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Specification and Evaluation of a Hybrid Architecture JTRON2.1
Integrating a Java Runtime Environment and a Real-time OS

YUKIKAZU NAKAMOTO," HIROAKI TAKADA, .0
SHOUICHI HACHIYA, .28 YOSHIHARU ASAKURA'
and NORIFUSA KASHIJUKU*

There exist some problems in real-time processing essential in embedded systems when the
Java language is applied to the embedded systems. This paper presents specification, evalu-
ation results and applications of a hybrid architecture JTRON2.1, in which the Java runtime
environment and a real-time OS coexist in order to utilize the Java language in the embedded
systems requiring real-time processing. In JTRON2.1 specification, Java threads and real-
time tasks cooperate through communication mechanisms. The communication mechanisms
consist of attach classes, shared objects and stream communication. The first one provides
methods by which Java threads can access to real-time resources. By the second one, real-
time tasks can access to Java objects. The third one utilizes the Java stream to communicate
with real-time tasks. The communication mechanisms are implemented by libraries on the
real-time OS and the Java runtime environment. Using the libraries, the hybrid architecture
is realized, where real-time processing is executed by real-time tasks on the real-time OS and
non real-time processing is done by Java threads on the Java runtime environment.
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Fig.1 Hybrid architecture integrating a real-time OS and
the Java runtime environment.
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public class MailBox {//0000000000C0COOO

public MailBox(int mbxid, T_CMBX pk_cmbx)
throws ItronCauseException;
//000 pk_embx 0 0000000000000
//0000000 mbxid 0000000000000O000OO0OCOOO
//T_CMBX 0 000000D0D00O0D000D00000000000D0

public MailBox(int mbxid) throws JtronException;
// 000000000000000D0000000
// mbxid 000000000000 0DO000OOOO0ODO

public MailBox(T_CMBX pk_cmbx) throws ItronCauseException;
//000 pk_embx 00000000000 00O0O00O0O0OO0O
//00000000000000000000

public int getId();
//000000000000000 IDO00OO0

public void delete() throws ItronCauseException;
//0000000000000000000000000000000
//0000

public void send(ItronMemory pk_msg) throws ItronCauseException;

//00000 pkmsg 000000000 DOOOOO
public ItronMemory receive(int length) throws JtronException;

//00 length 00000000000 ODOODOOOO0OOOOOOOODOOO
public ItronMemory pollReceive(int length) throws JtronException;

//0000000000000000000
public ItronMemory receive(int length, int tmout) throws
JtronException;//0000 tmout 00000 00000000000
public T_RMBX refer(int length) throws JtronException;
//0000000000000 lengthO0DODOOODO
//TRBX 00000000D0DDOODDOODODODOO
public static void seekNextToHeader (ItronMemory msg);
//0000000000000000000000000000
//000000
public static int readPriority(ItronMemory msg);
//0000000000000000D0
public static void writePriority(ItronMemory msg, int msgpri);
//0000000000000000000
}
public class ItronMemory {
public ItronMemory(int length) throws JtronException;
//000000000000000000
public void release() throws JtronException;// 000000000

public void disableWrite() throws JtronCauseException;
// 00000000D00O000OO0OO0

public void enableWrite() throws JtronCauseException;
// 000000000000000

public void seek(int offset) throws JtronCauseException;
// 00000 offset 1000DDODODOOODOOOOOO

public void skipBytes(int n) throws JtronCauseException;
//n000000000000000000

public byte readB(int offset) throws JtronCauseException;
// offset 0000 100000000

public int read(byte[] b) throws JtronCauseException;
// 000000000000000000000000 »pO000000

public void writeB(int offset, byte value) throws
JtronCauseException;// offset 000 value 0 1 00000000

public int write(byte[] b) throws JtronCauseException;
// 00000000000000 pO0O00DOO

