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Immersive Software Visualization
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Software




[Software is] anything
but hardware, [...] the "soft"
part is the intangible objects

inside the computer.
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Programming = Writing




/***************************************************************************/
at micro-Max, L3
/* A chess program smaller than 2KB (of non-blank source), by H.G. Muller */

/***************************************************************************/

/* version 3.2 (2000 characters) features: =y
/* - recursive negamax search W]
/* - quiescence search with recaptures v
/* - recapture extensions &/
/* - (internal) iterative deepening 2y
/* - best-move-first 'sorting' v
/* - a hash table storing score and best move v
/* - full FIDE rules (expt minor ptomotion) and move-legality checking -

#define F(I,S,N) for(I=S;I<N;I++)

#define W(A) while(A)

#define K(A,B) *(int*) (T+A+(B&8)+S* (B&7))
#define J(A) K(y+A,b[y])-K(x+A,u)-K(H+A, t)

#define U 16777224
struct _ {int K,V;char X,Y,D;} A[U]; /* hash table, 16M+8 entries*/

int V=112,M=136,5=128,1=8e4,C=799,Q,N,1i; /* V=0x70=rank mask, M=0x88 */

char 0,K,L,
VINEEHOPEY, 183, G BE5000, /* relative piece values */
o[]={-16,-15,-17,0,1,16,0,1,16,15,17,0,14,18,31,33,0, /* step-vector lists */
el ilil 6, 6,3,68 /* 1st dir. in o[] per piece*/
6,3,5,7,4,5,3,6}, /* initial piece setup 2/
b[129], /* board: half of 16x8+dummy*/
T[16035], /* hash translation table &/
n[]=".?+nkbrq?*?NKBRQ" ; /* piece symbols on printout*/
D(k,q,1,e,J,Z,E,z,n) /* recursive minimax search, k=moving side, n=depth*/
int k,q,1,e,J,Z,E,z,n; /* (q,1)=window, e=current eval. score, E=e.p. sqr.*/
{ /* e=score, z=prev.dest; J,Z=hashkeys; return score*/

int j,r,m,v,d,h,i=9,F,G;
char t,p,u,x,y,X,Y,H,B;
struct _*a=A;
/* lookup pos. in hash table*/

j=(k*E™J)&U-9; /* try 8 consec. locations */
W((h=A[++]].K)&&h-Z&&--1) ; /* first empty or match S/
a+=1i7j:0; /* dummy A[O] if miss & full*/
if(a->K) /* hit: pos. is in hash tab */
{d=a->D;v=a->V;X=a->X; /* examine stored data 5/
if(d>=n) /* if depth sufficient: &/
{if(v>=1|X&S&&v<=q|X&8)return v; /* use if window compatible */
d=n-1; /* or e @& THEr. SEErt v
}X&=~M;Y=a->Y; [ with best-move hint */
Y=d?Y:0; /* don't try best at d=0 k)
telse d=X=Y=0; /* start iter., no best yet */
N++; /* node count (for timing) */
W(d++<n|z==8&N<1e7&d<98) /* iterative deepening loop */
{x=B=X; /* start scan at prev. best */
Y|=8&Y>>4; /* request try noncastl. 1lst*/
m=d>1?-I:e; /* unconsidered:static eval */
do{u=b[x]; /* scan board looking for <
if (u&k) /* own piece (inefficient!)*/
{r=p=u&7; /* p = piece type (set r>0) */
j=o[p+16]; /* first step vector f.piece*/
W(r=p>2&r<0?-r:-o[++j]) /* loop over directions o[] */
{A: /* resume normal after best */
y=x;F=G=S; /* (x,y)=move, (F,G)=castl.R*/
do{H=y+=r; /* y traverses ray v
if(Y&B)H=y=Y&M; /* sneak in prev. best move */
if(y&M)break; /* board edge hit &/
if(p<3&y==E)H=y"16; /* shift capt.sqr. H if e.p.*/
t=b[H];if(t&k|p<3&! (r&7)!=!t)break; /* capt. own, bad pawn mode */

