Arc hitecture of a User In terface Mo dule for Structured Internet Messages MORIOKA T omohik o 1 Japan Adv anced Institute of Science and T ec hnology , Hokuriku 1-1 Asahidai, T atsunokuc hi, Nomi, Ishik a w a, 923-12, Japan Abstract. MIME introduces a structured Internet message format. It can represent v arious data formats and v arious co ded character sets. MIME thus represents an imp ortant part of Internet message pro cess- ing. Conv en tional message user agents (MUAs) which pro cess Internet messages hav e di�erent characteristics. The quality of the user interface dep ends on the user’s preference or habits. In this regard, it may b e preferable to allow the user to select a go o d combination of the MUA and a separate MIME mo dule. This pap er describ es the arc hitecture of a general MIME pro cessing mo dule to provide its features for v arious conv en tional MUAs. In the design of such a mo dule, tw o complementary mo dels are prop osed: "representation lay er mo del" which handles com- plex structured data and the "acting situation mo del" whic h pro cesses v arious kinds of data under v arious environmen ts. 1 In tro duction MIME (Multipurp ose Internet Mail Extensions) is a prop osed standard to pro- vide an extension of the traditional In ternet message format de�ned by STD 11[2]. STD 11 messages can represent only US-ASCI I[1] plain text. MIME mes- sages, how ev er, can represen t v arious formats sp eci�ed by a \media-type"[3] for v arious kinds of information. MIME messages can also represent v arious co ded c haracter sets sp eci�ed by a \MIME charset"[4] for v arious languages. Rather than forcing a single uni�ed language co ding system or media format, MIME enables the co existence of di�erent formats. In this w a y , MIME is an imp ortant proto col for Internet message exchange. There are many existing message user agents (MUAs) built on many user in terface mo dels. This is reasonable b ecause the user is free to select the one he is most comfortable with. A num ber of these MUAs ha v e built in MIME supp ort which the user may or may not b e comfortable with. It seems logical to extend the same mo dular approach used with MUAs to the MIME supp ort. One approach in designing MUAs is to consider the MIME mo dule separately . MIME o�ers a \multipart"[4] feature for messages. Structured messages form a hierac hical tree in whic h each no de of the tree may b e called an \entit y"[3]. Eac h en tit y has an attribute kno wn as \media-t yp e" for representing its data t yp e. Each message may hav e multiple entities. Although conv en tional MUAs suc h as mail readers, netnews readers, etc, provide message navigational features, they do not typically provide any functionality for navigating structured messages containing multiple en tities. In this study , a preview mechanism based on the notion of a \represen- tation lay er mo del" is prop osed to ov ercome this de�ciency . The \representa- tion la y er" separates the message conten ts in to \ra w message" and \message- preview". \Ra w message" is the original information sp eci�ed by STD 11 and MIME, whereas \message-preview" carries information ab out the p osition in the display . The message pro cessing mo dules describ ed in this pap er are based on such a representation system. A conv en tional MUA cannot pro cess the en tities itself, the MIME mo dule has to b e added to pro cess these entities according to their media-type using the appropriate program. There is usually a simple one-to-one mapping b etw een media-type and program. Entit y pro cessing is not dep endent on media-t yp e alone and a simple mapping ma y not b e adequate. The \acting situation mo del" is thus prop osed as a solution. Instead of a simple mapping b etw een media-t yp e and the appropriate program handler, a generalised MIME pro cessing mo dule is designed. The prop osed system has b een implemented on GNU Emacs and its v arian ts, such as \tm"[5] and \SEMI"[6]. 2 Display for message con ten ts Conv en tional Internet messages are limited to unstructured text that do es not require complex message pro cessing. Conv en tional MUAs th us ignore an y in- ternal structure and simply manage messages. The prop osed MIME pro cessing mo dule must provide adequate features to pro cess and manage a hierarc h y of entities and at the same time it has to o�er an interface b etw een a message and its structure. In the present approach, SEMI and tm employ the \pr eview" function for supp orting these functions. Entit y related information is embedded to allow the user to navigate entities in pr eview . Tm and SEMI manage the mapping b etw een a message and its pr eview . The in terface mo dules b etw een the MIME pro cessing mo dule and an MUA replace the display of a message by its pr eview . Pr eview functions as a message display for MUAs and therefore, MIME pro cessing features are added to the message features of the original MUAs. The design of the pr eview mec hanism is based on the \representation lay er mo del". This mo del combines lay ers and allows represention and manipulation of structured data. It organizes a complex system. 