REFERENCES 57 References [1] R. Ken Dyb vig. The Scheme Pr gr amming anguage Pren tice-Hall, New Jersey 1987. [2] Harold Ab elson and Gerald Ja Sussman with Julie Sussman. Struc- tur and Interpr etation of Computer Pr gr ams MIT Press, Cam bridge, 1985. [3] James Gett ys, Rob ert W. Sc hei er, and Ron Newman. The Window System: Libr ary and Pr oto ol efer enc Digital Press, Burlington MA, 1988. [4] Da vid Rosen thal James Gosling and Mic helle Arden. The NeWS Bo ok Springer-V erlag, New ork, 1989. [5] CLX exas Instrumen ts, Inc., .O. Bo 2909, Austin, 1987. [6] Jo el Bartlett. Scheme{ C, Portable Scheme-to-C Compiler ec h- nical Rep ort 89/1, Digital estern Researc Lab oratory alo Alto, Jan uary 1989. [7] Jo el McCormac k, aul Asen te, and Ralph R. Swic k. olkit Intrinsics anguage Interfac M.I.T., Pro ject thena, 1988. [8] Douglas A. oung. Window Systems Pr gr amming and Applic ations with Xt Pren tice-Hall, New Jersey 1989. [9] Da vid S. H. Rosen thal. Inter-Client Communic ation Conventions Man- ual 1989. [10] Oliv er Jones. Intr duction to the Window System Pren tice-Hall, New Jersey 1989. [11] Jonathan Rees and William Clinger, editors. The Revised Rep ort on the Algorithmic Language Sc heme. CM SIGPLAN Notic es Decem er 1986. [12] William Clinger and Jonathan Rees, editors. The Revised 99 Rep ort on the Algorithmic Language Sc heme. August 1989. Draft obtainable from zuric h.ai.mit.edu. 56 AN EXTENDED EXAMPLE The dfsm that app ears in the ab is deterministic �nite state mac hine constructor. Alb eit elegan t, it is somewhat eriferal to this rep ort. The imp ortan thing to note is that the arious buttons inherit the dfsm as ell as the windo class. 55 ;; button is redrawn! ;; GC-DRAW, GC-REV, GC-INV -- GC’s to draw (highlight), reverse (not ;; highlight), and invert. ;; The outer border uses GC-DRAW. ;; The inner border uses GC-DRAW and GC-REV. ;; The area uses GC-INV. None of these may ;; be #F. ;; GC-AREA, GC-CONT -- GC’s when the button is redrawn. These may be #F. ;; In that case CONTENTS contain bound GC’s for ;; drawing. ;; PARENT -- The window where to put the button. ;; APPLICATION-ON -- The application when toggled to be set (a thunk). ;; APPLICATION-OFF -- The application when toggled to be reset (a thunk). ;; SCR -- The screen. ;; ;; The class inherits: ;; BUTTON -- The generic button. ;; DFSM -- Specifies the toggle states and transitions. An alternative ;; is to augment the DFSM in BUTTON (not good) or even to ;; rewrite it (even worse). In this way, the number of total ;; states is reduced. ;;; Toggle-button. ;;; (eval-when (compile load eval) (define-class (toggle-button contents gc-draw gc-rev gc-inv gc-area gc-cont parent application-on application-off scr) (locals (area (contents ’area)) (inherit (button (+ (contents ’width)) (+ (contents ’height)) area (lambda (input) (me ’(dfsm transit) input)) gc-draw gc-rev gc-inv parent scr) (dfsm ‘(((ApplyApplication R) ,application-on) ((ApplyApplication S) ,application-off) ((Reset Undefined) ,(lambda () (contents ’draw me gc-area gc-cont))) ((Reset R) ,(lambda () (contents ’draw me gc-area gc-cont))) ((Reset S) ,(lambda () (contents ’draw me gc-area gc-cont) (me ’draw area gc-inv)))) ’R #f) )) ;; End of eval-when 54 AN EXTENDED EXAMPLE ;; highlight), and invert. ;; The outer border uses GC-DRAW. ;; The inner border uses GC-DRAW and GC-REV. ;; The area uses GC-INV. None of these may ;; be #F. ;; GC-AREA, GC-CONT -- GC’s when the button is redrawn. These may be #F. ;; In that case CONTENTS contain bound GC’s for ;; drawing. ;; PARENT -- The window where to put the button. ;; APPLICATION -- The associated application (must be thunk, i.e., ;; procedure of no arguments). ;; SCR -- The screen. ;; ;; The class inherits: ;; BUTTON -- The generic button. ;;; Push-button ;;; (eval-when (compile load eval) (define-class (push-button contents gc-draw gc-rev gc-inv gc-area gc-cont parent application scr) (locals (area (contents ’area)) (inherit (button (+ (contents ’width)) (+ (contents ’height)) area (lambda (input) (case input (’Reset (contents ’draw me gc-area gc-cont)) (’ApplyApplication (me ’draw area gc-inv) (application)))) gc-draw gc-rev gc-inv parent scr) )) ;; TOGGLE BUTTON is defined below. toggle button has two applications ;; associated with it. One application is used when the button is toggled ;; to be set and one application is used when the button is toggled to be ;; reset. ;; The class accepts the following parameters: ;; X, -- The coordinates of button in the PARENT window. ;; CONTENTS -- An area structure (see above) of arbitrary complexity ;; it could be some recursive structure using combination ;; of filled areas, texts, and pixmaps. The only additional ;; cost for drawing complex figures occurs when the toggle 53 (me ’draw w-border gc-rev) (button-semantics ’Reset)) (not (null? reset-log))) (scr ’flush!))) (transit (lambda (input) (me ’(dfsm transit) input) (scr ’flush!))) (activate (lambda () (me ’createwindow value-mask) (me ’mapwindow) (me ’reset))) (destroy (lambda () (me ’destroywindow) )) (scix-event-dispatch (lambda (ev-source obj) (let* ((ev-l (if (pair? ev-source) ev-source (ev-source ’my-events! obj)))) (let loop ((ev-l ev-l)) (if (not (null? ev-l)) (let* ((e (car ev-l)) (event-name (e ’event-name)) (cond ((eq? event-name ’Expose) (if (zero? (e ’count)) (me ’reset)) (loop (cdr ev-l))) ((memq event-name i) (me ’transit event-name) (loop (cdr ev-l))) (else (format #t "B got ~a~%" event-name)))))))))) (init (set! (me ’i)) ;; Cache input alphabet (me ’scix-announce-id! me))) ;; End of eval-when ;; PUSH BUTTON is defined below. push button has an application ;; associated with the release of the pressed button. ;; The class accepts the following parameters: ;; X, -- The coordinates of the button in the PARENT window. ;; CONTENTS -- An area structure (see above) of arbitrary complexity ;; it could be some recursive structure using combination ;; of filled areas, texts, and pixmaps. The only additional ;; cost for drawing complex figures occursp when the push ;; button is reset! ;; GC-DRAW, GC-REV, GC-INV -- GC’s to draw (highlight), reverse (not 52 AN EXTENDED EXAMPLE ;; DESTROY -- To destroy the window. ;; SCIX-EVENT-DISPATCH ev-source obj -- Used for event handling. ;;; Generic button. ;;; (eval-when (compile load eval) (define-class (button width height area button-semantics gc-draw gc-rev gc-inv parent scr) (locals (i #f) ;; For caching (value-mask (make-window-value-mask ‘(event-mask ,(make-event-mask ’ButtonPress ’ButtonRelease ’EnterWindow ’LeaveWindow ’Exposure)))) (n-border (list (make-polyrectangle ‘((0 ,(- width 1) ,(- height 1)))))) (w-border (list (make-polyrectangle ‘((1 ,(- width 3) ,(- height 3)))))) (inherit (window width height (parent ’depth) parent ’CopyFromParent ’CopyFromParent scr #f) (dfsm ‘(((EnterNotify DisArmed) Armed ,(lambda () (me ’draw w-border gc-draw))) ((LeaveNotify DisArmed) DisArmed) ((LeaveNotify Armed) DisArmed ,(lambda () (me ’draw w-border gc-rev))) ((LeaveNotify Pressed) DisArmed ,(lambda () (me ’draw w-border gc-rev) (me ’draw area gc-inv))) ((ButtonPress Armed) Pressed ,(lambda () (me ’draw area gc-inv))) ((ButtonRelease Armed) Armed) ((ButtonRelease DisArmed) DisArmed) ((ButtonRelease Pressed) Armed ,(lambda () (button-semantics ’ApplyApplication))) ’Disarmed #t)) (methods (reset (lambda reset-log (me ’(dfsm reset) (lambda () (me ’draw n-border gc-draw) 51 An Extended Example If ou cannot con vince them, confuse them. Harry ruman The co de for button widget: ;; Author: Magnus Persson <mpersson@stkhlm.dec.com> ;; generic BUTTON is defined below. button consists of two borders ;; (an outer border which is always highlighted and an inner border which ;; is highlighted when the button is pressed). Within the inner border an ;; area is located. ;; The class accepts the following parameters: ;; WIDTH -- The width of the button. ;; HEIGHT -- The height of the button. ;; X, -- The coordinates of button in the PARENT window. ;; AREA -- The area within the inner borders. ;; BUTTON-SEMANTICS -- procedure object of one argument. ;; The action to take when pressed button ;; is released (arg. ApplyApplication) or ;; the button is reset (arg. Reset) ;; GC-DRAW, GC-REV, GC-INV -- GC’s to draw (highlight), reverse (not ;; highlight), and invert. ;; The outer border uses GC-DRAW. ;; The inner border uses GC-DRAW and GC-REV. ;; The area uses GC-INV. None of these ;; may be #F. ;; PARENT -- The window where to put the button. ;; SCR -- The screen. ;; ;; The class inherits: ;; WINDOW -- The button window. ;; DFSM -- Using specification of generic button. ;; ;; The instance objects accepts the following messages: ;; RESET reset-log (optional) -- Reset the button. Reset-log decides ;; if to log the button (convenient for ;; replaying the actions of button). ;; TRANSIT input -- Refine the method found in the DFSM. All the ;; flushing is done here (except when the button ;; is reset). ;; ACTIVATE -- To activate the button; i.e., create and map its window. 50 POR ABILITY extend-syntax page 175�] Pro cedures: remq Remo elemen with equiv alence predicate eq? remq! As ab e, but destructiv e. remove As remq but equiv alence predicate equal? bit-and Bit wise and. bit-or Bit wise or. bit-lsh Left shift. bit-rsh Righ shift. gensym Returns sym ol not equal (in an sense) to an other sym ol. string-append! Copies string in to an existing bu�er c- typ -ref Reference typ from C-p oin ter c-byte-set! Set alue of yte referenced C-p oin ter. B.2 Non-Standard unctions and Syn tax Used 49 Syn tax and pro cedures app earing in RS Syn tax: if -statemen ts without alternate 11 page 8] case 11 page 8] and 11 page 9] or 11 page 9] let* 11 page 9] \Named let" 11 page 10] and 11 page 11] All define -forms 11 page 11] Pro cedures: append with ariable um er of op erands 11 page 16] list-tail 11 page 16] list-ref 11 page 16] last-pair 11 page 16] modulo 11 page 20] round 11 page 20] inexact->exact 11 page 21] make-string 11 page 24] string-set! 11 page 24] map with ariable um er of op erands 11 page 26] (Some of these ha hanged status in 12 ]) Syn tax and pro cedures not app earing in RS Syn tax: 48 POR ABILITY ortabilit After all, what go is computer if ou can’t tak it with ou? on Karp The Sc heme co de in SCIX follo ws 11 (R RS) as closely as ossible. There are exceptions; some parts cannot written using only this de�nition. or instance, an ob ject-orien ted system cannot written without macros, part of Sc heme not formalized in RS. used the Scheme->C system dev elop ed Jo el Bartlett at Digital estern Researc Lab oratory[ ]. This Sc heme compiles Sc heme co de in to co de and links external routines and compiled Sc heme co de in to stand- alone applications, lik new in terpreters. With this system, it as easy to include the so et comm unication routines written in C. B.1 System Dep