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Scenario: Using Documentation Today
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All interaction among Artifact Each Artifact must
classes must be done have a Command
through Command classes class.
to apply sharding.

Alice is a developer in a Company.

She is working to implement of a small feature (a new Artifact B) in the codebase.

Alice starts reading the documentation ... But the documentation is too long.

Alice reads one of the Design Decisions describing what alternative was chosen and why.

Looking at the description of the design decision, she reads one of the Design Rules describing how to
implement the design decision.

She tries to connect the design rule to the code ... But the documentation and the source code are large

and hard to connect.
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Scenario: Using Documentation Today
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After some time, Alice finds that she believes to be an Example illustrating how to implement an
Artifact. Following this example, She tries to re-implement her new class.

She writes some code and wants to know if it follows the design rules. But she is not sure that she is
following the examples correctly, and that there aren’t other rules she missed.

She looks at the rule checkers the company is using, but they only report defects about her use of
Java and do not help with understanding these design decisions.

Frustrated, she commits her code and waits for code reviews from other developers.
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Active Documentation

Our solution: active documentation

v Design rules are translated into constraints and actively
checked against code.

v Wherever a design rule applies to code, an active link
between the documentation and code is generated.

666'60'

v Developers can actively update the documentation.




ACTIVEDOCUMENTATION

Intellid IDE plugin

package com.crowdcoding.commands;

[

import com.crowdcoding.entities.artifacts.DesignDoc;
import com.crowdcoding.servlets.ThreadContext;

O D B W IN

Rules applicable for File:

7 public abstract class DesignDocCommand extends Command { . .
protected long DesignDocId; CrowdCode-master/CrowdCoding/src/com/crowdcoding/comm
10 // This function is called when a new DesignDoc must be created. ands/DesignDocCommand.java
11 @ public static DesignDocCommand create(String title, String description, boolean i
12 return null;
13 }
14
15 private DesignDocCommand(Long DesignDocId) { All Microtask commands must be handled by Command subclasses (view the rule and all snippets) a
16 this. DesignDoch = DesignDocId; IF a method is a static method on Command THEN it should implement its behavior by constructing a new
= ) queueCommand(this); Command subclass instance. The Command class contains a number of static methods. Each method creates a

19 specific type of Command by invoking the constructor of the corresponding subclass.

20 // All constructors for DesignDocCommand MUST call queueCommand and the end of Microtask Sharding

21 // the constructor to add the

22 // command to the queue. _

23 private static void queueCommand(Command command) { Examplesout o) Violated@out of @)

24 ThreadContext threadContext = ThreadContext.get();

25 threadContext.addCommand ( command) ; Violated snippet for this file

26 }

57 public static ( ' ’

28 of public void execute(final String projectId) { ’ ) {

29 if (DesignDocId != 0) { return null;

30 DesignDoc designDoc = DesignDoc. find(DesignDocId); _ .

31 Violated snippet for other files

32 if (designDoc == null) No snippet

33 System.out PP

34 .println("error Cannot execute DesignDocCommand. Could not fi

35 + DesignDocld); Commands must implement execute (view the rule and all snippets) a
36 else

:.7 e>{<ecute(designDoc projectId); IF a class is a subclass of Command THEN it must implement execute. Commands represent an action that will
- ’ '

38 } be taken on an Artifact. In order for this action to be invoked, each subclass of Command must implement an
39 } else execute method. This method should not be directly invoked by clients, but should be used by the Command
40 execute( DesignDoc: null, projectld); execution engine.

41

42 } Microtask Sharding

43

44 public abstract void execute(DesignDoc DesignDoc, String projectId); Examplesout o) Violatedout of )



ACTIVEDOCUM

> Independent from IDEs
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on System Architecture

> Two main components: IDE Connector and Main

> |DE Connector transfers data to/from the IDE

IDE Plugin
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> IDE is responsible for reporting code change, active file in the editor, and updating the
caret position

» Stored design rules (stored as .json) are accessible in the IDE
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C | :
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> |DE connector creates the AST of the source code.

» XML representation of the ASTs are easier to work with.

> We used srcML to create the AST. @ BB [Maletic et al. 2002]

AST data
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> The rule checker uses the design rules and the AST of code to extract snippets from code.

> ACTIVEDOCUMENTATION is agnostic to the underlying rule checker.