2.1 Representation la y er mo del In the \representation lay er mo del", structured data is represen ted by several \representation lay ers". A \representation lay er" stores structured data and pro- vides manipulations of this data in a manner determined by its format. Structured data consists of a num ber of units. In MIME, an entit y is a unit of message con ten t. A \represen tation unit" is represented by di�erent formats in di�erent kinds of \representation lay ers". How ev er, they are only di�eren t shado ws for the same ob ject. The term shadow is used b ecause it may b e an incomplete copy of the original. The shadows are attributes of the ob ject and the ob ject is represented by its shadows. A \representation unit" is a link b etw een \representation lay ers". \Represen- tation unit" indicates a unit of structured data. A structured data is represented b y a unit in a lay er. It is called a \shadow". \Represen tation unit" is a relation b etw een its shadows in \representation lay ers". If the user manipulates a shadow in a lay er and its op eration requires data in another lay er, pro cessing is propagated to the other lay er by a \representation unit". Each la y er has its own manipulating features for shadows and some of them are propagated to other lay ers. Thus \represen tation units" link \representation lay ers" and organize them in to a system. Such systems are called \representation systems". While it may b e p ossible to represent complex data by one structure, it may b e to o complicated (Fig. 1). If it is separated into several \representation lay ers" b y format, each representation lay ers can b e simple (Fig. 2). The latter is muc h simpler to implement and maintain. - � - - - � - - 6 ? ? ? 6 6 ? 6 Fig. 1. Example of single structured representation

0 1 0 1.1 2 1 2 3 + 2.1 1.1 2.1 2.2 2.3 3.1 2.2 2.3 3 3.1 Fig. 2. Example of separated representation lay ers 2.2 Representation system for In ternet message conten ts In tm or SEMI, the \representation system" for message con ten t consists of tw o \representation lay ers". One is the original conten t of received message, called the \raw-la y er". The other is displa y ed to the user and is called the \preview ed- lay er". Con v en tional MUAs do not distinguish b etw een the \raw-la y er" and the \previewed-la y er" (Fig. 3). Because messages as sp eci�ed by STD 11 do not hav e structured conten ts, con v en tional MUAs can display the original conten ts. Although they might do some pro cessing of the message 1 , the transformations 1 Most conv en tional MUAs p erform header �ltering.

in v olv ed do not require that the original data b e sav ed. MIME has v arious kinds of media-types and MIME charsets and it p ermits a mixture of di�erent kinds of eac h. Therefore, the MUA must display the message conten ts after parsing is done. Some media-types, like sound or other sp ecialized data cannot b e dis- pla y ed. In this case, the MUA should pro cess them when the user would like it pro cessed after the message conten t is display ed. Thus, message conten t managed b y conv en tional MUAs should b e separated to the \raw-la y er" and \preview- la y er" (Fig. 4). message - data display MT A stream - user of message � Fig. 3. Message mo del in non-MIME MUA The message management of conv en tional MUAs are classi�ed as tw o t yp es: \ra w-la y er" and \preview-lay er". The former is the original data. It is usually only used in ternally . The latter is display ed to user. The interface mo dule b e- t w een a general MIME mo dule and a con v en tional MUA must distinguish b e- t w een them and provide ho oks in to them. Construction for b oth \representation la y ers" is done by the follo wing steps. First, the \raw-la y er" is made from the original message con ten t as parsed by message syntax. After parsing is done, a hierarc h y of entities is generated. The \ra w-la y er" is the representation of the parsing result. The \preview-lay er" is generated from the \raw-la y er". Each shadow corre- sp onding en tit y is attened and sorted for the display mo del. The preview gen- erator calls the \preview-�lter" for each shadow element. The \Preview-�lter" displa ys and returns the shadow to the \preview-lay er". Shadows in the \raw- la y er" and \preview-lay er" generate the \representation-unit". In tm or SEMI, this is implemented with cell sharing. The shadow in the \preview-lay er" has a display preview lay er or playbac k - � - � user - - data � MT A stream of message - � � navigation raw lay er Fig. 4. Message mo del in MIME pro cessing mo dule p oin ter to the \raw-la y er". This implementation is able to bypass the high cost of searc hing in the \preview-lay er". A lot of na vigations are p erformed by the user and executed in the \preview-la y er", so it is a go o d metho d. Tm and SEMI hav e multiple \preview-lay ers" and one \raw-la y er". A \preview- lay er" may b e a hierarch y of \preview-lay ers". F or example, MIME has a \mes- sage/rfc822" media-t yp e. Its conten t can b e a MIME message and it’s usually used to forward a message. Therefore MIME pro cessing mo dule should allow navigation for message or display as a message. Recursiv e previewing is av ail- able in this case, and sev eral \preview-lay ers" for one \raw-la y er" is go o d wa y . 