endencies use the SCIX system together with another Sc heme it ould necessary to either ha some mec hanism of including routines in the Sc heme or source co de to the Sc heme in terpreter. It should simple task to ort SCIX to one of the Sc heme systems that are generally ailable with source co de. The ob ject-orien ted system is based on the extend-syntax macro ex- pander describ ed in ]. As for hardw are dep endencies, the system requires the yp es short and short unsigne to 16 bits long, unsigne and int to 32 bits, and char to bits. These dep endencies all lie in the con ersion routines, written in C, therefore easy to �x. orting the system to non-Unix system ould require rewriting the lo w-lev el routines used for serv er comm unication. Again, this should not ose an problems. B.2 Non-Standard unctions and Syn tax Used The SCIX system uses some functions and syn tax not sp eci�ed as \essen tial" in RS. A.4 Examples 47 (a ’b) Ev aluates the use of the exp orted metho d-list (of course, in terned in (a ’(a1 b)) Ev aluates the use of the exp orted internal-metho d-list ((a ’(a1 me)) ’b) Ev aluates the sup erclass instance ob ject (this ma e, and usually is, completely di�eren ev aluation mec hanism). In general, it is no means eviden that all metho ds should ex- orted to the sub class instance ob jects. By using this subtle, but erful, mec hanism it is really ossible to tune the system. The object-desc should nev er used the user directly It is ev en dangerous since it pro vides mec hanism to utate the ob ject. A.4 Examples (x ’delete-method! ’event) Return alue is unsp eci�ed. (let ((sym (gensym))) (x ’rename-method! ’event sym) (x ’insert-method! ’event (lambda (event) (display event) (x sym event) ))) Returns an unsp eci�ed alue, but sho ws ho easily ou can rede�ne metho ds on the y 46 THE OBJECT-ORIENTED PR OGRAMMING SYSTEM ’delete-method! Deletes the metho named ’rename-method! Renames the metho to ’subclass-objects Ev aluates to list of the sub class instance ob jects. ’superclass-objects Ev aluates to list of the sup erclass instance ob- jects. ’me Ev aluates to the instance ob ject itself. The format of the list returned the metho ’object-desc is as follo ws: class-name metho d-list message-list internal-metho d-list sup er class-obje ct- list The metho d-list elemen is an asso ciation list con taining the metho ds to exp orted. The message-list is list of the exp orted messages. The internal- metho d-list is list of the ailable in ternal metho ds. The sup er class-obje ct- list is list of the sup erclass instance ob jects of the ob ject. By using the proto col de�ned ab e, it is ery easy to use ob jects from other systems together with HW OOPS. Besides the proto col, HW OOPS requires the message me to understo all instance ob jects. Here follo ws an example: (define-lw-class (a1 b) (methods ... (b (lambda () b)) (set-b! (lambda (arg) (set! arg))) ... )) (define-class (a2 b) (inherit (a1 b))) (define (make-a2 10)) The instance ob jects generated the class ob ject make-a1 ust supp ort the message object-desc Something lik e: (a1 ((b (lambda ...)) (set-b! (lambda ...))) dont-care internal-metho d-list dont-care) is returned. Note the follo wing subtle di�erences: A.3 The Proto col 45 (methods The value (lambda () b) is not accessible (b (lambda () b)))) (define-class (a-access b) (methods The value (lambda () b) is accessible (b (lambda () (lambda () b))))) (define a-not (make-a-not-access 10)) (a-not ’b) Evaluates to the value (i.e., 10) (define (make-a-access 10)) (a ’b) Evaluates to the procedure object ((a ’b)) Evaluates to the value (i.e., 10) The co de in app endix sho ws ho HW OOPS can used for de�ning rather complex widgets. A.3 The Proto col All instance ob jects created HW OOPS supp ort the follo wing standard messages. If the resulting alue is pro cedure additional argumen ts, de- noted ma needed. Optional argumen ts are enclosed in square brac ets. ’supported-messages Ev aluates to list of the supp orted messages of the ob ject (excluding the standard messages). ’object-desc Ev aluates to list con taining the state of the ob ject. The optional argumen should th unk whic ev aluates to the calling ob ject. The ev aluated list is exported to the caller. ’object-class Ev aluates to class-name ’object-system Ev aluates to heavy-weight e, describ es the system. ’insert-method! Inserts the metho in the ob ject. Note, that since Sc heme in general lac ks �rst-class en vironmen ts, the metho alue cannot refer to lo cal state in the ob ject. If this is an adv an tage or disadv an tage is debatable. purist will probably call it an ad- an tage. 44 THE OBJECT-ORIENTED PR OGRAMMING SYSTEM The lo cal ariables ha the same status as parameters. Their purp ose is implemen lo cal state (i.e., binding of free ariables) in the instance ob- ject. Inheritance is divided in to categories: the �rst category creates new instance ob ject of the sp eci�ed class and inherits it, the second cat- egory inherits an already created instance ob ject. In that sharing of sup erclass instance ob jects is implemen ted. Th us, the resulting ob ject will Directed Acyclic Graph. The ob jects are the no des and the ertices are orien ted to the sup erclass ob jects. If ou do not allo sharing, the general will alw ys tree structure. Metho ds are arbitrary alues. The initialization part consists of an arbitrary um er of Sc heme instructions. The scoping rules in class-b dy are simple: The parameters are visible throughout class-b dy The lo cal ariables are visible commencing with the immediately succeeding lo cal ariable binding (if it exists) throughout class- dy The sym ol me is visible in class-b dy It alw ys denotes the curren ob ject. So if ou an to use the metho de�ned in the same class, ou only issue the (me ’x ...) command. Message passing (i.e., the application of the instance ob jects) is describ ed the follo wing grammar: message message-name class-name message The sym ol message-name denotes an elemen in the argumen yp of the instance ob ject. The sym ol class-name denotes sup erclass ob ject (since the ob ject is structured the use of inheritance, i.e., it is generated sev eral class ob ject applications). The succeeding message is in terpreted that sup erclass instance ob ject. The alue of the applied function ob ject is returned. Ho ev er, if this alue is pro cedure, it is automatically applied on the (p ossibly empt y) rest of the argumen list. The purp ose for this is merely syn tactical (eg., the command (x ’me) is more natural than the command ((x ’me)) it giv es SMALL ALK- a or to message passing). It also increases safet If it is ery easy to access pro cedure ob jects, one ma encouraged to do fo olish things lik storing them in other ob jects. If one really an ts to access pro cedure ob ject it ust put in th unk (a pro cedure of no argumen ts) illustrated the follo wing example: (define-class (a-not-access b) A.2 The De�nition of HW OOPS 43 et een Sc heme and X. The en tire source co de for HW OOPS is written in Sc heme. Beside some con enience routines, it is fully con tained in the define-class macro (implemen ted using the extend-syntax mec hanism, see ]). HW OOPS supp orts most of the common ob ject-orien ted programming features|lik ultiple inheritance, sharing of sup erclass instance ob jects, dynamic insertion, deletion, and renaming of metho ds, etc. Since HW OOPS inherits all the capabilities of Sc heme, it is ery erful ob ject-orien ted system. The implemen tation of HW OOPS is aimed at fast message passing, somewhat at the cost of memory and ob ject creation time. Despite the complexit of the created instance ob ject|i.e., the sup erclass instance ob- jects and their hierarc hies|metho alues and sup erclass instance ob jects (explained elo w) are alw ys found in linear time. This is regardless of where in the hierarc the metho is found. HW OOPS as primarily im- plemen ted to �nd the metho alue in constan time (using hash table). Ho ev er, it pro ed to unnecessary for ypical SCIX applications. It is ery easy to hange the ev aluation mec hanism in the macro to accomo date di�eren searc algorithms. The follo wing grammar describ es class de�nition: class-de�nition (define-class class-name class-p ar [&optional class-p ar ]) class-b dy class-b dy (locals lo c-var lo c-val (inherit sup er (methods metho d-name metho d-value (init init-instr sup er class-name class-p ar ar ameter class ob ject named make- class-name is de�ned. It accepts the um er of class-p ar actual parameters. If the &optional directiv is presen the suc- ceeding parameter will con tain the list of the remaining actual parameters. The class-b dy consists of four parts: lo cal ariable bindings, inheritance of sup erclasses, metho name bindings, and an initialization part. 42 THE OBJECT-ORIENTED PR OGRAMMING SYSTEM The Ob ject-Orien ted Programming System It is uc easier to use macros than to de�ne them. eter Bro wn Magn us ersson A.1 In tro duction This app endix de�nes an ob ject-orien ted programming system in Sc heme, Hea vy-W eigh OOPS, or HWOOPS The term hea vy-w eigh is pun up on the fact that ob jects in the system will co exist with less general, or ligh ter, ob jects. That is, class in HW OOPS ma inherit class in another system using the appropriate proto col. The notion of ob ject and (meta-) class in ob ject-orien ted programming is bit confusing. In ric hly yp ed language lik Sc heme, it is fairly easy to de�ne the concepts. In the rest of this app endix, an ob ject will called an instance ob ject and (meta-) class will called (meta-) class ob ject. These ob jects will alw ys ossess the yp where is the argumen yp and is the result yp e|th us, instance and (meta-) class ob jects will alw ys function|or, in Sc heme|pro cedure ob jects. This distinguishes them from the more general notion of ob jects or alues in Sc heme. class ob ject has an arbitrary argumen yp and an instance ob ject result yp e. An instance ob ject has �nite argumen yp (usually tok en subt yp e) and an arbitrary result yp e. meta-class ob ject has an arbitrary argumen yp and class ob ject result yp e. The elemen ts in the instance ob ject argumen yp are usually called messages or metho names Since this yp is �nite, the instance ob ject itself is �nite (eac pair is called metho ). An application of this function ob ject is called message assing By using concept called inheritanc the instance ob ject is structured in di�eren ys (usually describ ed graph), th us enabling di�eren in terpretations in di�eren con texts (see elo w). A.2 The De�nition of HW OOPS The purp ose of the system is not to pro vide the orld with et another ob ject-orien ted system but to pro vide usable system for the in terface 41 11 Ac kno wledgemen ts During the dev elopmen of the SCIX system ha not had time for ery uc else. This as esp