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SN < > Roadmap

0 TheBasics. "what is.."

0 Java - the tower of specs

o What isit - alanguage, an operating system..?

o How About Some K affe?

0 From aUser Perspective

n Kaffefor Developers

0 Where Are We Heading To

0 down to earth - the Desktop

0 and up to the moon - Embedded Systems




~, What Is Java - the "tower of
¥ specs” .

0 hot "just another programming language"

0 acollection of specs describing a comprehensive, portable programing environment

' i

class- ---------------------------------------------------------------------------------------- b ---------------------
ibraries Core AT 20 API / library specs
_________________________________________________________________________________________________ g
Wirtual kachine Java VM spec
....................................................................................................... g
JNI spec
native X

libraries net.dll awt.dll

Operating System
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I|| ;'L;\ I ;‘} The Virtual Machine
am - Specification

* type = on demand ® language indep.
pritn. widednarrow ("active" use) = wia ConstantPool ® link phase = ordet of actions
ref wide S narrow = class # object Fieldref/tethodref ClassFile format Lse,as5ign
ident, String ° super -= suhb -= Class ConstantFool load,store
= context = order = load context Bytecodes kethods read write
assign, num. profmot flelds systerm finstr,stack,locals) lock,unlock
call, cast <init=‘<clinit= ClassLoader = execution phase = volatile vars
atring = finalize method ® ErrorsiExceptions typesmthdfeld ref = synciAsait/ notify
Conversions & Initialization & Loading & Verification Threading
Promotions Finalization Linking
Virtual Machine Specification Exception
Handling
REuntime Types ClassFile Bytecode
Data Areas Format Instructions
“ thread pc registers  * primitive types struct ClassFile { ® load & store {jload, dstore,.)
® thread stack byte,char, signed, ..cp_info constant_pooll] = arithmetic (iadd, frul, iinc, )
(frames: locals, int. long, uzZ access_flags ® conversion (21, f2d, )
aperand stack) float, double U2 super_class = creation (hew, newarray, .
® heap ® reference types U2 interfaces = stack (pop, dupz, swap, .
(ho specific gc) class Seld_info fields]. ] = control {ifeq, tableswitch, )
@ method area interface method_info methods]..] ® inyocation (invokewvidual,.)
(Classes, code, CF) array SAattribute_info attributes]] @ exception (athrow)
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IOAMSHIA {:} The Java Native Interface (INI)

-
0 morethan just "calling a C function”
0 interfacing Javato the outside world is part of Java specs
" olass H | class Z {
= o class ¥ { -
void bar (..) { vold baz (..){
. i native ..
} 5 RECCPRRRS double foo(¥ x); = d = y.foo{ x}),; =
E . 1 E
int field; } :M
. : t . . "Java" . :
Ej,?pe fieftld meftthc-d function Native parametaesfr retum
illi'qllil‘jf ac-::{EES c\:allﬁ lit:-c-kup & call Interface passing ‘E.Fall.:;l'E:S
: : : rrcrr ‘

]dnuhla Java_packaqe ¥_foo { JHIEnv* env, jobject y, jobject x }{
Lu-]claﬂs cls ﬁ { “env) —>GetObjectClass{ env, x);

]fleldID fld { *env) —>GetFieldID{ env, cls, "field", “"I");
jint field j {*env)—>GetIntField{ env, =%, fid);

¥
jmethodID mid = {(*env)->GetHethodID({ env, cls, "bar", ..);
{*env)—>CallHethod({ env, =%, mid, ...):;

return (double) ret; - 5
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SN <> AP Specs

o Application Programming Interfaces are the fasted moving part of Java devel opment

0 many categories (core, AWT, extensions like 2D, 3D, ..)

0 whitepapers for some categories (e.g. JDBC), core API also covered (partly) by language and VM spec
0 weakest part of spec tower, mostly described by javadoc generated online documentation

0 come with sources not requiring a Java source license (but that doesn't do us any good)
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IAISVIIAL

| {:} Abstract Window Toolkit Spec

0 AWT provides portable abstraction of a GUI system

0 includes generic parts to build own widgets as "lightweights®

|Il e ] R L EE L LR T T

: abstract . ]

E components Container "'“"‘-h__ﬁ | Frame

o r/,/’f \ L | Window L

. i | Component M Dialog

Object - Rectangle '\"\
i K. | Button

" BorderLayout ; \

P 5 \ List

: Graphics . concrete

' Pl cnmpnneni:s

: Toolkit auxiliary ;| oo

. classes ‘.-' '

| T - java.awt — package .
generic concrete widgets
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TH ISV {:} What is it - language or OS ?

0 with respect to runtime services, Javais much more a"Middleware Operating System" than just alanguage

0 includes enough functionality to act as a"standalone" OS (native lib, optional platform OS and HW are
completely hidden)

0 moves the boundary of platform specific code out of the applications

0 reads like a computer science curriculum

Applications
file netwark. Wik o . thread Hts E=ceptian persistency |
systerm Access GUI sy stem system | | (reflection) handling (serialization)|
(dynamic) (gC) memaory Java Runtime Services code code maritelals
linking fmanagement verification | (optimization platform
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" specific
? libraries ?

