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Abstract—Locating features is one of the most common soft-
ware development activities. It is typically don ‘mainte-
nance and cvolution, when developers need to identify the exact
places in a codebase where specific features are implemented.
Unfortunately, locating features is laborious and error-prone,
since feature knowledge fades, projects are developed by different
developers, and features are often scattered across the codebase.

FeatRacer showed a 3x higher precision and a 4.5x higher recall,

an average precision and recall of 89.6% among all 16
projects. Tt can accurately predict feature locations within the
first five commits of our evaluation projects, being effective
already for small datasets. FeatRacer takes on average 1.9ms
to learn from past code fragments of a project, and 0.002ms to
predict forgotten feature annotations in new code.
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Feature Traceability

What is it and why should we care?

How can we do better?
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O linuxymi o]
©code Ol W N Pulmguess & O Dsassons © Adors [ Proges 8 0 Wi
N . - doc vt unpy/core/sre/muttsarray/textreating/rovs.c (©)
b mase - cowtic avoue ¢ B releasenpeoming changes . 7 60 read_rous(stremn °s
- Aflight software and D 24717.change.rst

28 data_array = (PyArrayobject *
ndin, result_shape, out_descr);

ray_Sinpleont roadescr (

Lestarch Updste CONTRIBUTING md (£1670

o onsep

©4770  embedded systems framework

& nasa, #3fdef NPY_RELAXED_STRIDES DEBUG

e e Jresm—— = ible with NPY_RELAXED STRIDES DEBUG due to growin
s G O pytesttesterpy o] 201 t (data_array == NULL) {
- 0s ‘Only support set_cpu_affinit @151 go | [0 Readme 30:
- A Olicense. D confighin (o] v
R refint et © asswaihing [ oumeric o o v+ 25 wmmm nupy/core/tests/test_mltiarray.py ()
- e \Nhere are configuration options realized?
. What happens if we change them? ot o o o iz
- (effort, side effects, cost, ...) ey o, T 1
RRGLEE ssa Hoss ‘assert_equal(y.format, "T(b:a:=h:b:iiciq:d:q:dx:B:e:gH:f:=I:g:Q:h:Q:t

s3 . assert_equal(y.strides, (s2,))
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Background

How does feature tracing work?
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Example: Configurable (?) Graph Implementations
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Example: Configurable (?) Graph Implementations

single system

public class Graph {

// #IFDEF Weighted
List<Edge> getEdges(double
{...}
// #ENDIF
Graph subGraph(double w)
}

public class Node{}
// #IFDEF Color

public class Color {}
// #ENDIF

W)

{...

List<Node> getNodes(Color c) { ... }
List<Edge> getIncomEdges(Node n) { ...

}

multiple variants
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Example: Configurable (?) Graph Implementations

single system multiple variants
public class Graph { AR
2 // FEAT: Graph
= interface Graph {
List<Node> getNodes(Color c) { ... } 4+ List<Node> nodes();
List<Edge> getIncomEdges(Node n) { ... } s/ FEATE

List<Edge> edges();

7 List<Node> nodes(double w);
// #IFDEF Weighted ¢}

List<Edge> getEdges(double w)
{...}
// #ENDIF

Graph subGraph(double w) { ... }
}

public class Node{}
// #IFDEF Color

public class Color {}
// #ENDIF
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Example: Configurable (?) Graph Implementations

single system multiple variants
public class Graph { L G e W L1 Ve 16, E, O
2 // FEAT: Graph > interface Graph {
. = interface Graph { s List<Node> nodes();
List<Node> getNodes(Color c) { ... } © List<Node> nodes(); s yEmTc
List<Edge> getIncomEdges(Node n) { ...} 5 // FEAT: E 5 List<Node> nodes(Color c);
List<Edge> edges(); s List<Edge> edges();
. 7 List<Node> nodes(double w); 7 Graph subGraph(Color c);
// #IFDEF Weighted .} .}
List<Edge> getEdges(double w)
{...}
// #ENDIF
Graph subGraph(double w) { ... }
}
public class Node{}
// #IFDEF Color
public class Color {}
// #ENDIF
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single system

Example: Configurable (?) Graph Implementations

multiple variants

public class Graph {

List<Node> getNodes(Color c) { ... }
List<Edge> getIncomEdges(Node n) {

// #IFDEF Weighted

List<Edge> getEdges(double w)
{...}

// #ENDIF

Graph subGraph(double w) { ... }
}

public class Node{}
// #IFDEF Color

public class Color {}
// #ENDIF

1

/17 vi: {G, E, W}

2 // FEAT: Graph

= interface Graph {

List<Node> nodes() ;

