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program ::= program ; clist

clist::=c|clist; c

exp:=b|n|x|exp==exp|exp<exp|exp<=exp|exp>=exp|exp>exp

| exp + exp | exp - exp | exp or exp | exp and exp | ! exp

¢ :=NOP | x =exp | inL varlist | inH varlist | outL x | outH x | outL BOT | outH BOT
| if exp then clist endif | if exp then clist else clist endif | while exp do clist done

varlist ::= x | x, varlist

b ::=true | false | TRUE | FALSE

n ::= integer_number

X 1= identifier
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program;
inH h1, h2;
inL I11;
while hl > 11 do
1I1=11+1;
while h2 > 0 do
h2=h2-1;
I1=h2
done
done;
outL 11
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Program Dependence
Graph
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CFG for Block Statement

CFG(S1;S2; ..;SN) =

(V7] 58008 4 Jlail g sy Sobs BI85 wdgi o920 — F Ui

3,10 0929 ) e Il 40 (b oo 1S sl y

CFG for If-then Statement

CFG(if (E)S)
if (E) ]
-

F

9] Jgl b — (b o sloo 155 G115 305 g ogeni - & JS2

CFG for If-then-else Statement

CFG (if (E) S1 else S2)

if (E)
T F
CFG(S1) CFG(S2)
_ Empty
basic block
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CFG for While Statement

CFG for: while (e) S

[1#] while ail> glao,l35 G135 5 aulgi g — ¥ S
g oo 8Ll GBS 5 4 SLL oS (lyie 4 gilme 05 o S bl
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Compute Dominators(){
For (each n € NodeSet)
Dom(n) = NodeSet
WorkList = {StartNode}
While (WorkList ¢ ) {
Remove any node Y from WorkL.ist
New = {Y} U Nxepredryy Dom(X)
If New # Dom(Y) {
Dom(Y) = New
For (each Z € Succ(Y))
WorkList = WorkList U {Z}

(W] 0,5 yo 6l oosiSadé lao,5 amwlxe — A JSi

% Control Dependence Graph
% Forward Dominance Tree
% pPost Dominance Tree

% Dominance Tree

%7 Strictly Dominate

%8 Dominator

% Immediate dominator

ASIYY axao



by (Snaly SIS s WL (b5 —pom Juad

acgome b dunlio g YU 0,65l 5l ol Cawd a Qlfx.:SaJ.é Acgoxe 4 4> gl by
5o Lol ol LSad 1y ade e 0 g cdl 1) S50 0 oausSade 0,5 lgh oo oo )3 plo 9\5&;54.,1.&
1 o iy Y 0,5 Z 0,5 S g il 4y el Sl S50 ey S s Ly
8 Sige 5 Jlo i g Z LI 5 i (bl 05 B Yl sl e can 5T 5 5
b oo dlgi Ade Gy £33 wed Jlesl S5 Gl SIS esSae sl e,

el 315 5,90 PDF Tlais b " ade g sloj po o I8 (Siaaly SIS el gl s
$loo S Lol wigh cos adémy ST X g 45 atis oloo S acgerme X o) adém s
el 2 o oo, F ] 5588 Gy a3 g e add iy X Lags a5 W5 ls " guaile

PDF(X) = {y | (3z € Succ(y) such that x post-dominates z) and x does not strictly post-
dominate y}
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For each x in the bottom-up traversal of the postdominator tree do
PDF(X) = ¢
Step 1: For each y in Predecessor(X) do
If X is not immediate post-dominator of y then
PDF(X) « PDF(X) U {y}
Step 2: For each z that x immediately post-dominates, do
For eachy € PDF(Z) do
If X is not immediate post-dominator of y then

PDF(X) « PDF(X) v {y}
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foreach statement X producing a high input event h;, do
foreach statement Y producing a low observable event e_ do
ifY € affect(X) then
transform Y into Y’ such that Y’ & af fect(X) in the new program
end

end

end
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RWepini (M, G):