? Operating System 7

? Hardware ?
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T

AR il < > Conclusion

too much to remember ?
(you have my sympathy)

0 Javaisnot just alanguage, it isa"middleware OS"
0 Kaffeisnot "just" aVM, it isaframework for tailored Java systems
0 its desktop future: public sources (GPL), efficiency
0 its embedded systems future: portability, scalability

Thereal future? It'sall up to us: don't moarn, fix and improve. Don't grab, contribute.

Thank You!
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PN <> kaffe - what is it?

Where does this strange name come from? How is it pronounced?
Kaffe ["Kafe] istheswedishword for coffe (the work was started in Stockholm)

How does it compare to the Java standard?
PersonalJava 1.1 compliant system, consisting of classlibraries, VM (incl. JT) and native libraries

Isis"just another Java implementation”?

No, it has a different attitude: providing a framework for using (target system) specialized components (like GC,
threads, AWT), all tuned towards: Portability, Scalability, Efficiency

Isit commercial or free?

the Desktop Edition (complete, non-crippled) is GPL, the Custom Edition (subsystems for use in embedded
systems) is commercial

How long has it been around?
first release in 2/96, first graphicsin 12/96 (biss-awt), first autark GPL release in 6/98. See history

Whoisusing it?
More than 14000 downloads since 6/98 just from the TransVirtual server



st {:} History of Kaffe

n kaffeisaresult of combined efforts

0 thisisnot afirst try - kaffe has been around for awhile

Virtual Graphics
Machine
[ BSA, CThrough, Exodus | Linuz Java
1996 |- - - - - - - - - ____Jo______ :'__:;___H.—:-:TT Porting Project
[ biss-awt 0.84 ] lightweight widgets
l JDE
packane
biss-net kaffe 0.8.0 ... biss-awt 0.86 1.0.2 AWT: biss-kernel
1997 |- o - *---------------1 ------------------
kﬂfff 0.6.4 = - piss-awt 0.67
Java 11 kaffe 0.9.0 ——— l

[biss-awt 093] 1.1 AWT: hiss-only

1993_ - = _.____._.._.._.._.._.._.l.._.._.._.._.._.._.._.._.._.._.._.._.._.5.-‘.':..: _Xx _____________
;GPL  kaffe 0.10 £

tcore-libraries Ny > E hiss-awt 0.94

i %
: AWT ;

; Desktop Edition [[GPL)
1999 |- i ____ Custom Edition-|(emhedded sys} ________________

'1' 0 L — -"
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(ARSI {:} Kaffe from a User Perspective

compl ete system (in conjunction with the Pizza compiler, viable alternative for JDK)
available under GPL, no third party royalties/ license restrictions

small (400K for astatically linked executable, 500K class libs)

portable (about 30 different operating systems, 8 HW architectures)

integrated JI'T (bridging the gap to C, see performance figures)



file:///F|/jit98/IT1/down.html

' PersonalJava 1.1
javalangdiosnetiutil . packages java.awt packages 5 compliant
hative window system 5 standalone : . .
. i class - libraries
Code-erifier Class Management '
I modular
Execution- Engine  Java 1.1 compliant
JIT, interpreter . .
: . virtual machine
aystem Call Thread Heap [(GC) Mative Ifc
subsystem subsystem subsystem subsystem
Linus, "Win32, .. kernel Fuser mark &sweep . JHI, KM
! statically / dynamically
hative core library native AWT libraries ' linked
Rk, ar, .. i o :
. ; native libraries
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JiHL < > Inside Kaffe

o The Main Theme: Modularity

o Core Structures

0 Interfaces and Subsystems

o JT
0 Interpreter

0 Threading

0 Heap Management
0 Graphics Support (AWT)

0 Common InfraStructure

o The Source Tree

0 Porting Kaffe




TS

| {:} Modularity: Internal Interfaces

0 there are several well separated sub-systems (heap management/GC, threading, JI T, graphics support, ..)

0 there are numerous different target systems and application requirements (Smartcard to server, graphical / textual
app, browser context / stand-alone, ..)

0 thereisNO silver bullet - to serve them all (optimal) with the same subsystems
0 there|S astrong need to make them configurable (pick the right subsystems for the right problem)

n Kaffe uses severdl types of interfaces

VM core class libraries

subsys

VM w } native lib




SN < "> Types of Interfaces

0 Kaffe uses mostly (narrow) runtime interfaces for VM subsys, and (wide) link-time interfaces for native lib subsys
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Client Ifc—Definition Ifc-Implementation

Type 1: Compile Time

: #define FOdia)d ™

FOO (%) =7 doThis(a); b,
e S T T doThat ) » kY
a o= ..

, inline woid barci. .){..}

- [ - - - - - - L - - - - - -

Type 2: Link Time (1x) int zzFoo{charc*a) ;

L

Foo () |
—

Tj?pe 3t Bun Time (Nx) . typedef struct | !