// FEAT: E

List<Edge> edges();
List<Node> nodes(double w);

o}

1

/// v2: {G, E, C}

interface Graph {
List<Node> nodes();
// FEAT: C
List<Node> nodes(Color c);
List<Edge> edges();
Graph subGraph(Color c);

1 /// v3: {G, E, D}

// FEAT: C

> interface Graph {
3 List<Node> nodes();
2 List<Edge> edges();
List<Edge> incomEdges(Node n);

7 Graph subGraph(Color c);
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Proactive Tracing

through

commit messages

public class Graph {

List<Node> getNodes(Color ¢) { ... }
List<Edge> getIncomEdges(Node n) { ... }

// #IFDEF Weighted

List<Edge> getEdges(double w)
{...}

// #ENDIF

Graph subGraph(double w) { ... }

public class Node{}

// #IFDEF Color
public class Color {}
// #ENDIF
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Proactive Tracing

through

commit messages
development on branches

public class Graph {

List<Node> getNodes(Color ¢) { ... }
List<Edge> getIncomEdges(Node n) { ... }

// #IFDEF Weighted

List<Edge> getEdges(double w)
{...}

// #ENDIF

Graph subGraph(double w) { ... }

public class Node{}

// #IFDEF Color
public class Color {}
// #ENDIF
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Proactive Tracing

public class Graph {

List<Node> getNodes(Color ¢) { ... }

List<Edge> getIncomEdges(Node n) { ...

// #IFDEF Weighted

List<Edge> getEdges(double w)
{...}

// #ENDIF

Graph subGraph(double w) { ... }

public class Node{}

// #IFDEF Color
public class Color {}
// #ENDIF

through

commit messages
development on branches

semi-automated feature trace recording
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Proactive Tracing

through

commit messages

development on branches
semi-automated feature trace recording
semi-automated nudging (based on
reinforcement learning)

public class Graph {

List<Node> getNodes(Color ¢) { ... }
List<Edge> getIncomEdges(Node n) { ... }

// #IFDEF Weighted

List<Edge> getEdges(double w)
{...}

// #ENDIF

Graph subGraph(double w) { ... }

public class Node{}

// #IFDEF Color
public class Color {}
// #ENDIF

9/21



Proactive Tracing

through

commit messages

development on branches
semi-automated feature trace recording
semi-automated nudging (based on
reinforcement learning)

public class Graph {

requires

List<Node> getNodes(Color ¢) { ... } e .
List<Edge> getIncomEdges(Node n) { ... } dISC|p|Ine
// HIFDEF Weighted development practices and guidelines
List<Edge> getEdges(double w) .

.. remains a manual task
// #HENDIF
Graph subGraph(double w) { ... }

public class Node{}

// #IFDEF Color
public class Color {}
// #ENDIF
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Proactive Tracing

&)

iy

public class Graph {

List<Node> getNodes(Color ¢) { ... }
List<Edge> getIncomEdges(Node n) { ...

// #IFDEF Weighted

List<Edge> getEdges(double w)
{...}

// #ENDIF

Graph subGraph(double w) { ... }

public class Node{}

// #IFDEF Color
public class Color {}
// #ENDIF

through

commit messages

development on branches
semi-automated feature trace recording
semi-automated nudging (based on

reinforcement learning)

requires

discipline

development practices and guidelines

remains a manual task

= often neglected
= missed opportunity
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Retroactive Tracing

public class Graph {

List<Node> getNodes(Color ¢) { ... }
List<Edge> getIncomEdges(Node n) { ... }

// #IFDEF Weighted

List<Edge> getEdges(double w)
{...}

// #ENDIF

Graph subGraph(double w) { ... }
}

public class Node{}

#ifdet A
// #IFDEF Color 20003

public class Color {}
// #ENDIF
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Retroactive Tracing

public class Graph {

// #IFDEF Weighted
List<Edge> getEdges(double w)
{...}
// #ENDIF
Graph subGraph(double w) { ... }
}

public class Node{}

#ifdef A

// #IFDEF Color
public class Color {}
// #ENDIF

List<Node> getNodes(Color ¢) { ... }
List<Edge> getIncomEdges(Node n) { ...

