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Comprehension Is a major cost factor

IBM Corbj 1989) Over 50% of time

Bell Labs (Davison, 1992) New project members: 680% 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 (Laloza 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

File Edit Source Refactor

DrHL BG &S

workspace - CodeChecker - bzip2/compress.c - Eclipse

Navigate Search Project Run Window Help

RS e RS

[ 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
0& v Z;P ___________________________________________________ y 0E WY 6%
93- static U bzlib_private.h
} [d blocksort.c g; :"id bsPutUChar ( EState* s, UChar ¢ ) H e BZ2 bsInitWrite(EState*) : void
b g 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
& compes 0 /1 e g -
¥ [g crctable.c 3 */ o ° generateMTFValues(EState*) : void
} [8 decompress.c 105¢ Stilit'll': # BZ_LESSER_ICOST
b (4 diltest.c }gg :"“’ EERSHEIENS ( EState* < ) # BZ GREATER_ICOST
} [& huffman.c 108 Int32 i; P § sendMTFValues(EState*) : void
b [§ mk251.c 109 s->nInUse = @; ) Sl # szmery
b [¢ randtable.c ﬂ? f"iI(Z_Einﬁsz[ﬁ?;{m” # BZ_ITUR)
b [€ spewG.c 112 s->unseqToSeq[i] = s->nInUse; =| # BZ_ITAH)
¥ [¢ unzerash.c 113 s->nInlse++; N # BZ2_compressBlock(EState*, Bool) : void
blocksort.o ﬂ; ) } -
%) bz-common.xsl 116 -
¥] bz-fo.xsl 117 . ; -
%] bz-html.xsl 11? et —— 4
[e——
&/ Problems EE} y - &
QCun‘e[’Cun‘eSﬁ} = 8 . -
64 errors, 513 warnings, 16 others (Filter matched 180 of 593 items)
z & - Description Resource Path Location Type
Eamprece:e 157 H
compress.c 1157 :u Symbol 'EOF' could not be resolved bzip2recover. i line 184 Semantic Error
compress.c : 157 : 41 Symbol 'EOF' could not be resolved line 206 Semantic Error
compress.c : 161 :n Symbol 'EOF' could not be resolved ine 228 Semantic Error
compress.c : 161 : -n Symbol 'EOF' could not be resolved line 231 Semantic Error
compress.c : 163 : -8 Symbol 'EOF' could not be resolved line 234 Semantic Error
:a Symbol ‘ermo’ could not be resclved line 207 Semantic Error
b o Aoadrndo 4 Symbol ‘NULL' could not be resolved i line 157 i Semantic Error
——> - -
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Comprehension requires specific toolse

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
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Some existing tools

A Web-based

I OpenGrok

I X

A Fatclient

- CodeSurfer
T X
DEbased
Eclipse
NetBeans
QtCreator

VisualStudio
T X

3/27/2017

Understand (+edit)

76
77
78
79
ge
Bl
82
83
84
85
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87
=21
89
98
91

I Wobog(deep analysis)

size

whil

{OpenGrok

xref: /ifmpeg/src/ffmpeg.c

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
3282 ifile->ist_index + pkt.stream_index, av_get media_Lype string{ist->st->codec->codec_typel,
3283 ->next_dts), av tsZtimestr(ist->next_dts, & 0)

3284 a next_pts), av.

3285
3286
3287
3288
3289 }
3zs0

s
estr(input_files[ist->Eile_index]|->ts_offs

ts2timestr(ist->nex

&AV_TTME_BASE D),
e_base),
ime_base),

et, &AV_TIME_BASE Q));

3291 if(list->wrap_correction done B& is->start time != AV NOPTS VALUE &§ ist->st->pts_wrap bits < 64){

3292
3293
3294
3295 /
3238 if
azs7 &5 i

/_HOPTS_VALUE
=—>ts_offset == -is->start

3298 & (is->iformat->flags & AVEMT TS DISCONT}) {
3299 int64_t new_start_time = INT64_MAX;

treams;

ity |

s s->streams(i];
>discard == AVDISCARD ALL |

new_start_time = FEMIN(new_start_time, av_rescale g(s:

if(st-
continue;
clang:: Type
size t if (new start time > is->start time) {
=i av. s, AV_LOG_VERBOSE,
s_offset = -new_start_time;
H 3309

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)
¢ clang::TypeLocBuilder::pushimpl (3 1)

+ llvm/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}

o clang::TypelLocBuilder::getTypelocinContext {1 r)

CodeCompass

ime but we do not know which are

st-»start_time == AV_NOPTS_VALUE)

>start_time, st->time base, AV_TIME

Correcting start time by 'PRId61"\n", new_start_time - is-»>sta

wan




Required features

A Deep analysis + build informatiern using a real parser

A Fast text based feature location

A Architectural information

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

A Scalable (>10 million LOC)

A Most actions should be fast ( <?Isec)

A Permalinks for communication with fellow developers
ADIFGKSNAY3I it | GLFLAflFofS AyT:
A Open, extensible platform



First experimental version: store AST

A AST contains most of the required information
A Natural output of Clang
A Problem: size!

I 40GB for LLVM project AST dump + indezteX ->100 GB
I 1:500 ratio between source ardodeCompadoB size

A Not scalable

A Future work:

I Detecting identical sufrees ( e.g. of headers)
I NoSQL database?

A Fat client



Final approach: Store named entities

A Names: the most natural target of user actions

A We store
I Class/function/variable declarations, definitions, usage
I References to names are stored as hash values
I Source file as it is (keeping original formatting)
I Build information
Scalable
I 1:30-50 ratio between source andodeCompadSB size
|
A
|

A

Full LLVMCodeCompadSB with indexes 13 GBpostgres

few addition was required
Assignment, parameter lists: detecting read/write relations of variables
I Inheritance, pointer indirectionsypedefs etcX

A Web-based client

A



Performance

Tiny XML Xerces CodeCompasyg Ericsson TSP
2.6.2 3.1.3 v4 product

Source code siz&iB] 1.16 67.28
Search database siz®liB] 0.88 37.93
PostgreSQL DB si2diB] 15 190
Build time [s] 2.73 361
CC Parse time [S] 21.98 517
Text/definition search [s] 0.4 0.3
C++ getusage of atype [s 1.4 2
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Architecture

Application
Source Code

Search

.

Search

cppparser.'éu 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

W]

(iecana
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How to use?

A Fast feature location using text/definition/log search

A Explore the environment of the focus point
I Info tree
I Interactive call graphs
I Virtual functions and function pointers

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



DEBUG INFO: TSTHan: sys_offset =-0.019821, drift comp =-90.4996, sys poll =5
4

conprint{" -—-—-—-———-———————————- HNIP hourly stats ————————————————- kY 1 I
ntpg_p():

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

lfptoa(&z3y3_offsec, &), fptoa(drift_comp, 4), 3¥3_poll):
conprincf(* -----—-------»---------------------—- " ——— W'
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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 « »
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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_
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