¥ Ifc ¥ Interface;
' int (*foo) {char*a); .  Ifc EE Interface

L Lifte ¥ Interface. foo
(+I3_ Interface). foo(x) ! S ! /J' = &myFoo; )
B ¥ Ifc XX Interface; /

x
\_/ int myFoo{chac*a) {..}




TN <

includesjava_lang_Object.h

Object

dtahble
lock

trampoline

hative code

bytecode

kaffevmiclasskdethod. h

dispatchTable

class

method[0]

kaffevmsclasshdethod. kb

methods

DA
510
accflags
1dx

stackse
locals=

ncode

c
{start, end} |
{fcode, codelen}

class
lines

exception table

nextactivelethod

,> Basic Structures

kaffevmsclasshdethad. b

Class

Obqject head

centry
name
acctlags
superclass
constants

methods
nmethods
dtable
Ms1se

fields
hfzize
nfields
nafields

interfaces
interface len
total interface len

loader
state
flags

kaffevmiclasshdethad.h
field

rIEmeE

type

acctlags

hsize

info
hoffset |
addr |
1dx
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ﬂi SRR {:} Kaffe Interfaces

“1n1t “open, close
*setupTrampoline _ # Lookup
*interEngineCall *FindClass “getData
*callExceptionHandler *CalliMethod .
S *GetiField 1 “readlt, read3di
“hetiEEh E t @
[ intrp/machine.c a_'_a_ F LRSS DSEEkSth
jit'tnachine.c TT e
e jni.c jarfjar.c :
. compilation class Toolkit §
Execgtmn tronslate () JNT JAE native tlkgie. )
Engine - Support Support native wndiZ(. . ) ;
native evtiH({. .);
engine.h includesdni.h jarfjar.h '
Enginelnterface JHINativelnterface JarRawInterface
: ENGINE 0i(. ) : JHlInvokelnterface Jarinterface
Lo S SECTERREET KR (. ], WnoZR (. ), evtRR (. )
VM-Kernel AWT
baseClasses.c, classhethod.c, support.c, exception.c, locks.c, thread.c, . clibvawt atlk.c, whnd.c, evtc, ..
.......................................... r=, allegro, otk, .
] go_ (. ) i ropend. ), read. ), . [ aes, gro, g%,
Garbage Collectorinterface Lockinterface | | Threadinterface | | SystemCallinterface :fm”é?;;‘a‘teﬁame
gc.h locks.h thread.b includessyscallh * et GotHemtEvernt
- B - fclrBetPixelValue
Heap Mgnt Threads mvstem s frt T tFant
go-incremental . systemsiunix-jthreads/internal.c Calls “gralrawling
| [systems/msans- hreads/nternal.c , pinreans, veworks, . -imgCreateFronfile
— : — *chdGetContents
*malloc, free, realloc ®lock, unlock, walt “create, exit, finalize “open, close R
*inwokeGC / Finalizer ®*signal, hroadcast  ?sleep, yield, interrupt  “read. write
“addRef, rmRef *semget, semput *GecWalkThread ®socket, connect

*reglster ®spinon, splnoff "L "select

=]
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Kaffe Source Tree

kaffe
— confiy configuration config.h
1366 architecture: Intel ;
': lirL 05 linum  croerroeeroermoemr e frossesssensesssann s ;
— include global includes jsyscall.h jtypes.h jni.h Object.h
[ —kaffe Vilroot , i
VM k.affe executable ¥
: kaffevim WM library 67 22 465 i icode.h jit.def md.c trampolines.c
intrp interpreter engine P61 a8 :
jit JIT compiler engine 18 8 176
jar Java archive 4 1 15 ]
ul= heap management & GC | 4 2 47 .
systems thread systems : files kloc kB
I: Unix-jthreads kaffe user threads 13 & 51
_____________________________________________________________________________________________ : *[ch] 430 70 1e20
— libraries libraries root y
— clib native libraries Java 250 60 1260
- awt java.avt ; * def 15 20 350
I: X ¥lib 13 5 130 ;
- Z 995 150 3300
— math java.math
— management kaffe runtime env, (classpath..)
— hative java.lang, java.io B5 & 146
— het java.net
— Zip java.util.zip
— javalib Java class libraries
— java standard packages :
= . ¥
— kaffe kaffe specific extensions
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SOUrce

file

javac

class

file

M., JIT (1) - Execution Engine
m - Types

¥

o
e

o

|
|

G

WAT &,
compiler

native
image

interpreter
‘engine

JIT

‘engine

WAT

. engine
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T

<> JIT (2) - Java to Bytecode

TH MISVITIL

vold mainijava. lang. String[])
static 0 1const 3
void main (String[] acgs) .--¥ 1 istore 2 Frame
I I 2 1load Z
int j; w0 lconst 5 L:locals = operand stack
int 1 = 3; e 4 1f icmpge 12 -
T T T iload 7777 ; 0: args
if (1<5 ]I e B dstore 1o i . -
1= 1; R w9 goko 16 oo —
CHETRIEE 12 iload 2 =i 2: 1
T = A+l e = 13 1const 1 :
14 1add
| = foof 1); _ ..o istore 1 :
! ] _ 16 ilI:lEu:l_E __I____: E:EDdE

w17 inwokestatic #4 <foo(int)
20 1store_1
""" U return

1 opcode
P 1+l [operand 1
1+2| [operand Z]]

be insn: PC,C, L8 25 {{cond, PC', L', 8]