02 0000000
Fig.2 Attach classes.
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public interface Sharable {
public void lock();//00000000O0
public void lock(int timeout) throws ShmTimeoutException;
//0000000000000O000000O0
public void unlock() throws ShmIllegalStateException;
//00000000000
public void forceUnlock();
0yyoooooOoDoOooooooo
public void unshare() throws ShmIllegalStateException;
//00000000000000000000000000O00O0
//000000000000000000000000000
//000000000000000
public void unshare(int timeout)
throws ShmTimeoutException, ShmIllegalStateException;
//00000000000000000000000O00O0DOOO0O0
public Object getContent();
//000000000000000
};

public class SharedObject extends Object implements Sharable{
protected Sharable shm;
public SharedObject(String name) throws ShmIllegalStateException;
0 ,/00000000 name 00000000000 O0DDODOODOOOODO
public SharedObject(Object obj, String name)
throws ShmIllegalStateException;
0O //000000 obj 000 name 0000000000000 DODOOO
0y/0o0o00000000000000000000000000
//0000000
public void lock();
public void lock(int timeout) throws ShmTimeoutException;
public vpid unlock() throws ShmIllegalStateException;
public void forceUnlock();
public void unshare() throws ShmIllegalStateException;
public void unshare(int timeout)
throws ShmTimeoutException, ShmIllegalStateException;
public Object getContent();
}
// 00000000000000
public class SharedObjectManager {
public static ShareaObjectManager
getSharedObjectManager() throws ShmIllegalStateException;
//SharedObjectManager 0 000
public void share(Sharable obj, String name)
throws ShmIllegalStateException;//SharedObjectManager [
//obj 0 name 00 000000000000 O0O0OOOOO
public void unshare(String name)
throws ShmIllegalStateException;
//name 00 00000000000DOOO00OO
public void unshare(String name, int timeout)
throws ShmIllegalStateException;//000000000
//0000 name 000000000 O0D000DOOODO
public void lock(Sharable obj);
Y/obj 0O0O0DDODOOOODODOODO
public void lock(Sharable obj, int timeout)
throws ShmTimeoutException;
y/0 000000000000 obj 0DOO0O0O0DDOODOODODOO
public void unlock(Sharable obj)
throws ShmIllegalStateException;
Y/obj 0O0O0DOODOOO0O0O0O0DOOOO
public void forceunlock(Sharable obj);
Y/obj 000D OOOODODOOOODOODO
}

04 0O0O00O0OOOOOOOO
Fig.4 Shared object classes.
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Fig.5 Relationship of shared object classes.
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typedef integer INT; /* integer OO */
typedef long ID; /¥ 00000 %/
typedef long TMO; /+ 000000000 =/
typedef void *VP; /+ 000000000000000 =/

typedef unsigned long ATR;/+* 00 O0DO0O0OO0O0OO0O0 */
typedef integer JNO; /* Java 00 0000O00DO %/

/* 000000000000 APT */

jti_get_obj(char *objnm, JNO *p_objno);

/¥ objrm 00 000000000000D0D0DO0O0 p_objno OO0/

jti_get_<type>(JNO objno, const char *classname,

0 00Oconst char *fieldname, <c_type> *p_retval);

/¥ objno D0 D0DOO0OO0DDOOO0OOO0DODOOON elsnmO000
MO0 flam 000000000000 0O<type>0 0000 <c_type>d 0
MO000000<type>d 0 booeleanObyte O Java 000000000
Oclsom 0 fldom 0 00000000000000O000O<type>0 00000
Mmoooooooos/

jti_set_<type>(JNO objno, const char *classname,

const char *fieldname, <c_type> val);
/* objno 00 0000000000O000O000ON elsomO000000
fldnm 0 0000 0O<type>0 000 O<c_type>0 00 000000O0O=x/
jti_loc_obj(JNO objno, TMO tmout);

/* objno D0 OOOOOO0O0DDOOOO0DODOOONO=*/

jti_unl_obj(JNO objno);

/* objno0000000000000000O0O0O0OO0Ox*/

jti_funl_obj (JNO objno);

/* objno D0 ODOOO00DO0OO0DODOODOODODOOOOx/

/* 000000 APT */

jti_get_thr(char *thrnm, JNO *p_thrno);

/* Java 0000000 throm 00000 Java 00000000

thrno 0 000 */
jti_sus_thr(JNO thrno);
/* thrno 0000000000000 suspend D000 000000/

jti_get_tgr(char *tgrnm, JNO *p_tgrno);