ecially true during the �nal stages. Therefore, an to ac kno wledge the help and supp ort ha receiv ed from friends and family also an to thank Ric hard Hallin at Digital Equipmen AB, man with magic �ngers. times ould not ha managed without his help. Olof Gulln� as, Digital, help ed us organize our though ts asking the critical questions in times of confusion (it de�nitely was confusing at times). KTH an to thank Joacim Hal en, our advisor, who has ell organized mind and is willing to share. also an to thank Jo el Bartlett at DECWRL, oth for pro viding us with the eminen Scheme->C system and also for answ ering our questions in times of need. also ould lik to express our endless gratitude to Jane Boreta, Dig- ital, who en to great lengths to pro ofread this rep ort. The readable parts are clearly due to her. All remaining faults are ours. Lastly an to thank Magn us ersson, Digital, whose original idea dev elop ed in to the SCIX system. He tried hard to �nd time for man design discussions with us in his tigh sc hedule. He also did most of the implemen- tation of the ob ject-orien ted system emplo ed in SCIX thereb enabling us to concen trate on the side. 40 10 CONCLUSIONS 10 Conclusions An ything that orks is outdated. Ain Ala The SCIX system pro vides ery erful en vironmen for in teractiv de- elop emen of applications. As it is implemen ted enetirely in Sc heme it can probably nev er as fast based applications. Ho ev er, SCIX do es pro vide nice in terface that sho ws the logical design of the Windo System. The system is ery coheren t, i.e., the manipulation of lo w-lev el ob jects is done in precisely the same manner as for high-lev el ob jects, lik buttons. This consistency in st yle mak es it easy to grasp the mo del of pro vided SCIX Also, this approac oids the gap et een the in terface and the higher-lev el to olkits apparen in Xlib{Xt. SCIX is useful as graphical in terface for Sc heme. It is also an ideal to ol for understanding windo systems in general and in particular. 39 erformance Issues Real Programmers write self-mo difying co de, esp ecially if they can sa 20 nanoseconds in the middle of tigh lo op. from Real Programmers Don’t Use ASCAL The SCIX system do es not ha an ything near the ev en t-handling capabilit of ypical Xlib application. or example, the color wheel example sho wn previously is ab out three times slo er than the Xlib-based program it is deriv ed from. In pure Sc heme it is ery di�cult to ac hiev really go erformance for arious reasons. If ortabilit is sacri�ced on the altar of e�ciency it is probably ossible to sp eed up the disassem bler substan tially In that case, instead of parsing the en tire message, �eld for �eld, cop the message as is in to storage within the ob ject. arsing eac �eld once, when it is referenced for the �rst time, for example using memoization mec hanisms. Because most messages from the serv er are queried only for one or few �elds, this ould lo er the disassem bler erhead. There is also additional erformance to gained from tuning the ob ject orien ted system and compiling lo w-lev el functions without yp and ounds hec king. Another problem is the size of the generated applications. Curren tly the size of non-optimized ypical application lik the color wheel is ab out 1.5 megab ytes on RISC-mac hine lik the DECstation. This is ery large, com- pared to ypical applications but easy to understand. As the requests are group ed as metho ds to few core classes in SCIX almost all the request co de will ha to presen ev en though only few metho ds in the ob jects are used. This is ery hard to do something ab out, but in an en vironmen that uses dynamic loading this will not as imp ortan as it ma seem. 38 IMPLEMENT TION ST TUS Implemen tation Status The �rst 90 ercen of the co de accoun ts for the �rst 90 ercen of the dev elopmen time. The remaining 10 ercen of the co de accoun ts for the other 90 ercen of the dev elopmen time. om Cargill In the curren implemen tation, there are areas of the proto col that are handled|that is, the requests are accessible through messages to ob jects| but ha not had the time to test them prop erly Therefore, SCIX probably do esn’t handle some parts of the proto col optimally More sp eci�c limitations: Practically no supp ort for keysyms and keyc des is pro vided. No trans- lation tables, etc., are implemen ted, although the mec hanisms are all there. Extensions to the core proto col are not handled at presen t. The main reason for this is that there ere no extensions in the ailable serv ers un til recen tly so had nothing to exp erimen with. Ho ev er, are curren tly exp erimen ting with di�eren metho ds of handling extensions and it lo oks lik it will ossible to handle it in ery nice Pr op erties and sele ctions are handled, but in ery primitiv are pla ying with nicer ys of manipulating these though. It should noted that the limitations men tioned should all easy to correct, but ha hosen to lea them out rather than to implemen them incorrectly as did not ha the time to ev aluate whic solution ould est. 37 (if (x-reply? reply) (let ((c (make-color (r ’exact-red) (r ’exact-green) (r ’exact-blue))) (pixel (r ’pixel))) (c ’set-visual-red! (r ’visual-red)) (c ’set-visual-green! (r ’visual-green)) (c ’set-visual-blue! (r ’visual-blue)) (c ’set-name! name) (c ’set-pixel! pixel) (c ’set-colormap! me) c) #f)) No w, if it is reply then ev erything is �ne and color ob ject is created and subsequen tly returned, but if it is an error then #f is returned instead, indicating failure. This is ab out as complicated as single request ev er gets. Most requests are not round-trip, so they just execute the assem bler part of the ab co de. Also, for round-trip requests the reply ob ject is usually returned as it is, lea ving to the application to handle it. In this example, ho ev er, it is natural to return color ob ject as color as requested. 36 IMPLEMENT TION (non-blocking-io (dpy ’scix-socket)) (let loop ((str (readfromserver dpy))) (if (null? str) (begin (blocking-io (dpy ’scix-socket)) #f) No, did not find anything (begin (let ((r (xdas str reply-type dpy))) ... (set! msg-list (append msg-list (list r))) Queue parsed msg (if (not (end-of-input-string? str)) (loop str) Parse rest of string (begin (blocking-io (dpy ’scix-socket)) #t))))))) Yes, did find something The routines blocking-io and non-blocking-io are written in C. The former enables blo king read from the so et, the latter disables it. xdas in terprets the ra data and returns ob jects as its result. create ob jects, it uses the three ob ject-constructors make-reply make-event and make-error Here is the co de (again, without the hec ks for incomplete reads): (define (xdas str reply-type dpy) (let* ((type (get-next-byte! str)) (masked-type (bit-and type #x7f)) Mask off SendEvent-flag (cond ((zero? type) This is an error ... (make-error str dpy) ((= type 1) This is reply ... (make-reply reply-type str dpy) ((and (>= masked-type 2) (<= masked-type 34)) This is an event ... (make-event type str dpy) (else (error ’xdas "Unknown type of message: ~a." type) )))) No either ha reply-ob ject or an error-ob ject and this is returned bac kw ards through the calling sequence to the colormap-ob ject, where reply (within the al lo cname dc olor -metho d) gets ound to this ob ject. Here is the co de for the part of the metho omitted ab e: ... (let ((reply (send-allocnamedcolor me name scr rest))) 35 ha follo ed the request all the do wn from the message ’alloc- namedcolor to the colormap ob ject to the corresp onding ytes eing written to so et. No it is time to examine what happ ens to the reply from the serv er. In the co de for send-AllocNamedColor ab one �nds that after send- ing the message ’scix-xas to the screen ob ject there is call to the wait- for-reply metho of the message handler: ... (msg-handler ’wait-for-reply seq-nr ’AllocNamedColor scr) )) The wait-for-reply metho do es just that: it reads the message stream from the serv er sync hronizing on the sequence um er, ecause when the reply arriv es (or an error if something has gone wrong) it will tagged with the sequence um er of the corresp onding request. Here is the co de: (define (wait-for-reply seq-nr reply-type dpy) (if handling-event (mutex-wait-for-reply seq-nr reply-type dpy) (let loop ((found-msgs (next-message dpy reply-type))) (if (not found-msgs) ;; Did not find message (loop (next-message dpy reply-type)) ;; Found message (let ((r (find-msg-with-seq-nr seq-nr reply-type))) (if (not r) Didn’t find it, sorry (loop (next-message dpy reply-type)) r)))))) The mutex-wait-for-reply pro cedure is used when the calling pro cedure is an ev en handler, and is almost iden tical to this one. The di�erence is, that while wait-for-reply dispatc hes on ev en ts ha ving arriv ed efore the reply came, mutex-wait-for-reply do esn’t. find-msg-with-seq-nr is pro cedure that dispatc hes on ev ery message queued un til reply or error with the correct sequence um er is found. This is then returned as the alue. next-message is routine that reads from the so et with readfrom- server then applies the disassembler, xdas on the resulting ra data (a yte string). The co de for next-message (with co de to handle incomplete reads omitted): (define (next-message dpy reply-type) (dpy ’flush!) 