-—b}rte—l-

PC, Clo1,02], S[,v] —198,. == 0 PC+({{01<<8]jo2), 5[]
w0 PC+1, 5[]


file:///F|/jit98/IT1/down.html

JIT (3) - Stack Machine to Reg

RO <> i _

concrete locals c concrete reg IMerm
sh i n-RM
:Frame
meth- }hcnde code codeinfo->perPC[1]
0 1load O ~Je meth-:ncode’
1 bipush 10 _h _
3 if dcmple 14 18: ;mpl #10, es1
neth-rneode E iload O N | | e o éE jlel[Lh_l 1]
' T hioush 8 D Inowl 251, eax
rampoline 3 ioub verifyhdethod() 26 subl #8, eax
¥ 10 istore 1 i 35 mDTJi B A, E;;{ ,
soft_fixup_trampoline() 11 goto 16 : e: movl ecx, -T2 (ehp)
: 14 1load 0 : e R 33: jmpl [LbLl 2]
15 istare 1 T 35 mowl esi, edx
16 ilDEllj._I i natdivder 37T: mowl EIjJ{_. ehz =
: 17 ireturn : ad: mowl ehx, -T2 (ebp)
B § Lbl 43: movl -T2 (ehp), edi
-.-"ﬂl | [ ] 45: movl edi, eax

sequence [ = = gT() | — translate() - 5

abstract | |
RaM 4 5
localinfo Slots I ; L1 ‘l'
¥
locals l &T()
-
1 Cb . {seq} arch
Lb1
stackno
temninfn T Ep_s.ta':k‘_
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e ———

modified | regno



JIBIE < "> 21T (4) - Translation Code

icode.c
machine.c PR = howe 1nt const (SlotInfo* dst, jint wal) |

lnt SlDt _const({ dst, 0, wal,
translate (Method* meth) | =
— werifyMethod (meth) HAVE mowe_int const, Tconst);

Tlcnde.h <— gonfig/<arch={jit-icode.h
for  poc=0; pcd<len; pc = npc ) : ]
npc=pc + insnLen[bc[pc]]; ; v #define HAVE move int const mowve RxC

switch  beolpc] )

D Erener . funcs.c [iitdef] =— config/<arch=/fjit—<arch=.def

base T : gToTTmmTemsmmmessmmees i """"""""""""" * move FxC sequence* s
low = (int8)getpc(0); : ' int val{= CEESt int{E%f
push (1) : : : int w = wreg int{0);
mowe_int const(stack(0), Low) ;|...2 : ] 7/ movel #wal v

} break; i ; codeblock [CODEPC++] = 0xB2|w;

i 5 codeblock [ (CODERC+4) -4] = wal;
—*® 1f { codeInfo. codePC[pc]. flags E ; basecode.c '

& STARTOFEASICELOCE )

/# =pill stack, locals, tenps slot slot const (SlotInfo* dst, SlotInfo* s1, jword s2,

ifune £, int type) |
#if defined (TW0 OPERAND)

for ( <each seg:r ) - I : -
(*(58q-3FUNC) ) (SBQ);  cooeeeemeemeemremeeens : 1f (sl &% dst &% (31 l=dst) &% (typel= Tload)..}{
move any(dst, sl);

i —
lirkLahels({.  }); sl = dst;
installiethodCode(. . ) #endif

sequence *seq = nextSeq();

: ASSIGNSLOT (seg->ufl], s1);
. . . segq-:u[2]. 1const = s,
#define pushii) stackno -= 1 ASSTGNSLOT (seq->u[0], dst);
fdefine stack(i) &localinfo[stackno+i] seg->func = f;
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IR <> 217 (5) - Optimal JIT2

0 simple coherence, difficult conclusion: execution time depends on optimization time

0 thereisadifferent "break even" number of calls for each J'Ted method

0 number of calls cannot be predicted in advance

0 adaptive JT compilation (intrp/JIT) adds additional overhead

0 adaptive JIT optimization (global reg, peephole) depending on verifier output seems to be better

te
i interpreter tc: = 1 (bc) tz interpreter tc
) ) ) i i '} : ;
£ t, = f(me(t.))
=
-
o -
=
) R
% e R _ optimizing tE(n) = t. + nx*ti,
WAT
| cmﬁpilatinn time te. 1 P N
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TH ISV {:} JThreads - Queues Everywhere

runnable

threadzhead

Iy

/*

reschedule )

currentdThread

resumeThread [ )

blocked

blockonFile ()

sleep (]
fthreaded'aitpid ()

sUuspendCOnCIThread ()

interrupt ¢ intr ._/
biandlelD )

alarmE=ception () alarmlist

childDeath (1 —— LI B T e

e waitForlList
E FEFEHH

unlockObject ()

walt [

halder

wraiting

L ritel ]

tnanitar_enter -= lockOhject))
walt() | signal §)
tmonitar_exit  -= unlockObject )

lockObject (]
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PRSI < > AwT (1) - Types

0 differences show up especially in event processing

Type 1

"toolkit-based"
(native look &feel, peer—hased)

anwtgtk.

