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correctness: compare to original via testing

I figured out where your 
code could be more efficient 
so you can go home early

use original code as oracle

perf: compare to original via execution
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info(symbol): source code/docstring for symbol (function, method, field, class...) 
slice(symbol): source code in backwards slice of symbol

code(filename, lineno): source code surrounding location 
definition(symbol, filename, lineno): declaration for first occurrence of symbol
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patch code, 
restart, verify fix 
prevents crash / 
exception...

evolve exploit niche ensure fitness
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CWhy: Evolving a New Compiler



CWhy: Evolving a New Compiler



Why CWhy?



Why CWhy?



Why CWhy?

% clang++ --std=c++20 -c missing-hash.cpp



Why CWhy?
In file included from missing-hash.cpp:1: 
In file included from /Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/
Developer/SDKs/MacOSX.sdk/usr/include/c++/v1/functional:548: 
In file included from /Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/
Developer/SDKs/MacOSX.sdk/usr/include/c++/v1/__functional/function.h:24: 
In file included from /Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/
Developer/SDKs/MacOSX.sdk/usr/include/c++/v1/__memory/builtin_new_allocator.h:13: 
In file included from /Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/
Developer/SDKs/MacOSX.sdk/usr/include/c++/v1/__memory/unique_ptr.h:21: 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/__memory/compressed_pair.h:77:52: error: call to implicitly-deleted default 
constructor of 'std::hash<std::pair<int, int>>' 
   77 |   _LIBCPP_HIDE_FROM_ABI _LIBCPP_CONSTEXPR explicit 
__compressed_pair_elem(__default_init_tag) {} 
      |                                                    ^ 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/__memory/compressed_pair.h:119:42: note: in instantiation of member function 
'std::__compressed_pair_elem<std::hash<std::pair<int, int>>, 1>::__compressed_pair_elem' requested 
here 
  119 |       : _Base1(std::forward<_U1>(__t1)), _Base2(std::forward<_U2>(__t2)) {} 
      |                                          ^ 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/__hash_table:1025:7: note: in instantiation of function template specialization 
'std::__compressed_pair<unsigned long, std::hash<std::pair<int, int>>>::__compressed_pair<int, 
std::__default_init_tag>' requested here 



/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/__hash_table:1025:7: note: in instantiation of function template specialization 
'std::__compressed_pair<unsigned long, std::hash<std::pair<int, int>>>::__compressed_pair<int, 
std::__default_init_tag>' requested here 
 1025 |     : __p2_(0, __default_init_tag()), __p3_(1.0f, __default_init_tag()) {} 
      |       ^ 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/unordered_set:623:25: note: in instantiation of member function 
'std::__hash_table<std::pair<int, int>, std::hash<std::pair<int, int>>, 
std::equal_to<std::pair<int, int>>, std::allocator<std::pair<int, int>>>::__hash_table' requested 
here 
  623 |   _LIBCPP_HIDE_FROM_ABI unordered_set() 
_NOEXCEPT_(is_nothrow_default_constructible<__table>::value) {} 
      |                         ^ 
missing-hash.cpp:13:45: note: in instantiation of member function 
'std::unordered_set<std::pair<int, int>>::unordered_set' requested here 
   13 |     std::unordered_set<std::pair<int, int>> visited; 
      |                                             ^ 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/__functional/hash.h:505:36: note: default constructor of 'hash<std::pair<int, int>>' 
is implicitly deleted because base class '__enum_hash<pair<int, int>>' has a deleted default 
constructor 
  505 | struct _LIBCPP_TEMPLATE_VIS hash : public __enum_hash<_Tp> {}; 
      |                                    ^ 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/__functional/hash.h:499:3: note: '__enum_hash' has been explicitly marked deleted 
here 
  499 |   __enum_hash()                              = delete; 
      |   ^ 
In file included from missing-hash.cpp:1: 
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  499 |   __enum_hash()                              = delete; 
      |   ^ 
In file included from missing-hash.cpp:1: 
In file included from /Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/
Developer/SDKs/MacOSX.sdk/usr/include/c++/v1/functional:552: 
In file included from /Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/
Developer/SDKs/MacOSX.sdk/usr/include/c++/v1/__functional/boyer_moore_searcher.h:26: 
In file included from /Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/
Developer/SDKs/MacOSX.sdk/usr/include/c++/v1/unordered_map:591: 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/__hash_table:636:17: error: static assertion failed due to requirement 
'integral_constant<bool, false>::value': the specified hash does not meet the Hash requirements 
  636 |   static_assert(__check_hash_requirements<_Key, _Hash>::value, 
      |                 ^~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/__hash_table:650:5: note: in instantiation of template class 
'std::__enforce_unordered_container_requirements<std::pair<int, int>, std::hash<std::pair<int, 
int>>, std::equal_to<std::pair<int, int>>>' requested here 
  650 |     typename __enforce_unordered_container_requirements<_Key, _Hash, _Equal>::type 
      |     ^ 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/unordered_set:719:26: note: while substituting explicitly-specified template 
arguments into function template '__diagnose_unordered_container_requirements'  
  719 |     static_assert(sizeof(std::__diagnose_unordered_container_requirements<_Value, _Hash, 
_Pred>(0)), ""); 
      |                          ^ 
missing-hash.cpp:13:45: note: in instantiation of member function 
'std::unordered_set<std::pair<int, int>>::~unordered_set' requested here 
   13 |     std::unordered_set<std::pair<int, int>> visited; 
      |                                             ^ 