/¥ Java 0000000 tgrmm 00000 Java 000000000000
tgrno 0 000 x*/

jti_rsm_tgr(JNO tgrno);

/* tgrno 000000000000 DO00 resume D000 OODOOOO*/

06 D0O0O0OOODO0ODOOOOODOOODOOOOO API
Fig.6 Real-time APIs for shared object.
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Real-time Java public class JtronStream {
Task Thread public JtronStream(int stmid) throws
InputStream JtronStreamIllegalStateException;
1

jti_cre_stm

— <

Stream
A . Sa
jti_wri_stm

jti_rea stm

«

Channel

OutputStream
07 0000000000

Fig.7 Stream communication model.
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ooo
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0000 JtronStream 000000000 O00DO0O
0000000000 O JtronStreamImpl O OO0
oooOoOoOoOooooOooOoOooOoooooOoOooo
O0000D000JtronStream OO0 0000000
Oo0000®0o0000000000000000
JtronStream U U OO0 O0OUOO JtronStreamImpl [
O0O0O0DOJtronStream D0 O0O0OOOOO0DODOOO
00 JtronStreamImpl D OO OO O OOOODOOO
0000ob0o0oobobOo0oonoO JtronStreamImpl
0000000000 00o000oooboo00bo0o
0000000000 JtronStream 0000000
ooooO0o0oooO0Ooo00O0oOoooOoO0oooon
oo00000D0O000D00DO0O000 InputStreamd
OutputStream 1 OO0 00000000000 DOODOO

//stmid D0 000000000000 O0000
public JtronStream(int stmid, int timeout) throws
JtronStreamIllegalStateException,JtronStreamTimeoutException;
//0000000000000000O0OO0OODOODO
public synchronized InputStream getInputStream()
throws JtronStreamIllegalStateException; //0000 000000
//000
public synchronized OutputStream getOutputStream()
throws JtronStreamIllegalStateException; //000000000O0
//000
public synchronized void setTimeOut(int timeout)
throws JtronStreamIllegalStateException;
//InputStream 00 read 0000 00000 0D00O0DODOOODO
public synchronized int getTimeOut() throws
JtronStreamIllegalStateException;//0000 0000000000
public synchronized void close() throws
JtronStreamIllegalStateException;//00 00000000000
}

public abstract class JtronStreamImpl {
public abstract void setStreamId(int stmid);
public abstract int getStreamId();
//000000000000000000
public abstract InputStream getInputStream() throws
JtronStreamIllegalStateException;//00 00000000000
public abstract OutputStream getOutputStream(); throws
JtronStreamIllegalStateException;//00 00000000000
public abstract void setTimeout(int timeout) throws
JtronStreamIllegalStateException;//InputStream [ 00 [
//read 00000000000 D0OOO0O0O0O0OOOOOOOO
public abstract int getTimeout() throws
JtronStreamIllegalStateException;
//000000000000000000
public abstract void close() throws
JtronStreamIllegalStateException;
¥
// 00000000000000
public class PlainJtronStreamImpl extends JtronStreamImpl {
public PlainJtronStream(int stmid) throws
JtronStreamIllegalStateException;
//000000000000000000000O00
public PlainJtronStream(int stmid, int timeout) throws
JtronStreamIllegalStateException;
//0000000000000000000000000O0
//000 JtronStremImpl 0 000D ODO00O0DDDODOOO
public void setStreamId(int stmid);
public int getStreamId();
public InputStream getInputStream();
public OutputStream getOutputStream();
public void setTimeout(int timeout);
public int getTimeout();
public void close();

08 OD0O0O0O0OO0O0O00O0

Fig.8 Stream communication classes.
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Fig.9 Relationship of stream communication classes.

typedef struct t_jti_cstm{

VP exinf;/x000000000000x*/

ATR stmatr; /* 000000000000

TA_WRITE:OOOOOTA_READ:0O 00O */

VP *wbuf; /¥ 0000000000000 */

INT wbufsz; /x DO00DD0O0O0DO0 */

VP xrbuf; /+ 0000000000000 =/

INT rbufsz; /* 0000000000 %/
}TITI_CSTM; /+ 00000000000 O00O0O0O0OOO =/
typdef struct t_jti_rstm {