through

manual code inspection
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Retroactive Tracing

public class Graph {

// #IFDEF Weighted
List<Edge> getEdges(double w)
{...}
// #ENDIF
Graph subGraph(double w) { ... }
}

public class Node{}

#ifdet A
// #IFDEF Color 20003
public class Color {}
// #ENDIF

List<Node> getNodes(Color ¢) { ... }
List<Edge> getIncomEdges(Node n) { ...

through
manual code inspection

dynamic techniques (which compare
executions)
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Retroactive Tracing

public class Graph {

// #IFDEF Weighted
List<Edge> getEdges(double w)
{...}
// #ENDIF
Graph subGraph(double w) { ... }
}

public class Node{}
#ifdet A

// #IFDEF Color 20003

public class Color {}

// #ENDIF +

List<Node> getNodes(Color ¢) { ... }
List<Edge> getIncomEdges(Node n) { ...

through

manual code inspection

dynamic techniques (which compare
executions)

static techniques (e.g., slicing, clone
detection, comparison of variants)
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Retroactive Tracing

public class Graph {

// #IFDEF Weighted
List<Edge> getEdges(double w)
{...}
// #ENDIF
Graph subGraph(double w) { ... }
}

public class Node{}
#ifdet A

// #IFDEF Color 20003

public class Color {}

// #ENDIF +

List<Node> getNodes(Color ¢) { ... }
List<Edge> getIncomEdges(Node n) { ...

through
manual code inspection

dynamic techniques (which compare
executions)

static techniques (e.g., slicing, clone
detection, comparison of variants)

combinations thereof
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Retroactive Tracing

public class Graph { through
List<Node> getNodes(Color c) { ... } manual code inspection
List<Edge> getIncomEdges(Node n) { ... }
dynamic techniques (which compare
// #IFDEF Weighted .
List<Edge> getEdges(double w) eXeCUthns)
... . . ..
// #ENDTF static techniques (e.g., slicing, clone

Graph subGraph(double ) { ... } detection, comparison of variants)

' combinations thereof

public class Node{}

#ifdef A

// #IFDEF Color £000); .
public class Color {} requires
7 . heuristics

execution effort and data

while automated, reliability?
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Retroactive Tracing

public class Graph {

// #IFDEF Weighted
List<Edge> getEdges(double w)
{...}
// #ENDIF
Graph subGraph(double w) { ... }
}

public class Node{}

#ifdef A
// #IFDEF Color 20003
public class Color {}
// #ENDIF +

List<Node> getNodes(Color ¢) { ... }
List<Edge> getIncomEdges(Node n) { ...

through

manual code inspection

dynamic techniques (which compare
executions)

static techniques (e.g., slicing, clone
detection, comparison of variants)

combinations thereof

requires

heuristics
execution effort and data
while automated, reliability?

— manual task
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Feature Tracing — Summary

proactive
reliable*
pin-pointed
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Feature Tracing — Summary

proactive
reliable*
pin-pointed
without immediate benefit
additional documentation burden

(*exclude uncertainty, feature interactions...)
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Feature Tracing — Summary

proactive retroactive
H *
r§|'3b|e_ manual vs. automated
pin-pointed

without immediate benefit
additional documentation burden

(*exclude uncertainty, feature interactions...)
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Feature Tracing — Summary

proactive retroactive
relliable-* manual vs. automated
pin-pointed automated: static or dynamic or hybrid
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Feature Tracing — Summary

proactive retroactive
relliable-* manual vs. automated
plln—pom’Fed . _ automated: static or dynamic or hybrid
without immediate benefit based on heuristics

additional documentation burden

(*exclude uncertainty, feature interactions...)
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Feature Tracing — Summary

proactive retroactive
relliable-* manual vs. automated
plln—pom’Fed . _ automated: static or dynamic or hybrid
without immediate benefit based on heuristics
additional documentation burden = less reliable

(*exclude uncertainty, feature interactions...)

= many techniques, but not optimal
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Feature Traceability



Feature Traceability

What is it and why should we care?

How can we do better?
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Proactive + Retroactive Feature Tracing

How can retroactive feature tracing benefit from proactive traces?
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Proactive + Retroactive Feature Tracing

How can retroactive feature tracing benefit from proactive traces?