i=99*w[t&7] ; /* value of capt. piece t &/

if(i<0||E-S&&b[E]&&y-E<2&E-y<2)m=1I; /* K capt. or bad castling */

if(m>=1)goto C; /* abort on fail high 5y
if(h=d-(y!=z)) /* remaining depth(-recapt.)*/
{v=p<6?b[x+8]-b[y+8]:0; /* center positional pts. S
b[G]l=b[H]=b[x]=0;b[y]=u&31; /* do move, strip virgin-bit*/
if(!(G&M) ) {b[F]=k+6;v+=30;} /* castling: put R & score */
if(p<3) /* pawns: &y
{v-=9*(((x-2)&M| |b[x-2]!=u)+ /* structure, undefended </
((x+2)&M| |b[x+2]!=u)-1); /% squares plus bias */

if(y+r+1&S) {b[y] |=7;i+=C;} /* promote p to Q, add score*/
v=-D(24-k,-1-(1>e) ,m>q?-m:-q,-e-v-i, /* recursive eval. of reply */
J+J(0),Z+J(8)+G-S,F,y,h); /* J,Z: hash keys /]

v-=v>e; /* delayed-gain penalty .
if(z==9) /* called as move-legality */
{if(v!=-I8&x==K&y==L) [ checker: if move found */
{Q=-e-1i;0=F;return 1;} [ & not in check, signal */

v=m; /* (prevent fail-lows on 2y

} » K-capt. replies) b 4
b[G]=k+38;b[FI=b[y]=0;b[x]=u;b[H]=t; /* undo move,G can be dummy */
if(Y&8) {m=v;Y&=~8;goto A;} /* best=1st done,redo normal*/
if(v>m) {m=v;X=x;Y=y|S&G; } /* update max, mark with S */

} s if non castling */
t+=p<5; /* fake capt. for nonsliding*/

if (p<3&6*k+(y&V)== /* pawn on 3rd/6th, or &y

| '] (U&~24)==36&]==78&& /* virgin K moving sideways,*/

G&M&&b [G=(X|7) - (r>>1&7)]1&32 /* 1st, virgin R in corner G*/

&&! (b[G"1] |b[G"2]) /* 2 empty sqrs. next to R */
Y{F=y;t--;} /* unfake capt., enable e.p.*/
IW(It) /* if not capt. continue ray*/
}IIW((x=x+9&~M) -B) ; /* next sqr. of board, wrap */
C:if(m>I/4|m<-1/4)d=99; /* mate is indep. of depth */
m=m+I?m:-D(24-k,-1,1,0,J,2,5,S5,1)/2; /* best loses K: (stale)mate*/
if(la->K| (a->X&M) '=M|a->D<=d) /* if new/better type/depth:*/
{a->K=Z;a->V=m;a->D=d;A->K=0; /* store in hash,dummy stays*/
a->X=X|8*(m>q) | S*(m<1);a->Y=Y; /* empty, type (limit/exact)*/

} /* encoded in X S,8 bits */
/*if(z==8)printf("%2d ply, %9d searched, %6d by (%2x,%2x)
\n",d-1,N,m,X,Y&Ox77);*/

}
i (2&8) {K=X;L=Y&M;}
return m;

}
main()
int j,k=8,*p,cl[9];

F(i,0,8)

{b[i]=(b[i+V]=0[i1+24]1+40)+8;b[1+16]=18;b[i+96]=9; /* initial board setup*/
F(j,0,8)b[16*j+i+8]=(1-4)*(i-4)+(j-3.5)*(j-3.5); /* center-pts table 24
} /*(in unused half b[])*/
F(i,M,1035)T[i]=random()>>9;

W(1) /* play loop &/

{F(i,0,121)printf (" %c",1&8&&(i+=7)?10:n[b[i]1&15]1); /* print board 2]
p=c;W((*p++=getchar())>10); /* read input line 2y
N=0;
if(*c-10) {K=c[0]-16*c[1]+C;L=c[2]-16*c[3]+C;}else /* parse entered move */
D(k,-I,I1,Q,1,1,0,8,0); /* or think up one */
F(i,0,U)A[i].K=0; /* clear hash table  */
if(D(k,-1,1,Q,1,1,0,9,2)==I)k"=24; /* check legality & do*/

}




Old Habits Die Hard
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Software Visualization




Software Visualization

“The use of the crafts of typography,
graphic design, animation, and
cinematography with modern
human-computer interaction and
computer graphics technology to
facilitate both the human
understanding and effective use of
computer software.”

