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Motto: If it was hard to write it should be hard to understand

-- unknown programmer
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Agenda

e Comprehension as a cost factor

 Why development tools are not perfect
for comprehension?

* Requirements

* Architecture

A few workflows
* Restrictions

* Experiences

* Further planes
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Comprehension is a major cost factor

IBM (Corbi, 1989) Over 50% of time

Bell Labs (Davison, 1992) New project members: 60-80% of time,
drops to 20% as one gains experience

National Research Council in Over 25% of time either searching for or

Canada (Singer, 2006) looking at code

Microsoft (Hallam, 2006) Equal amount of time as design, test

Microsoft (La Toza, 2007) Over 70% of time

Microsoft (Cherubini, 2007) 95%" significant part of job

65%< at least once a day
25%< multiple times of a day
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Using tools



Using tools
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Using tools
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Using tools

file Edit Source Refactor

workspace - CodeChecker - bzip2/compress.c - Eclipse

Navigate Search Project Run Window Help

s S SERERNERC A RN RN SRS SRR

b = daadenda
————>

[ Project Explore BW = a4 [F] xtu-analyze [P} memprof_analyze [P massif_stats (e [¢ bzip2recover.c {@ compress.c E)@W My = a4 3 Console {EE Outline m}a Tasks +” Search = 8
I
ERR | o . . B AR 0%~
TR || o stotic B bainprvote
} [d blocksort.c g; :"id bsPutUChar ( EState* s, UChar ¢ ) e BZ2 bsInitWrite(EState*) : void
b [ bzip2.c 96 bsW( s, 8, (UInt32)c ); o ¥ bsFinishWrite(EState*) : void
3 @ bzip2recover.c 97 } # DbsNEEDW()
» [§ bzlib_private.h gg o 5 bsW(EState®, Int32, UInt32) - void
¥ i) bzlib.c T L Ny o| @ °bsPutUInt32(EState*, UInt32) : void
¥ [ bzlib.h 161 /*--- The back end proper ooty - o ¥ bsPutUChar(EState*, UChar) : void
} 5 compress.c 18; fHommmmomm oo oo oo ¥ 0¥ makeMaps_e(EState*) : void
=
¥ [g crctable.c 3 */ o ° generateMTFValues(EState*) : void
} [§ decompress.c 105- static # BZ_LESSER_ICOST
b (4 dlitest.c }gg :"“’ EERSHEIENS ( EState* < ) # BZ GREATER_ICOST
} [g huffman.c 108 Int32 i; o P § sendMTFValues(EState*) : void
¥ [ mk251.c 169 S->HHUSE =0; | # BZ_ITER()
110 for (i = 0; 1 < 256; i++)
¥ [g randtable.c 111 if (s->inUse[i]) { _ # BZ_ITUR()
b [€ spewG.c 112 s->unseqToSeq[i] = s->nInUse; =| # BZ_ITAH()
=
} [¢ unzerash.c 113 : s->nInlse++; # BZ2_compressBlock(EState*, Bool) : void
114
blocksort.o 115 1 =
%) bz-common.xsl 116
¥] bz-fo.xsl 11; -
118/ F e e e e */
%] bz-html.xsl .
e
&/ Problems EE} ¥ =0
& Curre ['. Curre 831 = 8
64 errors, 513 warnings, 16 others (Filter matched 180 of 593 items)
z & - Description Resource Path Location Type
I —— .
compress.c : 157 1 n Symbol 'EOF' could not be resolved bzip2recover. i line 184 Semantic Error
compress.c : 157 : ‘8 Symbol 'EOF' could not be resolved : line 206 Semantic Error
compress.c : 161 : ‘@ Symbol 'EOF' could not be resolved ine 228 Semantic Error
compress.c : 161 : 8 Symbol 'EOF' could not be resolved line 231 { Semantic Error
compress.c : 163 : ‘8 Symbol 'EOF' could not be resolved line 234 | Semantic Error
5 compress.c - 103 ¢ - Symbol ‘ermo’ could not be resolved line 207 : Semantic Error
@ Symbol 'NULL' could not be resolved i line 157 i Semantic Error
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Comprehension requires specific toolset

Development of code Understanding code

Writing new code Reading and navigating inside code
(support: code completion, etc.)