Results from experimenting with comparison-based feature location
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Comparison-Based Feature Location

1 /// v1i: {G, E, W}

6

// FEAT: Graph
s interface Graph {

}

List<Node> nodes();

// FEAT: E

List<Edge> edges();
List<Node> nodes(double

1
2

4

/// v3: {G, E, D}

interface Graph {

List<Node> nodes();

List<Edge> edges();

List<Edge> incomEdges(Node n);
// FEAT: C

Graph subGraph(Color c);

1 /// v2: {G, E, C}
2 interface Graph {
s List<Node> nodes();
// FEAT: C
List<Node> nodes(Color c);
s List<Edge> edges();
7 Graph subGraph(Color c);
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Comparison-Based Feature Location

1 /7 vis 4G, E, WY L /17 V3: {G, E, D} 1 /// V2: 4G, E, C}
2 // FEAT: Graph > interface Graph { > interface Graph {
= interface Graph { s List<Node> nodes(); s List<Node> nodes();
: List<Node> nodes(); : List<Edge> edges(); 4 /7 FEAT: C
5 // FEAT: E s List<Edge> incomEdges(Node n); s List<Node> nodes(Color c);
s List<Edge> edges(); 6 // FEAT: C s List<Edge> edges();

List<Node> nodes(double w); 7 Graph subGraph(Color c); 7 Graph subGraph(Color c);
s} s} s}

parse
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Comparison-Based Feature Location

1 /7 vis 4G, E, WY L /17 V3: {G, E, D} 1 /1 v2: {G, E, C}
2 // FEAT: Graph > interface Graph { > interface Graph {
= interface Graph { s List<Node> nodes(); s List<Node> nodes();
: List<Node> nodes(); : List<Edge> edges(); 4 /7 FEAT: C
5 // FEAT: E s List<Edge> incomEdges(Node n); s List<Node> nodes(Color c);
s List<Edge> edges(); 6  // FEAT: C s List<Edge> edges();
; List<Node> nodes(double w); + Graph subGraph(Color c); 7 Graph subGraph(Color c);
s} s} 5}

parse
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Comparison-Based Feature Location

annotation per node (based on features in
configurations)

match
CA; (V1 &V, & V5)
_ Ciem))
N

15/21



Comparison-Based Feature Location

annotation per node (based on features in
configurations)

Feature Trace
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Comparison-Based Feature Location

annotation per node (based on features in
configurations)

Feature Trace

Graph A Edge interface Graph, nodes(),
edges (), subGraph()

Weighted nodes (double w)

Colored nodes(Color c)

Directed incomingEdges (Edge e)
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Comparison-Based Feature Location

annotation per node (based on features in Controlled Experiment
configurations)

Feature Trace

Graph A Edge interface Graph, nodes(),
edges (), subGraph()

Weighted nodes (double w)

Colored nodes(Color c)

Directed incomingEdges (Edge e)
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Comparison-Based Feature Location

annotation per node (based on features in Controlled Experiment
configurations)

propagate ‘reliable annotation’
whenever possible (not contradicting
among one set)

measure quantitatively

Feature Trace
Graph A Edge interface Graph, nodes(),
edges (), subGraph()
Weighted nodes (double w)
Colored nodes(Color c)
Directed incomingEdges (Edge e)
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Comparison-Based Feature Location

annotation per node (based on features in Controlled Experiment
configurations)

propagate ‘reliable annotation’
whenever possible (not contradicting
among one set)

measure quantitatively

effect of adding proactive mappings
per variant
effect of number of compared
Feature Trace variants
Graph A Edge interface Graph, nodes(),
edges (), subGraph()
Weighted nodes (double w)
Colored nodes(Color c)
Directed incomingEdges (Edge e)
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Comparison-Based Feature Location

annotation per node (based on features in Controlled Experiment
configurations)

propagate ‘reliable annotation’
whenever possible (not contradicting
among one set)

measure quantitatively

effect of adding proactive mappings

per variant
effect of number of compared
Feature Trace variants
Graph A Edge interface Graph, nodes(),
edges (), subGraph()
Weighted nodes (double w) = increase in accuracy?
Colored nodes(Color c) = invest in exploiting proactive knowledge?
Directed incomingEdges (Edge e)
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Setup

Subject Systems: Marlin, ArgoUML, VIM; OpenVPN, BusyBox
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Setup

Subject Systems: Marlin, ArgoUML, VIM; OpenVPN, BusyBox
Groundtruth: VEVOS, Benchmark generator for highly configurable software
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Setup

Subject Systems: Marlin, ArgoUML, VIM; OpenVPN, BusyBox

Groundtruth: VEVOS, Benchmark generator for highly configurable software

Measure:

Agreement between ground truth and computed mapping to keep a line of code in variant

Compute: precision, recall, F1-Score
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Results : Busybox (precision & recall (ow), 3 and 7 variants (columns))
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Results : Busybox (precision & recall (ow), 3 and 7 variants (columns))

? ’ E |
°
06 L 06
3 °
* [
o. o
o o
°
o o
% % ” % % 0% % % % =
g Percentag roactive Tracing Percentage

—
-
|
- ——
— ——
——
————
coe—mm-
o —m-

o —m-
—

[ L]
[ ]
.
i .
L]
L]
. .