Initialize F to the set of all paths Start < P ~ P’ in the PDG G of Mwhere P is the node
representing a high input and P’ is the node representing outL | for some I,

if F = @ then
return M;
end
create a copy of M, name it M’, and change it as follows:
determine the type of flow indicated by each path f € F;
foreach f € F do:
Generate the path condition of f as the conjunction of the execution conditions of node N

a
satisfying f = Start ~> X — N ~> P’ if there are such nodes on the path and true
otherwise;

end

foreach node n on G representing outL | for some | do

let ¢ be the disjunction of the path conditions of all f* € F which terminate at n;
if all paths f” € F terminating at n indicate an explicit flow then

replace outL 1 with the statement “if ¢ then outL L else outL 1 endif”;

else
replace outL I with the statement “if ¢ then NOP else outL I endif”;
end
end
return M’;
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program; program,
inL 11, 12;
inL 11, 12; inH hi:
inH h1; if 11 ==0 then
if 11 == 0 then 12=h1
else
12=h1 NOP
else endif;
if (I1 ==0) then
NOP outL BOT
endif; else
outL 12 outL 12
endif
(-alh ()
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program; program;
inH hl; inH h1;
inL 11; inL 11,
if h1 == 11 then if h1 ==11 then
while true do while true do
outL I1 if true then
done NOP
else else
NOP outL 11
endif; endif
outL I1 done
else
NOP
endif;
outL I1
(&) (@)
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8 Termination Oracle

8 Loop Analyzer
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program;

inH hi;

inL 11;

while h1 <11 do
NOP;
hi=h1l-11

done;

outL I1
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RWpsni(M, G):

Initialize Dto the set of all paths Start © P © E* in Gwhere E* is a path
terminating at a loop guard and 2 is the node representing a high input;

M’ = RWeindM, G);
if D = @ then

return M’;
end

H=max {heighfn) | n is a node on G}, where Aeightis a function that returns the
height of a given node on the tree obtained by removing data dependence edges from
G;

Change M’ as follows:
for h= Hto 1 do
foreach node n with Aeight(n)= hrepresenting a loop on some path f € D do
r = LoopAnalyzer(loop(n));

if r = False then

ifX > n appears on at least one path f € D do

replace /oop(n) with the statement “if guara(n) then boay(n)

endif”;
end
else
if r # True then
replace /oop(n) with the statement “if r then /oop(n) endif”;
end
end
end
h=h-1,
end
return M’;
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program;
inH h1,
inL 11;
if11<=hlorll<0then
while hl <11 do
NOP;
hi=h1l-11
done
endif;
outL I1
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8 Waterfall Process Model
8 Classic Life Cycle

8 Object-Oriented

% Communication

°% Planning

% Modeling

% Construction

% Deployment
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% Activity Diagram

%7 Unified Modeling Language

0595 I3l 5 v Cawlgs yo Hloged - VA i

AIFY axas



S Ly olml g (5lweoly —pty Juad

dali A5 50,5 35 g9 dolipw 05  Siiuulg A s Lo
RS 50,5 3)ls 5939 » &;...m.g, qu""l wb‘;ﬂu
v
NO CFG =l .

Loznl, LB ales

FDT sl

CDG ==L

DDG sl

_I_J

PDG =5l

boaae Ll ol

sad a3 7 ol

M)..:..A.;M u.ul.‘.u} el o £2933 beafw{y)b @:._v.)jiﬂ {5')'?1 b ey a3 ol i Sl 53 (69359 4aliy 05 s 9330 o398l (1 2!