native Toolkit
Muotif, Gtk, Git, MFC, Be

native Window System

A+ WAL WInaE,

hative

Type 2
'lightweight widgets"

At

native Window System

A+ WAL WInaE,

--r Component ---f---

- -+ "lightweight" - - {- - -
Component

Type 3

"stand-alone"

awtigrs, awtiallegro,

(iraphic Library
Grs, alledro, MGL,

100




B < > AWT Type-1 Event Processing

keyFocus keyhoard /
windaowList mouse driver
W
Window / Toolkit Widget hative eventblueue
pos,size, parent, childs
fetchEvent (e,block) |
processEvent (e) { if Elblﬁck )
switch (e-=tvpe) | | waltForEvent ()
case MOUSE MOVE: if { hasEvent |
moticnCal lback(e) ; e->W = lookup(x,v.t)
1
dispatcherLoop () |
______________ while [ run )
R B & if [ fetchEvent(es,block) )
] mot ionCallbackiel | i e->W->processEvent (&)
§ else S A ;
1 § idle() : idleFunc(){ :
’ i : i
native AWT ,
L O O S
Java AWT
EventDispatchThread ' EventProduceThread
EventGueue run ()
while [ true . sleep()
e = J.getNextEvent ) run (1
e.dispatchi)
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postEvent () ! contextswitch |



JIBIE < > AWT Type-2 Event Processing

keyhoard /
maouse driver

native eventZueue

keyFocus
fchhEvent (e, block) { windowlist
if [ bBlock )
waltForEwvent (] W
if { hasEwvent )
} e->w = loockup(z,v,L) |
: nexztBEvent (1
§ if (! fetchEventi(e,block) )
§ return null
iruﬂjve return generatedJavaEvent(e)
i 1
AWT
_______________________________________________________________________________ o SR
Java AWT EventGiueue EventDispatchThread
getNeztEvent () { L Fj{
T do ! while [ true )

evl = Jq.getNextEvent ()

ev=hextEvent () .
evt.dispatchi()

if (ewv==null)

aev=gueles.next () I
if (ev != null) | AW TEvent
return e dispatch ()1

sleep()

tathdile (fetr == 11110

retarget ()
¢ .processEventithis)
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TH I {:} AWT (2) - Layers

o AWT implementation: providing a portable abstraction (public java.awt classes) for a plethora of different
graphical environments

0 Involvesthree layers of decreasing portability

0 requires substantial "external" functlonallty

AWT .
Java AWT Classes
L1 | R I N I
: [Graphics] — [Window | visible (spec)
min impl-costs . i hidden (impl)
max portability § M =
max performance | |[java.awt, kaffe.awt : I
: : ava
[#proto . Motif : i Ty
: ' native
] Native AWT Library
:, libawt
""""""""""""""""""""""""""""""" Kaffe
external (O5)
Image Libraries Graphics Library

| | Window System f native Toolkit
jpeq. png, gif Gik, ¥lib, GR¥, &llegro
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PRI <> AWT (3) - Map

librariesfjavalibjavasawt wlib.h libraries/clib/awt/x
Window :

. eeeeees = toolkith - :
natweD.ata common header (struct Toollkit)
addMotity @ | Toolkit i
sEtlslals ) priv static R = tk.c I

singletan initialization & termination
EventQueue eventGueue ; :
eyventThread SRRREEEE = Whd.c e
gethlextEvent 0 U ’ native toplevel window mgnt
PR priv Toolkit
Graphics I priv native static sync i g BVLE I
nativeData AR | R R W oL native event mgnt
initGraphics | A S o WL, () e e b d ST g
drawline () b eeeieeeas e BVED i gra.c :
. I (D O S : draw support :
Image s L R . ]
2 | peeeeeeeeee e T 0 b . e iMg.C e :
nativeData | peeeeee o OO O e image creation :
startPraduction .0 | | ;oo = Cln 0 e L E
P Pl s fntc oo :
Font font loading & metrics 5
nativeData S » chd.c e
initFont @~ [ A : cliphboard (ext.formats) :

. . P Color 5 !

MativeClipboard b= e = clr.c e
P nativealue true / pseudocolor mapping
nativevalue Do

: : L Colar ()

MativeClipboard & |......... -
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Java @ C



(IR

0 multithreaded, dynamically generated code -> hard to debug

0 standard facility for runtime configurable debug output

jdebug.h

{standard header)

#1f defined (DEBUG)
#define DBG(topic, msg). .
#define DEG ACTIONtoplc, action). .