John Stasko, 1998

dictatorial

cribes 3 A person who dictates words

pto-ri-al (dik’taotor’eosl, -to'ré-) ad
g. overbearing; autocratic. 2 Of or p€
or his rule. —dic tato’ri.ally adv. =
ary, despotic, opinionated, arroga
»n (dik’shon) n. 1 The use, choice
ds and modes of expression. 2 The
r words in speaking or singing. [<
n-ar-y (dik’shon-er’é) n. pl. .ar.
r the words of a language arrange
ith their syllabication, pronuncig
rmology. 2 A similar work havir
ents in another language. 3 Any 1
r terms arranged alphabetical
L dictionarium a collection of wol
(dik"tom) n. pl. dic.ta (-t2) or .tun
pgmatic, or positive utterance; a
lar saying; a maxim. [<L dicere
n.Z. of po’.

 (di-dak’tik, di-) adj. 1 Intendeq
2 Morally instructive; preceptiy
teach; pedantic. Also didac’
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Software Visualization

“The use of
computer graphics to
facilitate the
understanding of

software.”

dictatorial

cribes 3 A person who dictates words

pto-ri-al (dik tator’esl, -to'ré-) aqg
g. overbearing; autocratic. 2 Of or p€
or his rule. —dic’tato’rially adv. =
ary, despotic, opinionated, arroga
»n (dik’shan) n. 1 The use, choice
ds and modes of expression. 2 The
r words in speaking or singing. [<
n-ar-y (dik’shon-er’é) n. pl. .ar.
r the words of a language arrange
ith their syllabication, pronuncig
rmology. 2 A similar work havir
ents in another language. 3 Any 1
r terms arranged alphabetical
L dictionarium a collection of wol
(dik’tom) n. pl. dic-ta (-t2) or -tun
pgmatic, or positive utterance; a
lar saying; a maxim. [<L dicere
n.t. of po’.

° (di-daktik, di-) adj. 1 Intendeq
2 Morally instructive; precepti
teach; pedantic. Also didac’
| —di.dactically adv. —didac’
8 (didak’tiks, di-) n. pl. (
e or art of instruction or
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#include <math.h>