o595 sl5dle p callad o ylogei — 14 JSUS
AY 5 FY aio




S Ly olml g (5lweoly —pty Juad

9550 slodd 4 5 5l8le 5 (55lene sladpled an] A5 jlogel ipte b Al o

L o] o bl e g Jl5la, 50 colitul 3,50 sla oM ¢ loges ol ol S lged
sboe Olyie @ jloged cnl 5l g Cesl (b g el (550 loged (nl @Bly 0 iS00 et
oaslive |; 039 cnl Jl38lp 5 oS Hloges Ve JS& 5005 6 plgise yl8le 5 sl >l 5 o loges

el ouls ST oyl oy

GUI L SyntaxMaker
1
1
Eval 1 YYParser LE-I YYLex
1 1 I
L ! 1
PDGBuilder PINIRewriter PSNIRewriter
T I
1 *
GraphDrawer AProVE
;
GraphViz

(Luse g Laaled ;55 (y9) 059 5l 38le 5 WIS Hloged — ¥e JS&

S Slacend )3 a5 o walys l8le 5 9ejl 9 (ilwesly sam B (ol nl 5l

059, & lwosl caliste slo it (il dl 1o 4 09,9 5l L e oo aiSloy o] & ads 4
S 5SS Plaw 4 (gilwosly ais odpandl 4 a3l pl ol ganaius ol o
ot 10095 ol b ogdige g3l il 5B se JelS (giluonly Slam Sos Bib IS oo (6

ool plsebl S b g 5 955 o0 Djge 103K GBS sl aesl S)lge oy

% Class Diagram

AR5 FF amio



S Ly olml g (5lweoly —pty Juad

el ol gilwesly (gl oo s slajl 0ad oo Sl o 5B gilweols B T L ask
bl g0

WL csgianlip b 5976 5 593 S Jeloi (g5lwonly = sl 56 -

Sy wslosls Sy slr 4 5, 4l WSS oz slaslS iluesly e 5 -
ol (Sl SIS Zaled 5o 9 JpS

i 4 b o S Gl el gl siluosly s 56 -

Sy a4 b S gl asli sl 5 adls 5 s g5laenky e le B -
S,lnl ozina 4 lal (398 Lol 51 o 5o )0 ldle 5 qwaige Jgol Gub oS el 53 LLS
bos 85 o0 Sppo iluooly ol 5l pFore by wdin a5l Spzge (oS b alin

- a9 - & . A Jda . . R E
ibios 39290 ofgp ads 50 398 slals 5l SH e bl 2lye )15

solaiwl 8590 sl pl 9 g5lwedly Jolp IS 700 V.0

Ol Gl 05bee (g5lwosly 0355 l8le 5 el plxil (il g Llod 4 azgi bl el o

S eolinl b co3gy (hol allie )0 oulizylae WL ()15 1ol ,S (cungisl 5 pleal &3 5l o Tl oy glate
M Sl g9 5 o st 10l ol JhlealS Lol i 5o Wbison g jflex (sla3l
>° cj.l-“\‘r&"-" Sygo a4 by @l polie § guudS ClolS solad cgaad 5 hdog jo a0l a8
(Ol e aslgd 4 axgi b g 99d 0 00ls (98 S el 4 daoled (pl il a8 5l

o 215 seld g by izl cuii onl @ vsdige aiiigh o hd )0 eacl jo 4y by L3,

% https://github.com/smahmadpanah/BScProject
100 exer
101 parser

102 Token

A IO axans



S Ly olml g (5lweoly —pty Juad

@ dayy] 590 Dygo 40 5 35d oo 03l asuis Mlgyu' Stz > o pl 0 098 c0 (55lwosly
5l ebiwnd (gilwosly slasls a Lo a5 canl (syglol @ p3¥ aldl 0gl o odls )15 58
ol ol S sl 00,5 las S Swd Ojae 4 DISON Il bwe ade 5l e (g8 S oo