Why CWhy?



missing-hash.cpp:13:45: note: in instantiation of member function 
'std::unordered_set<std::pair<int, int>>::~unordered_set' requested here 
   13 |     std::unordered_set<std::pair<int, int>> visited; 
      |                                             ^ 
In file included from missing-hash.cpp:1: 
In file included from /Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/
Developer/SDKs/MacOSX.sdk/usr/include/c++/v1/functional:552: 
In file included from /Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/
Developer/SDKs/MacOSX.sdk/usr/include/c++/v1/__functional/boyer_moore_searcher.h:26: 
In file included from /Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/
Developer/SDKs/MacOSX.sdk/usr/include/c++/v1/unordered_map:591: 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/__hash_table:1806:18: error: type 'hasher' (aka 'std::hash<std::pair<int, int>>') 
does not provide a call operator 
 1806 |   __h->__hash_ = hash_function()(__h->__get_value()); 
      |                  ^~~~~~~~~~~~~~~ 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/__hash_table:1557:30: note: in instantiation of function template specialization 
'std::__hash_table<std::pair<int, int>, std::hash<std::pair<int, int>>, 
std::equal_to<std::pair<int, int>>, std::allocator<std::pair<int, int>>>::__construct_node<const 
std::pair<int, int> &>' requested here 
 1557 |   __node_holder __h        = __construct_node(std::forward<_Args>(__args)...); 
      |                              ^ 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/__hash_table:814:12: note: in instantiation of function template specialization 
'std::__hash_table<std::pair<int, int>, std::hash<std::pair<int, int>>, 
std::equal_to<std::pair<int, int>>, std::allocator<std::pair<int, 
int>>>::__emplace_unique_impl<const std::pair<int, int> &>' requested here 
  814 |     return __emplace_unique_impl(std::forward<_Pp>(__x)); 
      |            ^ 
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Developer/SDKs/MacOSX.sdk/usr/include/c++/v1/__functional/boyer_moore_searcher.h:26: 
In file included from /Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/
Developer/SDKs/MacOSX.sdk/usr/include/c++/v1/unordered_map:591: 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/__hash_table:1385:36: error: type 'hasher' (aka 'std::hash<std::pair<int, int>>') 
does not provide a call operator 
 1385 |   __nd->__hash_                  = hash_function()(__nd->__get_value()); 
      |                                    ^~~~~~~~~~~~~~~ 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/__hash_table:1558:30: note: in instantiation of member function 
'std::__hash_table<std::pair<int, int>, std::hash<std::pair<int, int>>, 
std::equal_to<std::pair<int, int>>, std::allocator<std::pair<int, int>>>::__node_insert_unique' 
requested here 
 1558 |   pair<iterator, bool> __r = __node_insert_unique(__h.get()); 
      |                              ^ 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/__hash_table:814:12: note: in instantiation of function template specialization 
'std::__hash_table<std::pair<int, int>, std::hash<std::pair<int, int>>, 
std::equal_to<std::pair<int, int>>, std::allocator<std::pair<int, 
int>>>::__emplace_unique_impl<const std::pair<int, int> &>' requested here 
  814 |     return __emplace_unique_impl(std::forward<_Pp>(__x)); 
      |            ^ 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/__hash_table:797:12: note: in instantiation of function template specialization 
'std::__hash_table<std::pair<int, int>, std::hash<std::pair<int, int>>, 
std::equal_to<std::pair<int, int>>, std::allocator<std::pair<int, 
int>>>::__emplace_unique_extract_key<const std::pair<int, int> &>' requested here 
  797 |     return __emplace_unique_extract_key(std::forward<_Pp>(__x), __can_extract_key<_Pp, 
key_type>()); 
      |            ^ 
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int>>>::__emplace_unique_extract_key<const std::pair<int, int> &>' requested here 
  797 |     return __emplace_unique_extract_key(std::forward<_Pp>(__x), __can_extract_key<_Pp, 
key_type>()); 
      |            ^ 
/Applications/Xcode.app/Contents/Developer/Platforms/MacOSX.platform/Developer/SDKs/MacOSX.sdk/usr/
include/c++/v1/unordered_set:750:21: note: in instantiation of function template specialization 
'std::__hash_table<std::pair<int, int>, std::hash<std::pair<int, int>>, 
std::equal_to<std::pair<int, int>>, std::allocator<std::pair<int, int>>>::__emplace_unique<const 
std::pair<int, int> &>' requested here 
  750 |     return __table_.__emplace_unique(std::forward<_Args>(__args)...); 
      |                     ^ 
missing-hash.cpp:20:44: note: in instantiation of function template specialization 
'std::unordered_set<std::pair<int, int>>::emplace<const std::pair<int, int> &>' requested here 
   20 |         const auto [_, inserted] = visited.emplace(n->position); 
      |                                            ^ 
4 errors generated.