#include <sys/time.h>
#include <X11/X1lib.h>
#include <X1ll1l/keysym.h>

double L ,o0o ,P
,_=dt,T,z,D=1,d,
s[999] ,E,h= 8,I,
J,K,w[999] , M, m,O
,n[999] ,3=33e-3,i=
1E3,r,t, u,v ,W,S=
74.5,1=221 ,X=7.26,
a,B,A=32.2,c, F,H;
int N,q, C, y,p,U;
Window z; char £[52]
; GC k; main () { Display*e=
XOpenDisplay( 0) ; =RootWindow (e, 0) ; for (XSetForeground (e,k=XCreateGC (e, z,0,0) ,BlackPixel(e,0))
; scanf ("31£f31f%1f" ,y +n,w+y, y+s)+1l; y ++); XSelectInput(e,z= XCreateSimpleWindow(e,z,0,0,400,400,
0,0, WhitePixel (e,0) ), KeyPressMask) & for (XMapWindow(e,z); ; T=sin(0O)){ struct timeval G={ 0,dt*leé6}
; K= cos(3j); N=led; M+= H*_; Z=D*K; F+=_*P; r=E*K; W=cos( O); m=K*W; H=K*T; O+=D*_*F/ K+d/K*E*_; B=
sin(3j) ; a=B*T*D-E*W; XClearWindow(e,z) ; t=T*E+ D*B*W; j+=d*_*D-_ *F*E; P=W*E*B-T*D; for (o+=(I=D*W+E
*T*B , E*d/K *B+v+B/K*F*D)*_ ; p<y; ){ T=plsl]+i; E=c-plwl; D=n[pl-L; K=D*m-B*T-H*E; if(p [nl]l+w[ pl+pls
== 0|K <fabs (W=T*xr—-I*E +D*P) |fabs (D=t *D+Z *T-a *E)> K)N=led; else{ g=W/K *4E2+2e2; C= 2E2+4e2/ K
*D; N-1lE4&& XDrawline(e ,z,k,N ,U,q,C); N=q; U=C; } ++p; } L+=_* (X*t +P*M+m*1l) ; T=X*X+ 1*1+M *M;
XDrawString(e,z,k ,20,380,f£f,17); D=v/1*15; i+=(B *1-M*rx —X*2Z)*_ ; for(; XPending(e) ; u *=CsS!=N) {
XEvent z; XNextEvent(e ,&z) ;
++* ( (N=XLookupKeysym
(&z .xkey,0))-IT?
N-LT? UP-N?& E: &
J:& u: &h); ——*(
DN -N7? N-DT ?N==
RT?&u: & W:&h:&J
):; } m=15*F/1;
c+=(I=M/ 1,1*H
+I*M+a*X)* ; H
=A*r+v*X-F*1+ (
=.1+X*4.9/1,¢t
=T*m/32-I*T/24
) /S; K=F*M+ (
h* le4/1-(T+
E*S5*T*E) /3e2
) /S-X*d-B*A;
a=2.63 /1*d:;
X+=( d*1-T/sS
*(.19*E +a
* . 64+J/1le3
) —M* v +A*

Z)*_; 1 +=
K *_; W=d:;
sprintf (£,
"$5d 34"

"$7d" ,p =1
/1.7, (C=9E3+
O*57.3) %0550, (int)i) ; d+=T* (.45-14/1*
X-a*130-J* .14)*_ /125e2+F*_*v; P=(T* (47
*I-m* S2+E*94 *D-t*_ 38+u*.21*E) /lel2+W*
179*v) /2312, select(p=0,0,0,0,&G) ; v-=(
W*F-T* (.63*m—-I* . 086+m*E*19-D*25~_11%*u
) /107e2) *_; D=cos (o) ; E=sin(o); } }




#include <math.h>

#include <sys/time.h>
#include <X11/X1lib.h>
#include <X1ll/keysym.h>

double L ,o0o ,P
,_=dt,T,z,D=1,d,
s[999] ,E , h= 8,I,
J,K,w[999] , M, m,O
,n[999] ,3j=33e-3,i=
1E3,r,t, u,v ,W,S=
74.5,1=221 ,X=7.26,
a,B,A=32.2,c, F, H;
int N,q, C, y,p,U;
Window z; char £[52]
GC k; main () { Display*e=
for (XSetForeground (e ,k=XCreateGC

-

XOpenDisplay( 0) ; z=RootWindow (e, O

) ;

; scanf ("S1Ef%1£f%1f" ,y +n,w+y, y+s)+l; y ++); XSelectInput(e,z= XCre»"~ 00,
0,0, WhitePixel (e,0) ), KeyPressMask) ; for (XMapWindow(e,z) ; ; T=s~ ‘l 6}
; K= cos(3j); N=led; M+= H*_; Z=D*K; F+=_ *P; r=E*K; W=cos( O* “i!\k B=

sin(j) ; a=B*T*D-E*W; XClearWindow(e,z) ; t=T*E+ D*B*W; 5~

*T*B,E*d/K *B+v+B/K*F*D)*_ ; p<y; ){ T=plsl+i; E=c-p~ e
J== O|K <fabs (W=T*r-I*E +D*P) |fabs (D=t *D+Z *7-
*D; N-1E4&& XDrawLine(e ,z,k,N ,U,q,C); N=- !a

