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The Extension Language for the GMW Window System
Masami Hagiya

Research Institutue for Mathematical Sciences
Kyoto University
Sakyo, Kyoto 606, Japan

This paper describes the extension language for the GMW Window System.
GMW is a virtual-machine-server-type window system in that a
multi-tasking virtual machine, called M, is running inside the window
server. A user of the window system can dynamically extend the protocol
set between the server and the client by loading virtual code into the
server. G is the language for describing applications that run inside
the window server. A program written in G is compiled into virtual code
of M. The characteristic features of G are: While it is a
strongly-typed language, it supports the facility of dynamic method
search needed for object-oriented programming, It also has the facility
of multi-tasking that is based on M. This paper describes the type
system and the multi-tasking facility of G.
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(defun void move-point
((point p) (int dx) (int dy))
(setqg (p . x) (+ (p ., x) dx))
(setq (p . y) (+ (p . y) dy)))
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((p . move) d d))
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AV FEAEEEhTwWAThERZLE RV, TC
T,

dom

search-member
search-method

L3 AV Yy FEHEZS, domDET .
(function bool (%))

ThD. domid. JIBHFZTORICA->TE AL

5# ¥ Fzv 795XV FTHD, . it

ROAPTIZF+HIIHLTE.

(defmethod bool (structure . dom)
(% x))

(eq (type-of x) self))

LERT BT LN TE S (type-ofid A7 V7 b

DEBROEE5 X %), search-member® B i .

(function (strong structure$member)

(name ¥))
Thd. BB E A%, EZ5IHEHEFEE
NB3AVXDOHETHS (nameld X Y N2 LAH X
LA DY), M 2. structure® search-member
.

(defmethod (strong structure$member)

(structure . search-member)
((name m) (* type))

(dotimes (i (viength members))

(when (eq ((vref members i) . name)
m)
(unless
(or (eq type NIL)
(type<= type
({vref members i)
. type)))
(error))

(freturn (vref members i))))
#(NIL 0 NIL))

tmeta-circulariCEZET HT &EH T & 5 (typess
BROLAMIE). FIC. search-method® L.

(function (strong structures$method)
(name %))

ThHbHo

BMA7Vz7 b, EBOF 7V 7 bOoBILE
ZLrERSAY (MAE., s2BHIHEOSOAT V=
ZhERv. ERMCAT V27 bOBK LS 2
Hizik. 2B,

size

LS intOAY B HBZ LHNLETHD LT
3 (ERicstructureld T 3% > TWw B

LoxsBELTR. HZ2E.

(defstruct inheritable-structure



((vector *) supers)

(int size)

((vector (strong structure$member))
members)

((vector (strong structure$method))
methods))

(defstruct or
((vector *) disjuncts))

DEILbOLrEBELILEND,
a4 T, AV y FRUHEL
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m) al - an)

a4 NTEHE.
HLT.

B ReD (@M 2 HOET
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method2(T, U, m)

TEbT L. B1oRedD XV v FHERE., #0122
BRRLBNEEEREEHLET.

method2(T, type-of(e), m)

EoTiTbhdz itk 3, RBWK.
member2(T, U, m»bF 2 5,

T3¢, BoBEMETSUE.

@ ((T , dom) x)=#t = ((U . dom) x)=#t
@ FRDWT . dom) x)=Ht& B BxIHLT.
member2(T, type-of(x), m)
= member2(U, type-of(x), m)
method2(T, type-of(x), m)

= method2(U, type-of(x), m)

F BT LHP TE S (vector. functionF T
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(defmethod bool (xx , dom) ((* x)) Ht)

LEEL (xxikxD B,
-2bhwv., Thbt,

(WX R A v B A

(defmethod (strong structure$member)
(¥% . search-member)
((name m) (* type))
#(NIL 0 NIL))
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(defmethod (strong structure$method)
(*% ., search-member)
((name m) (* type))
B(NIL NIL NIL))

L33, LOEELAVWTY, ERBHSsxL
%%,

BIADIAT -V avid, doml KB EF =z v
2LULTERENh S,

AP 72F+BICH LU T. dom. search-member.
search-method¥ 2 EE T hid. HLLEHO 2
SR EEELZTLICAES. LAL. SIE. dom.
search-member. search-method’ 5 EBICHE T
BTN TEBCDT, MEXPDOHETHCER
TEHELENDD., ﬁn’( ZORZYMHSRIMEE L
%,

HE. LLtoEzRHAVWAE,. 1oAY Y X,
UNIONE! . (BRI ZOBABFOXR G EE2FE P
TH5o,

1. IVF -7 AT ik

YA DER

SR EHUCED R,

T.1.