g byl adg g oS glal o9 Lo Gygo 40 el IS (ol Gls s 4 SI5 lalus aie;ls

3 0 el saal 039, adg ,o README-GuidToRUN.tXt ol 4 LB o wal 53 sla,lpl
ssb @ o 4 oa ools dliyy sz 5 3o C3ys LSS ey )0 g9 S ot (6l eadatig
3l Ker wion cnl o oolitul 3,50 GBS 098 0 adgi 55 asly S35 Gl SIS Glojen
a5k poe e inlen 5o Ssge ol Glexslo opl 5l eslinal s il e | sign G £5
b 5l 9,90 Dledlbl 0,5 jo )0 el oy 5 055,8 leo S i ke ule ) g (Solal oy
o 3 055 55 S0 sl pmite 0,5 £li5)| oSS o L5 5 s sla S, )55 e e
D9 0 0 S

ond aitle S Gl BIS 5 (o) p 6978 S 5l asli 4 oud ools asliy oS da ! U
Sl o emsiil by (Sily SIS ol pm )5 ClsB o g8 4 4 b ST ol
Dgd oo 1zl plaS o 4y bgy o o688l (b pin a4 pwles Gl o L i 4 wles e

oads oxlitl [Y+] GraphViz wiec o3 Il 5l sl (Soly SIS (S35 aled (sl
S5 b adgl Dloglass planil b g Canl ool adldl o3y 4 Il (nl 0 bgnje 057 a5 K& (pl 4 ol
CaP b paal o QB jo Jal 0y50 BT sl oo aSlis LIl pl lawgs a5 dOt Ly 4 IS
Sl ol (S5 Ghaled poodle el (Sialy B1LS oy pllie )0 5300 a5 pNg
W9 o0 07033 Iz jobo & 5 Slosls g (S (Sl

A g5l o yosdl o o5 il 5 el 2l 6l b s 0ad S5 slaylpl 2 ogdle Ll
Sl plaS e atdl ad gy ilise lalpl wiS e Wl 1) o 138,00 ad cd iy 4 e

103 Syntax Errors

104 inked List

AL FP aan



S Ly olml g (5lweoly —pty Juad

slpl g ol adllae ol Yo Cond (! Glp 098 Glools JI5T e alulgs 4 S0
rankFinder Kittle .Clang .Frama-C Polyrank .Cooperating T2 .T2 .DRR L o5LsS
53,5 s o by alspe cpl L 0 el oy 9 cwai [VV] APrOVE 4 LoopFrog PAG
3k 0y9e Jelod jo Caled (e g (29,5 Sla g9 codliinl (J2l) SVL Cae s g 280 (slalns
S8 eolatul 0,50 C 4l sl Il ol a8 ol 51l suis soliiwl APFOVE 50 51 )l58le 5 o]
d9dse Jods € b 4 0gd g ools adl> 5 Llod b 4 (689)9 Glyie 4 45 (Gladl> oS 0,5 oo
) 39 o0 0310 APTOVE il low Il b (6999 ol 4 C 0l 4y 0ad hos 4ol e pupms
0,L,0 w4 |, Maybe 4 Disproven Proven - Sae Glg> aw 5l (S «(695,9 oS 45 azg5 b 5]
pas L3l sliae 4 Disproven g asl s aeils SLSI slixe 4 Proven aes oo asby ol assls
ol Sl slixe & Maybe Ll axs a5 cadls o cpl cal Jaslid o cod anlip acsls
o g0 & le i Joles PIOVEN Julow asesss a5 Conld) 095 co il ond ool asliyy Lo ,o 15
L Disproven slacdl> 5l S zul a5 S 0 Ll wg aslys dal> § Ll b 0 cawyo
il ails adls Jdow o s olopi oSl gl b el g sl Maybe

Sl sl )5 Jolepianns b caslize asliyy sl o SIS (65 Laily (g5lwosly o
Sloslass 5 0l 5975 Sl iy b ool sla S talng 5l eolitul sl @ dase oS 5 20l
5 Sy )5 e G 4,50 a5 cowl oad eolinul [YY] RSyntaxTextArea alsuls ; cadsl
ools 58 Jate jsb 4y (gam (i3 50 )5 Ll (gileosly 00T e )15 LS o 1) (glad >
g s