3 Entit y Pro cessing Each entit y of MIME message con ten t has a \media-type"[3] to sp ecify the for- mat of its conten t. It is used for pro cessing by general rule. Of course, conv en- tional MUAs do not use media-types and do not hav e entit y pro cessing features based on the MIME sp eci�cation. A general MIME mo dule should provide this feature. MIME message conten ts hav e information of their formats sp eci�ed by MIME syn tax. Each entit y has syntactical information sp eci�ed by its header. F or ex- ample, Content-Type [3] �elds sp ecify media-t yp e and some of them may hav e other v alues of their attributes. It is p ossible to automatically pla y entities if the pro cessing metho d is de�ned by MIME rules. F or example, mailcap[7] sp eci�es mapping rules b etw een media-types and corresp onding programs. Notice that en tities are not sp eci�ed only by media-types but also with other parameters. A simple mapping b etw een media-type and program is not su�cient. Even if su�cient mapping rules are sp eci�ed, the pro cessing of entities are con trolled by message sender and the MIME mo dule. F or example, the user can not con trol display of WWW pages when viewing them. The MIME mo dule should supp ort controllabilit y ab out what to display and what kind of pro cess- ing should b e done for entities. System customization of the mapping rule is a v ailable, but since the user is also allo w ed to customize it the system mapping rule and the user’s mapping rule should b e able to b e merged. MIME pro cessing should b e con trolled b y user op erations. It is inconv enien t for the user to hav e to sp ecify low level details of pro cessing, so we use some op eration t yp es that corresp ond to abstracted user op erations. The MIME mo dule should harmonize with the MUA’s pro vided MIME fea- tures. The b ehavior of the MIME mo dule should also b e compatible with each MUA’s typical mo de of op eration. In other words, the b ehavior of the MIME mo dule should b e changed for di�erent MUAs. In the present study , the notion of \acting situation mo del" is prop osed to ov ercome the ab o v e men tioned problems. In the \acting situation mo del", pro cessing metho ds for entities are mappings with an \acting situation" instead of simple mappings b etw een media-types and corresp onding programs. 3.1 Acting situation mo del An \Acting situation" consists of the following elements: 1. information of en tit y sp eci�ed by header (ex. Content-Type [3]) 2. conditions related to program execution 3. op eration type 4. information related to MUA type An \acting situation" is generated by the op eration on entit y . In the case of tm and SEMI, an acting situation is represen ted by an asso ciation list: (( t 1 :v 1 )( t 2 :v 2 ) ::: ( t n :v n )) An acting situation consists of attributes with t yp e t i and v alue v i .

3.2 Information of entit y sp eci�ed by header It is generated from information of header of eac h entit y . An example of the representation in SEMI is: ((media-type . text)(media-subtype . plain) ("charset" . "iso-2022-jp") (encoding . 7bit)(disposition-type . inline)) Media-t yp es (primary type and subtype) are sp eci�ed by the symbols ‘media- type’ and ‘media-subtype’. Conten t-T ransfer-Enco ding is sp eci�ed b y the symbol ‘enco ding’. Disp osition-t yp e is sp eci�ed by the symbol ‘disp osition-type’. The parameters of the Conten t-T yp e and Conten t-Disposition �elds are sp eci�ed as strings. 3.3 conditions related to program execution They are a list of acting situation types. Each acting situation type is a subset of acting situations. It sp eci�es exp ecting acting situation to run its metho d. Representation of SEMI is list of asso ciation lists. (((media-type . video)(method "xanim" nil "+Ae" -c ’name) (mode . play)(encoding binary 8bit 7bit)) ((media-type . audio) (method "tm-au" nil ’file ’type ’encoding ’mode ’name) (mode . play)(encoding binary 8bit 7bit)) ((media-type . image)(method "display" nil ’name) (mode play print)(encoding binary 8bit 7bit)) ((media-type . message)(media-subtype . external-body) ("access-type" . "anon-ftp") (method . mime-display-message/external-ftp)) ((media-type . message)(media-subtype . rfc822) (method . mime-display-message/rfc822)(mode . play)) ((media-type . message)(media-subtype . partial) (method . mime-combine-message/partials-automatically) (major-mode . gnus-original-article-mode) (summary-buffer-exp . gnus-summary-buffer)) ((media-type . message)(media-subtype . partial) (method . mime-combine-message/partials)) ((method "metamail" ’with-header "-m" "tm" "-x" "-d" "-z" "-e" ’file) (mode . play)) ((method . mime-extract-file)(mode . extract))) Eac h elements are as same as acting situations, like following: ((media-type . message)(media-subtype . partial) (method . mime-combine-message/partials-automatically) (major-mode . gnus-original-article-mode) (summary-buffer-exp . gnus-summary-buffer))