XDrawString(e,z,k ,20,380,£f,17); D=v/" “

E=.1+X*4.9/1,t
=T*m/32-I*T/24
)/S; K=F*M+(
h* led4/1-(T+
E*S5*T*E) /3e2
) /S=-X*d-B*A;
a=2.63 /1*d4;
X+=( d*1-T/sS
*(.19*E +a
* . 64+J/1le3
) —M* v +A*
Z)*_; 1 #=

K *_; W=d;
sprintf (£,
"%$5d %3d4"

"$7d" ,p =1
/1.7, (C=9E3+
O*57.3) %0550, (int)i) ; d+=T* (.45-14/1*
X-a*130-J* .14)*_ /125e2+F*_*v; P=(T* (47
*I-m* S2+E*94 *D-t*_ 38+u*.21%*E) /lel2+W*
179*v) /2312, select(p=0,0,0,0,&G) ; v-=(
W*F-T* (.63*m—-I* . 086+m*E*19-D*25~_11%*u
) /107e2) *_; D=cos (o) ; E=sin(o); } }
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Visualization is about stories




CARTE FIGURATIVE des pertes successives en hommes de I'Armée Frangaise dans la campagne de Russie 1812-1813.

Dressée par M.Minard, Inspecteur Genéral des Ponts et Chaussées en retrarte.
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TABLEAU GRAPHIQUE de /s tempéritare en degrrés du thermométre de Réaumur au dessous de zéro
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hfo

-LRMSType : string
-LRMS\&rsion © string
-GRAMErsIon © sting
-HostName  string
‘GatekeeperPort : string
TotalCPUs : it

Siate

~SAus | sring

TotalJobs - int
-RunningJobs - int
-WatingJobs :int
-WorstResponseTime | int

-EstrnaedResponseTime :int

FreeCPUz :int

Policy

MhxWallClookTeme :int
AhxCPUTIme ;i
MaxTotallobs : int
Adax RunningJobs it
-Prierty :int

Job

<GloballD : string
-LocallD - sting
-LocalOwner : sting
-Global Ouner : 2tring
Sty : string
-SchedulerSpecific : string

FecessControlBase

<Rule : string [0..%]

ComputingBement
-Name : strng
-Uniqua!D : stong [key)
1.5
Hosted Service
1.0
FleSystem
Clyster »
y - {.x |-Name : string fey] 0. File
-Name : string ~|-Root : string :
. N ’ -Name | string [eey]
UniquelD : 2t ‘i
q rng [key] -Size :irk Size : i
-FwaiableSpace - int -CreaztionDate ; datetime
-Read Only' . boolean - -Lastihdified ; datetime
Type - string 0. -LastAccessed | daetime
HostedFileqystem AN -Latency :int
1.r LifeTime : datetime
l— e
frourt -Ourner : string
SubCluster RemoteFileSystemn || LooalFikeSystemn
) e )
-Name - string %
Mczaewﬂzsm?»ﬂm 0.1 0.1 +Directory contaigs file
L] <>
0.7 |-Name : s1ring
0.1
l Il..“
Mardimory Korage Device
participating host Benchmark =
-RASRe it -Name : string Archtecture
-S100 -'"°’ Rt ailable - int Type : string
-SFO0 : flost MrtualSize - int TransferRate - int -AatormType : sting
“MriualAvailable : int -$ize < int S Size . int
-FwalableSpace ©int |
. Processor
' Mandor : string OperatingSystem Network Adapter
Host -M)dfl - =tring -Name : string -Name : s1ring
“Version - string -Release : string -IPiddress - string
-Clock Speed : int Aersion : string MTU it
-Instruction Se ;s(mg. . -OutboundIP - boolean
+CtherProceszorDescription © string -Inbound|F : boolean
«Cachel? :int
-Cachelll :im LopicationSofiuare
. -Cachel1D @ int
4P Load Prooessorload .Cachel?  int -RunTime Environment : string (0. *)
-LoadIMin - int -Loadidn :im
-LoaddMin - int -Loaddhin @ im
-Load 1504n :int -Load15hin _im