(task (R . )“/ v F&) & - K

(task BA% X - H)
LS _—HEOMXER VS, ThiLK-TH A
IBRHMULLKESN, TOFPAIJDTFTTAY v FIg
CHL., bLR. BEBUBULAFHEh 3,
(task < )DfEE. HFLWI AT TH 5,
SR ERULD LAYy FRUKLO
-9 b, TOFIRARIOEEAT V=27 b L
WHiHI. BEEAT Vb AT OBNLRE
EHRBLEBLBTEUENTES, REAT V7
ki

(myself)
KE-TSBEINS, MERTBLILK-TH A
IPERENAEZBER. HFILOVIAIRBTLTDOF A
COBEAT V7 b EMKT B,
SAZEHHI

(mytask)

KE-TBREND, A7EHTEESZ LK.

(exit)
L33,
7.2, E#M
SAHORME. WERMANI I F+ &4~
Fit&E AV 9 FIZK->TiF> D2HIT. AL
4 %,

b
IFrEBEROL S CHET
%

(defexstruct A MJ 7 F %
(B X g



(M X5 (defgmethod %
(AN I7F+%8 . XYy F&)

defexstruct L > TEEBENZEZAINFT I F+ B B ESIB - (B RSIED
. BERBRALINS 7F+BLn5, alL. (when H = F®X & - KN
(defexstruct buffer ek, —HDOMWMEHRAINI 7 F W’
Cint tength) ZODFRY Fa2-HBHETD, 2. H—
(int count) FOF@2H->-TVW3BE3I9AI70F%2-T. Th¥%
(int begin) HEEXF2-20i. $5—21. H - FOFMI
(int end) —ERBUZIAIDOF2-T, ThiERBHXa
((vector char) body)) — S, HEEX 2 ~ IS AT B EELH -
Fftx XYV FEBRUHBLAEAIAIZR. BELILX
LB L, butfer AT 2F v IEHEHEKRALS DA - FICHEMBICAS, bL. A~ FOFMICR
7F kflfyo BLEBSWE., TOP AR KRB F2a~IMAS
hd, COBRATHEX2 - A28,
ﬁE#H‘%ZF?? +EICHLTER., H- Mt & FRIB—DHAKEF 2 -HE5HERF - FOEF
Ay FEEETDHENTES, 2. AR SAIBF - FOFRBCRLZBAEE.
bufferiCH LT, XDXSa2H - Fit& XV BEHXY Yy FOERKDEFTIZAD, AV FO
F2EETDICLSPTES, EERKOETHFRZ L. 9. RHFa2-DF AT
HIRTHEF2 -2 a&EH»b2r6nhb, LT,
(defgmethod char (stream . read) () HEXF 2 - LIRS —DO0Ehy - FOET
(when (> count 0) WAD.
(let ((char ¢ (vref body begin)))
(setq count (- count 1)) HEHRAMNI 27Fr - FEAY 9 Fit.
(setq begin MREFTFFCEM, UL, FHUERBTSC
(mod (+ begin 1) length)) LB TE&S, 372, hoRBlo7YIT47 0.,
c))) HEHBRAINS 7Fr - FiFE XYy F2H
WTHBILERTZC LN TES,
Fl—OHEHBRAINI Z7F+rDl - F{T&E Ay
FOBRUHLIEE,. FABIC—DOF7 A7 LALITHC
EBRTELV, £, 03ETHHR L, whenD ik 8, 770/ T A
DOHN - bPFEDNEZBVRY, XV y FOXH®I
EfrEhiho, «5(037'\37‘7.&(,1 CMWILS T3z Xx=a
=Ry F -V ThHhBH, simple-menud \» 3 A h 5
“FH&XY Yy FRAXDIOIKCLTEEEN B, 77‘*75*52&’611\ Thic#d 3init.

handle-event. popk W I XYV v FHFAER XA T
Wh. BIAY v FIRUGHB LIE R WA,

event$SqueueD 1 XY M2 L T, B X > )55
HATbLAh T3, £, eventsqueuelt H 5 B
%%;;77"\"( dequeueld H" — F{t & X/

(!defstruct simple-menu
(display$abject menu)
(fragment fr)