Intentions are clear Intensions are weak

Editing only a few files at the same Frequently jumping between different
time files

Working on the same abstraction Jumping between various abstraction
level for a while levels (Google map of code)

Edit, compile, fix Visualize

3/27/2017 CodeCompass 8



Some existing tools

e Web-based
— OpenGrok

— Woboq (deep analysis)

 Fat-client
— Understand (+edit)
— CodeSurfer

* |DE-based
— Eclipse
— NetBeans
— QtCreator
— VisualStudio

3/27/2017
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{OpenGrok

xref: /ifmpeg/src/ffmpeg.c

ist->st->codec->codec_type),

Home | History | Annotate | Line# | Navigate | Raw | Download Search  only in fffmpeg/src/

3278 if (debug ts)

3280 av_log (NULL, AV_LOG_INFO, "demuxer —> ist_index:id type:is

3281 ‘next_dts:$s next_dts_time:%s next pis:%s neXt_pts_time:$s pKt_pts:%s pkt_pts_time:ts pke_dt
1282 ifile->ist «dex + pkt.stream_index, av_get_media_type_strin:

3283 av ts2str(ist->next_dts), av tsZtimestr(ist->next dts, &AV TIME BAS

3284 - &AV_TIME_BASE_O),

3285 = ke.pta), av_ts2 e_base),

3286 ke.dts), av_t ime_base),

3287 a nput_files[ist->file_index]->ts offs

=str(input_files[ist->file_index|->ts_offset, &AV_TIME BASE_Q));

before the first use of star
da it here as part of discontinuity

next_dts NOPTS_VALUE
&5 =—>ts_offset == -is->start_time
& (is->iformat->flags & AVEMT TS DISCONT}) {
int64_t new_start_time = INT64_MAX;

i<is-»nb_streams; it+) {

L Stream *st = is->streams(i]:
if(st->discard == AVDISCARD ALL || st->start time == AV_NOPTS VALUE)
continue;

clang:: Type
size_t

new_start_time - FFMIN(new_start_time, av_rescale g(st->s

if (new start_time > is-»start time) {
Declarations 337, y !
llvm/ftools/clang/lib/Sema/TypelLocBuilder.h:31
Show Uses: {12)
« |lvm/tools/clang/lib/Sema/TypeLocBuilder.cpp (7)

o clang::TypelLocBuilder::grow (4 rw)

o clang::TypeLocBuilder::pushimpl (3 r)
+ |lvm/tools/clang/lib/Sema/TypeLocBuilder.h (5)

o clang::TypelLocBuilder::TypeLocBuilder {1 w)

o clang::TypelLocBuilder::reserve (1 r)

o clang::TypeLocBuilder::clear {1 r)

o clang::TypelocBuilder::getTypeSourcelnfo (1 r}

¢ clang::TypelocBuilder::getTypelocinContext (1 1}

s offset = -new_start_time;

if(list->wrap_correction done B& is->start time != AV NOPTS VALUE &§ ist->st->pts_wrap bits < 64){
int64_t stime, stime

e but we do not know which are

wan

tart_time, st-»time base, AV_TIME

av s, AV_LOG_VERBOSE, "Correcting start time by %"PRId64"%n", new_start_time - is->sta
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Required features

Deep analysis + build information -> using a real parser
Fast text based feature location

Architectural information

Textual summaries (types, variables, functions, macros)
Various (interactive) visualizations

Scalable (>10 million LOC)

Most actions should be fast ( < 1-2 sec)

Permalinks for communication with fellow developers

Gathering all available information: code history, metrics, ...

Open, extensible platform



First experimental version: store AST

AST contains most of the required information
Natural output of Clang

Problem: size!

— 40GB for LLVM project AST dump + indexes, etc... ->100 GB
— 1:500 ratio between source and CodeCompass DB size

Not scalable

Future work:

— Detecting identical sub-trees ( e.g. of headers)
— NoSQL database?

