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Native language programmers …
+----------------------------------------------------------------------+

● Compile and link the application and individual files 

● Crash the application (or tests) and analyze backtraces and 
coredumps

● Run the application in a debugger, set breakpoints, single step 
through code, track and trace data structures 

● Analyze performance of the application

* compiled languages such as C, C++, rust, …



Agent CLI Tool Design Matters!

An “N-1” model with a good set of tools for the task 
will outperform a “N” frontier model with a mediocre set 
of tools



Default behavior: the LLM runs shell commands

This will be our baseline benchmark for better tools



Language Server Protocol & clangd
X-ray vision plumbing for the native language environment

+----------------------------------------------------------------------+

● “Where in the code is X”

● “What is in file Y”

● “Autocomplete Z” (type introspection)

● Syntax highlighting (full language parser)

For editors, deep Language Server (LSP) integration makes the 
difference between a text editor and a development environment. 

For Agent CLIs ...  we’ll let you judge as we go 



Compiling (shell)
[956/1193] Compiling C++ object test_crash_handler_race.p/tests_unit_test_crash_handler_race.cpp.o
[957/1193] Compiling C++ object test_crash_handler_race.p/src_crash_handler.cpp.o
[958/1193] Compiling C++ object test_debugger_detection.p/src_crash_handler.cpp.o
[959/1193] Compiling C++ object test_debugger_detection.p/tests_unit_test_debugger_detection.cpp.o
[960/1193] Compiling C++ object test_window_scroll.p/tests_unit_test_window_scroll.cpp.o
[961/1193] Compiling C++ object test_gcc_log_parser.p/tests_unit_test_gcc_log_parser.cpp.o
[962/1193] Compiling C++ object test_line.p/tests_unit_test_line.cpp.o
[963/1193] Compiling C++ object test_image_tools.p/tests_unit_test_image_tools.cpp.o
[964/1193] Compiling C++ object test_document.p/tests_unit_test_document.cpp.o
[965/1193] Compiling C++ object test_hex_highlighter.p/tests_unit_test_hex_highlighter.cpp.o
[966/1193] Compiling C++ object 
test_crashdump_clear.p/src_tools_crashdump_clear_crashdump_clear_entry.cpp.o
[967/1193] Compiling C++ object test_crashdump_clear.p/tests_unit_test_crashdump_clear.cpp.o
[968/1193] Compiling C++ object test_model_server.p/tests_unit_test_model_server.cpp.o
[969/1193] Compiling C++ object test_session_manager.p/tests_unit_test_session_manager.cpp.o
[970/1193] Compiling C++ object test_copilot_models.p/tests_unit_test_copilot_models.cpp.o
[971/1193] Compiling C++ object test_tool_status.p/tests_unit_test_tool_status.cpp.o
[972/1193] Compiling C++ object test_sqlite_validation.p/tests_unit_test_sqlite_validation.cpp.o
[973/1193] Compiling C++ object test_project_layout.p/tests_unit_test_project_layout.cpp.o
[974/1193] Compiling C++ object test_available_tests.p/tests_unit_test_available_tests.cpp.o
[975/1193] Compiling C++ object test_codereview_manager.p/tests_unit_test_codereview_manager.cpp.o
[976/1193] Compiling C++ object test_live_llm.p/tests_unit_test_live_llm.cpp.o
[977/1193] Compiling C++ object test_httplib_transport.p/tests_unit_test_httplib_transport.cpp.o