5 Yo gl glagly 4 WL 0l 4 oad alsi glaas o IS 5k 4 a5 ceul S5 oLy
25 0B gmsiil GaaS 5 (6359 O lsee 3 l8le 5 cnl yo il haws LB C e s,
WL L5 50 0aeld o il @ 5l (gl 0,5 caslice 55 C by & ’LgLD:d.oU).g B o) cd
Toe oS el 5956 oo plos! b a8l b 09 oo 0ails 55 C )b 40 oaels T L bl o135
Sgd a0 S lailElas b o T L blus

5 aelip 5l osliinl (s pgal slesal) lBle 5 Al Gl WS (silwosly Sldpe Sldy
5 i igad (lsie 4 el Sgzg0 059 Al o slailllaz o bl o IS el wig, )15
sl 00 L) Cansges 5 gslwosley gl oddarings glaas

AIYY axan



S Ly olml g (5lweoly —pty Juad

"8 SIS 58 Ll slom! Y0

°"\-'-"“’5-’g5‘“5)-"w‘ JAL:.»)QW.J[JLQUT .b.ms;;vlfdf@b&..os@b).’)bl.b M‘

Olagiael ploa b &by glad,> )5 Jawgs oolatul 9,90 la)lidle 5 0 b0 Coanl (nl s
Ll o ) b Saumn b ghb a5 [z gl oo plaizgs waiis Jl8le s cul (Lol )8 a5
Ll b Gl oy ol 5haks (2ol aely Glacelll a5 o0 a4 il Bl @ )8
gy 4l alul 51 (S5 5 osie b sl el sy Bro ook ey skl (SIS (6,8
a5 o8l it glagsb ol 5l Gy i plonl iy amio IS (SIS (b ol ol
ol 6l bauly a4 cans gyl 0,955L b e85 18 lasgiasl p 5l golaws JLast o ctalejl (lgie

Wb ol Al p (SBLS 60,8 Ll calbMal plol b o)Ll o 0a oauomiw sl

TG P w)f)bs oolazl Sy90 cbol.!).a U”‘ Lgﬁ)ls L.»‘) ‘5’>‘)b 6‘).! ) S5

Al sy Sw b g 5%ed b dxas 10 09250 slrdaSy g a5 @

aoliy s b yews T L cenlite 55,0l b el Cundg s ol o @
il ansls ool 3,555l wedled o b calie

il ol sline sl)ls g mdly Sl Wb an S @

Sed a8 S L s 58 e sl beglls Sen gl @

il Blas b asl 4l )8 Ll b S0k sl Gojsel 4 3l )5 @

il ol somes,S K o wiied Lad,e K0Sy Las Szl e

Loyl 508 0 bSG) Glae g logaieg S 4 azgi b g o 4 S 5 bS5, 51 @
D¢ oolaul oyl L3 aile 4 ax>g5

g ooliial b T lesly g b oles 5l doany 5 ol @

g CBl o 15 sume ww b ege Sledbl 5,5 S L Bas gl @

Dgd oolaiw] cunliine LSS Sl gl ioles sl @

195 Graphical User Interface

1%\ nemonic

AT FA axas



S Ly olml g (5lweoly —pty Juad

Mﬁu&) 3! m\%vbélmﬁ ol 8 e SYob oolaiwl Jdoa, @
b anslas Js aly 55 lp s pa (Sogl a5 sgd eolatul

ol 0 ey ob!Mbijb ails 0gzg 0,5 gl dans olal s S| @
6,8 o b oloul a0 i i bS5 5l canlio solawl 0,5ln lael 4 5,15 (sl

el 00y plonil glacdle alaz I WL o5 590 sl b s o5l oS Sl s

W WL Rewriter L0 [ =] & et
Current File Name: 09whilzifelse,wl ‘L/

@ Make Program Dependence Graph 1 program; i

Rewrite in Progress Insensitive mode 2 inL 11 , 12;
inH hl, h2;
while 11 > 12 do
if hl > 3 then
h2z = h2 + 1;
11 = h2;
outL 11