Results : VIM (precision & recall (ow), 3 and 7 variants (columns))
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Results : VIM (precision & recall (ow), 3 and 7 variants (columns))
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Results: Summary

only 5% of proactive trace raise the overall accuracy by 10-20%
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Results: Summary

only 5% of proactive trace raise the overall accuracy by 10-20%

difference between precision and recall — many false positives
(— include more than necessary in source code)

the more variants, the higher the accuracy (with and without added traces)

= potential to exploit proactive traces further
=- examine the effect in further techniques, also qualitatively

= optimize retroactive techniques but also inform semi-automated tracing (e.g. for
machine learning)
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Summary

Showing 13 changed files with 11 additions and 110 deletions.

Fiter changed files

B githubrworkfows
O inuxymi
 doc
M release/upcoming changes
[ 24717.changerst
- sourcerreference
O armays ndarrayrst
[ global staterst
meson_options
o numpy
[ _pytesttesterpy.
| core
0 confighin
) meson.build
[ numericpy
i sremutiarmay
0 corsc
~ M textreading
[ rows.c
v ests
[ test multiarraypy

D testregressionpy.

o]

o]

[c]

o a7
g £ (mat_cf_contig) (
052 069 “ob371ags = ((*ob3Flags) |NPY_ARRAY_C_CONTIGUOUS) &
v &7 mmmm: numpy/core/sr/multiarray/textreasing/rous.c (D

B 60 297,12 +297,7 0 read_rows(strean °s,
28 2 Gata_array = (PyArrayobject *)PyArray_Sinpleled ronbescr(
29 299 natn, result_sape, out_descr);
50 - #17deT NPY_RELAXED STRIDES DEBUG
a1 5 * Inconpat ble vith NPY_RELAYED STRIDES DESUG due to growing */
£ & £f (result_shape[0] == 1) {
3 - Pyarray STRIOES (data_array)[9] = rou_size;
a0 - 3
95 - dendit /* NPY_RELAXED_STRIOES.OEBUG. */

%0

EE 41 (oata_array == WLL) ¢
P woto orror;
s
v % 25 mmmm) nuspy/core/tests/test aultsarray.py (D

2
24
525

a0z
a0zt

80 -3526,5 +3520,6 00 dor tost_ravel(selr):
# L-olenent tigy strides test

assort_(np.ray_share_nonory(a.rave1(K'), ))
assort_equal(a.ravel('K").strides, (a.dtype. 1tonsize,))

80 8032, +3630, 7 08 der test_export_recora(selr)

assert_equal .

assert_equal(y. ormat, 'T(b:a:=:b:iic:qid:q:dx:BesgH:T

# Cannot.test 17 NPY_RELAXED_STRIDES_DERUG changes the Strides

A 1ot (np.ones(1).strides[s] = p.LLnTo(np.ntp) max):
assort_equal(y.strives, (s2,))

assert_squal(y.strises, (sz,))
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Summary

Showing 13 changed files with 11 addi

Filter changed fles

B githubiworkons
0ty ®

o doc

+ b relessesupcoming changes
0 24717.changerst

sourcerreference

O armays.ndarraprst o]
[ global staterst o]
meson_options.txt o]
= numpy
D _pyestiesterpy o]
- mcore
D confighin ©
[ meson.build o]
O numericpy o]
v sromuliarray
D ctorsc o]
~ M textreading
0 rows.c o]
v st
O testmultarraypy o]
D test regressionpy. o]