Fat client



Final approach: Store named entities

Names: the most natural target of user actions

We store
— Class/function/variable declarations, definitions, usage
— References to names are stored as hash values
— Source file as it is (keeping original formatting)
— Build information

Scalable
— 1:30-50 ratio between source and CodeCompass DB size
— Full LLVM CodeCompass DB with indexes 13 GB in postgres
A few addition was required
— Assignment, parameter lists: detecting read/write relations of variables
— Inheritance, pointer indirections, typedefs, etc...

Web-based client



Performance

Tiny XML CodeCompass Ericsson TSP
2.6.2 product

Source code size [MiB] 1.16 67.28 3344
Search database size [MiB] 0.88 37.93 139 7168
PostgreSQL DB size [MiB] 15 190 2144 7729
Build time [s] 2.73 361 2024 -

CC Parse time [s] 21.98 517 6409 -
Text/definition search [s] 0.4 0.3 0.43 2
C++ get usage of atype[s] 1.4 2 2.3 3.1

3/27/2017 CodeCompass 14



Architecture

Application LEuild log
Source Code
@ Thrft API

C++

Search Search

.

cppparser.lén searchparser.so cppservice.so searchservice.so
S . eee L . eee
Git € git\ . MyParser Git / MyService .
gitparser.so ", myparser.so 4 gitservice.so . myservice.so
CodeCompass CodeCompass
Parser executable Web Server executable

0 f
W] | (Sazaas

oDB




How to use?

Fast feature location using text/definition/log search

Explore the environment of the focus point
— Info tree

— Interactive call graphs

— Virtual functions and function pointers

Understand the code history
Understand higher level architecture
Explore related static analysis results/code metrics



DEBUG INFO: TSTHan: sys offset=-0.019821, drift comp=-90.4996, sys poll=5

/4

518 conprint{" -—-—-—-———-———————————- HNIP hourly stats ————————————————- kY 1 I
A19 ntpa_p();

820 conprint (" 3y3_offset=%3, drift_comp=%3, 3y3_poll=%d\n",

821 lfptoa(&z3y3_offsec, &), fptoa(drift_comp, 4), 3¥3_poll):

822 conprint{(™ --—-—4--r-——rm—mm—eme——m—rme——————————————————————————————— wo");

3/27/2017 CodeCompass 17



Text Search: |Textsearch 9]@

File Filter: 2 © Directory Filter: | ] (7] tDatabac;g Em_s_] ~|
Path: /

sed) AbstractDOMParser.cpp :: /home/bruntib/Downloads 2
1 /xerces c-3.1.1/src/xercesc/parsers/AbstractDOMParser.cpp
20  AbstractDOMParser::AbstractDOMParser( XMLValidator* const  val
81 . MERBEGMARAGEE* const
82 " covo
Parser 4% .
-1 £C. EntityRef Nodes (true)
DOMParser 25, flncludeIgnorableWhitespace(true)
26 , fWithinElement(false)
> xercesc_3_1:AbstradD( | <7 | fparseInProgress(false)
ctDOMParserhpp:54:1 28, fCreateCommentNodes(true)
& |, (false)
40, fCreateSchemalnfo(false)
1 , fDoXInclude(false)
52 , fScanner(0)
93, £Impl ionFy ()
4 , fCurrentParent(0) -~
95" g g
~Mem Wanager'§
=(const class xercesc_3_| ¢
DOMParser(const class X | wersemsamess) MemoryManager.hpp :: /home/bruntib/Downloads/xerces- yarsed) (Fully parsed) AbstractDOMParser.hpp :: /home/brunti
(). void c-3.1. 1/src/xerces:/fra-e-orklne-oryhnager.hpp %] /Dounloadslxerces-c 3.1, l/srclxercesc/fra-emrk /Downloads/xerces-c-3.1.1/src/xercesc/parsers
(): void ' 39 class XMLPARSER _EXPORT MemoryManager ‘ /XMLGrammarPool . hpp ] /AbstractDOMParser.hpp
rogress(): void s H 156 1%0 - 1768 bool £Documentidopte
41 public: 157 * createDTDDescription
42 /" 158 o
43 // Constructors sre hidden, only the virtual destructor 159 */
44 1/ 160 virtual XMLDTDDescripticn* createDTDDescri}
45 161 1o
46 /** @name Destructor */ 162 * createSchemaDescription E |
47 118 163 3
48 163 8
DOMParser.cpp (4) 43 V] 165 virtual RUESEHESSDESCEIPEISH® createSchemaDesc
sntepp (8) 50 * Default destructor 166
Si sl 167 7178}
“arserimpl.cpp (20) s2 virtual -MemoryManager () 168
) 53 ! = 159 )74 =
| 51 | e —— LS8 170 [ i ] )
é -XMLScnemaD non:
»
XMLSchemaDescription.hpp :: /home/bruntib/Downloads
/xerces-c-3.1.1/src/xercesc/framework/XMLSchemaDescription.hpp Q
32 class XMLPARSER _EXPORT XMLSchemaDescription : public XMLGram fé L
22 = L
or « »