Rewrite in Progress Sensitive mode

9 else

10 12 = 12 + 1;

11 while 12 > 4 or false do
12 k1l = hl — 1;

13 outlL 12

14 done

15 endif;

16 coutlL 11;

17 outL 12

1z done
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W. WL Rewriter 10 ———— = D3|
Current File Name: 03assign.wl ‘l‘
program; z
dnh L,
inH hl;
11 = hl;
5 outL 11;
outH hl
£ € Source Code - 03assign.wl o|8] X
de <stdio.h>
[£] PDG - 03assignwl =8 %
define TRUE 1
fine true 1
= FALSE 0
fine false 0
int main() { int 11; //type: Ilo
f("%d", &11);
; int hl; //type: high
£("s%d", &hl);
11 =
return 0;}
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program; program;

inL 11; inL 11;

inH h1; inH h1;

outL 11; outL 11;

I1=hl+2; I1=hl1+2;

outH hl outH hl
(<l (<) ()

00 o 3530 a0l g () Al doli p 4y by yo doli p (Siwnly GBI 5 (©) 02basic.wl pb b O?‘")T Sj90 dol o (AN —YY JSC&

Al ol y 4 bgrpo 8yl a2 ol o > gl
o eiie ;0 YU e Hlaie g o Djgo A dx S A 39 e caline Sgesl 0y90 YT SIS o
o a3 o el ol jgiws 1 5l o outL 11 sy aS el s 4 Ll o5 0l )3 11 o=l
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program; program;

inL 11; inL 11;

inH h1; inH h1;

11 =nh1, 11 =h1,;

outL I1; if TRUE then

outH hl outL BOT
else

outL 11
endif;
(@) () (<)

4l g (@) Al ol 4y gy po doli ‘;}‘.m.y‘g d‘; (&) 03assign.w| el b u?"’)i 3590 aoli o () -YF JSC&
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. program;
program, inH h1, h2:
inH h1, h2; inL 11, 12;
. if 11 > 0 then
inL 11, 12; 1=11-1
if 11 > 0 then if 12 == 10 then
if h2 > 9 then
11=11-1; 11=11+2;
if 12 == 10 then if ((12==10)and (I1 > 0)
) and (h2>9)and (12 ==10) and (I1 >
if h2 > 9 then 0))or ((I2==10) and (I1 > 0)) then
11=11+2; NOP
else
outL 11 outL 11
endif
else olse
12=2 12=2
. endif
endif else
else ~Il2=h1
endif
12=h1 endif;
: 11=2;
endif outL I1;
endif; if ((12==10)and (I1>0))or (!(12==10) and (I11 >
11=2: 0)) thenNOP
outL I1; else
outL 12
outL 12 endif
(i (<)
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Cunsl 00l (155BsS (69959 polie (sl o g Al gladaliyy b Jblis C (b5 4 slaasly slo 2,