IDE Plugin

I DE_________ . IDEComnectr  _ Man
\l {, \\ /’
] ! L Rule checker
Monitor code ] | | ' | :l
Source change J —f—+» RunsrcML | |
code I b AST data ! !
- ] | —> .
L b Snippets
> L -
| . . |
Design 1 T
|
Rules ] o
| |
D — Monitor active i | | o
file o, L
: I I | I
| | | :
Update caret | | | : :
position | I : o
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Rule Checker In AcTivEDOCUM

> Existing rule checkers only find violations of rules.

» Developers need to search code to know how a rule is followed.
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> ACTIVEDOCUMENTATION shows snippets from code that satisfy or violate the rule.

WHEN and HOW the rule should apply...
.«

Quantifier WHEN the rule should apply

Constraint HOW the rule should apply |

» Each Artifact must have a Command class.

IF a class is an artifact ——————eeev - e —3 Quantifier
THEN it should have a Command class R e

Constraint
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Rule Checker In AcTivEDOCUM

In an IF/THEN structure of a rule:

IF part —————eerp
THEN part

Quantifier Query

Constraint Query

Compare the results of queries - Satisfied and Violated Snippets

IDE Plugin

L NTA-

- -
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| \| l, \\ I, \‘
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> After generating code snippets, they are visualized in the user interface through different
pages.

> The User Interface sends and receives tasks to and from the IDE

IDE Plugin

Table of Conten@
Page

Violated Rules\
Page

\
All Rules Page

| )
Edit Rule Page

~N
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rganization Kl

& Table of Content  All Rules  Violated Rules = Generate Rules

B com B crowdcoding Bl commands DesignDocCommand

DesignDocCommand.java ADTCommand.java

com. crowdcoding.commands

pling Uy

com.crowdcoding.entities.artifacts.DesignDoc
com.crowdcoding.servlets.ThreadContext

Active Documentation

O
DesignDocCommand Command { =
O
@
DesignDocCommand create(String i -Fags
o A B C D E F G H | J K L M N OP QR S T U
DesignDocCommand(Long DesignDocId) { 2.
. = DesignDocId § v W X Y Z Al
queueCommand ( )
E Data Transfer Objects
8 Microtask
a Persistence
0 L :
queueCommand (Command command) { z Serialization Sharding
ThreadContext threadContext = ThreadContext.get() ;
threadContext.addCommand (command) -
3 Rules
execute( String projectId) { s
( 1= 0) { =
DesignDoc designDoc = DesignDoc. find( é 1 All Microtask commands must be handled by Command subclasses
O
O
(designDoc == ) 1 .
Systgm. 2 Commands must implement execute
.printin(
q * 3 Artifacts should be marked as a data region with an @Entity annotation
execute(designDoc, projectId)
} 4 Microtasks must have a reference to the Artifact that it belongs to
execute( projectId) o _ o
6 Communication between artifacts should be indirected through a Command
o M 8 Objects to be sent to an external service should have a corresponding DTO that

needs to be transferred has a DTO, i.e. ObjectMapper should not be in Entity.

DesignDocCommand
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Using Example Code Snippets

©

B com BEcrowdcoding Bl commands DesignDocCommand

& Table of Content  All Rules  Violated Rules = Generate Rules

DesignDocCommand.java

com. crowdcoding.commands

pling Uy

com.crowdcoding.entities.artifacts.DesignDoc
com.crowdcoding.servlets.ThreadContext

Violated Rules

DesignDocCommand Command {

o@seqgeled

(view the rule and all snippets) a
DesignDocCommand create(String All Microtask commands must be handled by Command subclasses

IF a method is a static method on Command THEN it should implement its behavior by
S e e e BectaEad) & constructing a new Command subclass instance. The Command class contains a number of
. = DesignDocId static methods. Each method creates a specific type of Command by invoking the constructor
queueCommand ( ) of the corresponding subclass.