#if defined (DEEUG MATN)

#define DEG DEFINE (topic) int topic
#else

#define DBEG DEFINE (c) extern int. .
Fendif

#Finclode "jdebugdef. k"

{:} Infrastructure (1) - JDebug

jdebugdefh {app specific)
DEG DEFIME({ awkt, "..");
DEG DEFINE( awt wnd, “..");

#1f defined (DEBUG MAIN)

void dbg 1nit() {
DEG_CHECK( awt);
DEG_CHECE( awt wnd) ;

h

#endif /* DEEUG MAIN */

_q- -------------------
#else
#endif
app.c ' ' clientc il
#define DEBUG_M&IN'; i#include "qJdebug. k" _
#include "jdebug. h" gee . ~DDEBUG .
DEG ACTION (awk, ESvnchronize(. .} );
DEG (awt_wnd, ("create: Z\n",wnd)); . .
export DEELIG="awt awt_wnd
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(IR

{:} Infrastructure (2) - JMeasure

0 standard facility for runtime configurable statistics

0 triesto please Heisenberg (A x « A v, =const) -> NO heap, efficient checks

jmeasure.h (standard header) jmeasuredefh (app specific)
#if defined (MEASURE) MSF,_DEFINE LOG (1000
#define MSE_INC(c). . MSE_DEFINE{ jit_time, "..");

#define MSE STARTc) ..
#define MSR STOP(c) ..

MSE DEFIME( total time, "..");

#define MSE LOG(c). .

#if defined (MEASURE MAIN)
#define MSE DEFINEc) MsrChannel c
#else

#define MSE DEFINE (c) extern MsrChannel |.

#1f defined (MEASURE MATIN)
vold msr_ 1nit()
MSF_CHECE( jit time) ;
MSE CHECE( total time);
MSE START( total time) ;
i

Fendif
vold msr finishi) |
#Finclode "jmeasuredef h" S ----------oolm----a-q MSE STOP( total time);
Relse MSE FINISH() ;
. h
#endif #endif S+ MEASURE MATIN */
app.c : + clientc -
bP : : build
#define MEASURE MAIN y#incluode "jmeasure. h" gee .. —DMWMEASLRE |
#inclode "jmeasure. h"
MSE STARRT(jit i ;
. (J1t time) run

MSE_STOP (jit_time) ; export MEASURE="jit_time total_time"
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l <> Porting Kaffe

o Virtua Machine

0 Start with interpreter
o JIT ishard part (depending on archirecture): trampolines, call setup, alignment
0 Jthreads: setjmp/longjmp, signals, setitimer, select
0 native threads. POSIX-like?
o Graphics
0 type-2 AWT iseasiest to port
0 start with polling getNextEvent(), learn about blocking native operations
o start with TrueColor visual (PseudoColor depends on Colormap access)
0 native image format

0 font access (independent of Graphics target?)
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I < "> " - performance

0 Java=interpreter = slow ? Not truefor JI T !

0 consider additional Java functionality (exception handling, array check, GC, ..)

0 builtin types, static methods, pre-allocated objects:
no reason why Jl Ted Java should be slower than compiled C (put aside optimization)


file:///F|/jit98/IT1/down.html

1654 (ms on 233 MHzi586]

byte array while { rounds—- != 0 ) { // rounds=30000
SEt.I"ItESt for [ 1=0; 1<n; 1++ ) { ff n=100
ali] = 1;
o207 158 if [ a[i] == 2 ) hreak;
.
. 1628
int / double array 1571 while { rounds—- = 03 { // rounds=10000
: for ( 1=0; 1i<n; 1++ 3 { S5 n=100
CDI’I]IJLItEltlDIl ali] = 1; bl[1] = 1*2;
¥
255 235 for  1=0, res=0; 1<n; 1++ )
res += a[i1] * b[i];
. h
564
iEDlEltEd CElll . int foo ( int a, int b )
o return 1;
205 o h
=
n while { rounds-- =0 ) { // rounds=3000000
E' fool 1,2); Af £- test
I




11 ~
I < > Future of Java

use new markets .-

-

Sunvs. MS .=t 7
_ _ _ canceled proj
0 No programming environment ever got mainstreamed so fast size &speed

saturation

mamstream

Web boost.
|

Netsclape alliance
55 96 97|

all time record |

o growth of acceptance now declines somewnhat

0 BUT: Javaso far has been validated just in terms of web
programming (which was just a "booster")

95 9 T
o Javastill givesthe right technical answersto real problems:

o binary compatibility o efficiency Provisions o comprehensive specs.

0 robustness 0 std. runtimelibaries o implementation costs

o Javawill gain additional momentum if it delivers on reducing application development / distribution costs for:

o distributed, open applications -> Web (embedded Java)

o new HW / devices-> Javain embedded systems

« new operating systems/ versions/ toolkits -> Java for desktop applications




JIBIIE < > Kaffe to the Desktop !

Many applications don't need direct access to OS-specific functionality (email clients, calendars, editors, DB
front-ends, Web-browsers ..)

why to program them to a specific OS/ GUI toolkit API (version)?
why not to use Javato do it portable ?

0 myths

0 memory consumption
Improve subsystems (GC, JIT), share resources (Java as a shell, Kaffe server)

0 native desktop integration
native GUI/toolkit compatibility = AWT flexibility (type 1/2 AWTs:. Gtk, Xlib, ..)

0 missing toolkit functionality
consider lightweights (+ availability of AWT sources for native widget interfacing)

0 environment compatibility
n!

kI * (n - K)!

"glibc" - problem, taming the combinations

» portable VM (+libs), factor out target system dependencies




o GPL sources, automated configure/build process




PSIIMIIN <> Kaffe to the Desktop - Myths

0 Javaisnot free (no sources), requires alicense
Kaffe is GPLed (with complete sources). Kaffe has been rebuilt completely from the specs (proof of suitability)

0 Javaistoo slow (interpreter)
Kaffe has JIT (see performance and WAT (by means of Cygnus GCJ). We (all) can still make it even faster (GC,
libs,..).