(sheet sh)
(event$queue q))

(!defmethod void (simple-menu . init) (((vector v-char) labels))
(let (Cint-w 0))
(dotimes (i (viength labels))
(tet ((int x (- (vlength (vref labels i)) 1)))
(when (> x w) (seta w x))))
(seta menu (menu-object-create "MENU" NIL NIL NIL 8 16 255))
(dotimes (i (vlength labels))
(menu-object-set-menu-item-text menu (vref labels i)))
(setq fr (fr-create menu (¥ w 8) (* (+ (vlength labels) 2) 16)
RETAINED NIL ROP-CLEAR 255))
(menu-object~draw menu fr)
((fr . set-frame) FRAME-NORMAL -1 2 2 2 2)
(setq sh (sh-create 1))
((fr . put-sheet-group) sh 0 0 0)
(setq g (new-event-queue))
((fr . set-event-behavior) EV-RIGHT-RELEASED #t q)
((fr . set-event-behavior) EV-CURSOR-MOVE #t q)))
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(idefmethod int (simple-menu . handle-event) ((int id) (ev-cursor$move ev))
(cond ((eq id EV~-CHANGE)
(menu-object-draw menu (ev . where))
-1)
((eq id EV-REDRAW)
(menu-object-draw menu (ev . where))
-1
((eq id EV-CURSOR-MOVE)
(menu-object-display menu ((ev . locate) . y-coord))
-1)
((eq id EV-RIGHT-RELEASED)
(menu-object-get-current-item menu))
(#t -1)))

(tdefmethod int (simple-menu . pop) ((ev-cursor$move ev))
(let ((fragment full-screen-fragment (get-full-screen-fragment))

((strong pix$locate) 1)

((strong event$behavior) eb)

(int item -1))
(setg | (((ev . where) . fctofc) ((ev . locate) . x-coord)

((ev . locate) ., y-coord)
(get-full-screen-fragment)))
(setg | ((full-screen-fragment . fctodobjc) (I . x-coord) (I . y-coord)))
(menu-ob ject-disptay menu 0)
((sh . set-group-position) 0 (1 . x-coord) (I . y-coord))
((sh . put-desk) (get-full-screen-desk))
(setq eb ((full-screen-fragment . get-event-behavior) EV-RIGHT-RELEASED))
((full-screen-fragment . set-event-behavior) EV-RIGHT-RELEASED #t q)
(loop (let ((* e (q . dequeue)))
(declare (int event-id) (fragment where))
(when (and (eq (type-of e) @ev-cursor$move)
(ea (e . where) fr))
(setq item (handle-event (e . event-id)
(the ev-cursors$move e)))))

(when (>= item 0) X ik
Clreturn))) ) . _ )
((sh . remove-desk)) [ﬁ@ﬂ]ﬁ@é%;ﬁwﬁ4ybﬁ-y17Ak
((full-screen-fragment . set-event-behavior) 20T, bit 19835%3H.
EV-RIGHT-RELEASED (eb . catch) (eb . queue)) [Hagiva87] M. Hagiya: Introduction to the
item)) GMW Window System, RIMS-565, 198T.
(ldefun int menu-test () [Goidberg831 A. Goldberg: Smalltalt—ao, the
i i i environment,
(let ((event$queue g (new-event-queue)) interactive programming

Addison-Wesley, 1983.
(message m (new))

(simple-menu sm (new)) [Weinreb81]1 D. Weinreb, D. Moon: Lisp

Cint item)) Machine Manual, MIT Al Lab., 1981.
((sm . init) #("Sunday"” "Monday" “Tuesday" "Wednesday"

“Thursday" "Friday" "Saturday"))
((m . init) #("Hello," “This is a menu test.") #(400 400))
(C(m . fr) . set-event-behavior) EV-RIGHT-PRESSED H#t qa)
(let ((x ev (g . dequeue)))
(setqg item ((sm . pop) (the ev-cursorsmove ev)))) [Steele84] G. L. Steele: Common Lisp: the
((m . destroy)) language, Digital Press, 1984.
item)) [SUNB61 Sun Microsystems: NeWS Preliminary
Technical Overview, 1986.

[SUN87] Sun Microsystems: NeWS Manual, 1987,

[Bobrow86] D. G. Bobrow et al.: Common
Loops, Merging Lisp and Objected-Oriented
Programming, OOPSLA 86, 1986.
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