Compiling (shell)
[956/1193] Compiling C++ object test_crash_handler_race.p/tests_unit_test_crash_handler_race.cpp.o
[957/1193] Compiling C++ object test_crash_handler_race.p/src_crash_handler.cpp.o
[958/1193] Compiling C++ object test_debugger_detection.p/src_crash_handler.cpp.o
[959/1193] Compiling C++ object test_debugger_detection.p/tests_unit_test_debugger_detection.cpp.o
[960/1193] Compiling C++ object test_window_scroll.p/tests_unit_test_window_scroll.cpp.o
[961/1193] Compiling C++ object test_gcc_log_parser.p/tests_unit_test_gcc_log_parser.cpp.o
[962/1193] Compiling C++ object test_line.p/tests_unit_test_line.cpp.o
[963/1193] Compiling C++ object test_image_tools.p/tests_unit_test_image_tools.cpp.o
[964/1193] Compiling C++ object test_document.p/tests_unit_test_document.cpp.o
[965/1193] Compiling C++ object test_hex_highlighter.p/tests_unit_test_hex_highlighter.cpp.o
[966/1193] Compiling C++ object 
test_crashdump_clear.p/src_tools_crashdump_clear_crashdump_clear_entry.cpp.o
[967/1193] Compiling C++ object test_crashdump_clear.p/tests_unit_test_crashdump_clear.cpp.o
[968/1193] Compiling C++ object test_model_server.p/tests_unit_test_model_server.cpp.o
[969/1193] Compiling C++ object test_session_manager.p/tests_unit_test_session_manager.cpp.o
[970/1193] Compiling C++ object test_copilot_models.p/tests_unit_test_copilot_models.cpp.o
[971/1193] Compiling C++ object test_tool_status.p/tests_unit_test_tool_status.cpp.o
[972/1193] Compiling C++ object test_sqlite_validation.p/tests_unit_test_sqlite_validation.cpp.o
[973/1193] Compiling C++ object test_project_layout.p/tests_unit_test_project_layout.cpp.o
[974/1193] Compiling C++ object test_available_tests.p/tests_unit_test_available_tests.cpp.o
[975/1193] Compiling C++ object test_codereview_manager.p/tests_unit_test_codereview_manager.cpp.o
[976/1193] Compiling C++ object test_live_llm.p/tests_unit_test_live_llm.cpp.o
[977/1193] Compiling C++ object test_httplib_transport.p/tests_unit_test_httplib_transport.cpp.o

1200 lines into context!



Compiling (fs_compile_project)

ninja: Entering directory `/home/arjan/git/turbostar2/build'
[1021/1193] Compiling C++ object turbostar.p/src_main.cpp.o
../src/main.cpp: In function ‘std::string get_home_dir()’:
../src/main.cpp:33:13: warning: unused variable ‘foo’ [-Wunused-variable] 
[symbol: get_home_dir (lines 31-38)]
   33 |         int foo;
      |             ^~~
[1193/1193] Linking target test_editor_tool_family
INFO: autodetecting backend as ninja
INFO: calculating backend command to run: /usr/bin/ninja -C 



Compiling (fs_compile_project)

ninja: Entering directory `/home/arjan/git/turbostar2/build'
[1021/1193] Compiling C++ object turbostar.p/src_main.cpp.o
../src/main.cpp: In function ‘std::string get_home_dir()’:
../src/main.cpp:33:13: warning: unused variable ‘foo’ [-Wunused-variable] 
[symbol: get_home_dir (lines 31-38)]
   33 |         int foo;
      |             ^~~
[1193/1193] Linking target test_editor_tool_family
INFO: autodetecting backend as ninja
INFO: calculating backend command to run: /usr/bin/ninja -C 

10 lines into context!

ANSI codes stripped - strictly ascii



LSP in action

Compiling (fs_compile_project)

ninja: Entering directory `/home/arjan/git/turbostar2/build'
[1021/1193] Compiling C++ object turbostar.p/src_main.cpp.o
../src/main.cpp: In function ‘std::string get_home_dir()’:
../src/main.cpp:33:13: warning: unused variable ‘foo’ [-Wunused-variable] 
[symbol: get_home_dir (lines 31-38)]
   33 |         int foo;
      |             ^~~
[1193/1193] Linking target test_editor_tool_family
INFO: autodetecting backend as ninja
INFO: calculating backend command to run: /usr/bin/ninja -C 



Compiling (fs_compile_project)

Human user view: 
Full ansi (color) compatible terminal emulator in a “virtual 
window” in the scrolling agent history showing the whole 
compilation process streaming live



Native code crashes due to bugs

Crash information by priority
1. The crash location (file:line)
2. The assertion message
3. Backtrace (with symbols and file:line resolved)
4. Coredump file + gdb

“My agent already does all of this today!”
LLMs can solve many issues with just minimal information (#1).... 
.... or jump to conclusions too quickly on slightly more complex issues

Stating the obvious
Each additional layer of information improves confidence in the root cause analysis
Each additional layer of information allows the LLM to solve even more complex bugs

Least Friction Principle: LLMs will use information that is 
either easy to get, or to which they are steered



Run application example (wait_for_app)
Tool call:
{
  "arguments": {
    "run_id": 1001,
    "timeout_sec": 30,
    "type": "ended"
  },
  "name": "agent_wait_for_app"
}