34 IMPLEMENT TION Here the step from the ob ject-orien ted la er do wn to the Proto col la er is tak en. This co de comp oses an enco ding of the lo cName dColor request whic is then sen on to the assembler scix-xas whic is con tained in the displa ob ject. Here is the co de for the scix-xas -metho in the displa y- ob ject: (scix-xas (lambda (l rest) (let ((current-request-size 0)) (zero-buffer-position) (for-each (lambda (p) ((car p) (cdr p) current-request) (cdr l) (set! current-request-size (current-buffer-position)) (if buffer (if (> (+ tot-buffer-size current-request-size) max-buffer) (begin ;; Need to flush the buffer (writesock fd request-buffer tot-buffer-size) (set! tot-buffer-size (string-append! request-buffer current-request current-request-size)) (begin (set! tot-buffer-size (string-append! request-buffer current-request tot-buffer-size current-request-size))))) (begin (writesock fd current-request current-request-size) (set! tot-buffer-size 0) )) (set! seq-nr (+ seq-nr)) (let ((r (strip-object rest))) Any special error object? (if (not (null? r)) (set-cdr! (last-pair history-list) (list (cons seq-nr r)) ))) seq-nr))) The enco ding is ev aluated according to its yp e, and stored in bu�er in the displa ob ject, where the data is ept un til it is actually sen to the serv er. Most of the co de ab deals with this bu�ering. Usually ev erything is bu�ered un til either ushing is sp eci�cally re- quested (using the message ’flush! of the displa ob ject), or the appli- cation attempts to read from the serv er. writesock is routine that writes out the ytes on the so et referred to the so et descriptor fd 33 Implemen tation Here dragons! ancien map An request is normally generated indirectly when message is sen to an ob ject. This in olv es sev eral phases or \la ers". ollo wing sp eci�c request is the easiest to illuminate this. Assuming that cmap is ound to created colormap ob ject, sending the message ’allocnamedcolor to allo cate, for instance, the color ello w, i.e, issuing (cmap ’allocnamedcolor "yellow") will ultimately result in the request lo cName dColor eing sen to the serv er. Then the reply (whic con tains information ab out rgb-v alues and the pixel alue for the allo cated color) will tak en care of and olor obje ct will returned as the result of the op eration. In the colormap ob ject, this is the eginning of the co de asso ciated with the message ’allocnamedcolor (the rest will follo w): (allocnamedcolor (lambda (name rest) #85: AllocNamedColor (let ((reply (send-allocnamedcolor me name scr rest))) ...)))) So the metho expands essen tially to let-binding of reply to whatev er the result of send-allocnamedcolor is. The me in the call to send-allo cnamed- color is reference to the colormap ob ject itself and scr is reference to the screen ob ject represen ting the screen of the actual colormap. rest is an unparsed ob ject that can supplied as er-request error-handler, as describ ed elsewhere. The send-allocnamedcolor function lo oks lik this: (define (send-AllocNamedColor cmap name scr rest) (let* ((n (string-length name)) (seq-nr (scr ’scix-xas ‘((,a-request ,AllocNamedColor) (,a-card8 0) unused byte (,a-card16 ,(+ (/ (+ (pad n)) 4))) (,a-colormap ,cmap) (,a-card16 ,n) (,a-card16 0) unused bytes (,a-string8 ,name) rest))) (msg-handler ’wait-for-reply seq-nr ’AllocNamedColor scr) )) 32 EXAMPLES (if (pair? c) list of new color objects (begin (set! colors (append colors (let iloop ((n (length colors)) (col-list c) (result ’())) (if (null? col-list) result (iloop (+ 1) (cdr col-list) (append result (list (make-my-color pixels (car col-list) )))))))) (loop colors-at-a-time (create-colors (cmap ’alloccolorcells #f colors-at-a-time 0) ))) (if (not (= colors-at-a-time)) Try to get few more (loop (create-colors (cmap ’alloccolorcells #f 0)) )))) colors)) One ma lead to think that this is more e�cien implemen tation than the �rst, as the rotating of pixels is done in constan time. Unfortunately the list-ref op eration is linear in time, making the lo okup of all pixels in the ’storecolors ). Since the original program used rotation op eration whic is ), and the lo okup of pixels also is ), the �rst program runs in linear time, whereas the second is quadratic. In order to remedy this, one ould ha to adopt an alternativ storage strategy eg., using ector rather than list to store the pixels. This is easy to do and ould only a�ect the de�nition of pix-container The demo-wheel supplied with the SCIX system is implemen ted in this 6.2 Color Wheel 31 The pix-container ob ject no can handle the pixels adequately en- sure that the color ob jects use this structure, create new color ob ject my-color ). This new ob ject inherits color ob ject and pix-container ob ject, and errides the standard metho of accessing pixels lo cal pixel -metho d. (define-class (my-color pix-list color) (inherit pix-list color) (methods (pixel (lambda () (me ’pixel-ref n) ))) (init (me ’add-pixel! (me ’(color pixel))) )) The remaining co de will ha to hanged as follo ws. In the initial let* binding, add (the-pixels (make-pix-container)) and efore dra wing the wheel ensure that the list is circularized. The ro- tation of the colors no is simple enough to write the call to mainloop th us (msg-handler ’mainloop #f (list scr) (lambda (handle-events) (let loop () (the-pixels ’rotate!) (cmap ’storecolors colors) (scr ’flush!) (handle-events) (if (not terminate?) (loop) ))))) The ma jor hange is to allocate-all-colors since this function no also has to add all the pixels to the pixel list: (define (allocate-all-colors cmap pixels) (define (create-colors reply) ...) (let ((colors ’())) (let loop ((colors-at-a-time 15) (c (create-colors (cmap ’alloccolorcells #f 15 0))) 30 EXAMPLES (scr ’flush!) (handle-events) (if (not (terminate?)) (loop) )))) ;;; draw-with-color -- changes the foreground-color of gc to color before ;;; drawing the graphic objects in graphic-l (define (draw-with-color gc graphic-l color) ((gc ’mask) ’set! ‘(foreground ,color)) (gc ’changegc (gc ’mask)) (w ’draw graphic-l gc) This application do es not sho o� SCIX capabilities in fair ecause the mainlo op consists of messages to color ob jects ’set-pixel! and ’pixel for eac color and the (cmap ’storecolors colors) -call will ha to use four messages to the color ob jects (one eac for pixel-v alue and red- green- and blue-v alues) for eac color when translating it to Proto col format. If the wheel consists of 250 colors this will lead to 1500 messages to the color ob jects er step. Timing the wheel on DECstation 2100, this indicates that ab out 6500 messages are handled er second in addition to ev erything else that is done. All messages discussed ab are messages et een SCIX ob jects, not messages to the serv er. more elegan program design migh found hanging the primary data structure. Instead of main taining and utating linear list of colors, let eac color index in to circular list of pixel-v alues. This circular list then enables us to rotate simply adv ancing the list base one step. The problem of this design is that the assem bling function has to are of the new metho of obtaining the appropriate pixel-v alue. Using inheritance, this is easy pro vide an example of ultiple inheritance, the pixel-list is encapsulated in new ob ject: (define-lw-class (pix-container) (locals (pixels ’())) (methods (add-pixel! (lambda (pix) (set! pixels (cons pix pixels)) )) (make-circular! (lambda () (set-cdr! (last-pair pixels) pixels) )) (pixel-ref (lambda (n) (list-ref pixels n) )) (rotate! (lambda () (set! pixels (cdr pixels)) )))) 6.2 Color Wheel 29 (color ’set-green! (* 65535 (cadr rgb))) (color ’set-blue! (* 65535 (caddr rgb))) (if (pair? colors) (loop (+ 1) (car colors) (cdr colors)) (cmap ’storecolors colors) )))) ;;; hls->rgb -- returns RGB triplet from the input HLS ditto. The actual ;;; code is of no interest here. (define (hls->rgb hls) ...) ;;; draw-wheel -- draw wheel made up of as many triangles as there are ;;; colors available and fill each triangle with one color. ;;; It is possible to write this without using set!, but ;;; will be harder to read then. (define (draw-wheel gc colors radius) (let ((tri #f) (dphi (/ (* (/ 360 (length colors)) 3.141592) 180)) (center (list radius radius)) (pt1 #f) (pt2 #f) (let loop ((phi 0) (colors colors)) (if (not (null? colors)) (begin (set! pt1 (list (float->fixed (+ radius (* radius (cos phi)))) (float->fixed (+ radius (* radius (sin phi)))) )) (set! pt2 (list (float->fixed (+ radius (* radius (cos (+ phi dphi)))) (float->fixed (+ radius (* radius (sin (+ phi dphi)))) ))) (set! tri (make-fillpoly ’convex ’origin ‘(,center ,pt1 ,pt2))) (draw-with-color gc (list tri) (car colors)) (loop (+ phi dphi) (cdr colors)) ))))) ;;; rotate-colors -- rotates the rgb values in the list of color objects. ;;; The arguments terminate? and handle-events are there ;;; to make this routine conform with the requirements of ;;; the calc parameter of mainloop.

(define (rotate-colors scr cmap colors terminate? handle-events) (let ((save-pixel #f)) (let loop () (set! save-pixel ((car colors) ’pixel)) (let iloop ((colors colors)) (if (not (= (length colors))) (begin ((car colors) ’set-pixel! ((cadr colors) ’pixel)) (iloop (cdr colors)) ))) ((car (last-pair colors)) ’set-pixel! save-pixel) (cmap ’storecolors colors) 28 EXAMPLES (lambda (handle-events) (rotate-colors scr cmap colors (lambda () terminate?) handle-events) ))) (begin (format #t "Could not allocate enough colors.~%") #f)))) ;;; allocate-all-colors -- returns list with as many color objects ;;; as it was possible to allocate r/w. We ;;; start by grabbing them 15 at time, but ;;; the last ones are allocated one at time. ;;; Note that the allocated colors will only ;;; have the pixel-values set correctly, the ;;; rgb values will be undefined. (define (allocate-all-colors cmap) (define (create-colors reply) (if (pair? reply) (map (lambda (pixel) (let ((c (make-color 0))) (c ’set-pixel! pixel) (c ’set-colormap! cmap) c)) (caddr reply) reply)) (let ((colors ’())) (let loop ((colors-at-a-time 15) (c (create-colors (cmap ’alloccolorcells #f 15 0)))) (if (pair? c) list of new color objects (begin (set! colors (append colors c)) (loop colors-at-a-time (create-colors (cmap ’alloccolorcells #f colors-at-a-time 0) ))) (if (not (= colors-at-a-time)) Try to get few more (loop (create-colors (cmap ’alloccolorcells #f 0)) )))) colors)) ;;; load-hls-wheel -- loads HLS wheel into the color objects. (define (load-hls-wheel colors cmap) (let ((denom (+ (length colors) 1)) (rgb #f)) (let loop ((i 0) (color (car colors)) (colors (cdr colors))) (set! rgb (hls->rgb (list (/ (* 360) denom) 0.5 0.5))) (color ’set-red! (* 65535 (car rgb))) 6.2 Color Wheel 27 6.2 Color Wheel The idea ehind the next example is orro ed from Digital Equipmen demonstration program. This application allo cates all ailable color cells. Then it dra ws \color wheel" made out of as man triangles as color cells, eac in di�eren color. Then the wheel rotates un til button is pressed in the windo con taining the wheel. (define (demo-wheel size scr) (let* ((cmap (scr ’default-colormap)) (w (make-window size size (scr ’root-depth) (scr ’root) ’CopyFromParent ’CopyFromParent scr)) (gc (make-gc (make-gc-value-mask ‘(foreground ,(scr ’whitepixel))) (scr ’root))) (colors ’()) (radius (inexact->exact (round (/ size 2)))) (terminate? #f) (set! colors (allocate-all-colors cmap)) (if (> (length colors) 2) It is POSSIBLE to get by with 3. (begin (format #t "Using ~a colors.