needed. A virtual stackable object is lightweight,lives in a session corresponding to a single request, andcontains no state to be shared among several sessions.Therefore, no mutually exclusion is needed.As similar to file systems, we have built a filter HTTPobject that invokes external filter programs.In the current implementation of virtual stackableHTTP objects, caching is not used. Caching is one of themain techniques which are used to implement stackablefile objects [10]. The reason of the use of caching is thateach stackable file object has to deal with random accessfrom clients. The cache for an entire file is created torealize non-byte filtering. In W3, in contrast, a virtualstackable HTTP object is read from the beginning to theend sequentially. Therefore, it is not needed to calculatepositions to read lower objects.5.2 Pointer SwizzlingWe provide the following library procedures forsupporting pointer swizzling described in Section 4.2.2:(1) swizzling_prefix_make(): This procedure makestwo prefix strings for swizzling. One is for the relativeform of URL, and the other is for the absolute form ofURL. This procedure takes the URL of the target virtualstackable object and the URL of the lower object.(2) line_swizzle(): This procedure performs pointerswizzling in a line. This procedure works as a statetransition machine.5.3 PerformanceWe measured the performance of the stackable imageconversion server, described in Section 3.2.Experimental results are shown in Table 1. In thisexperiment, original image data is managed by a regularHTTP server (CERN httpd 3.0pre6, libwww 2.16). Thestackable image conversion server is implemented by thegeneric UNIX filter server. This server invokes theconvert command in ImageMagic with options"-scale 0.5x0.5 -monochrome". The regularHTTP server and the stackable image conversion serverrun on different machines (Sun SPARCstation ClassicCompatible, 50MHz MicroSPARC I, main memory 16MBytes).In Table 1, http-cat is a simple HTTP client thattakes an URL, gets a corresponding HTTP object from aserver, and writes the contents to the standard output.We measured the execution times of the http-catcommand by the time command of tcsh. The http-catcommand is executed on another Sun Classic.MacMosaic of NCSA is executed on Macintosh Duo 280(CPU 68040 33MHz without FPU, main memory12Mbytes) with DuoDock II. We measured the executiontimes of reloading of image data by a stopwatch. Allmachines are connected with Ethernet (10M bps).In this experiment, we use color image data which sizeis 230 k bytes. This image data is reduced by theconvert command into 5 k bytes. This conversiontakes 2.5 seconds by the convert command if it isinvoked by the UNIX shell.In Table 1, from the results of execution times of theh t t p - c a t , the overhead of the stackable imageconversion server is about 1.6 seconds. This time isshorter than the execution time of the c o n v e r t command. One reason for this result is that parallelprocessing works well among the three machines.In the case of MacMosaic, although all machines areconnected with a high-speed local area network, theeffect of image conversion is large. This is because inthis case, the reloading operation is bounded by the CPUthat executes the client application, and the executiontime of redisplaying for the small monochrome imagedata is much shorter than that for the large color imagedata.Table 1: Performance of stackable imageconversion server (in seconds).

http-cat on SunMacMosaic(execution time)(reloading time)Original (230k bytes, color)1.718Filtered (5k bytes, monochrome)3.35

6 Related work6.1 CGI (Common Gateway Interface)A regular W3 server provides a facility, called CGI(Common Gateway Interface) which allows information