3/27/2017 CodeCompass 18



S

as2.tsp.eth.ericsson.se:6377/#wsid=compassé&diagNode=2152716170126066099&d c | |Q Search | wBa ¥+ @ ‘ =
Search: |Text search | hd | Bettings « | |Search expression, like "foo AND bar” (see question mark icon for help) | - | 0
File Filter: |File name filter regex (*cpp) 3&| P Directory Filter: |Path filter regex (click on a dir below) 8-| (7] H
<] [ 2]
ir
o contained ...Jexxparserfsre/lib_libexxparser_la-cxxparser.o
. used
PP provides contained by
used by wfsrel libsAlib_libexxparser_la-cxxparser.o |
CF . / l
tained G
h ot - by ..srcl libs/lib_libexxparser_la-ccfrontendaction.o
contained by
P
..Jexxparserfsrc/lib_libexxparser_la-ccfrontendaction.o |
P
h
th (RESET
m -
- Context Buttons
——— [Fully parsed) ccfrontendaction.h :: /ssd/whisperity/CodeCompass Discovery/ccSrcMaster/parser/cxxparser/src/ccfrontendaction.h ‘ DAL ‘
——— | Find in this file: | (Use fre/ syntax for regexp search) & prev next [ File diagrams ¥ J
1 |/* ( Metrics + )
2 * macrofrontendaction.h
| 3 | * [ Text View J
4 % Created on: Jul 4, 2013 ( Export SVG ]
5 % Author: ezoltho [ J
1| & | ¥ Legend
7 [ Non-reduced view J
— 8 #ifndef CODECOMPASS MACROFRONTENDACTION H
9 #define CODECOMPASS MACROFRONTENDACTION H_

3/27/2017 CodeCompass
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/. compass - Code... % \ﬁiﬂ
@) @ | md-mtas2.tsp.eth.ericsson.se:6377/#wsid=compass&cent=text&versionrepoid c | |Q Search

Search: |Tex‘[ search | - | Settings |5‘ee,.r<:.h expression, like "foo AND bar” (see question mark icon for | - | 0
o
- File Filter: |File name filter regex (.*cpp) au| 0 Directory Filter: |F'ath filter regex (click on a dir below) 8,| 0
- [ € |0penfl|e:cppservlce.q:p | » ]
File Manager ./cppservice/sro MC Style ~ | | (Fully parsed) cppservice.cpp :: /ssd/whisperity/CodeCompass_Discovery/ccSrcMaster/service/cppservice/src/cppservice.cpp
@ Project: compass Find in this file: | {Use /re/ syntax for regexp search) <& prev next P
% Jump to sourcedir #include "model/cxx/cppastnode.h"
£ //for now we only support one workspace
O libs #define WORKSPACE ID 1
cppsernvice cpp namespace cc
p
ice.h *{ )
cppservice namespace service
plugin.cpp - {
1

webplugin_cppservice_la-cppservice.d . ?EMSPEEE anguage

webplugin_cppservice_la-cppservice.lo
“* webplugin_cppservice_la-cppservice.o
webplugin_cppservice_la-plugin.d
webplugin_cppservice_la-plugin.lo
“* webplugin_cppservice_la-plugin.o

CppServiceHandler: :CppServiceHandler(const CppServiceHelper& helper)
: helper(helper)

{
}
woid CppServiceHandler::getAstNodeInfoByPosition(AsthodeInfo& return,

const core::FilePosition& fpos,
const std::vector<std::string> & filters)