s108loid uaAepy

®
O
S
o Examples@)  Violated@)
queueCommand (Command command) { %
ThreadContext threadContext = ThreadContext.get() 7 public static ( ' ' = , S
threadContext.addCommand (command) : riﬁfr” e ( , ' , ' ,
%
execute( String projectId) { s public static ( , , , <
( 1= 9) { % return new ( i : y );
DesignDoc designDoc = DesignDoc.find( e
o
(designDoc == ) & public static ( ) {
System. return new ( );
.printn( _ ,
+ public static ( , , ,
{ return new ( ) , ) );
execute(designDoc, projectId)
} public static ( ) {
execute( projectld) FEEREN hEW ( )i
public static ( ) {
return new ( );
AvAarmtFaAlNAc i AanNA~ NAcT AnNAA~ C+rainmn nrain~+TA) pUb-LlC static ( ) )
{ return new ( ) ); }

DesignDocCommand
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Instant Feedback

BN com BEcrowdcoding EE commands

ADTCommand.java

CACLULC ) SJUI LIy MNIVvjoLLaiuy L

( 1= 0) {

DesignDoc designDoc = DesignDoc. find(

pling JUY #e

(designDoc == )
System.

.printin(

.

{

execute(designDoc, projectId)

o@seqele

}

execute( projectId)

sjoaloid uanepy

execute(DesignDoc DesignDoc, String projectId)

Create DesignDocCommand {
String
String

@
o
o
Q
®
)
o}
c
Q.
2
—+
o}
=
]
Q
®

Create(String title, String description isApiArtifact isReadOn
(oL)
- = title
description
isApiArtifact
isReadOnly

S20(2ANOY

execute(DesignDoc designDoc, String projectld) {
DesignDoc( projectId)

DesignDocCommand Create
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(view the rule and all snippets) a
All Microtask commands must be handled by Command subclasses

IF a method is a static method on Command THEN it should implement its behavior by
constructing a new Command subclass instance. The Command class contains a number of
static methods. Each method creates a specific type of Command by invoking the constructor
of the corresponding subclass.

Examples@out of@)  Violated@pout of @

Commands must implement execute (view the rule and all snippets) a

IF a class is a subclass of Command THEN it must implement execute. Commands represent
an action that will be taken on an Artifact. In order for this action to be invoked, each subclass
of Command must implement an execute method. This method should not be directly invoked
by clients, but should be used by the Command execution engine.

k
 Microtask | Command | Sharding

Examples@out of@P  ViolatedPout of )

(view the rule and all snippets) a =
Artifacts should be marked as a data region with an @Entity annotation

IF an object is an artifact subclass THEN it needs to be an entity. To signal that instances of a
class constitute a separate data region, the class should have the @Entity annotation. All
Artifact subclasses should be marked as a data region.

(view the rule and all snippets) a =
Microtasks must have a reference to the Artifact that it belongs to

IF a class is a subclass of Microtask THEN it needs a field representing the reference to the
associated entity. Each Microtask represents work to be done on an Artifact. As such, it needs
to be connected back to its owning artifact through a reference to the Artifact. Without the

reference, they need to have an ID of the artifact and for submitting they need to load the data
hafAarahanAd



Research Question

» Compared to traditional documentation, are developers able to use ACTIVEDOCUMENTATION
to write code following design rules more quickly and successfully?

> In what ways does ACTIVEDOCUMENTATION support developers in writing code in an
unfamiliar codebase?

16



21 Graduate
students

TITITTR SurveviS
T
Prior experience in Java

Programming experience
2-20 years (median 5)

Professional experience
0-15 years (median 2)

Evaluation

11 Control
Participants

L

10 Experimental
Participants

Warm-Up Task

e Eamiler )

with the IDE

Interviewi

70 Minutes @
Think-aloud ==

Warm-Up Task

Get Familiar with ‘

the IDE and
ACTIVEDOCUMENTATION

70 Minutes @
Think-aloud ===

Task: Add a small feature to an existing code

>  Existing code: web-based IDE,
9K LOC, 107 Java classes,
abstraction based on artifacts (persisted in a persistence

framework)

> Requested code: add a new artifact, add 20 lines of code,
edit 2 lines of code

17



Result - Quantitative

Diff Time (Minutes) Submitted Lines of Code
o ™ & X \4&
5 & " Q° &0 & &
F & e &l ¢
Control Group ||
Mean 45.00 3.56 20.33 6833 744 1.78 20.67 |
Median 36.00 3.00 12.00 70.00 /| 1.00 1.00 8.00

