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(a) Commit 1. (b) Commit 2. (c) Commit 3.
def f(x: float, y): def f(x: int, y) -> bool: def f(x: int, y) -> Optional[bool]:
sum = X +y sum: int = x +y sum: int = x +y
if (sum % 2) == 0: if (sum % 2) == 0: if (sum % 2) == 0:
return True return True return True
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(a) Commit 1.

def f(x: float, y):

)/ T —v 3. tann—(tnkl)
-t o A sum = x +y
N7/ T a v EEZDELE] if (sum % 2) == o:
— turn T
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-7/ T=avDONE t: “float”
n : IIX”
k : “argument type”

| E%Z | : “line 1 of the corresponding file”
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|{(t, n, k, I) €B | k= ktarget}l (b) Commit 2.
|{All program elements of kind k¢arget }|

COVann =

def f(x: int, y) -> bool:
sum: int = x +y
if (sum % 2) == 0:
%l%&@ﬁ/\\\l/‘yt/\\ "50% |« return True
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(b) Commit 2.

def f(x: int, y) -> bool:

e )V /) T —2 3 7 \E -t = (told ,tneW,C,d)

-tod A= FEBRIOV/T— 3V sum: int = x +y
. N P — - . if (sum % 2) == 0:
- tnew e e Eg’fﬁ@ /) T3y return True
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Algorithm 1 Extract type annotation changes from commits.

Input: Sequence C of commits
Output: Set T of type annotation changes (old and new type pairs)
: Te«0

2: for commit ¢ in C do
3:

To14 < type annotations in code before commit ¢

10:
11:
12:
13:

e %N NI B

Thew ¢ type annotations in code after commit ¢
d « date of ¢
T 0
for (told’ o) € Told X Tyer do
if 3 hunk h in ¢ where t,}; in oldLineRange(h)
and tpey in newLineRange(h) then
if t,;; and t,,,, have same kind k
and same name n then
Add (t,4, thew, update”,d) to T’

T" « ensureSingleMatch(T")

14:
15:

16:
17:

for tpew not yet added to T’ do
Add (_, tyey, ‘insert”,d) to T’

for t,;4 not yet added to T’ do
Add (1,14, _, “remove”,d) to T’

18:

T<TUT
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Algorithm 2 Determine project-level evolution pattern.

A AN — ~
Input: Project P 7)&:‘ I) X.A\Z‘T\\7/\\}l/{\—_r Lj—
Output: Evolution pattern of P _—
Divide P into 10 time steps of equal number of commits o N NIR R o N —

1: P.annotations <~ Number of annotations for each time step 7 |:| \/ T 7 |\ 75\ t 0) /N & - / c\_

2. P.slope « Annotation evolution slope for each time step \l/ R

3. if max(P.annotations) < 15 or P.slope.count(0.0) > 8 then é T ‘j: i % 7’:)\ :i:IJ /E

4 return “Occasional use”

5: else if P.slope.count(0.0) >= 4 then

6 return “Type sprints”

7. else if Average(P.slope) >= 0 then

8: return “Regular annotators”

9 else

10: return “Other”
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