SLog{util::DEBUG)=<"getting astno Description: r file:"=<fpos.file.fid<<

} _return = helper.getas InfoBy const std:vector & filters Vi

wvoid CppServiceHandler::getInfoBox{InfoBox& return,
const core::AstNodeId& astNodeId)
|

1

Query Results _return = helper.getInfoBox{astiodeId);

Info Tree

~ Context Buttons

Browsing Histary woid CppServiceHandler::getInfoBoxByPosition(InfoBo

const core::FilePosition& fpos,

MI Navigator const std::vectorestd::string> & filters) ‘ + File Cutline ‘
« 1

Revision Control Navigator ~return = helper.getInfoBoxByPosition(fpos, filte [ File diagrams + ]

Similarity Tree [ Metrics + ]

Project Information

void CppServiceHandler::getAstNodeInfo(AstNodeInfo& return,
]

3/27/2017 CodeCompass 20



Search: |Text search

File Filter: |Fi|e name filter regex ( *cpp)

| - |[ Settings ] |Sea-"c-'? expression, like "foo AND bar” (see question mark icon for help)

Q | 0 Directory Filter: |Path filter regex (click on a dir below)

[ LS }vhisperitnyodeCompassfllvmflibJ’MCfMCDisassemblerfDisassembIer.cpp, line: 72

‘ File Manager ../ MC Style| ~ (Fully parsed) Disassembler.cpp :: /ssd/whisperity/CodeCompass/Lllvm/lib/MC/MCDisassembler/Disassembler.cpp
‘ Query Results Find in this file: | | (Use /re/ syntax for regexp search) (prev next )
22 F ULSdSSEMULET LUTNILEX L. L1 NUL, 1L FELUTIS NULL.
‘ Info Tree 34 //
35 LLVMDisasmContextRef
‘ Browsing History [ R |
Entered call from 'LLVMCreateDisasmCPU" |
CodeChecker 36 LLVMCregteDisasmCPUFeatures(const char *TT, const char *CPU,
= ‘ mutex: 774, Address of stack mer 37 const char *Features, vold *DisInfo, int TagType,
i 38 LLWMOpInfoCallback GetOpInfe,
* ‘ mutex:774, Address of stack met 39 LLVMSymbolLookupCallback SymbollLookUp) {
+ ‘ mutex: 774, Address of stack mer 48 /et the target.
. 41 std::string Error;
* “ mutex 774, Address of stack mer 42 Linst Target *TheTarget = TargetRegistry::lookupTarget(TT, Error);
| o mutex:774, Address of stack mer 43 ifﬁ!TheTarget)
+ o mutex:774, Address of stack mer Assuming 'TheTarget’ is mon-null
+ o mutex:774, Address of stack mer 44 r¢turn nullptr;
45
& q mutex:774, Address of stack met 46 const MCRegisterInfo *MRI = TheTarget->createMCRegInfo(TT);
+ o mutex:774, Address of stack mer 47 if-’qa!MRI)
+ ‘ mutex: 774, Address of stack mer Assuming 'MRI' is non-null
+ o mutex:774, Address of stack mer 48 return nullptr;
49
* * mutex:774, Address of stack mer 5@ // jpet the assembler info needed to setup the MCContext.
= More ... 51 const MCAsmInfo *MAI = TheTarget->createMCAsmInfo(*MRI, TT);
3 1
4 () core.CallAndMessage (148) 52 1w \
- A i 'MAT' i -null
- == cplusplus. NewDeleteleaks (51)  Assuming 18 mon—nut-
. _ 53 rgturn nullptr;
-« Disassemblercpp:72, Potential le - P
= Step 1: Disassemblercpp 10¢ 55 const MCInstrInfo *MII = TheTarget->createMCInstrInfo();
- > i
= Step 2: Disassemblercpp 10¢ e lfﬂ'MH} .
. A i 'MII® i -null
= Step 3: Disassemblercpp 35 | fSstming s mon-nd®”
. 57 return nullptr;
= Step 4: Disassemblercpp 41: o prri
= Step 5. Disassembler.cpp 43: 59 const MCSubtargetInfo *STI =
R 1 60 & TheTarget->createMCSubtargetInfo(TT, CPU, Features);
- Step 6: Disassemblercpp 43: = 1#MsTT)
> Step £ Dlsassembler_cpp 46 - | Assuming 'STI' is non-null
q » .
62 return nullptr;
Revision Centrol Navigator 63
64 // sgt up the MCContext for creating symbols and MCExpr's.
‘ Similarity Tree 65 MCContext *Ctx = new MCContext(MAI, MRI, nullptr);
‘ Project Information Memory is allocated |