0 Java AWT needs Motif
Kaffe has Xlib (lightweight widgets) and GTK (native widgets) AWTs

o It'sjust for fun, why to use a new environment

Can we redlly afford this? Ramification can be dangerous (what is the deal to publish something that will be
unnoticed).
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s {:} Kaffe calling.. Embedded Systems

Isolated, stand-alone hosts, workstations, PCs are "out", the current Web is just the advent of inter-networked
devices

HW versatility - just the sky is the limit (smartcards, phones, PDAS, internet terminals, settop boxes, embedded
controllers, workstations, cars, aircrafts?, space crafts ?7?)

most of these systems have one thing in common: nothing

HW may have a short life cycle - writing a development system that is used just for a single application is way too
expensive! ("gcc vs. MUA", smartcard example)

strong need for a common development / runtime environment
If it is going to be Java, it hasto be:

Portable
Kaffe has a reasonably small source tree (<1 MB for a given target system), well separated target-specific
components (thread-, system call- interfaces)

Scalable
Kaffe can be easily configured to use/omit: JI T/interpreter, NI, math, zip/jar support, native threads, (Type 3)
stand-alone AWTS, ..



SN < "> "Between Tcl and Oberon'

0 How does Java compare to other (app programming) environments with respect to: ease-of-use, versatility,
platform integration ?


file:///F|/jit98/IT1/down.html

Tel/Tk Oberon

{hlainstream) O { hainstream) O
coexisting coexisting
App App
"Iliddleware O5"
in GUT impl effort ¢b hinary compatibility ib efficiency
¢h coexistence vn Scalability (GULext, Script/idpp) & O8 "integration”
= hybrid App model vh coexistence 0h resources
0 (U] extensibility oh stand-alone (opt) O coexistence
O stand-alone vn efficiency (JIT) = portahility
v comprehensive libs
O resources (multiple VIvIs)



IAISVIIAL

: : > Kaffe Server

0 no matter how far we optimize: VM needs alot of resources

0 if you can't shrink it -> shareit:
Java as a portable, graphical application shell

0 thisisNOT just for "scripts’, but full fledged applications

o think of the impact on "IPC" (comes for free, incl. SynChl’OﬂIZE:TtIOI’])

extemal Ellent
Process

— . TCPAP e — e — -

appecls kaffe.util.k affeServer
javalang | IO streams
ystem app
thread » B'Sbhase
Kaffe VM *| classpath

Java "Shell" Pmcess
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._,":_i_\.””' {:} Lightweight Widget Example

0 DatePane example (from biss-awt): mini-button panel to select dates
0 contains DayT able widget (workhorse), surrounded by DecoBox
0 acts as Facade, Mediator, Composite

0 amaost no toolkit pitfalls (*super.paint(..)" )
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Aug 1997

Mo Tu WeTh Fr Sa Su

123 e
4 & 7 & 910 [
11 12 13 14 15 16 17 dayArray
18 19 20 21 22 23 24 . Conta iae : i 1] 2| =
2% 26 27 28 29 30 31 : 4| 5[ E] 7 10
DecoBox 11(12(15[14|15|16(17
18 |19|20(21|22 23|24
text
25 |26 |27|28|29|30]31
hox = new DecoBoxf.) DatePane | _ - | PRIt (graphics) {}
table = new DayTablel.; b Zl
| table
= fToo- DayTable x=event gety(;
tahle.setDate(date); ] ---.| DatePane (.} date Y = eventgety');
0 getDate (date) {.} dayairray po= getDaysrayindes =,\w;
getDate 0 {.} __-| date = dayArray [p=E] [Py
super.paintigraphics); |0 paint (graphics) {.} paint igraphics) {..}
"7 | P zetBounds (e b 0 mousePressed (event) {3 O
T computeDayarray (manth) {3 this.data = date;
bo=.setBounds(.); <o setDate (date) L.} o | computeliay&rra;

tahle setBounds(..); == -7 | repaintf);



JIBINE < "> Lightweight Example: DecoBox

cl ass ext ends Conponent
{
String Text;
public void ( String text ) {
Text = text;
}
public void ( Graphics g ) {
Di nensi on size = getSize();
size.wdth -=2; size.height -= 7;

g. set Col or( Col or.white);
g.drawRect ( 1, 6, size.wdth, size.height);
g. set Col or ( Col or. bl ack) ;
g.drawRect( O, 5, size.wdth, size.height);

i1 f ( Text !'= null ) {
Font Metrics fm= getTool kit().getFontMetrics( getFont());
int w=fmstringWdth( Text);
g. set Col or ( get Background());
g.fillRect( 15, 5, w+ 6, 3);
g. set Col or ( Col or. bl ack) ;
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g.drawString( Text, 18, 10);

}
}

publ i ¢ bool ean (int x, int y ){
return false; // we are just a decoration
}

}



_-,;-1-_-%@_T.||ﬂili\.||||Hl <"> Lightweight Example: DatePane

public class ext ends Cont al ner
{
DecoBox Box = new DecoBox();
DayTabl e Tabl e = new DayTabl e( this);

