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Abstract In this paper, we present a multi-task debugging environment for Qplus-T
embedded- system such as internet information appliances. We will propose the structure and functions
of a remote multi-task debugging environment supporting effective cross-development. And, we are
going to enhance the communication architecture between the host and target system to provide more
efficient cross-development environment. The remote development toolset called Q+Esto consists of
several independent support tools: an interactive shell, a remote debugger, a resource monitor, a target
manager and a debug agent. Excepting a debug agent, all these support tools reside on the host
systems. Using the remote multi-task debugger on the host, the developer can spawn and debug tasks
on the target run time system. It can also be attached to already-running tasks spawned from the
application or from interactive shell. Application code can be viewed as C/C++ source, or as
assembly-level code. It incorporates a variety of display windows for source, registers, local/global
variables, stack frame, memory, event traces and so on. The target manager implements common
functions that are shared by Q+Esto tools, e.g., the host-target communication, object file loading, and
management of target-resident host tool’s memory pool and target system’s symbol-table, and so on.
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These functions are called OPEN C APIs and they greatly improve the extensibility of the Q+Esto
Toolset. The Q+Esto target manager is responsible for communicating between host and target

systems. Also, there exist a counterpart on the target system communicating with the host target

manager, which is called debug agent. Debug agent is a daemon task on real-time operating systems

in the target system. It gets debugging requests from the host tools including debugger via target

manager, interprets the requests, executes them and sends the results to the host.
Key words : Real-Time Operating System, Information Appliance, Remote multi-task debugger,
Real-time System, Embedded System, Qplus-T RTOS, Q+Esto, Cross-development
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int DebugManager::WinStep(CString& args}
{
int lineNumber;
// step !!!
CString qdb_msg:
CString res = m_pStepHandler->StepCommand(args});
lineNumber = 0;
/7 gdb o} 29 olAAE LAt 5 =
while(!res.IsEmpty ()} { =
if(res.Find("Breakpoint”) != f1 &&
res.Find{',"} != -1 &k res.Find{':') != -1)

else if (res.Find("Breakpoigt”) != 1 &&
res.Find(*, ')

}

return lineNumber;
}

Cstring StepHandler::StepCommand (CString args)
{

// initalize data
CString command = step +args; // step | count]
CStrlng SResult = "

// stepping

m_pDosApp->Writeln{command} ;

// read result stream

while(l)

{
BOOL succ = m_pDosApp >

ReadLnWithThread (rdBuffer, BUFSIZE-1, nRdBytes):

qdb_prompt = _T(rdBuffer);
if(qdb_prompt.Find(" __EOM__"} >= 0} break;
1
// return
return sResult;

)
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static void step_l(int skip_subroutines,
int single_inst,char *count_string)

{
1. count = count_string ?
parse_and_eval_address (count_string) : 1;
2. for (; count > 0; count--)
3
4. clear_proceed_status ();
5. frame = get_current_frame ();
6 step_frame_address = FRAME_FP (frame);
7 step_sp = read_sp ()};
8 if (tsingle_inst) ( . );
9

if {skip_subroutines) step_over_calls = 1;

step_multi = (count > 1};
11. proceed ((CORE_ADDR) -1. TARGET_SIGNAL_DEFAULT, 1);
12. } /* end of for +/

void proceed {CORE_ADDR addr,
int step)

enum target_signal siggnal,

'
1. int oneproc = 0;
2. if (step > O)
step_start_function = find pc_function({read pc(});
if (step < 0} stop_after_trap = 1;
if taddr == {(CORE_ADDR)-1)
if (breakpoint_here_p (read_pc ()}) oneproc = 1;
else
write_pc (addr);
if (oneproc) ...
resume (oneproc || step || bpstat_should_step(),
stop_signal);
wait_for_inferjor ();
normal_stop {):

W o e W

10.
11.
}
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9. case QTI_EVENT_NONE: ..

static int gpWait (int pidToWaitFor.

struct target_waitstatus * status)

v
1 pid = -1:

2 eventStr = Q;

3 do {

4. PEvent = gtiEventGet (hQti):

5. timeout_flag = gtiErrGet (hQti):

6. if (pEvent = NULL) eventStr = pEvent »event;

7 ) while (eventStr == 0 || eventStr[0] == '\0');