Std. Dev. | 39.64 340 {11982 3.39 §i8.37 2.54 27.776
Exjperimental Group |

Mean 29.67 4.44 6.33 48.89 1.89 0.11 5.89
Median 29.00 3.00 6.00 47.00 1| 0.00 0.00 2.00
Std. Dev. 6.36 5.50 3.71 1744 1 5.30 0.33 9.87

AN Participants

Mean 37.33 4.00 13.33 58.61 |1 4.67 0.94 13.28 |

Median 29.00 3.00 8.50 70.00 11 0.00 0.00 3.00

Std. Dev. 28.65 4.46 15,59 1577 ' 7.37 195 21.59 |
p value 0.142 0.343 | 0.015 0.038 |1 0.056 0.043 0.082 |

> Experimental participants were 3 times faster in starting editing the code and 28% faster
In finishing the task.

» EXxperimental participants added few lines of code and removed more lines of code.

> Experimental participants submitted 98% fewer incorrect LOC.

18
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Result - Qualitative

Control Group

Challenges in finding relevant design
decisions within the design documentation

Challenges in connecting code with design
decisions

Challenges in finding relevant pieces of
code, scattered in different classes

19

Experimental Group

Used Violated Rules page to find relevant
design decisions.

Used the violated snippets to identify
relevant places to make changes.

Used example snippets listed to compare
examples of the rule and the faulty lines of
code.

Used real-time feedback to detect errors
and violations early, immediately after
changing the code without running the
application.



Active Documentation: Helping Developers Follow Design Decisions GEORGE
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Scenario P Active Documentation ACTIVEDOCUMENTATION

k Documentaion = f' 3

Our solution: active documentation 9 IntelliJ IDE plugin

B

DONT SHOOT THE MESENGER

checksty e

B 1 1 package com. crowdcoding. commands; < h
it import com.crowdcoding.entities.artifacts.DesignDoc;
import com. crowdcoding. servlets. ThreadContext;

i R S W s

- 3
H H H H . . Rules applicable for File
E public abstract class DesignDocCommand extends Command {
/ DeSIQn rUIeS are tranSIated |nt0 ConStralntS and aCtlve/ protected long DesignDocId; CrowdCode-master/CrowdCoding/src/com/crowdcoding/comm
§ // This function is called when a new DesignDoc must be created. i i
: , checked against code. L LS T e, s | ANOSIDESIgNDOCCOMMENG faVa
return null;
private DesignDocCommand(Long DesigndocId) { All Microtask commands must be handled by Command subclasses  (view the rule and all snippets) a.

this.DesignDa:Iq = DesignDocId; IF a method is a static method on Command THEN it should implement its behavior by constructing a new

queueConmand (this) ;

Command subciass instance. The Command class contains a number of static methods. Each method creates a
specific type of Command by invoking the constructor of the corresponding subclass.

gnDocCommand MUST call queueCommand and the end of m m
e Exm

» After some time, Alice finds a class assuming being an Artifact and considers it as an Example. She " Wherever a design rule applies to code, an active link

Sl

. K . private static veid queueComand(Comand conmand) { Examples@out oi@)  Violated@out oi)
. . ThreadContext threadContext = ThreadContext.get();
tries to re-implement them in the new class. between the documentation and code is generated. heconon.sascomond comandy 92 Vilated snippet for this il
ubl. t (
¥ 1 ¥ of public void execute(final String projectd) { £ f( sotean ) €
if (DesignDocId != @) { return null;
H H H H H H DesignDoc designDoc = DesignDoc. find(DesignDocId);
» She writes some code and wants to know if it conforms with the design rules ... But she is not able to g : pesiamboc desi . . Vilated snippet for ot fes
se £ : : : : i1 (dotprboc = it
verify it herself. ‘ i arintin(verror Camnot execute DesignbocComand. Coutd not 4
. . H r heet + DesignDocId); Commands must implement execute (view the rule and all snippets) a
. ) . . v Developers can actively update the documentation. j X | cxeauteldesignboc, projectio); Bt L e e P et s e e ey
» She looks at the rule checkers the company is using, but they are on|y reportmg universal defects 1 s ‘ ) execute method. This method should not be directly Invoked by clients, but should be used by the Command
execute( DesignDoc: null, projectId); execution engine.
) [wicoask J Gonmand | sharing
public abstract void execute(DesignDoc DesignDoc, String projectld); Examples@out i@  Violated@out of@®
I

and not helpful.
» Frustrated, she commits her code and waits for code reviews from other developers.
! e o

o P SR o SN el ok

Result - Quantitative ’ " Result - Qualitative

com BM crowdcoding B commands (%) DesignDocCommand
Table of Content ~ All Rules  Violated Rules ~ Generate Rules