Why CWhy?
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https://gcc.godbolt.org/z/a5Kavxjab

================================================== 
CWhy 
================================================== 
Your regular expression `"^[a--z]++([0-9]++)$"` is invalid. 

Your intention here appears to be to match any string which starts 
with one or more lowercase letters and ends with one or more digits. 
However, your character class range `a--z` seems to be incorrectly 
typed. In regular expressions, a single `-` is used to represent a 
range, so this should be `a-z` instead: 

So the corrected regular expression should look like this: 
```cpp 
"^[a-z]++([0-9]++)$" 
``` 

The corrected code should then be: 

```cpp 
1 #include <ctre.hpp> 
2 #include <optional> 
3  
4 std::optional<std::string_view> extract_number(std::string_view s) noexcept { 
5     using namespace ctre::literals; 
6     if (auto m = ctre::match<"^[a-z]++([0-9]++)$">(s)) { 
7         return m.get<1>().to_view(); 
8     } else { 
9         return std::nullopt; 
10     } 
``` 

When your original code tried to compile, the compiler tried to 
compile an instantiation of `problem_at_position<4>`, in other words 
it was trying to tell you there was a problem at the 4th character in 
your regular expression, which is where your `--` is located. Once you 
fix your regular expression to `"^[a-z]++([0-9]++)$"` the code should 
compile without issues. 

This kind of messages can help you debug your regular expressions in 
the future by helping you locate problematic parts of your regular 
expression. So when you see `problem_at_position<n>`, you can look at 
the nth character in your regular expression for potential issues. 

(Total cost: approximately $0.06 USD.) 
================================================== 
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So the corrected regular expression should look like this: 
```cpp 
"^[a-z]++([0-9]++)$" 
``` 

The corrected code should then be: 

```cpp 
1 #include <ctre.hpp> 
2 #include <optional> 
3  
4 std::optional<std::string_view> extract_number(std::string_view s) noexcept { 
5     using namespace ctre::literals; 
6     if (auto m = ctre::match<"^[a-z]++([0-9]++)$">(s)) { 
7         return m.get<1>().to_view(); 
8     } else { 
9         return std::nullopt; 
10     } 
``` 

When your original code tried to compile, the compiler tried to 
compile an instantiation of `problem_at_position<4>`, in other words 
it was trying to tell you there was a problem at the 4th character in 
your regular expression, which is where your `--` is located. Once you 
fix your regular expression to `"^[a-z]++([0-9]++)$"` the code should 
compile without issues. 

This kind of messages can help you debug your regular expressions in 
the future by helping you locate problematic parts of your regular 
expression. So when you see `problem_at_position<n>`, you can look at 
the nth character in your regular expression for potential issues. 