8 switch{qtiStrToEventType(hQti,strrok(eventStr,” ")}}{

10. case QTI_EVENT CTX_EXIT: ..
11. case QTI_EVENT_EXCEPTION: -
12. case OTT_EVENT_TEXT_ACCESS: // == breakpoint
13. status >kind = TARGET_WATTKIND_$TOPPED;
4. status->value.sig = TARGET_SIGNAL_TRAP;
15. pid = gtiStrToContextId {hQti, strtok (0, * "}};
16. ctxType = qtiStrToContextType {hQti,strtok(0," "));
17. pcRegVal = qriStrToTgtAddr (hQri, strtok(0, " "));
18. fpRegVal = gtiStrToTgtAddr(hQti, strtok(0, * "));
19. spRegVal = qtiStrToTgtAddr{(hQti, strtok(0, " ")):
20. supplyRegFromHostVal (PC_REGNUM, pcRegval);:
21. break;
22.
23. )
24. return pid;
}
static int gplnsertBreakpoint
(CORE_ADDR addr,char *contents)
(
1. breakCtxId = inferior_ptid.pid;
2. token = strtok(contents,* \t"):
3. if(token != NULL &&
(token(0]=='t" && token[ll=='h' g& token([2]=='r'))
4 (
5. int thread_no;
6. token = strtok(0," \t"};
7. thread_no = atoi (token);
8. if (thread_no == 0}
9. breakCtxId = 0; // BP_ANY
10. else {
11. ptid_t ptid:
12. ptid = thread_id_to_pid (thread_no);
13, breakCtxId = ptid.pid;
14. }
1s. 1}
16. if(block_start_addr <= addr && addr <= block_end_addr}
17. blsUserArea = TRUE;
18. if{!bIsUserArea) return 0;
19. breakId = gtiBreakpointAdd
{hQti,modeToCtxType () . breakCtxId, addr};
20. BHOIZERE ojdE ZAE Byo|XAE HKy H7};
21. return 0;
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[[void taskListBuild (CORE_ADDR sp)

1 MyCoreInit();

2. /7 old FEEER wWg?|

3 oldTaskListHead = taskListHead;

4. 4/ B23 Y2EE Yyuct

5. taskListHead = 0;

6 for (index=0; index<QPLUS_MAX_TASK_ID; index++)

7 {

8 TASK_NODE *pNode;

9. if(tsk_list[index]==0) continue;

10. // EHAo2RE el23 YuE 22y P gojr).

11. task_info = threadInfoGet{tsk_list([index]l);

12. if(task_info==NULL) return;

13. // threadinfoNode TZAM& TETH.

14. pNode = xmalloc (sizeof (TASK_NODE)}:

15. /7 B3 id, valid, name 3 ¥3}7]

16. value = strtok (task_info, ° \t");

17. pNede->id = ...

18. pNode->valid = ...

19. pNode-»name = ...

20. // ®l£3 stackbase, stackend gt

21. pNode >»stackBase = ...

22. pNode->stackEnd = pNode->stackBase + ~®37[;

23. // Figure out whether this task is running or not
24. pNede->current =

25. ((pNode->stackBase <= sp && sp <= pNode->stackiEnd) |]
26. (pNode->stackBase >= sp && $p >= pNode->stackEnd});
27. /7 B23 N&F4 T8

28. pNode->threadEntry = ...

29. /7 ®l23 7]8} F K (pc, sp, fp, regBlockIU §) &

30. pNode->regBlockIU = ...

31. pNode->regFp = ...

32. pNode->regSp
33. pNode->regPc P

34. /7 ALE B 7}

35. listNodeAdd((LIST_NODE **)&taskListHead, pNode);
36. /7 task_info 2EY wj2e wdshz

37. free(task_info);

38. } 7/ end of for _loop

39. /7 YNLE BEG 0|83k gdb 2HE dAESG YdelE
40. threadListUpdate(};

41, // old B2 JAEL AAGG.

42. listFreel(...}:

wou o
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XDR #H XDR ¥

0 | ta_target_ping xdr_void xdr_void

1 |ta_target_connec xdr_void xdr_TA_TGT_INFO
2 |ta_target disconnec xdr_void xdr_void

3 |ta_target_modc_sct xdr_u_int xdr_void

4 |ta_target_mode_get | xdr_void xdr_u_int

10 {ta_mem_read xdr_TA MEM_REGION xdr_TA MEM_XFER
11 |ta_mem_write xdr_ TA_MEM_XFER xdr_void

12 | ta_mem_fill xdr_TA_MEM_REGION xdr_void

13 |ta_mem_move xdr_ TA_MEM_REGION xdr_void

14 |ta_mem_checksum xdr_TA MEM_REGION xdr_UINT32

15 |ta_mem_protect xdr_TA_MEM. REGION xdr_void

16 | ta_mem_txt_update | xdr TA_MEM REGION xdr_void

17 | ta_mem_scan xdr_ TA_MEM_ SCAN DESC xdr TGT_ADDR_T
30 |ta_ctx_create xdr TA_CTX _CREATE_DESC | xdr_UINT32

3l {ta_ctx_kill xdr_TA_CTX xdr_void

32 |ta_ctx_suspend xdr_ TA_CTX xdr_void

33 |ta_ctx _resume xdr TA CTX xdr_void

40 |ta_reg_get xdr_TA_REG_READ_DESC xdr_TA_MEM_XFER
41 |[ta_reg_set xdr_TA_REG WRITE _DESC xdr_void

60 |ta_evt pt_add xdr_ TA_EVTPT_ADD_DESC xdr UINT32

6l |ta_evt_pt_delete xdr_TA_EVTPT DEL_DESC xdr_void

70 |ta_event_get xdr_void xdr_TA_EVT _DATA
80 |ta_cont xdr_ TA_CTX xdr_void

81 |ta_step xdr_ TA CTX_STEP_DESC xdr_void
90 |ta_func_call xdr_TA _CREATE_DESC xdr UINT32
91 |ta_evaluate_gopher xdr TA_STRING_T xdr_TA_MEM_XFER
92| ta_direct_call xdr TA CTX_CREATE DESC | xdr_UINT32
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