(3o Schans
Nenerpace: Ghae
wers. 1.0 - 24/0872000

ComputingBement
knfo -Name : strng
LRMSTypa : string -UniquelD : strng (key]
-LRMS\&rsion : strng .
-GRA&rsion - sting 1.
-HostName . string Hosted Service
‘GatekeeperPort : string 1.
TotalCPUs : it -
Cluster W
State - File
S | sting Name : 226ng string [eey]
R E T . . ; v
U ID: st [
TotalJobs - int g O freg frer] e it
-RunningJobs - int ionDate : datetme
WatingJobs : int - Modified : datetime
-WorstResponseTime @ int = Fecassed | daetime
-EstrnamedResponseTime :int tint
FreeCPUz :int 9 : dtetime
0.rx
AWl ClookTeme :ire
AfxCPUTIme : it file
MaxTotallobs : it
Sax RunningJobs @
-Prieeity : int o
= ‘ Q‘
<GloballD : string
-LocallD - string QorageDevice
-LocalOwner : sting RAMSe i -
~Global Quner : string ’ we g =g Archtecture
Staus - 2t ‘R ailable :int Type : string
TS ;ST o . ot rtualSize : int -TransterRate - int -FatormType @ s1nng
et odlerSpeeific _ing “ntualfwailable :int | | |-Size :int - SPSize _ int
PecessControlBase Processor Svishyene ke 3] 2"
-Rule : string [0..%) Akndor  string OperatingSystem Network Adapter
M;dcl : :tcing -Name : string -Name : sring
“Version : string -Release : string -IPAddress - string
-Clock Speed : int dkrsion : string MTU : int
-InstructionSet : string ‘ -Outbound|P - boolean
- (RherProceszorDescription @ string -Inbound!F - baolean

«Cachell :int
-Cachelll :im LpplicationSofiuare
SMP Load Procezsorload gz:t;o i;‘:m -RunTime Environment : string[0. *)
-LoadIhin - int loadidin :im
-LoaddMin - int -Loadihin @ im
-Load 1504n :int -Load15hin _int







Seeing is Understanding




We are Visual Beings

% .i?i{:;;T"" | .\§ /cornea
\' Pupil
70% of all brain inputs  macua—
come through the eyes A\ '




We see with our Brain

» 3 types of memory to process
visual information

» lconic, the visual sensory register
» Short-term, the working memory
» (Long-term)




Iconic and Short-term Memory




Iconic and Short-term Memory

» lconic Memory is a buffer that retains information for less
than 1 second before passing it to short-term memory
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Iconic and Short-term Memory

» Iconic Memory is a buffer that retains information for less
than 1 second before passing it to short-term memory

»  Perception of a limited set of attributes is very fast, automatic &
subconscious, therefore called pre-attentive

»  Short-term Memory processes information as “chunks”

»  Storage is temporary and of limited capacity (3-9 chunks)
»  This explains why charts are more expressive than tables




Pre-attentive Processing Attributes



Pre-attentive Attributes of Form
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Pre-attentive Attributes of Form

/ Size

Shape Curvature Added Marks Enclosure




Pre-attentive Attributes of Form
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Pre-attentive Attributes of Form

B Curvature Added Marks Enclosure




Pre-attentive Attributes of Form

B > Added Marks Enclosure




Pre-attentive Attributes of Form

Enclosure




Pre-attentive Attributes of Form
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The Polymetric View Principle

number of attributes

numbper of number of methods

lines of code
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The X-Ray Eclipse Plugin