DesignDocCommand.java

com. crowdcoding. commands 4 Diff Time (Minutes) Submitted Lines of Code H
. . RN R Control Group Experimental Group

com. crowdcoding.entities.artifacts.DesignDoc . - & & & > &
com. crowdcoding. servlets.ThreadContext Rules applicable for File: bg‘b @04 & %\'.Q %'s\‘& cée é,\i\

rowdCode-master/CrowdCoding/src/com/crowdcoding/comm : * < <F - & <F 3 : [P B . . ]

Dm SrawdCec CrowdCoding/: 9/ h i A ~ Challenges in finding relevant design Used Violated Rules page to find relevant '

gnDocCommand Command { ands/DesignDocCommand.java Cbntrol Group ‘ . el . . ‘s
X - 4500 3.56 | 12033 6833|1744 178 2067 decisions within the design document design decisions.

e e Pl = S 4 Median 36.00 3.00 12.00  70.00 || 1.00  1.00 8.00 ‘ 1 3

(view the rule and all snippets) a Std. Dev. 39.64 3.40 19.82 3.39 8.37 2.54 27.76
\

All Microtask must be by C 3 Exj érimental Group . . . . . . . .
DesignbocCommand (Long DesignDocId) { IF a method is a static method on Command THEN it should implement its behavior by 3 Mean 29.67 4.44 6.33 48.89 1.89 0.11 5.89 ? x Cha”enges n COnneCt'ng COde Wlth deSIgn Used the VIOIated Snlppets to Identlfy
queuéCammand( ? Desgnbocld con‘structing anew Command subclass instaAnlce. The Command cla5§ confains a number of Median 29.00 3.00 6.00 47.00 0.00 0.00 2.00 deCISIOI'IS relevant p|aceS tO make Changes
static methods. Each method creates a specific type of Command by invoking the constructor 3 3 - 6.36 550 371 17.44 530 033 087
of the corresponding subclass. p ; frih 105 - - - - - - -
/)1 Participants
Sharding 1 | . . . . . .
ot o < (et [ [T # Men | 3733 400 | 1333 5861 | 467 094 1328 ‘ X Challenges in finding relevant pieces of Used example snippets listed to compare
= . i i 29.00 3.00 8.50  70.00 |{0.00 0.00 3.00 H i H
e =adComtex ATregdtontent. g2t l) 2 SR o RiCs) VR e 3 S“:j‘; vees agellisso 1577 737 195 2150 | code scattered in different classes v/ examples of the rule and the faulty lines of
, c must i (view the rule and all snippets) p value 0142 0343 0015 0038 | 0056 0.043 0082 | code.
execute( String projectId) { . ) .
( 1= 9) { IF a class is a subclass of Command THEN it must implement execute. Commands represent 1
DesignDoc designDoc = DesignDoc. find( an action that will be taken on an Artifact. In order for this action to be invoked, each subclass
P of Command must implement an execute method. This method should not be directly invoked . . . o v v ne .
Cetamon " S B T o T 5 S G S 3 f » Experimental participants were 3 times faster in starting editing the code and 28% faster Used real-time feedback to detect errors
.println . . . .
R and violations early, immediately after

;  Wicrotask ] Command ] Sharaing : : in finishing the task.

Examples@out of@)  Violated@out of @

execute(designDoc, projectId)

changing the code without running the
application.

» Experimental participants added few lines of code and removed more lines of code.

i jectId ) )
execute( projectId) (view the rule and all snippets) « v

Artifacts should be marked as a data region with an @Entity annotation

IF an object is an artifact subclass THEN it needs to be an entity. To signal that instances of a ) > Experl mental partICIpantS Subm Itted 980/o fewer Incorrect LOC-

DesignDocCommand class constitute a separate data region, the class should have the @Entity annotation. All

17
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T h a n k Y o u ! bit.ly/ActiveDocumentation

smehrpou@gmu.edu
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