3/27/2017
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File Manager _/parser/logger MC Style

Query Results

(Fully parsed) legtoxml.cpp :: /ssd/whisperity/CodeCompass Discovery/ccSrcMaster/parser/logg

Info Tree

- @ Type: LogCommand

m

Name: LogCommand
-] Qualified Name: LogCommand
D Defined: logtoxml.cpp:18:1
+ § Aliases
i Inherits From
+ Inherited By
§# Friends
- fx Methods
- = Compiler-generated
- [ public
() LogCommand()
D LogCommand(const LogCommand &)
D LogCommand({LogCommand &&)
D operator=(LogCommand &&). LogCommand &
=] ~LogCommand()
+ |1 Inherited

+ Members
+ 3= Usage

Browsing History
MI Navigator

Revision Control Navigator

3/27/2017

Find in this file:
12 |#include <boost/program cpticns.hpp>

( prev

| (Use /re/ syntax for regexp search)

TR =Tl 1o P | ST l—do—D Ie

Code Documentation

{(Fully parsed) logtoxml.cpp :: /ssd/whisperity/CodeCompass_Discovery/ccSrcMaster/parser/lo

LogCommand: : LogCommand ()

compiler ()

(1 TR I O

, objects()

L

, params ()

{1

o

LogCommand: :LogCommand (const LogCommand & arg 1)
compiler (arg l.compiler)
, objects(arg_l.objects)

o

, params(arg l.params)

{1

W L B

LogCommand: :LogCommand (LogCommand && arg 1)

L

compiler (std::move( arg_l.compiler }}

o

, objects(std::move( arg l.cbjects )]

, params (std::move( arg_l.params })

{1

o m

[}

LogCommand & LogCommand::operator=(LogCommand && arg_ 1)
{

U S V% T NV R 5 T S T T T T VR TR 5 N o T T % T T % T o T S B 8 |
0o m

=
-

42 this->compiler.operator=(std::move({ arg_l.compiler });
43 this->objects.operator=(std: :move{ arg l.cbhjects }};
44 this->params.operator=(std: :move ( arg_I.paIams Y

45 return *this;

16 |1

49 LogCommand: : ~LogCommand ()

30 | {}

51

22 ) <

=TT

(4 I

CodeCompass 22



Experiences with CodeCompass

Open source since summer 2016

Mainly used inside Ericsson and in University
Replacing/extending OpenGrok

Voluntary-based: No policy to enforce using CodeCompass
~15 million LOC parsed inside Ericsson

~300 users

Frequently used investigate CodeChecker results

... and by architects to get a system level view



40
35
30
25
20
15
10

=]

Experiences with CodeCompass

Tool usage in the four most active teams

m CodeCompass
B OpenGrok
H Low-level tools (e.g.: grep)
m By browsing the code
m By asking colleagues
Function Variable  Class or object Code change Higher-level
definitions and binding and  relationships responsibility,  models of
calls references version control software

3/27/2017 CodeCompass 24



Future plans

Incremental parsers: from “Snapshot” view to editable
— Pointer analysis
— Reparse: source + build info -> rebuild AST on demand
Complex query language
User specific information
— Review notes, reminders, comprehension map

— Personal “Comprehension map” (incl. internal links)

|deal for starting a Clang-based server implementing C/C++
LSP (Language Server Protocol), like ClangD

Feel free to contribute
— New language parsers
— New GUI functionality

Language Server Protocol (LSP) interface



Summary

Scalable (up to 10 million LOC)

Most actions are completed ( < 1-2sec)

Textual summaries (types, functions, variables, macros)
Various (interactive) visualizations on the code
Architectural information (based on build info)

GIT history

Permalinks to communicate with other developers
CodeChecker integration to show Clang SA results

Java, Python support (less mature)

Easy to extend