(Total cost: approximately $0.06 USD.) 
================================================== 
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compiler error
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[FSE 2025]



Tests ideally "cover" (run) as many lines as possible

$ python3 -m coverage html 
Wrote HTML report to htmlcov/index.html 

def test_foo(): 
    assert 0 == foo(10) 
    assert 10 == foo(20) 
    assert 99990 == foo(100000)

def foo(x): 
    y = x - 10 
    if y < 0: 
        y = 0 
    return y

$ python3 -m coverage run -m pytest x.py  
======================================== test session starts ========================================= 
platform darwin -- Python 3.9.12, pytest-7.1.2, pluggy-1.0.0 
rootdir: /Users/juan/project/slipcover 
plugins: hypothesis-6.39.3, mock-3.7.0, repeat-0.9.1, doctestplus-0.12.0, arraydiff-0.5.0 
collected 1 item                                                                                      

x.py .                                                                                         [100%] 

========================================= 1 passed in 0.01s ==========================================  

CoverUp: Why Coverage Analysis?



def test_foo_negative(): 
    assert 0 == foo(0) 
    assert 0 == foo(-1)

$ python3 -m coverage run --branch —m pytest x.py  
======================================== test session starts ========================================= 
platform darwin -- Python 3.9.12, pytest-7.1.2, pluggy-1.0.0 
rootdir: /Users/juan/project/slipcover 
plugins: hypothesis-6.39.3, mock-3.7.0, repeat-0.9.1, doctestplus-0.12.0, arraydiff-0.5.0 
collected 1 item                                                                                      

x.py .                                                                                         [100%] 

========================================= 1 passed in 0.01s ==========================================  

def foo(x): 
    y = x - 10 
    if y < 0: 
        y = 0 
    return y

Improving / more tests can "increase coverage"

CoverUp: Why Coverage Analysis?



$ python3 -m coverage html 
Wrote HTML report to htmlcov/index.html 

$ python3 -m coverage run --branch —m pytest x.py  
======================================== test session starts ========================================= 
platform darwin -- Python 3.9.12, pytest-7.1.2, pluggy-1.0.0 
rootdir: /Users/juan/project/slipcover 
plugins: hypothesis-6.39.3, mock-3.7.0, repeat-0.9.1, doctestplus-0.12.0, arraydiff-0.5.0 
collected 1 item                                                                                      

x.py .                                                                                         [100%] 

========================================= 1 passed in 0.01s ==========================================  

def test_foo_negative(): 
    assert 0 == foo(0) 
    assert 0 == foo(-1)

def foo(x): 
    y = x - 10 
    if y < 0: 
        y = 0 
    return y

BUT: your tests can cover all lines...

CoverUp: Why Coverage Analysis?



$ python3 -m coverage html 
Wrote HTML report to htmlcov/index.html 

$ python3 -m coverage run --branch —m pytest x.py  
======================================== test session starts ========================================= 
platform darwin -- Python 3.9.12, pytest-7.1.2, pluggy-1.0.0 
rootdir: /Users/juan/project/slipcover 
plugins: hypothesis-6.39.3, mock-3.7.0, repeat-0.9.1, doctestplus-0.12.0, arraydiff-0.5.0 
collected 1 item                                                                                      

x.py .                                                                                         [100%] 

========================================= 1 passed in 0.01s ==========================================  

def test_foo_negative(): 
    assert 0 == foo(0) 
    assert 0 == foo(-1)

def foo(x): 
    y = x - 10 
    if y < 0: 
        y = 0 
    return y

...but not necessarily all branches

CoverUp: Why Coverage Analysis?



Real test suites often fall far short 
of 100% line / branch coverage...why?

CoverUp: Why Coverage Analysis?
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CoverUp: Evolving a New Coverage Tool
import pytest	
from scalene.scalene_analysis import ScaleneAnalysis	
from unittest.mock import patch	

@pytest.fixture	
def cleanup_imports():	
    # Fixture to clean up sys.modules after the test	
    import sys	
    before = set(sys.modules.keys())	
    yield	
    after = set(sys.modules.keys())	
    for extra in after - before:	
        del sys.modules[extra]	

def test_get_native_imported_modules(cleanup_imports):	
    # Mock the is_native method to control which modules are considered native	
    with patch.object(ScaleneAnalysis, 'is_native', return_value=True):	
        source_code = """	
import math	
import os	
from sys import path	
"""	
        expected_imports = ['import math', 'import os', 'from sys import path']	
        actual_imports = ScaleneAnalysis.get_native_imported_modules(source_code)	
        assert set(actual_imports) == set(expected_imports), "The list of native imports does not match the expected list."	

    with patch.object(ScaleneAnalysis, 'is_native', return_value=False):	
        source_code = """	
import math	
import os	
from sys import path	
"""	

coverage 
analyzer that 
generates tests 
that increase 
coverage

evolve



CoverUp: Evolving a New Coverage Tool

You are an expert Python test-driven developer.

