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Portable Implementation of Debuggers
for Fine-grain Multithreading Systems

Yuir OnisHI,t ToMIO KAaMAaDA and KAZUO TAKIi+

Many concurrent language systems adopt their own fine-grain multithreading system to
allow efficient execution of thread creation and context switch. Many of these language sys-
tems also adopt a compiler implementation technique to achieve portability that is two-step
compilation framework. In these systems, a source code is usually transformed into C code,
and then object code is produced by using an ordinary C compiler. Our goal is to provide a
portable implementation of a symbolic debugger for these concurrent languages.

To provide such a debugger, it is important to portably implement the debugger compo-
nent that manages their thread mechanism for the specific multithreading systems. These
language systems usually adopt fine-grain multithreading systems that work efficiently on
stack architecture using techniques such as lazy task creation. This implies that a thread in
the underlying C language does not naively correspond to that of the target language.

This paper presents a portable implementation scheme of a symbolic debugger for fine-grain
multithreading systems. This scheme does not require customization of the existing C de-
bugger, instead supposes a few runtime hooks on the thread scheduler and an interface unit
between the C debugger and the programmer. The runtime hooks are used to recognize thread
status of the target language, and the interface unit controls the underlying C debugger to
manage the program execution during tracing a thread. We show the effectiveness of our
implementation scheme by applying it to a parallel language Cilk.
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Fig. 2 Thread frames on a stack and on a heap.
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) location
ID | status PE depth or address
thread-1 1 TOP 0 —
thread-2 2 TOP 2 —
thread-3 3 MIDDLE 3 2
thread-4 4 HEAP —— '0x00022aff
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Fig. 5 Information exchange between the runtime hooks
and the interface unit.
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Fig. 6 Work-stealing Mechanism of Cilk.
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TOP-MIDDLE:
it (Target-thread-TOP(this) & ..,
command=="next"}{ e
mode(MIDDLE);

MIDDLE-TOP:
if (Target-thread-MIDDLE(this)) { [
P);

mode(TO

TOP-TOP(join):
if (Target-thread-TOP(this) &
command==step/next) {
ODB_signal(JOIN);

}

TCP-HEAP(join):

if (Target-thread-TOP(this)) {
mode(HEAP);
ODB_signal(JOIN);

+

TOP(join)-TOP: i
if {Farget-thread-TOP{this})) {
mode(TOP);
ODB_signal(TOP);
1

Mar. 2000

HEAP-TOP:
if (Target-thread- HEAP(thIs) &
command != JOIN) {
mode(TOP);
ODB_signal(TOP);

MIDDLE-HEAP:
it (Target-thread-MIDDLE(this)) {
mode(HEAP);
if (command !=JOIN) {
ODB_signal(CONT);
}

}

wark-steal !!

<=
., TOP-HEAP(join):
if (Target-! thread -TOP(this){
mode(HEAP);
ODPB_signal(JOIN);

HEAP(Join)-TOP:

If (Target-thread-HEAP(this)) {
mode(TOP);
ODB_signal(TOP);

B7 909467y 70N &R~ R
Fig. 7 Runtime Hooks on the scheduler (pseudo code).
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Table 2 The number of the total code lines of our
runtime hooks.
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Table 3 execution-time with hooks and without hooks.

func(N) n | hook (s) normal (s) overhead
fib(30) 1| 825 79.8 3.38%
fib(30) 2 | 414 39.6 4.54%
fib(30) 1| 204 19.8 3.03%
fib(30) 8 10.6 10.4 1.92%
Q(i8 x 18) 1 | 36.2 36.1 0.28%
Q(18 x 18) 2 36.3 35.6 1.97%
Q18 x 18) 4 | 8.41 8.34 0.84%
Q18 x18) 8 | 8.52 8.45 0.83%
knap 1 181 180 0.55%
knap 2 97.9 97.8 1.02%
knap 4 | 46.7 46.2 1.08%
knap 8 | 22.8 22.4 0.44%
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