Tool call return:
{
  "crash_notification": "\n\n
CRASH DETECTED: Application crashed (Crash ID: 1028928).\n
Summary: assertion fail at ../main.cpp:8 `c != NULL` in void foo(char*)()`\n
Please use 'crashdump_get_info' with crash_id '1028928' to investigate stack trace and 
details.",
  "is_alive": false,
  "status": "ended"
}



## Crash Report

### Failed Assertion
```
Assertion: c != NULL
File: ../main.cpp
Line: 8
Function: void foo(char*)
```

### Info
```
Signal: 6
Executable: /home/arjan/git/turbotest9a/build/testcase
CrashCookie: run_1001
```

(continues on next slide)

markdown tables edited for readability - actual output is condensed/unaligned for token efficiency



### Backtrace

| Frame | Address          | Function                                                        | Location     | Note           |
|-------|------------------|-----------------------------------------------------------------|--------------|----------------|
| 0-4   |                  | `<crash handling frames>`                                       | <turbocatch> | crash handling |
| 5     |                  | `__pthread_kill_implementation (<cut to fit on slide>)`         | <libc>       |                |
| 6     |                  | `__pthread_kill_internal (signo=6)`                             | <libc>       |                |
| 7     |                  | `__GI_raise (sig=sig@entry=6)`                                  | <libc>       |                |
| 8     |                  | `__GI_abort ()`                                                 | <libc>       |                |
| 9     |                  | `__assert_fail_base (function=0x5591de09a004 "void foo(char*)")`| <libc>       |                |
| 10    |                  | `__assert_fail (<cut to fit on slide>)`                         | <turbocatch> |                |
| 11    | `0x5591de099191` | `foo (c=0x0)`                                                   | main.cpp:8   |                |
| 12    | `0x5591de0991ea` | `main (argc=1, argv=0x7ffe7cd14698)`                            | main.cpp:16  |                |

### Codemap Summary

| File       | Symbol | Start Line | End Line | Lines |
|------------|--------|------------|----------|-------|
| `main.cpp` | `foo`  | 5          | 11       | 7     |
| `main.cpp` | `main` | 12         | 18       | 7     |

### Coredump Debugging
A coredump is available for this crash. You can launch a GDB session to debug this coredump by calling the 
'agent_debug_coredump' tool:
```json
{
  "name": "agent_debug_coredump",
  "arguments": {
    "crash_id": "1013171"
  }
}
```

markdown tables edited for readability - actual output is condensed/unaligned for token efficiency





The agent drives GDB on the coredump

Tool call:
{ "arguments": {
    "data": "frame 11\ninfo locals\ninfo args\n",
    "output": true,
    "run_id": 2002
  },
  "name": "agent_write_to_run"
}

Tool call result:
<agent_write_to_run_result>
frame 11
#11 0x0000560239369191 in foo (c=0x0) at ../main.cpp:8
8               assert(c != NULL);
(gdb) info locals
buffer = "\002V\000"
__PRETTY_FUNCTION__ = "void foo(char*)"
(gdb) info args
c = 0x0
(gdb) 
</agent_write_to_run_result>



Agents Debugging the software
+----------------------------------------------------------------------+

● Many non-native languages fall into the “add a print” world of 
debugging

● With native languages we can do better!

● … but in reality, the current models seem to be trained to add 
print statements as the easiest option (until you give them good 
tools)



Agents Debugging the software
+----------------------------------------------------------------------+

●

Application
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Performance analysis
+----------------------------------------------------------------------+

● Performance matters for native applications

○ we’d be using python/javascript otherwise

● LLMs “kind of” know how to drive Linux perf or vtune

○ Intel and others publish Skills for this

● But “perf” is not a great fit for LLMs



Linux Perf tool and LLMs: not a natural fit

► LLMs “think” in terms of functions and code lines

perf operates primarily on assembly instructions (but can 
aggregate into functions)

► Perf output parsing can be messy
Perf is designed for humans to read. The output varies often by 
version. Some perf versions have machine readable output, but 
availability varies by distro

► Perf generates a LOT of data that needs to be reduced to usable information

High token/context cost



What native perf integration looks like

Tool call:
{
  "arguments": {
    "collect_performance": true,
    "wait_for_time": 60
  },
  "name": "run_executable"
}