3.4 Op eration t yp e tm and SEMI pro vide three di�erent user op erations: ‘play’, ‘�le extraction’ and ‘prin t’. 3.5 Information related to MUA type This indicates the kind of running MUA. GNU Emacs and its v arian ts hav e a v ariable ‘ma jor-mo de’ to indicate kinds of applications. tm and SEMI use it. 3.6 Comp osition of acting situation During an op eration on entit y , tm or SEMI generates the draft for acting situ- ation with the help of (1) [information of en tit y sp eci�ed by its header] , (3) [op eration t yp e] and (4) [information related to MUA t yp e] . They are unique and therefore they are simply app ended. Finally the appropriate con- dition is retrieved from (2) [conditions related to program execution] and it is compared with the draft of acting situation. Comparing metho d b etw een tw o acting situations S 1 and S 2 succeeds when ev ery attributes of S 1 and S 2 are compared successfully . If type of an attribute a i of S 1 is found in S 2 ( a j ), and if v alues of a i and a j are same, then the attributes comparing ab out type of a i and a j succeeds and returns a i . If type of an attribute a k of S 1 is not found in S 2 , then the attributes comparing ab out t yp e of a k succeeds and returns a k . Similarly , if type of an attribute a l of S 2 is not found in S 1 , then the attributes comparing ab out type of a l succeeds and returns a l . Otherwise attribute comparing fails. If every attributes comparing succeed, comparing b etw een S 1 and S 2 succeeds and return acting situation S 3 consists of every results of attribute comparing. F or example, comparing b etw een (( a: 1)( b: 2)) and (( a: 1)( c: 3)) succeeds and returns (( a: 1)( b: 2)( c: 3)), but comparing b etw een (( a: 1)( b: 2)) and (( a: 3)( c: 3)) fails. F or example, if the draft for action situation is: ((media-type . message)(media-subtype . partial) ("number" . "2")("total" . "3") ("id" . "foo@tsukuyomi.jaist.ac.jp") (mode . play)(major-mode . gnus-original-article-mode)) and ((media-type . message)(media-subtype . partial) (method . mime-combine-message/partials-automatically) (major-mode . gnus-original-article-mode) (summary-buffer-exp . gnus-summary-buffer)) is matched with the list of conditions (2), then

((media-type . message)(media-subtype . partial) ("number" . "2")("total" . "3") ("id" . "foo@tsukuyomi.jaist.ac.jp") (mode . play)(major-mode . gnus-original-article-mode) (method . mime-combine-message/partials-automatically) (summary-buffer-exp . gnus-summary-buffer)) will b e generated as the acting situation. Next, the program sp eci�ed by the ‘metho d’ attribute is executed. The remaining attributes are passed to the pro- gram. 4 Conclusion The prop osed MIME pro cessing mo dule employs pr eview to pro vide an adequate mapping mechanism b et w een a message and its hierarc h y of entities. It is based on the prop osed \representation lay er mo del". This mo del is av ailable to repre- sent and navigate complicated structured data like MIME message conten ts. The functions of the prop osed MIME pro cessing mo dule should b e consis- tent with the original MUA functions. The acting situation mo del allo ws the user to sp ecify conditions along with v arious factors. In the prop osed metho d the acting situation is generated dynamically , hence it is exible. Ho w ev er, the present implementation of the mo del might generate the wrong acting situation. Therefore, the sub ject needs further inv estigation. References 1. Co ded Character Set { 7-Bit American Standard Co de for Information Interc hange. ANSI X3.4 (1986) 2. Cro ck er, D.: Standard for the format of ARP A Internet text messages. RFC 822 (1982) 3. F reed, N. and Borenstein, N.: Multipurp ose Internet Mail Extensions (MIME) Part One: F ormat of Internet Message Bo dies. RFC 2045 (1996) 4. F reed, N. and Borenstein, N.: Multipurp ose Internet Mail Extensions (MIME) Part Two: Media T yp es. RFC 2046 (1996) 5. ftp://ftp.jaist.ac.jp/pub/GNU/elisp/mime/ 6. ftp://ftp.jaist.ac.jp/pub/GNU/elisp/mime/alpha/ 7. Borenstein, N.: A User Agent Con�guration Mechanism F or Multimedia Mail F or- mat Information. RFC 1524 (1993) This article was pro cessed using the L A T E X macro pack age with LLNCS style