ActionLi stener dient;
static String[] Months = {"Jan", "Feb","Mar", " Apr", "May", "Jun",
n Jul n ’ n Augll ’ n Sepll ’ n Q:t n ’ n I\bvll ’ n mcll} ;

publ i c ( Date d ) {
add( Box);
add( Tabl e);
setDate( d);
}
public void ( ActionListener client ) {
Cient = AWTEvent Mul ticaster.add( Cient, client);
}
public Date () {
return Tabl e. getDate();
}

publ i ¢ void ( Date dt ) {
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String non = Months[ dt.getMnth()] + ' " +

| nteger.toString( 1900 + dt.getYear());
Box. set Text ( non);
Tabl e. set Date( dt);

}
public void () {
Di mensi on size = getSize();
Box. set Bounds( O, O, size.w dth, size.height);
Tabl e. set Bounds( 15, 15, size.w dth-30, size.height-30);
}
voi d () {
If ( Cdient '=null ) {
Acti onEvent e = new ActionEvent( this,
Act i onEvent . ACTI ON_PERFORVED,
"sel ect");
Client.actionPerformed( e);
}
}

}



NI < "> Lightweight Example: DayTable

cl ass ext ends Conponent 1 npl enments Mouseli st ener
{

Dat e Cur Dat e;

int[][] DayArray;

Font Metrics Fm

Dat ePane Mast er ;

static int[] Mont hLen = { 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31
}s

static String[] DayShorts = {"M","Tu","We","Th","Fr","Sa", " Su"
}i

public ( Dat ePane master ) {
Font font = new Font( "Helvetica", Font.BOLD, 12);
set Font ( font);
Fm = get Tool kit ().get Font Metrics( font);
Mast er = naster;
addMouselLi stener( this);

}

public void ( MouseEvent e ) {
Di mensi on size = getSize();
I nt X e. get X();

int y e.get Y();
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I nt
I nt
| nt
I nt
I nt
| nt
I nt

cCw
cd
rh
rd
x| dx
yl dx
dn;

2*Fm charWdth( '0");

(size.w dth-7*cw)/ 8;

Fm get Hei ght () ;

(size. height-7*rh)/8;

Math. min( x / (cwtcd), 6);
Math. mn( (y-rh-rd) / (rh+rd),

G aphics g;

| f

}
}

(dn=DayArray[ xldx][yldx]) !'= 0) {
Cur Dat e. set Dat e( dn);

If ( (g = getGaphics()) !'= null ) {
redraw( q);

g. di spose();

Master.notifydients();

}

public void
I f ( CurDate == null ) return;

Di nensi on

| nt
| nt
I nt

ZW
CcWwW
cd

( Graphics g) {

size = getSize();
Fm charWdth( '0");
2% Z W,

(size.w dth-7*cw)/ 8;

5);



Int dc = Fm get Descent ();

int rh = Fm get Hei ght () ;

int rd = (size.height-7*rh)/8;

I nt dn, dof, dim= CurDate.getDate();

g. set Col or ( Col or. bl ue);
g. set Font ( getFont() );
for ( int dy=0; dy<7; dy++)
g.drawst ri ng( DayShorts[dy], cd+dy*(cw+cd), rd+rh-dc);

for ( int dy=0; dy<7; dy++) {
for ( int wk=0; wk<6; wk++) {

1T ( (dn=DayArray[dy][wk]) != 0 ){
I f ( dn<10) dof =zw,
el se dof = O;
| f (dn==dim g.setColor( Color.green),;
else if ( dy==6) g.setColor( Color.red);
el se g.setCol or( Col or. bl ack);
g.drawsString( Integer.toString(dn),

dof +cd+dy* (cd+cw), (wk+2)*(rd+rh)-dc );
}

}
}
}

public void ( Gaphics g ) {
Di mensi on size = getSize();



g. set Col or ( get Background());
g.fillRect( O, O, size.width, size.height);

redraw( q);
}

public static int[][] ( int m, int ye) {
int[][] darr = new int[7]]6];
int sd = (new Date( ye, mm-1, 1)).getDay();
I nt maxd = Mont hLen[ m- 1] ;

I f ( (Mm==2) && (islLeapYear( ye)) ) maxd++;
If ( sd == 0) sd = 7,

for( int day=sd-1; day < maxd+sd-1; day++)
darr [ day%’] [ day/ 7] = day-sd+2;

return darr:

}

publ i c Date () {
return CurDat e;

}

voi d ( Date dt ) {

Cur Date = dt;
DayArray = getDayArray( dt.getMnth()+1, dt.getYear() );



repaint();

}

public void nouseC icked ( MouseEvent e ) {}
public void nouseRel eased ( MuseEvent e ) {}
public void nouseEntered ( MuseEvent e ) {}
public void nouseExited ( MouseEvent e ) {}

public static bool ean isLeapYear ( int year) {

I f ( year %400 == 0 ) return true;
I f ( year % 100 == 0 ) return fal se;
return (year % 4) == 0;

}
}
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