~%" (length colors)) (w ’createwindow (make-window-value-mask ‘(background-pixel ,(scr ’blackpixel)) ‘(event-mask ,(make-event-mask ’ButtonPress)) )) (w ’add-callback! Terminate on ButtonPress ’ButtonPress (lambda (event window) (cmap ’freecolors (map (lambda (color) (color ’pixel)) colors) 0) (gc ’freegc) (w ’destroywindow) (scr ’flush!) (set! terminate? #t) )) (w ’changeproperty ’replace ’wm_name ’string "SCIX Color Wheel") (w ’mapwindow) (scr ’flush!) (load-hls-wheel colors cmap) (draw-wheel gc colors radius) (scr ’flush!) (msg-handler ’mainloop #f (list scr) 26 EXAMPLES (let* ((key (event ’detail)) (keysym ((keybd ’getkeyboardmapping key 1) ’keysyms)) (if (= (char->integer #\Q) (caar keysym)) (begin (w ’destroywindow) (gc ’freegc) (f1 ’closefont) (scr ’flush!) (set! terminate #t) ))))) (w ’createwindow (make-window-value-mask ‘(background-pixel ,(scr ’whitepixel)) ‘(event-mask ,(make-event-mask ’ButtonPress ’KeyPress ’Exposure)))) (w ’changeproperty ’replace ’wm_name ’string "SCIX Hello World!") (w ’mapwindow) (scr ’flush!) (msg-handler ’mainloop (lambda () terminate) (list scr)) )) The \Hello orld!" program puts up white windo on the screen and writes the string "Hello World!" in it. When button is pressed the string "Hi!" is written at the curren co ordinates of the oin ter. When the -k ey is pressed the program exits. First all needed resources are created. Then termination-predicate, terminate? is de�ned. It is later used mainloop to determine when to quit. Then three callbac ks are installed in the windo w, follo ed the windo eing created in the serv er and mapp ed. Note the di�erence et een the creation of the SCIX ob ject and the creation of the resource in the serv er. After that the program en ters the mainloop -routine that handles the ev en t-dispatc hes to the callbac pro cedures. An Exp ose -ev en ts lead to redra of ev erything that has een written efore. This is handled through the use of view-ob ject. view-ob ject is wrapp er around um er of graphic ob jects that can used exactly as an other graphic ob ject. It can noted that this handling of Exp ose -ev en ts is ery primitiv e. There are sev eral alternativ metho ds. Another observ ation is that to use the metho ’changeproperty directly is the most primitiv of in teracting with the windo manager. The prop er to do it is ossibly something lik (w ’putprop ’wm_name "SCIX Hello World!") as has een discussed in previous section. 6.1 Hello orld! 25 (define (stand-alone-application clargs) (let* ((dpy (make-display (cadr clargs))) (scr (dpy ’defaultscreen)) (application scr) )) This is ery primitiv solution that assumes that the second command- line argumen (that is, the �rst after the program name) is an serv er sp eci�cation. real application needs more sophisticated solution. 6.1 Hello orld! By tradition, the no famous \Hello orld!"-example often is used to dis- pla the mec hanics of new in terfaces to the Windo System. See 10 for ersion. Here it is in sligh tly enhanced SCIX reincarnation. The enhancemen lies in the handling of Exp ose -ev en ts. (define (demo-hello scr) (let* ((w (make-window 400 400 (scr ’root-depth) (scr ’root) ’CopyFromParent ’CopyFromParent scr)) (f1 (make-font "8x13bold" scr)) (view (make-view)) (gc (make-gc (make-gc-value-mask ‘(foreground ,(scr ’blackpixel)) ‘(background ,(scr ’whitepixel)) ‘(font ,f1) (scr ’root))) (hello (make-imagetext8 100 50 "Hello World!")) (keybd (scr ’keyboard)) (terminate #f) (view ’add! (list hello)) (w ’add-callback! ’Expose (lambda (event window) (if (zero? (event ’count)) (begin (w ’draw (list view) gc) (scr ’flush!) )))) (w ’add-callback! ’ButtonPress (lambda (event window) (let ((x (event ’event-x)) (y (event ’event-y))) (let ((hi (list (make-imagetext8 "Hi!")))) (view ’add! hi) (w ’draw hi gc) (scr ’flush!) )))) (w ’add-callback! ’KeyPress (lambda (event window) 24 EXAMPLES Examples If the co de and the commen ts disagree, then oth are probably wrong. Norm Sc hry er In all the examples in this rep ort, the main pro cedure alw ys tak es one parameter, screen whic is reference to screen-ob ject. This is not restriction. Instead, it is consequence of the in teractiv nature of Sc heme programming. After Sc heme is started, connection to the lo cal serv er is obtained lik this: (define dpy (make-display ":0")) (The reason for using the name dpy instead of the more logical display is that display is Sc heme standard pro cedure.) Here the displa sp eci�ca- tion ":0" indicates that connection to the \�rst" (and usually only) serv er on the same host is an ted. No dpy is ound to displa ob ject that supp orts large um er of messages. In SCIX ho ev er, the displa ob ject is seldom used directly Instead, it is accessed through screen ob ject that has inherited the displa ob ject instanc That is, if the orkstation has sev eral ph ysical screens, then SCIX will ha sev eral screen ob jects, but they will all inherit the same displa ob ject. The default screen ob ject is obtained through the ’defaultscreen -message to the displa ob ject. That is (define scr (dpy ’defaultscreen)) binds the sym ol scr to the screen ob ject that is usually used. SCIX allo ws using these ob jects, dpy and scr for running di�eren applications that all use scr as parameter rather than requiring ev ery new application (in the same Sc heme) to op en new connection to the serv er. Of course, when creating stand-alone applications, this practice is no longer useful. In Scheme->C pro cedure compiled as the en try-p oin to an application will called with one argumen t, whic is list of strings represen ting the command-line argumen ts with whic the application as in ok ed (the equiv alen of argv in C). Then something lik this will used instead: 5.5 Other Means of Abstraction 23 jects. or example, the primitiv button constructor sho wn earlier is not ery general. It creates in ternal graphics con texts (also called gc’s in eac button. more elegan ersion ould instead tak the gc’s as parame- ters and th us share them et een um er of primitiv buttons. Ho ev er, binding these gc’s in the main program constitutes breac in the abstrac- tion barriers (the main program is in terested in buttons, not an gc’s they happ en to use). Here higher-lev el constructor could encapsulate the prim- itiv button constructor and create the gc’s itself efore instan tiating um er of buttons using these gc’s. Other ossibilities include general widget managers. I.e., it is ossible to announce an pro cedure ob ject as the destination for ev en ts from an ar- bitrary group of windo ws/widgets simply instan tiating them as non-top- lev el and then announcing another pro cedure as the manager of ev erything concerning these windo ws/widgets. It is then left to the managers discretion whether it dispatc hes ev en ts to the windo ws or handles them en tirely on its wn. 22 THE SCIX ENVIR ONMENT as it wishes and calls the argumen pro cedure whenev er it an ts to handle ossible queued ev en ts. When the calculation terminates, the main lo op also terminates. 5.4 olkit Design As the Windo System in ten tionally \pro vides only mec hanism and not olicy", the �eld is free for to olkit designers to add higher-lev el abstractions to the in terfaces to X. The plethora of widget libraries that build up on the Intrinsics that in its turn is built up on Xlib are go examples in the language. What to olkits pro vide are more ob ject-orien ted, higher-lev el represen- tations of the windo system with oth new abstractions, lik men us, but- tons and scrollbars and new mec hanisms, lik more erful queue-handling functions and al lb acks Because SCIX is written in Sc heme, it is already capable of handling lists and queues e�cien tly There is also quite general callbac facilit built in to all windo ws. What SCIX lac ks is library of widgets (a common term for higher-lev el deriv ativ es of windo ws, lik men us and buttons of arious kinds). Ho ev er, it is not hard to design widgets. or example of this, app endix con tains sample implemen tation of button hierarc 5.5 Other Means of Abstraction The SCIX en vironmen gains lot of er from its ob ject-orien ted subsys- tem. This subsystem enables the system to o�er um er of erful con- structs to the user. Sc heme plus ob ject-orien tation pro vides uc ric her set of elegan expressiv abstractions that can fully exploited within the SCIX system than is ossible in the language. Since the system has only recen tly ecome stable enough to allo application design, it is still to early to sa exactly what will pro useful. One thing that is curren tly lac king is mec hanism for clien t-to-clien comm unication through prop erties. protot yp implemen tation that pro- vides these services through the new metho ds ’getprop and ’putprop sho ws promise. An immediate use for this will to enable SCIX clien ts for con- form to the ICCCM ]. The use of higher-lev el constructors is also in teresting. Higher-lev el con- structors are pro cedures that use the sp ecialized constructors to instan tiate um er of ob jects, with or without additional managemen of those ob- 5.3 The Main Program 21 resp ond to user in teractions sim ultaneously This is not easy to ac hiev e- cause while the calculation progresses, an ything the user do es only results in ev en ts eing queued, but the application will not �nd the ev en ts un til it lo oks for them. This is situation where one migh use an implemen tation sp eci�c in ter- rupt sc heme to satisfy the con icting demands on the pro cess. In terrupts in this con text are signals that cause certain routine, the interrupt hand ler to executed when new data arriv to the clien t. The program halts in- stan tly and execution is transferred to the in terrupt handler, whic ypically parses the new data, acts on the ev en ts and then terminates, whereup on the program resumes its execution exactly where it as. The problem with an in terrupt driv en design is that di�eren kinds of data can arriv e. Events are, nature, async hronous and usually lead to the in cation of callbac installed in windo w. This is erfectly ossible to do in an in terrupt routine. The program aits for eplies ho ev er. Therefore the in terrupt handler cannot tak care of replies. What SCIX pro vides for this situation, instead of an in terrupt-driv en main lo op, is not as elegan t, but erful enough. The application can use the ’mainloop metho in the message handler to handle ev en ts while, optionally sim ultaneously pro ceeding with bac kground calculation. An in cation could lo ok lik this: (msg-handler ’mainloop terminate? (list scr1 scr2) (lambda (handle-events) (let loop () (calculate) (handle-events) (if (not (finished?)) (loop) )))) The �rst argumen t, terminate? is pro cedure with no argumen ts pro vided the application that returns #t when the main lo op should terminate. This pro cedure is actually only used when no third argumen is pro vided. The second argumen is list of screen ob jects indicating the serv ers the main lo op will atc for ev en ts. If no third argumen is presen t, mainloop will sleep un til input is ailable on one of the connections. Then it will dispatc on the ev en ts, and �nally hec for termination with call to terminate? efore going bac to sleep. The third argumen t, when presen t, should pro cedure of exactly one argumen (whic is ound to an ev en t- handling pro cedure the message handler) whic do es an ything for as long 20 THE SCIX ENVIR ONMENT (w ’draw t1 gc) ))) (b1 ’add-callback! ’ButtonRelease (lambda (event button) (if (button ’button-state) (w1 ’mapwindow) (w1 ’unmapwindow) ))) (b2 ’add-callback! ’ButtonRelease (lambda (event button) (if (button ’button-state) (begin (w ’destroywindow) (gc ’freegc) )))) (b1 ’activate) (b2 ’activate) (w ’mapwindow) (msg-handler ’mainloop (lambda () (b2 ’button-state) (list scr) )))) The application is only in terested in ButtonR ele ase -ev en ts in the primitiv buttons. The buttons themselv es also act on ButtonPr ess -, EnterNotify -, aveNotify and Exp ose -ev en ts, but this is of no concern to the application. It should also noted that the callbac ks installed on the buttons should rather handled automatically the buttons. That is, more erful button migh instan tiated and activ ated lik this: ... (let* ((b1 (make-less-primitive-button scr)) (button-action (lambda () (...) ))) ... (b1 ’activate button-action) ... Note that only destro the top windo is destro ed, as the buttons and sub windo ws automatically are destro ed when the paren is. SCIX automatically main tains in ternal consistency 5.3 The Main Program In pure ev en t-driv en lo op, the yp of the ev en that arriv es determines what will happ en next. This mo del do es not satisfy the needs of all appli- cations. or instance, the application could require some calculation and 5.2 Callbac ks 19 theoretically handle di�eren kinds of ev en ts, but it is not clear whether that ould useful in practice. It is also ossible to remo installed callbac ks in similar fashion. When an ev en arriv es to the clien t, it is parsed the message hand ler The message handler pro duces an event obje ct whic accepts messages for selection of the data in the ev en t. Because of the desire of the message handler to represen ev erything as ob jects, when appropriate, the reference to the windo in whic the ev en to ok place will to the actual windo ob ject rather than just its id. When the default ev en t-handler receiv es the ev en t, it extracts the refer- ence to the windo ob ject and sends the message ’scix-event-dispatch to that windo with the ev en ob ject as argumen t. When standard win- do receiv es this message it dispatc hes the ev en to the callbac for the ev en t-class, if an otherwise it just ignores it. sub class to windo can do whatev er it an ts oth efore and after executing the callbac k. Here follo ws short example of an application that handles Button- ele ase -ev en ts for primitiv buttons. The co de for the primitiv but- tons is outlined in the section on the ob ject-orien ted system. If the �rst button is on after the ButtonR ele ase -ev en t, sub windo should mapp ed. Otherwise, it should unmapp ed. If the second button is pressed, the ap- plication will release all used resources and terminate. The co de lo oks lik this: (define (demo-toggle scr) (let ((w (make-window 200 200 (scr ’root) ’CopyFromParent ’CopyFromParent scr)) (cmap (scr ’default-colormap)) (let ((b1 (make-primitive-button 10 20 scr)) "Map/unmap" button (b2 (make-primitive-button 10 40 scr)) "Quit" button (w1 (make-window 50 50 130 70 ’CopyFromParent ’CopyFromParent scr)) Subwindow (gc (make-gc (make-gc-value-mask ‘(foreground ,(scr ’blackpixel))) scr)) (red (cmap ’allocnamedcolor "red")) (t1 (list (make-imagetext8 50 70 "Some text"))) (w ’createwindow (make-window-value-mask ‘(background-pixel ,(scr ’whitepixel)) )) (w1 ’createwindow (make-window-value-mask ‘(background-pixel ,red))) (w ’add-callback! ’Expose (lambda (event window) (if (zero? (event ’count)) 18 THE SCIX ENVIR ONMENT (define pixmap-data ’((100 100 8) (100 100 12) (100 100 8) (-100 100 8))) (length pixmap-data) -> (define some-pixmaps (createpixmaps pixmap-data scr)) (length some-pixmaps) -> On the system where this as done there as no supp ort for dra ables with depth of elw pixels, therefore the second description as fault No serv er will allo dra ables with negativ width, therefore the fourth description as fault as ell. 5.2 Callbac ks Callbac ks are pro cedures that automatically get called when certain things happ en, lik the destruction of windo or the arriv al of an esp ecially in- teresting ev en yp e. The name \callbac k" is orro ed from the olkit, see ]. Callbac ks are erful metho of distributing resp onsibilit for di�eren situations to di�eren routines once (t ypically when initializing the application), rather than eac time they are encoun tered. Because of the async hronous nature of ev en ts, this is imp ortan t, as it is imp ossible to de- termine the state of the program when an ev en arriv es. In SCIX all dra ables and, for tec hical reasons, the ob ject represen ting the eyb oard can handle callbac ks. If the application an ts something done when sp ecial kind of ev en ccurs in certain windo w, installing callbac in the windo is the easiest to do it. callbac in SCIX is pro cedure called with argumen ts when the ev en has ccurred: the ev en ob ject and the ob ject where the ev en ccurred. The callbac can considered as an extra ev en t-handler for sp eci�c ev en t-class in sp eci�c windo or widget. or example, callbac that eeps when an EnterNotify -ev en ccurs can added to the windo lik this: (w ’add-callback! ’EnterNotify (lambda (event window) ((w ’screen) ’bell 50) )) Here the callbac pro cedure as de�ned on the sp ot, with (lambda ...) but it could just as ell de�ned once and then installed as callbac pro cedure in sev eral windo ws. Note that ’bell is metho in the displa ob ject, but the screen ob ject has inherited the displa ob ject instance and th us come to supp ort the metho d. The same callbac pro cedure could also 5.1 Error Handling 17 (lambda (error) (let ((error-object (cadr error))) (if (procedure? error-object) (error-object error) (old-error-handler error))))))) old-error-handler)) The new handler that the pro cedure ab can install in the screen (or displa y) hec ks the error ob jects that come with the errors to see if they are pro cedures. If the error ob ject is pro cedure the error is dispatc hed to the error-ob ject, otherwise the ordinary error handler is called. The pro cedure createpixmaps elo attempts to create um er of pixmaps from list of descriptions. The in ten is that ev en if some decrip- tions are fault the other pixmaps should created. The imp ortan thing is that the pixmap ob jects that corresp ond to fault descriptions should discarded automatically This is ac hiev ed supplying an error ob ject with eac in cation of the message ’createpixmap The error ob ject, if called in the future, will simply remo the pixmap oth from the list of pixmap ob jects and from the system table er announced resources. (define (createpixmaps listofdesc scr) (let ((old-error-handler (install-new-error-handler scr))) (let ((pixmaps (map (lambda (desc) (apply make-pixmap (append desc (list scr)))) listofdesc))) (for-each (lambda (pixmap) (pixmap ’createpixmap (lambda (error) (set! pixmaps (remq! pixmap pixmaps)) (pixmap ’scix-denounce-id!)))) pixmaps) (scr ’sync! #f) (scr ’install-error-handler old-error-handler) pixmaps))) The metho ’sync! of the screen ensures that all requests ha een pre- cessed in the serv er so that, in this case, an errors that are generated are guaran teed to ha arriv ed to the clien efore ’sync! returns. The pa- rameter sp eci�es whether the metho is allo ed to discard an unpro cessed input from the serv er. This is of course not acceptable, as are an to tak care of errors in sp ecial Finally try use de�ned pro cedure to create list of pixmaps from list of descriptions. 16 THE SCIX ENVIR ONMENT The SCIX En vironmen There as all kinds of mean nast ugly eople there on the enc Chaosnet designers Lisp hac ers TECO hac ers. TECO hac ers righ there on the enc with me! And the meanest one of them, the hairiest TECO hac er of them all as coming er to me. And he as mean and nast and horrible and undo cumen ted and all kinds of stu�. from Alice’s PDP-10 Because an application is usually an ev en t-dispatc hing lo op, some other sp ecial facilities ha pro ed useful. One can announce pro cedure as the handler of certain kind of ev en t, usually on er-windo basis. Suc pro cedure is often referred to as al lb ack Another facilit allo ws the sys- tem to pro vide some sort of service to handle the incoming ev en ts, optionally while doing something useful. This facilit is pro vided the message han- dler in SCIX Both these services are mo deled on similar facilities in Xlib and Xt for applications, see ], and ]. 5.1 Error Handling sp ecial construction pro vided in SCIX deals with error handling. Here presen short example of the error handling facilities ailable in SCIX Ev ery request directly mapp ed on an request has an optional last argumen t, whic is ignored the assem bler. Should the request lead to an error, the error-ob ject is paired with this last argumen efore an action is tak en. The default error-handler merely notes the presence of suc an argumen t. Ho ev er, if the clien pro vides an error-handler, using the message ’install-error-handler the error-handler can use the argumen in an If the request did not lead to an error then this err or obje ct is automatically discarded. As the default error handler do esn’t do an ything but rep ort the errors and the presence of an error ob ject new, more capable error handler is needed. Note that as usual the sym ol scr is assumed to ound to screen ob ject. (define (install-new-error-handler scr) (letrec ((old-error-handler (scr ’install-error-handler 4.2 Ligh eigh Ob jects 15 The �rst parameter should either ’Origin or ’Previous The latter indicate that the co ordinates of eac oin are relativ to the previous oin instead of relativ to the origin of the windo w. All serv er messages (that is, eplies events and err ors are represen ted di�eren ligh eigh ob jects. There are um er of other ligh eigh classes for di�eren purp oses, lik the atomb ox ob ject, whic is con tainer for proto col atoms residing within the displa ob ject. All the di�eren classes and the messages they accept are describ ed in the man ual supplied with the system. mak this en vironmen inhabitable it as necessary to enforce some standards of eha viour et een the ob jects. Therefore all ob jects sup- ort few common messages to enable classi�cation and to �nd the ca- pabilities of encoun tered unkno wn ob jects. These univ ersal messages are ’supported-messages whic returns list of all messages the ob ject ac- cepts, ’object-class whic returns the ob ject-class, ’me whic returns reference to the instance itself, ’object-system whic returns either ’heavy-weight or ’light-weight and, �nally ’object-desc whic re- turns description of the ob ject and its metho ds that is to used in ternally ob jects that inherit this ob ject, not application co de. So, if b1 is ound to the button created ab and it is sen the message ’object-class that is: (b1 ’object-class) the result will PRIMITIVE-BUTTON If the message ’supported-messages is sen to olylineob ject, this will the result: (DRAW) as the graphics ob jects only supp ort one metho d. If the same message is sen to fon ob ject (created with (make-font ‘‘fontname’’ scr) longer list will returned: (FONTNAME OPENFONT CLOSEFONT QUERYFONT QUERYTEXTEXTENTS ID SCIX-ANNOUNCE-ID! SCIX-DENOUNCE-ID!) Note in these examples the absence of the messages ’object-class ’object-system ’object-desc ’supported-messages and ’me These are excluded ecause they are alw ys ailable, so there is no need to hec for their existence. 