866

xray.inf.usi.ch

Java - X-Ray/src/org/malnatij/svpl /layouts/Layout.java - Eclipse SDK (=1
] 130 Q- | B# G- |®F] 4]81- 50 v £ &'Java =
i# Package Explor 82\ 5% Ou(Iinq = O J) PackageFilterAction.java flﬁ Layout.java &2 =0
=R -0 ~
8% public ArraylList<PolylineConnection> getRawConnections(){
v = findbugs-1.3.2 r return connections;
» i# src/java }
> @ src/antTask protected PolylineConnection linkSizedDependency(
» §# src/tools Node from, Node to, int weigth, String linkColorKind,
» 8 src/junit String linkKind){
» i@ src/javas e .
if(linkColorKind.equals(COLORED_AND_SIZED)){
> = JRE System L"b"“f bvm1.5.0( return new ColoredArrowlLink(from, to, weigth, linkKind);
» =)\ Referenced Libraries } else if(linkColorKind.equals(RED_AND_SIZED)){
» =) Plug-in Dependencies return new SizedArrowLink(from, to, weigth);
» G bin } else {
B . Log.printError("No connection available for: " 4+ linkColorKind);
» (& design return null;
» (= doc }
» et }
> V:jjnlp private void setSources(Node from, Node to, PolylineConnection c){
» (= lib ChopboxAnchor sourceAnchor = new ChopboxAnchor(from);
» > META-INF . ChopboxAnchor targetAnchor « new ChopboxAnchor(to); .
» (= nbproject 3 3
.D] v c.setSourceAnchor(sourceAnchor); v
P o —— <l
@ Javadoc [[& Declaration [t ASTView|[2: Problems (@) Error Log [ X-Ray &30 [findbugs-1.3.2) P:51 C:1194 M:8423 L:139253 | Sov e e gor - Sopr =0

|

I"I

_»llal“ Vi ‘”I‘I
AN lope

¥

||.,|‘ ‘|I|"||l|| | ‘ ||||: |"| [
“ 4 I

] o0
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downloads




Software Visualization++







The Class Blueprint

Initialize Interface Internal Accessor

Attribute

~ N

Z

/Z

\ -

<I

invocation and access direction
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Detailing the CGlass Blueprint

internal access

—> Access
external :
access I Attribute Invocation
Regular . Constant
Invocations o _
<«—  Overriding Delegating
lines | | Method ,
Extending . . Setter
Initialize Interface Internal Accessor Attribute AbStraCt . Getter
(|
ap O

duim

| 7




Schizophrenia
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Gory Details

;

S
[]
:
]

RSN
7 .

Regular

Overriding .

Extending

Abstract

Constant .

Delegating

Setter .

Getter




Where’s the Beauty?




“Software is intangible,
having no physical shape or size.”

Thomas Ball, Stephen Eick

“Software Visualization in the
Large”

In Computer, vol. 29, no.4, pp. 33-43,
IEEE Computer Society Press, 1996




The Best Defense is Attack




How can we solve Ball’s
dilemma?

Metaphors..




“Habitabllity is the characteristic of source code
that enables programmers, coders, bug-fixers,
and people coming to the code later in its life to
understand its construction and intentions and
to change it comfortably and confidently.”

Richard Gabriel

“Patterns of Software: Tales from the
Software Community”, Oxford University
Press, 1998.




Visualizing Software as Cities




The City Metaphor




The Gity Metaphor

domain mapping




The Gity Metaphor

domain mapping

classes buildings




The Gity Metaphor

domain mapping

classes

buildings

packages

districts




The Gity Metaphor

domain mapping

classes buildings

packages districts

system city

class metric building property

number of methods (NOM) height

number of attributes (NOA)  widith, length

package metric district property
nesting level lor
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Large-scale Program Comprehension




argoUML
0.28.1_01

packages
198

classes
2,975

lines
166,735




cocoon

| Aug 27 2009

packages
784

classes
4,008

lines
173,436




frostwire

1223

o

packages
391

classes
5,798

lines
275,910




packages
945

classes
10,412

lines
263,645




openswing
r296

packages
268

classes
1,754

lines
112,495




apache bcel
5.2

packages
29

classes
550

lines
19,090




packages
103

classes
1,209

lines
158,208




packages
610

classes
5,242

lines
456,064




ScumVM
(C++)

packages
18

classes
1,331

lines
~105,000
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(Smalltalk)

packages
288

classes
2,2236

lines

~351,000



> T I
10 systems
(Java,Smalltalk,

packages
1,777

classes
17,090

lines
~1,272,000
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Understanding Evolution