(AIN-YO JSb 4ol b Lo C by 4y anliyr 6l b 29,5 9 5099 digei—) Jgur

outL I1 outL I1 outL 12
11 12 hl h2 . . . Violati
(line# 9) | (line# 18) | (line# 19) | ¥ 'O o o"
0 0 1 1 - 2 0
No
0 0 1 0 - 2 0
1 1 1 0 - 2 1
Yes
1 1 0 0 - 2 0
5 10 1 10 6 2 10
Yes
5 10 1 9 - 2 2
(2)-Y0 UK 4ol b ;5L C b 4 4ol (61 o955 9 59,59 aigai - ¥ Jgur
outL I1 outL I1 outL 12
11 12 hl h2 . . . Violati
(line# 9) | (line# 18) | (line# 19) | ¥ oo o"
0 0 1 1 - 2 -
No
0 0 1 0 - 2 ;
1 1 1 0 - 2 ;
No
1 1 0 0 - 2 -
5 10 1 10 - 2 -
No
5 10 1 9 - 2 -
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program. LI 1>
. . inL 11, 12;
inL 11, 12; inH h, h2;
inH hl, h2; if 1((11 == 0)) then
if 1(11 == 0) then Ll t=L2|1+4+I1;
- . u )
Ilt_L2I1+4+IL ifhl > 6 then
ou ; 11=6;
if h1 > 6 then if (({((1IL==0))))or ((}((11==0))) and (hl1>6)
11 = 6: and (1((11 ==0))) ) then
t 11 W
ou ; else
outH hl ondif outL 11
. IT;
endif outH h1
else endif
if 12> 3 then else st
—_ . 1 en
11=11+1; I1=11+1;
outL 11; outL 11;
outH h2 outH h2
else
else 12=2+h2;
12=2+h2; if (1(12>3) and !(!((11 == 0))) ) then
outL |2; outL BOT
else
. outL 11 outL 12
endif endif;
endlf, outL 11
. endif
outL 12 if ((1((11==0)))) then
NOP
else
outL 11
endif;
if (112 > 3) arlldB!(cl)glgll ==0)))) then
out
else
outL 12
endif
()
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outL | outL | outH | outL | outH | outL | outL | outL | outL
Gt (Iilnle# (Iilnle# (Iirll11e# (Iilnle# (Iihr12e# (Iilrfe# (Iilnle# (Iilnle# (Iilrfe# Vel
6) | 9 | 100 | 15 | 16) | 19) | 20) | 23) | 24)
0141 0(0 - - - 1 0 - - 1 4 NG
0olal1|1] - - - 1 1 _ _ 1 | 4
0(2]0{0 - - - - - 2 0 0 2
ol2| 11| - [ - -1 -173 0o/ o | 3 es
110 7 1 7 6 7 - - - - 6 0 Yes
1|10 6 1 7 - - - - - - 7 0
(©)-Y7 JSb aslip b ;BLoo C (b 4 4ol gl 9,5 g r 639,59 4iges - F Jgur
outL | outL | outH | outL | outH | outL | outL | outL | outL
Gtz (Iilnle# (Iilnle# (Iir:wle# (Iilnle# (Ii?]ze# (Ii|r12e# (Iilnle# (Iilnle# (Ii|r12e# Vel
6) | 9 | 100 | 15 | 16) | 19) | 20) | 23) | 24)
0[4fofol - [ - [ -1t o -1-1T-T4a7T -
0olal1|1] - - - 1 1 - - i 4
ol2{ofo| - [ - - -1 -Teor[ o[ o [BOT| -
ol2[1]2] - | -] -] -1 - [BOT| 0 | 0 |BOT
tlol7]2] 7| -1 71 -1 -1-1]-1]-1o "
1lole 1| 7| -1 -1 -1-1T-1T-1T-1odu

ool 008 (53l asliy o e 5 e GOl S5z 4 Az L PSS 5eil 9)50 50
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) program; program;
program, inL I1; inL 11;
inL I1; inH h1, h2; inH h1, h2;
. while 11 >0 do if h2 <0 then
inH h1, h2; I1=h2+11 while 11 > 0 do
while 11> 0 do done ; 11=hz+1
while hl > 11 do done

I1=h2+I1 11=11+3; endif;

done: if TRUE then while h1 > 11 do
NOP 11=11+3;

while hl > 11 do else if TRUE then

11=11+3; _ooutll NOP

endif else
outL 11 done ; outL 11
_ if TRUE then endif
done; NOP done ;
outL I1; else if TRUE then
outL 11 NOP
outH hl endif: else
outH hl outL 11
endif ;
outH hl
(AN (<) ()

Aol 4y bgs po b iy 1 (wliws jud b (6159 00 ot 553 40l () T1Whilewhileconcat.wl b b ¢ygo3T 8590 aoliy (1) — YV JSCi
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11 | hi | h2 | outLI1 (line#9) | outL I1 (line# 11) (?il;teH# ;‘21) Violation
0 | L | o 3 3 1 o