VP exinf; /+ 000000 OO000=/

INT wrisz; /* 000000000000 (DO0O)*/

INT reasz; /* 000000000000 (OOO0)*/

} T_ITI_RSTM; /+ 000000000000 =/

jti_cre_stm(ID stmid, T_JTI_CSTM *pk_cstm);

/* pk_cstm 0 0000000000000 stmid 000000000000%/

jti_del_stm(ID stmid);/* 0000000000000 OO0Ox/

jti_wri_stm(ID stmid, VP data, INT len, TMO tmout);

/¥ data 00000000 len 0000000000 OO0O0O0OCOODO
tmout 000 000000O000ODO (DO0) 00000000
00000000000-100000000000000%/

jti_rea_stm(ID stmid, VP data, INT len, TMO tmout);

/¥ data 00000000 1len 0000000000 D0O00O0OCOODO
tmout 000 000000OOODO (OOO) 00000000
o0000000000-100000000000000x%/

jti_sht_stm(ID stmid);

/+ ID00000000000000000000000x/

jti_ref_stm(ID stmid, T_JTI_RSTM *pk_rstm);

/¥ 00 000000000000/

010 0O000O0ODOO0OODOO0ODOOO0OOO0O0OO0OO0 API

Fig.10 Real-time APIs for stream communication.
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public class TempDisplay {
public static void main(String argv[l) {
Task tsk; MailBox mbx; ItronMemory memory;
long time; long temperature;
tsk = new Task(tid); //00000000000000000
mbx = new MailBox(mid);//00 00000000000 OOOOO
while(true) {
memory = mbx.receive(8); //0000000000D0O000OO0DODO
temperature = memory.readUW();//000000000
time = memory.readUW(); //000000000
display.showTemperature(time, temperature);//00000
s
}
}

(a) JavaD OO DD

struct temperature {
long temp, time; /* DOOO0OD0OOOOOO */
};
sensor_task()
{
struct temperature *tp;
cre_mbx(mid,..);
tp = malloc(sizeof (struct temperature));
Owhile(1){
tp->time = get_time(); /x000000000000000=*/
tp->temp = get_temperature();/*000 000000000000/
snd_mbx (mid,tp);/*00000000000 JavaODDOOODODOO0Ox*/
slp_tsk(100); O /+ 100 00000 */

(py DODOOOO0OOO0ODOOOODO

011 000000000000 DODO0O0OOO0OOOOD
Fig.11 A usage example of attach class.
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class Temperature extends SharedObject {
int time; int temperature;
public Temperature(String name) { ... }
public Temperature(Sharable shm, String name) { ... }
};
public class TempDisplay {
public static void main(String argv[]) {
Temperature temp; //000000000
temp = new Temperature("temperature");//temperature 00 OO0
//000
while(true) {
temp.lock(); //000000000000
display.shouTemperature(temp); /00000000000
//00000000000000
//500 00000

temp.unlock();
Thread.sleep(500) ;

(a) JavaO OOOO

sensor_task()
{
JNO shmid; /000000000000 =/
jti_get_obj("temperature",&shmid) ;
Owhile(1){
jti_loc_obj(shmid,0);
jti_set_int(shmid,"Temperature","time",get_time());
jti_set_int(shmid, "Temperature","temperature",get_temperature());
/* Temperature 0000000000000 O000OOO0O00O =/
jti_unl_obj(shmid);
slp_tsk(100); O /+ 100 OO0 O00O0O%*/

(py DOOOOOO0ODODOOOODO

012 JO000000O0O0O0ODOO0ODODODDOOOOO0OOOOO
Fig.12 A usage example of shared object.
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Table 1 Implementation platform specification.

oo 0o
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Fig. 13 Implementation of shared object implementation.
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Fig. 14 Implementation of stream communication.
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Table 2 Comparison of shared object performance.

API oo 1 0o 2
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Table 3 Comparison of stream performance.
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