14 THE SCIX OBJECTS sary to enable the message handler (the routine that handles all incoming messages from the serv er) to �nd this particular ob ject when, for instance, ev en ts arriv that this ob ject should, or at least could, handle. This ex- plicit con trol er the binding et een the resource iden ti�ers (or XIDs and the corresp onding SCIX ob ject is an un usual and extremely erful mec hanism. So, new button at (10 10) in the windo is instan tiated (make-primitive-button 10 10 scr) where scr is reference to the screen ob ject of the screen in use. There are man other ossibilities within the general ob ject system and they are all fully describ ed in and also in the reference man ual supplied with the system. 4.2 Ligh eigh Ob jects The light weight ob jects are small ob jects optimized for sp eed. This in- cludes arious graphic ob jects lik olylines, olyrectangles, etc. This is the de�nition of the olyline -ob ject: (define-lw-class (polyline coord-mode point-list) (methods (draw (lambda (gc drawable rest) (send-polyline drawable gc coord-mode point-list (gc ’screen) rest) )))) The macro define-lw-class whic creates new constructors of ligh eigh ob jects, has exactly the same syn tax as define-class except for the in- herit -clause, whic it do es not supp ort. The olyline-ob ject ab has no lo cal bindings and supp orts only one message, ’draw whic tak es three parameters, of whic the third is optional. The �rst is graphics con text to use and the second is the dra able (that is, windo or pixmap) to dra in. The third parameter, when presen t, is allo ed to an ything at all. It is passed, unparsed, through the assem bler and will ailable afterw ards to handle an ossible errors that this request ma cause. As the co de sho ws the message ’draw to the olyline-ob ject expands to PolyLine request to the serv er. olyline-ob ject is created lik this: (define triangle (make-polyline ’origin ’((0 0) (50 100) (100 100) (0 0))) 4.1 Hea vy eigh Ob jects 13 ob ject yp (note, ho ev er, that it is ossible to inherit fr om ligh eigh ob jects). Constructors for new hea vy eigh ob ject-classes are created the macro define-class or example, define-class is used elo to create primitiv button constructor: (define-class (primitive-button parent scr) (locals (button-state #f) #f indicates ’off’ (button-armed #f) #t if had ButtonPress event in window ...) (inherit (window 12 12 (parent ’depth) parent ’CopyFromParent ’CopyFromParent scr #f)); #f tells the window that it isn’t top-level (methods (button-state (lambda () button-state)) (scix-event-dispatch (lambda (event-source obj) (let loop ((ev-s event-source)) ... ))) ...) (init (me ’scix-announce-id! me) )) The result is new constructor, make-primitive-button whic tak es four parameters. and denote the lo cation of the new button in the windo ar ent on the screen scr The dy of the constructor-de�nition is in four parts: after the eyw ord locals all lo cal bindings are in tro duced. After the eyw ord inherit sup erclasses to inherit are sp eci�ed. Here the class primitive-button inherits the class window and the parameters are those exp ected the make-window -constructor. Note that it is ossible to use arbitrary expressions as parameters; here the paren windo instance (the paren windo is already in existence) is queried for its depth, whic is to the depth of the button as ell. After methods are all lo cal messages with their metho ds. Here, there is only the metho asso ciated with the mes- sage button-state whic returns the state of the button and the �rst few lines of the metho corresp onding to the message ’scix-event-dispatch is sho wn. In realit sev eral more metho ds ust inhabit the button to mak it useful. The last clause, init is follo ed an Sc heme forms to ev aluate on instan tiation. ’scix-announce-id! is metho in the resource sup erclass that mak es the existence of the ob ject publicly kno wn. me is reference to the ob ject itself, in this case the button. This announcemen is neces- 12 THE SCIX OBJECTS The SCIX Ob jects An small ob ject that is acciden tally dropp ed will hide under larger ob ject. from /usr/games/fortune rom here on, will use the term obje cts to refer to Sc heme pro cedure ob jects. Messages are sen to these ob jects calling the ob ject with the message as the �rst, and ossibly only argumen t. or instance, the follo wing example mak es the orkstation eep, pro vided that dpy is ound to display ob ject that has connection with the serv er: (dpy ’bell 50) Here ’bell is the message sen to the ob ject. The metho asso ciated with the message ’bell requires one umeric parameter, indicating the ercen t- age of base olume to use (50). All metho ds use �xed um er of parame- ters. Most things in the SCIX en vironmen are ob jects, but in complexit they span great range: from simple gr aphic ob jects (lik olyline) that only honors few metho ds to display and window ob jects that accept dozens of messages. It pro ed imp ossible to use the same underlying ob ject implemen- tation for all ob jects due to e�ciency requiremen ts. Another problem as that in ob ject-orien ted systems, ob jects are usually created dedicated onstructor pro cedure that returns new ob ject of distinct class. or instance the constructor make-window returns new window -ob ject. or reasons of e�ciency SCIX has generic reply ev en and error constructors. That is, one constructor to construct all ossible kinds of reply-ob jects, another for all ev en ts and third for all errors. These considerations led us to accept heterogeneous system where the ob jects had di�eren underlying implemen tations: he avy weight and light weight ob jects. 4.1 Hea vy eigh Ob jects The he avy weight yp pro vides the general ob ject-orien ted programming system (OOPS). This yp is used primarily to implemen ob jects that cor- resp ond directly to resources. It is also the only yp that supp orts in- heritance, so an higher-lev el ob jects ha to based on the hea vy eigh 11 the graphics con text to use and th us oids sp ecifying all the details of that individual request. There are sev eral di�eren yp es of messages ossible et een the clien and the serv er. quests are messages from the clien to the serv er. There are kinds: one-way and ound-trip requests, the di�erence eing that round-trip requests generates eplies from the serv er. There are 120 requests de�ned in the core proto col, 40 of whic are round-trip. informs the clien ts of what the user do es or what other clien ts do es through events There are man di�eren yp es of ev en ts. reduce band- width usage, the serv er only sends yp es of ev en ts the clien explicitly has ask ed for on er-windo basis. or example, the clien ma receiv an Exp ose -ev en when previously hidden windo or part of windo e- comes visible. It ma receiv an EnterNotify -ev en when the cursor en ters windo w. After reception of an ev en t, it is en tirely up to the clien to react on it. or instance, when previously obscured part of windo ecomes visible again the old con ten ts are lost. But the clien can ho ose to in- formed of this through Exp ose -ev en ts and can th us eep the screen up dated repain ting the areas it receiv es Exp ose-ev en ts for. If the windo gener- ating the EnterNotify -ev en acts as button, then the clien ma highligh the button in some manner. an time, the user can do things outside the clien ts con trol, lik iconifying or resizing windo or ignoring the application for while. This exibilit leads to certain restrictions on the design of applications. or instance, the clien ts should not mak an assumptions ab out the size or o- sition of its windo ws or what the user will do next|it should able to cop with whatev er situation dev elops. In consequence, ypical application is event-driven i.e., it do es not require certain sequence of ev en ts. The application sits in main lo op and reacts to ev en ts. 10 THE WINDO SYSTEM AND PR OTOCOL The Windo System and Proto col claim not to ha con trolled ev en ts, but confess plainly that ev en ts ha con trolled me. Abraham Lincoln The Windo System is based on few fundamen tal concepts. It is net- ork transparen t; the serv er ma reside on one host and the clien ts on ar- ious other hosts. The clien ts could running on mac hines with di�eren arc hitectures and op erating systems. Because clien ts ma an ywhere on the net ork, it is imp ossible to comm unicate through �les in �le system or via some sort of standard in- terpro cess comm unication facilit Ev erything ust go er the connection et een the clien and the serv er. Ev en in the case of clien t-to-clien com- unication, comm unication ust still o through the serv er. Therefore the proto col designers ha minimized use of net ork bandwidth. Often used data can cac hed in the serv er, and most requests do not receiv reply It is ossible to mak man hanges to windo and then send them all as one request, for example. In the proto col six di�eren esour es are recognized. These are windows pixmaps fonts olormaps gr aphic ontexts and cursors window is rectangular area on the screen on whic it is ossible to dra graphics and text in di�eren fon ts. Windo ws ma erlap and they ma mapp ed or unmapp ed (they ma or ma not visible). pixmap can describ ed as an o�-screen windo w. This means that almost an ything one can do with windo one can also do with pixmap. It can nev er displa ed, other than cop ying the con ten ts to windo w. Ho ev er, the con ten ts cannot destro ed an erlapping windo w. So pixmap is \safe" place to comp ose something complicated, whic is later copied out in to windo with fast raster op eration. olormap can though of as con tainer for color cells. Eac cell can con tain an color, but only one at time. It is ossible for clien ts to allo cate these cells in arious ys for shared or non-shared use. gr aphics ontext is net ork bandwidth reducing abstraction. It is \dra wing metho d" that is cac hed in the serv er and it con tains information on whic line-width to use when dra wing lines, whic colors to use, whic fon to use for text and sev eral other things. Eac graphic request only sp eci�es usual edit|compile|run cycle. Understanding the windo system mo del is uc easier in an in teractiv en vironmen with immediate, visual feed- bac k. Ho ev er, purely in teractiv in terface has sev ere limitations as it mak es it imp ossible to create stand-alone applications. urthermore, in ter- preted co de normally is to ine�cien for pro duction use. If, ho ev er, the Sc heme system allo ws compilation, these