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[ Abstract] As software scale and complexity grow exponentially, monitoring and analyzing program runtime behavior
has become increasingly challenging. Dynamic Binary Instrumentation (DBI) is an effective solution to this problem,
with mature tools such as Pin and Valgrind supporting mainstream architectures such as x86 and ARM. However,
these tools lack support for emerging domestic instruction set architectures such as LoongArch. LoongArch, a self-
developed instruction-set architecture in China; exhibits high levels of autonomy, advancement, and compatibility.
However, owing to its relatively short developmental history, the ecosystem remains incomplete, particularly in the
debugging toolchain. Developing a dynamic binary instrumentation tool is important to address this gap and promote
the maturation of the LoongArch ecosystem. This study aims to design and implement a dynamic binary
instrumentation tool based on the/Quick Emulator (QEMU) framework to support program monitoring and analysis
in LoongArch. The tool, modeled after Pin, implements five fundamental instrumentation granularities and related
Application Programming Interfaces (APIs), along with over 20 instrumentation tools for direct use or as learning
resources for tool development. To enhance performance, the framework is optimized through improvements in
conditional jump instruction translation, basic block linking, and instrumentation inlining. Performance tests
demonstrate that the optimized framework achieves improvement of over 100 times in instruction-level
instrumentation efficiency and nearly 33 times in basic block-level instrumentation efficiency.

[Key words) Dynamic Binary Instrumentation (DBI); Pin; LoongArch; Quick Emulator (QEMU) framework;
instrumentation Application Programming Interface (API); instrumentation tool
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Fregd, FiniO A2 ek, FTENH TR p iz frad
Ferp BBL fil INS i3580 .

1 #include "pintool.h™ $:Jaeniu-Soongarchbat

2 Hinclude "../ins_inspection.h" .ftarget/loongarch/pin/pintocls/libb
3 static uint64_t bbl_exec_nr=0; bl_count.so fusr/bin/gce --version

4 staticuint6d_tins_exec_nr=0;

5 static VOID bbl_statistic{uint4_tins_nr)| gg,. 201179, mis: ases2s, Avg 4755114
6

7 ++bbl_exec_nr;

8 ins_exec_nr+=ins_nr;

% iy
10 static VOID Trace(TRACE trace, VOID® v)
|3 (|
12 for (BBL bbl = TRACE_BblHead(trace); BBL_Valid{bbl); bbl = BBL_Next(bbl))
13 {
14 BBL_InsertCall(bbl, IPOINT_BEFORE, (AFUNPTR)bbI_statistic,
15 IARG_UINT64, BBL_Numins(bbl), IARG_END);
16 }
1% 9
18 static VOID Fini(INT32 code, VOID* v)
19 {
20 fprintf(stderr, "BBL: %Id, INS: %ld, Avg: %f INSs/BBL\n",
21  bbl_exec_nr,ins_exec_nr, (double)ins_exec_nr / bbl_exec_nr);
22 '}
23 static INT32 Usage(void) { --- }
24 int main{int arge, char® argv(])
=T |

26 if (PIN_Init(arge, argv)) return Usage();

27 TRACE_AddInstrumentFunction(Trace, 0);
28 PIN_AddFiniFunction(Fini, 0);
29 return 0;

30 }

B 5 BBL_Count By EDLEH
Fig.5 The code structure of the BBL._Count
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Table 2 Functionality comparison of instrumentation software
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Table 3 The CoreMark testing score of framework
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Table 4 Instrumentation efficiency of framework %
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Fig.6 Comparison of execution efficiency between
the original framework and the basic

block linking 1.0 framework
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Fig.7 Comparison of testing score and execution efficiency among the original framework,

the basic block linking 1.0 framework and the basic block linking 2.0 framework
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