-- 10 --providers to extend the functions of the server [1]. Theterm "gateway" means the entrance to the HTTP protocolfrom the other protocols.Our stackable HTTP object that invokes an externalprogram is similar to CGI. As compared with CGI, themain feature of our stackable HTTP object is that it musttake a lower object. Our stackable HTTP object readsthe contents of another HTTP object. A regular CGIprogram does not read another HTTP object. Thismeans that CGI is not stackable. An HTTP object createdby CGI can be used as a bottom object of our system.6.2 DeleGateDeleGate [8] is an HTTP server that provides theservices of crossing firewall and caching, as similar toW3-Proxy described in Section 3.3 and Section 4.3.Unlike W3-Proxy, DeleGate can change the contents ofrelaying HTTP objects according to directives embeddedin URLs. Besides HTTP, DeleGate supports otherprotocols, such as Gopher, FTP, and NNTP.As similar to our pointer swizzling, DeleGate has afacility to rewrite URLs in response messages.Therefore, DeleGate can provide the services of crossingfirewall and caching for pre-proxy clients.DeleGate supports only conversion of text data. Oneof our stackable servers supports conversion of imagedata. For text data, one of our stackable servers invokesexternal filter programs and provides their filteringfunctions. Moreover, our stackable servers are designedas tools which can be combined.7 ConclusionIn this paper, we have described object-stacking andsever-stacking in the World-Wide Web. Object-stackingand sever-stacking are models for structuring object-based systems. One of their main features is that layersof objects with a uniform interface are constructed, andthe functions of these objects are integrated. In theWorld-Wide Web, object-stacking and server-stackingprovide high-level functions, such as conversion ofimage, translation of character encoding methods, macroprocessing, conversion of media, and any filteringfunctions provided by filter commands in UNIX.We have shown the implement method of object-stacking in the World-Wide Web. We have introducedthe new concepts of demand stacking, virtual stackableobjects, and pointer swizzling. We have implementedseveral stackable servers in the World-Wide Web. Wemade an experiment to measure performance of astackable image conversion server. In our future work,we would like to propose a mechanism based on object-stacking and object-cascading for maintaining cacheconsistency in the World-Wide Web.References[1]T.Berners-Lee, Robert Cailliau, A.Luotonen, H.FrystkyNielsen, and A.Secret: "The World-Wide Web",Communications of the ACM, Vol.37, No.8, pp.76-82(1994).<http://www.w3.org/hypertext/WWW/TheProject.html>[2]R.G.G.Cattell: "Object Data Management", Addison-Wesley (1991).[3]R.G.Guy, J.S.Heidemann, Wai Mak, T.W.Page,Jr.,G.J.Popek and D.Rothmeier: "Implementation of theFicus replicated file system", USENIX 1990 SummerConf., pp.63-71 (1990).[4]Y.Khalidi and M.Nelson: "Extensible File Systems inSpring", 14th SOSP, ACM Operating System Review,Vol.27, No.5, pp.1-14 (1993).[5]H.Lieberman: "Using Prototypical Objects to ImplementShared Behavior in Object Oriented Systems",OOPSLA’86, pp.214-223 (1986).[6]A.Luotonenand, and K.Altis: "World-Wide WebProxies", First International Conference on the World-Wide Web (WWW’94) (1994).<http://www.w3.org/hypertext/WWW/Proxies/>[7]J.Murai, M.Crispinand, and E.van der Poel: "JapaneseCharacter Encoding for Internet Messages", RFC1468(1993).<ftp://ds.internic.net/rfc/rfc1468.txt>[8]Y.Sato: "Development of a Protocol Mediation SystemDeleGate", ETL Technical Report (1994).<http://www.etl.go.jp/People/ysato/>[9]Y.Shinjo: "The Object-Stacking and Object-CascadingModels", 6th IPSJ Computer System Symposium, Vol.94,No.10, pp.31-38 (1994).[10] Y.Shinjo and Y.Kiyoki: "The Object-Stacking Model forStructuring Object-Based Systems", Proc. 2ndInternational Workshop on Object Orientation inOperating Systems (I-WOOOS’92), pp.328-340 (1992).<http://bottom.ie.u-ryukyu.ac.jp/~yas/>[11] Y.Shinjo and Y.Kiyoki: "Multiple Views of the ReSCDistributed Operating System", Workshop on ObjectO r i e n t a t i o n i n O p e r a t i n g S y s t e m s a t OOPSLA/ECOOP’90 (1990).[12]A.S.Tanenbaum and R.Renesse, "Distributed OperatingSystems", ACM Computing Surveys, Vol.17, No.4,pp.419-470 (1985).[13] D.Ungar and Randall B.Smith: "Self: The Power ofSimplicity", OOPSLA’87, pp.227-242 (1987).[14]P.R.Willson and S.V.Kakkad: "Pointer Swizzling at PageFault Time: Efficiency and Compatibly Supporting HugeAddress Spaces on Standard Hardware", Proc. 2ndInternational Workshop on Object Orientation inOperating Systems (I-WOOOS’92), pp.364-377 (1992).