ArgoUML’s filmstrip

Ver. 0.10.1 Ver. 0.12 Ver. 0.14
9/10/2002 18/08/2003

-~

k)
TSN

FacadeMDRImpl
Facade

NSUMLModelFacade

ModelFacade

NSUMLModelFacade

. «— Facade

Ver. 0.16
19/07/2004

AN

Ver. 0.20

30/04/2005 9/02/2006

Facade

Ver. 0.23.4
10/12/2006 12/02/2007

8/08/2006




The Time Machine

JMol

vVersions
57 (bi-monthly

snapshots)

time
1999-2007




The Time Machine

JMol

VErsions
57 (bi-monthly

snapshots)

time
1999-2007




ArgoUML Age Map

org.argouml.language.cpp STDCTokenTypes Facad FacadeMDRImpl
org.argouml.language.php NOA 152, NOM 0, AGE 4 N NOA 3, NOM 351, AGE 4

NOA 1, NOM 339, AGE 5
org.argouml.language.csharp CPPParser

org.argouml.language.java NOA 85, NOM 204, AGE 4
org.argouml.model i

JavaRecognizer
NOA 24, NOM 91, AGE 9

JavaTokenTypes
NOA 146, NOM 0, AGE 9

o

org.argouml.uml.reveng.java

JavaTokenTypes
NOA 175, NOM 0, AGE 9

JavaRecognizer
NOA 79, NOM 176, AGE 9




ine-grained Age map

JHotDraw F




Time Travel + Age Map
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Time Travel + Age Map
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JHotDraw
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time
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Time Travel + Age Map
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Time Travel + Age Map
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Time Travel + Age Map

October 2000
March 2001
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Time Travel + Age Map
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Displaying Design Problems




JDK 1.5 God Glasses




Jmol’s Feature Envy

Feature envy




Jmol’s Feature Envy

Feature envy




ArgoUML.Model’s Shotgun Surgery Map

Facade
NOM 140/337

AggregationKind VisibilityKind
_ NOM 3/3 NOM 4/4

PseudostateKind
NOM 6/6

Model
NOM 28/44
Shotgun surgery




Tool Support
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Epilogue




Reflections
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Software Visualization is
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Reflections

Software Visualization is

a means to make the intangible tangible
not so difficult after all

still in its infancy

an exciting research area




Where do we go from here?







void mdS::Update(uchar® chInput, uint4 nInputlLen)
{
uint4 i, index, partlLen;
// Compute number of bytes mod 64
_ yindex = (unsigned int)((m_Count[0] >> 3) & O0x3F);
T T/ -Update number of bits
¢ fi((m,[ount += (nInputlen << 3)) < (nInputlen << 3))
®\ Count[l]++,
\ }r.» . Count[l] +={(nInputLen. 5> 29);
4, ‘parthed = 64 - JndeX;
' S Transform as-many times_as"possible.
AT YﬂlnputLen >= partLen)
{ R
\ memch( &ms uffer[mdex]. chinput, partlen
Transform(m Buffen) ;o \5*\\ 7,
o (i = ‘partlen; 4 .+ 3,: nInputlen;™3 =
ransform(&chTnput(d <
S index = 0; N AN
i
" else
YT .
/Y. BUffer remaini
memcpy ( &manTfer[1h ] &ch[nput[l]. nInputLen il DA

‘x

S
‘ LN m 5\%‘ iz 7,
‘ ‘ /"MDS a]1zatlon Ends an MDS  message-digest operation,

2 i% //\r1fﬁqg the message digestand zeroizing the context.
Vo fdS*Finalize()

N
char bits[8];
“-uint4 index, padlen:
// Save number of
Encode (bits, m
/ Pad . out to

From here to..
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