The code below, extracted from tornado/
simple_httpclient.py, does not achieve full coverage.

Create new pytest test functions that execute all lines 
and branches, always making sure that each test is correct 
and indeed improves coverage.

[…]


prompting alone ("ask GPT") does something... 
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prompting alone ("ask GPT") does something... 
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but worse than previous state-of-the-art
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CoverUp generated-tests: much higher coverage
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CoverUp: Need to Prevent Broken Tests

import pytest	
from code.funcs import func	
from code.models import A	

def test_func_x_greater_than_5():	
    a = A(x=6)	
    result = func(a)	
    assert result is True	

def test_func_x_less_than_2():	
    a = A(x=1)	
    result = func(a)	
    assert result is True	

def test_func_x_between_2_and_5():	
    a = A(x=3)	
    result = func(a)	
    assert result is False

LLM assumes incorrect path, 
leading to error

LLM incorrectly assumes 
x can be set directly, 
leading to errors



import pytest	
from code.funcs import func	

class A:	
    def __init__(self, x):	
        self.x = x	

def test_func_greater_than_5():	
    a = A(6)	
    result = func(a)	
    assert result is True	

def test_func_less_than_2():	
    a = A(1)	
    result = func(a)	
    assert result is True	

def test_func_between_2_and_5():	
    a = A(3)	
    result = func(a)	
    assert result is False	

LLM redefines the class 
under test, producing useless 
tests

CoverUp: Need to Prevent Broken Tests



CoverUp: Evolving a New Coverage Tool

sources

tests

segments

You are an expert Python test-driven 
developer.
The code below, extracted from 
tornado/simple_httpclient.py, does 
not achieve full coverage.
Create new pytest test functions that 
execute all lines and branches, 
always making
sure that each test is correct and 
indeed improves coverage.
Always send entire Python test 
scripts when proposing a new test or 
correcting one you
previously proposed.

context

static

coverage analysis: identifies uncovered segments of code

[ISSTA 2023]
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sources

tests

segments

You are an expert Python test-driven 
developer.
The code below, extracted from 
tornado/simple_httpclient.py, does 
not achieve full coverage.
Create new pytest test functions that 
execute all lines and branches, 
always making
sure that each test is correct and 
indeed improves coverage.
Always send entire Python test 
scripts when proposing a new test or 
correcting one you
previously proposed.

context

static
agent enables code discovery 
 
get_info(name): retrieves definitions 
from names (functions, classes, 
variables) 
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sources

tests

segments

You are an expert Python test-driven 
developer.
The code below, extracted from 
tornado/simple_httpclient.py, does 
not achieve full coverage.
Create new pytest test functions that 
execute all lines and branches, 
always making
sure that each test is correct and 
indeed improves coverage.
Always send entire Python test 
scripts when proposing a new test or 
correcting one you
previously proposed.

context

static

feedback loop: coverage analysis + LLM 
prompts for tests to cover specific lines/
branches
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sources

tests

segments

You are an expert Python test-driven 
developer.
The code below, extracted from 
tornado/simple_httpclient.py, does 
not achieve full coverage.
Create new pytest test functions that 
execute all lines and branches, 
always making
sure that each test is correct and 
indeed improves coverage.
Always send entire Python test 
scripts when proposing a new test or 
correcting one you
previously proposed.

final 
test suite

context

static

validates tests: 
checks for "state pollution" 
adds only validated tests to suite
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coverage 
analyzer that 
generates tests 
that increase 
coverage

source + static 
& dynamic 
analysis (esp. 
coverage 
information)

verify tests 
succeed and 
increase coverage

evolve exploit niche ensure fitness

CoverUp: Evolving a New Coverage Tool
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Best of both worlds?
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What’s needed:  

A new programming model 
+ new interaction model 
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Flowco: Rethinking Notebooks

Data flow graphs: control code generation + 
validate generated code 

Load
Data

Clean
Data

Wrangle
Data

Explore and 
Visualize 

Data
Interpret the 

Data



Flowco: Rethinking Notebooks

[UIST 2025]



LLM assistance at every stage of the process 
 

Dataflow programming model as foundation 
for reliable LLM-centric programming
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notebook that 
requires no 
coding

dataflow match 
to data science 
workflows; 
enables analysis 
+ validation

checking pre-/
postconditions, 
review of high 
level specs, visual 
analysis

evolve exploit niche ensure fitness
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The LLM (R)evolution

evolve exploit niche ensure fitness

https://plasma-umass.org
https://go-flow.co