Proactive Tracing

wan0 a0 )

prevgps it (ot_ot_conttg) (

52 “00]T1ags = ((*0DJT1ags) |NPY_ARRAY_C_CONTIGUOUS) &

v - numpy/core/sre/miltarray/textresding/rous.c (C) [ —

00 267,12 +297,7 00 read_rows(strean s, Lo getocor 0 ¢
= = it e peclecosageeciots 3 ¢ -
28 data array = (PyArrayObject *)PyArray SispleNewromdescr( WIFDEF Weighted
290 ndtn, result shape, out_descr); Listckdge> gettdges (doule W)
80 s oeaus S
. STRIDES DESUS due to growing */ s/ wenie
2 < Graph supGraph(aontie W
a3 - erss STTGESate aeren(o] = rvatze; i
s - 3
s - #endT /* NPY_RELAXED_STRIDES DEBUG */ public class Node(}

o 71 #1588 Cotr
a1 11 (eata array == WLL)

02 aoto error;

03 3

nuspy/core/tests/test_multsarray.py @

00 -3520,8 +3520,6 08 def test_ravel(sel)
2= marray( (1))
123, 432)
T the followtng stride 1s nat §, NPY_RELAXED STRIDES_DEBUG 1
# nessing then up on purpose
11 np.ones(1).strides == (2,):
assert_(np.ray_share_nenory(a.rav

k), 2)

assert_squal(a.ravel(K').strides, (a.dtype. itemsize,))
00 -8632,9 +9030,7 00 e test_export.recora(se1r)

a0 assert_equal(y. format, 'T(o:a

a0zt ese:

a0z assort_squal(y.rormat, 'T(o:a

D115 1:0:0: B0 0N =T L Qi

DL 0101010:001010H =T 01QiN: i1
anges the strides

Y. RELAYED ST

5 A1 not. (n

. Lnfo(np. ntp) ax)
- assert_equal(y.strides, (s2,))
s . assert_squal(y.strides, (s2,))

¥

Retroactive Tracing

public class Graph {
Listalode> gotlodes (Golor &)’ ( ..
7/ STFDEF vetghted
List<Rdge> gotbdgos (double »)
/7 e

Graph subGraph(dousie W) { ... }
3

public class Node(}

/7 STFDEF color
wi cluss Gotor O
K

)
Listesage> gatincontdgas (lode m) {

oy
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Summary

Showing 13 changed files with 11 addi

p 51 (ot_ct_contig) (
“00]71a0s = ((*0b3T1agS ) INPY_ARRAY

conTIGUONS) &

Fiker changed fles b

B github/workflows oz
D tnusymi ®

o o

~ M release/upcoming_changes.

0 24717 changerst

sourcerreference

[ arrays ndarrayrst o
[ global staterst o]
meson_options ot 5]
= numpy
O _pytesttsterpy o]
o mcore
[ confighin 5]
[ meson.build o]
0 numericpy B v
v sromuliarray
D dorsc o]
M tedreading
0 rowsc o]
v s
O testmultarraypy o]
O test regression.py o]

- numpy/core/sre/multarray/textreading/rous . (C)

00 297,12 +297,7 00 read_rous(strean s,
data_array = (PyArrayObjoct *)PyArray Sisploledtromescr(
ndtn, result shape, out_descr)
et NPY_RELAXED STRIDES DEBUG

- 7+ Tnconpatible

- 3F (result_shape[0] = 1)
- Pyarray STRIOES data_array) (0] = rou_size;

- 3
- #endT /* NPY_RELAYED STRIDES.DEBUG

0
a1 11 (eata array == WLL)
02 aoto error;

a3 3

nuspy/core/tests/test_multsarray.py @

00 -3520,8 +3520,6 08 def test_ravel(sel)

2= marray( (1))

a.stries = (123, 432)
F the Tollowing scride 15 ot 8, NPY_RELAXED_STRIVES_OEBUG 15

# nessing then up on purpose

11 np.ones(1).strides == (2,):
assert_(np.nay_share_nenory(a.ravel('K'), 2))
assert_equal(a.ravel('K').strides, (a.dtype. itemsize, ))

00 -8632,9 +8930,7 00 dor test_oxport._recora(se1r)

ALy format, Tov:a:

assort_squal(y.rormat, 'T(o:a
c LG, o

306 changes the strides
. Lnfo(np. ntp) ax)

. assert_squal(y.strides, (s2,))

5th NPY_RELAYED.STRIDES_DEBUG due to grwing

D115 1:0:0: B0 0N =T L Qi
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no optimal solution (we examined proactive
potentials)
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2
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1 wenne
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3

bl ie class Graph {
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feature traceability comes with plenty of tech-
niques

no optimal solution (we examined proactive
potentials)

potentials in machine learning, necessity for
maintenance over time and different artifacts
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