Tool call result:
{
  "app_run_id": 1001,
  "is_alive": false,
  "profile_notification": "Performance profile data is available (5082 samples 
collected). Call agent_get_profile_summary(run_id=\"1001\") to view top 
bottleneck functions.",
  "status": "ended"
}



What native perf integration looks like



What native perf integration looks like



Bonus features 

Features that also help other languages



### Codemap for `src/main.cpp` (2 symbols):

| Function       | Start Line | End Line |
| -------------- | ---------- | -------- |
| `get_home_dir` | 32         | 38       |
| `main`         | 40         | 473      | 

markdown tables edited for readability - actual output is condensed/unaligned for token efficiency

fs_file_codemap() - X-ray vision



Reading lines of a file - Proactive Context Injection

Over-reading to match function boundaries
The LLM asks to read up to line 100, but the function goes from line 90 to 106
Answer: Return the data all the way to line 106

Automatic mini code map for the file
Gives the LLM the locations of top functions in this same file
Sorted by proximity, past history of searches, what was shown before, …

Header <-> Code link code map
When reading a header file, provide a mini code map for the matching code
file

Code map for functions called from the snippet
The LLM is likely to want to investigate (read) functions called from the
code, so provide the locations of top functions

C++ Class summary
The LLM gets the datatypes of used class variables and methods to
avoid making assumptions which leads to type bugs



Over-reading snaps to function boundaries
{
  "arguments": {
    "path": "src/document.cpp",
    "start_line": 410,
    "end_line": 415
  },
  "name": "fs_read_lines"
}
---
Code for lines 410 - 418 of src/document.cpp (total 872 lines):
```cpp
410: int document::restore_cursor_state(const cursor_state &state)
411: {
412: std::unique_lock lock(mutex_);
413: int delta_y = restore_cursor_state_unlocked(state);
414: lock.unlock();
415: notify_cursor_changed();
416: request_redraw();
417: return delta_y;
418: }
```



Automatic mini code maps

### Codemap for `src/editor.cpp` (Top 10 of 50 symbols):

| Function                      | Start Line | End Line |
| ----------------------------- | ---------- | :------: |
| `editor`                      | 46         | 1834     |
| `    ::editor`                | 46         | 177      |
| `    ::new_window`            | 179        | 202      |
| `    ::open_file_as_text`     | 204        | 215      |
| `    ::open_file_as_binary`   | 217        | 226      |
| `    ::open_prompt_in_editor` | 228        | 256      |
| `    ::new_diff_window`       | 258        | 267      |
| `    ::update_window_layout`  | 269        | 317      |
| `    ::new_agent_window`      | 319        | 344      |
| `    ::set_focus`             | 1024       | 1035     |
*... [40 other symbols omitted (use fs_file_codemap if full symbol table is needed)]*

### Codemap for `src/fs_utils.cpp` (Called Dependency):

| Function        | Start Line | End Line |
| :-------------- | :--------: | :------: |
| `get_file_type` | 236        | 277      |

markdown tables edited for readability - actual output is condensed/unaligned for token efficiency



C++ Class summary: instant access to data types

### Class Context: `document` (extracted from `src/document.h` for referenced members):
```cpp
// Referenced member variables:
269: mutable std::shared_mutex mutex_;

// Referenced member functions:
134: int restore_cursor_state(const cursor_state &state);
139: void request_redraw() const;
178: void notify_cursor_changed() const;
```



Editing files

Real-time brace balance checks
Give the LLM immediate feedback if a file goes from balanced {}’s to 
unbalanced braces (typical LLM edit glitch)

Instant compile check
If the edit caused the file to stop compiling, remember the number of the
edit and point to it at compile time as the introducing edit 

Function-scoped edits
The LLM can pass in the name of the function being edited, greatly reducing
the probability of misaligned edits

Post-edit return
Return the edited code so that the LLM can see if the edit achieved the
intent



Appendix

When you thought life was easy



Coredumps on Linux are hard (for automation)

containers
Coredumps inside a container go to “somewhere” outside the container. 
And then there is ChromeOS…

coredumpctl – or not
In theory the answer. In practice, highly variable between distros and
container environments. Debian? Nope. 

ulimit and other permissions
Too often there are super conservative defaults or LSMs interfering

compression
Coredumps may end up being compressed on disk – or not, depending on the
distro