disadv an tages disapp ear. SCIX as dev elop ed in the Scheme->C system ], whic pro vides oth of these options. INTR ODUCTION AND RA TIONALE for Common Lisp ]. There are sev eral ob ject-orien ted to olkits based on CLX. SCIX is an in terface to the Proto col for the Lisp dialect Sc heme, just as Xlib is for or CLX is for Common Lisp. The di�erence, apart from the target languages, lies mainly in their di�eren approac to ob ject- orien tation. One to construct an in terface et een the Windo System and programming language is to pro vide access to the Xlib-routines from within this other language. This has een done sev eral times. Ho ev er, for lan- guages dissimilar to C, lik Sc heme, there are distinct adv an tages in not using Xlib. Sc heme has uc more erful means of abstraction than C. This abstraction mak es more precise mapping ossible et een the Sc heme en vironmen and the proto col than in the language. An in terface designed en tirely in Sc heme can smaller than Xlib for is. Note that this do es not mean that the actual co de is smaller. The ob ject-orien ted to olkits based on Xlib and CLX are based on imp er- ativ in terfaces, SCIX is ob ject-orien ted from the lo est ossible lev el. The SCIX in terface is ottom-up design, tigh tly coupled to the Proto col. Its application la er is signi�can tly closer to the proto col than in terfaces constructed in top-do wn fashion are. This is de�nite strength as the logical design of ecomes apparen at the application lev el. completely ob ject-orien ted system is easier to understand, easier to use. Here it pro vide more comprehensiv mo del of the windo system. On the other hand, it is less e�cien than an imp erativ system. windo system is an ideal sub ject for ob ject-orien ted programming, as it consists of easily recognizable ob jects. ypically windo system deals with indep enden windo ws co existing and comm unicating with eac other and the rest of the orld. The windo ws ma ha sub windo ws, they ma ha colormaps asso ciated with them and so on. An ob ject-orien ted approac �ts this en vironmen ell. erful, general purp ose ob ject-orien ted programming en vironmen is built on an encapsulated lo w-lev el in terface to the proto col. The lo w- lev el in terface is mapping of the proto col in to Sc heme. Using an in terpreted language lik Sc heme enables the user to test rou- tines in teractiv ely making it ossible to dev elop di�eren parts of an appli- cation indep enden tly This capabilit is imp ortan in the area of graphics and user in terface design. SCIX mak es it ossible to comm unicate directly and, most imp ortan t, in teractiv ely with the serv er. Application dev elop- men is uc easier when orking in teractiv ely than when orking in the In tro duction and Rationale Language shap es the think and determines what can think ab out. B. L. Whorf On to da y’s bitmapp ed graphic orkstations it is ossible to run sev eral programs sim ultaneously This requires metho of sharing the ailable screen resources. The most common metho of sharing is through window server This is program that runs on the same host as the displa and con trols what is output on the screen. The application programs (often referred to as clients displa their out- put on the screen through requests to the serv er for resources. One conse- quence of the clien comm unicating with serv er (i.e., from program) is that the clien can execute on another host. This remote execution is called network tr ansp ar ency and is supp orted the windo serv er abstraction. The comm unication et een the clien and the serv er is based up on pr oto ol The comm unications proto col plus the serv er that implemen ts it are usually called window system Note that the proto col de�nes the required capabilities of the serv er, as ell as the format for requesting them. Therefore, the serv er is only an implemen tation of the serv er-side of the proto col. The most ell-kno wn windo systems to da are NeWS ], with proto col based on ostScript and the Window System whic uses the binary Pr oto ol The task of the serv er is to translate the incoming messages to graphics op erations in the con text of the curren state of the screen and to dispatc messages informing clien ts what happ ens on the screen. The clien trans- lates its graphics requiremen ts to the proto col format. It also translates the incoming messages (from the serv er) to some higher-lev el represen tation that mak es sense in the en vironmen of the application. Routines that tak care of the translations to and from the proto col format on the clien side are usually ailable through sp ecial libraries. In the case of the Windo System library of routines called Xlib pro vides an in terface to the Proto col from the language ]. Sev eral to olkits are built on Xlib that pro vide higher-lev el abstractions for the primitiv es of the Proto col. The CLX pac age do es essen tially the same thing as Xlib, but TECHNICAL VER VIEW OF THE SCIX SYSTEM All windo ws supp ort al lb acks whic are pro cedures called windo ob jects giv en certain conditions. It is ossible to explicitly con trol the mapping et een resource in the serv er and the manager of the resource in the SCIX en vironmen t. This is often used for windo ws that receiv events Usually the resource ob ject handles these itself, but it is easy to ha an pro cedure handle the ev en ts of an arbitrary group of resource ob jects. Error handling on er-request basis is supp orted. This facilitates the use of ery sophisticated debugging metho ds. It is ossible to send an arbitrary ob ject (eg., con tin uation) along with an request as information that can used an error-handler. On subsequen error the error-handler will called with this ob ject pro vided as an argumen t, otherwise it is automatically discarded. The ob ject-orien ted system supp orts dynamic metho insertion, dele- tion and renaming. This means that ob jects can con tain just the metho pac ages they need. One example is pac age of windo manager comm unication metho ds that is touc hed up on brie y later. In the rest of this rep ort kno wledge of Sc heme is assumed. Excellen treaties on the language and its uses are and ]. As SCIX is designed directly up on the Proto col, familiarit with will help. In this pap er the Proto col denotes the core proto col of ersion 11. Here the de�nite source of information is the Proto col do cumen in ]. Some exp osure to the concepts of ob ject-orien ted design is also useful, ev en if it is brie y co ered in App endix A. ec hnical Ov erview of the SCIX system An su�cien tly adv anced tec hnology is indistinguishable from magic. Clark e’s third la The SCIX system is erful en vironmen for dev eloping applications in Sc heme. It is completely ob ject-orien ted, in that all data is represen ted as pro cedure ob jects with lo cal state. The ob jects are of arieties, ligh eigh and hea vy eigh t. The ligh eigh ob jects are small and are ypically used where size and fast instan tiation are more imp ortan than extensibilit as in color ob jects and graphic ob jects. The hea vy eigh ob jects constitute erful ob ject system that supp orts ultiple inheritance, and allo ws sev eral ob jects to inherit the same instance of sup erclass. It is also ossible for hea vy eigh ob ject to inherit ligh eigh ob ject. SCIX ’s goal as to mak it ossible to use the full expressibilit of Sc heme to manipulate comprehensiv mo del of X. This resulted in an extensible en vironmen where whatev er to olkit facilities are needed can eas- ily created in Sc heme. few demonstration widgets are implemen ted, but they are in tended to sho ho widgets can designed, rather than serv as base for real orld applications. the heart of the system there is an assembler whic enco des re- quests in the proto col format, and an disassembler whic translates in- coming messages from the serv er to ob jects in the SCIX en vironmen t. The assem bler resides as metho in the displa ob ject used for all comm u- nication with the windo serv er. The disassem bler is encapsulated in the message hand ler an ob ject in harge of all messages from the serv er. The message handler pro vides metho ds to manipulate serv er messages in arious ys, including an empt message-dispatc hing lo op. Some of the features of the system are: It is easy to design new custom classes or sub classes from the SCIX core classes using the pro vided meta-constructor define-class Because it is ossible to inherit an instanc of class it pro ed useful to let the screen ob jects inherit their displa This led to few er ob jects to manipulate and more concise co de. The instance inheritance also facilitates general resource sharing. CONTENTS ortabilit 48 B.1 System Dep endencies 48 B.2 Non-Standard unctions and Syn tax Used 48 An Extended Example 51 CONTENTS Con ten ts ec hnical Ov erview of the SCIX system In tro duction and Rationale The Windo System and Proto col 10 The SCIX Ob jects 12 4.1 Hea vy eigh Ob jects 12 4.2 Ligh eigh Ob jects 14 The SCIX En vironmen 16 5.1 Error Handling 16 5.2 Callbac ks 18 5.3 The Main Program 20 5.4 olkit Design 22 5.5 Other Means of Abstraction 22 Examples 24 6.1 Hello orld! 25 6.2 Color Wheel 27 Implemen tation 33 Implemen tation Status 38 erformance Issues 39 10 Conclusions 40 11 Ac kno wledgemen ts 41 The Ob ject-Orien ted Programming System 42 A.1 In tro duction 42 A.2 The De�nition of HW OOPS 42 A.3 The Proto col 45 A.4 Examples 47 Preface SCIX as implemen ted at Digital Equipmen AB, Sw eden, and the Depart- men of Computing Science at the Ro al Institute of ec hnology (KTH), Sto kholm, as the sub ject for our masters thesis at the Sc ho ol of Engineer- ing Ph ysics. The dev elopmen of the SCIX system ould not ha een ossible with- out the help receiv ed from Digital Equipmen AB. They supplied us with DECstations to ork on and ga us �nancial supp ort so could ork full time (and more) on the system. Digital has agreed to mak the SCIX system publicly ailable under conditions resem bling those of the Windo System from M.I.T. SCIX Sc heme In terface to the Windo System ak an Huss uss@nada.kth.se Johan Ihr en johani@nada.kth.se Marc 30, 1990 Abstract SCIX is an in terface et een the programming language Sc heme and the Windo System. It is built en tirely in Sc heme apart from few lo w-lev el routines that tak care of the actual so et comm unication. By using Sc heme on all lev els, it is ossible to design an in terface that is more suited for applications written in Sc heme than ould ossible linking with Xlib and using Xlib routines from within Sc heme. SCIX is completely ob ject-orien ted: all resources, lik windo ws, fon ts and graphics con texts, are mapp ed on to Sc heme ob jects and all comm unication is done through passing messages et een these ob- jects. This ob ject-orien tation is applied at the lo est lev el ossible.