0o | 5 | 1 36 6 5

1 | o0 | -2 2 2 0 e

1 | 5 | 2 25 5 5

1 1 0 diverge Yes

1 | 1 | 2 2 2 1

(@)-TY IS 4ol b BLse C ()5 & aoliy (sl o953 9 g9 )9 diged = £ Jau

11 | hi | h2 | outL 11 (line#9) | outL I1 (line# 11) (?il;teH# ;‘21) Violation
0o | L | o : : 1

0o | 5 | 1 i i 5 No

1 | 0 | -2 : : 0 "

1 | 5 | 2 i : 5

1 1 0 diverge No

1| 1 | 2 i i 1

(@YY JSb aolip b ;5Lce C (lj s aoliyr sl Lo 9,5 9 Log39)9 iged = ¥ Jgur

11 | hl | h2 | outLIL(line#9) | outL 11 (line# 11) (‘I’i‘;"teH# ;‘21) Violation
0 | 1] o : : 1

0o | 5 | 1 i i 5 No

1 | 0 | 2 i i 0

1 | 5 | 2 i i 5 No

1] 1] o : : 1

1| 1 | 2 : : 1 No
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_ program; program;
program, inH h1, h2; inH h1, h2;
: . inL I11; inL 11;
InH hi, h2; while h1 > 11 do while h1 > 11 do
inL 11; 11=11+1; 11=11+1;
] if TRUE then if TRUE then
while h1 > 11 do NOP NOP
) else else
I1=11+1 outL 11 outL 11
outL 11; endif; endif ;
while h2 <0 do if h2 < 0 then
while h2 <0 do h2=h2-1; h2=h2-1;
if TRUE then if TRUE then
h2=h2-1; NOP NOP
. else else
outl 11; outL 11 outL 11
11=h2 endif; endif ;
11=h2 11=h2
done done endif
] done ; done ;
done; if TRUE then if TRUE then
outL 11 NOP NOP
else else
outL 11 outL 11
endif endif
(&h (<) (<)
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11 [ hl1 | h2 | outL I1 (line# 6) | outL I1 (line# 9) | outL I1 (line# 13) | Violation
1 2 0 2 - 2
1 (0] 0 i i 1 ves
1 3 0 2,3 - 3
1 3 -1 2 diverge ves
0 4 2 1,2,3,4 - 4
- Yes
0 4 | -5 1 diverge
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11 | hl1 | h2 | outL I1 (line# 6) | outL I1 (line# 9) | outL I1 (line# 13) | Violation
1 2 0 - - -

1 oo i i i No

1 3 0 - - - No

1 3 -1 diverge

0 4 2 - - - No

0 4 | -5 diverge
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11 | hl1 | h2 | outL I1 (line# 6) | outL I1 (line# 9) | outL I1 (line# 13) | Violation
1 2 0 - - - No
1 0 0 - - -
1 3 0 - - - No
1|3 1 - - -
0 4 2 - - -
No
0 4 | -5 - - -
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i ) LE_KW =(<=)
ool algioe 0igyn b b pe sla bl ass sanlive ol EQ_KW =(==)
https://github.com/smahmadpanah/BScProject GT_KW =[>]
AS solatul GE_KW =(>=)
lexer.I: LPAR KW = [(
BB sy 5l e el JTlEX 5l g8g9 BB oD RPAR_KW =)]

(sl 0oy Jloe! 55 b o1 o Sless Yylex.java

INTEGER_NUMBER
="0"|({NONZERO_DIGIT}HDIGIT}*)
BOOL_CONSTANT
="true"|"false”["TRUE"|"FALSE"

IDENTIFIER
={LETTER}+{LETTER}{LETTER}{DIGIT})

*

package wlrewriter;
import java.lang.*;
%%

%Dbyaccj

LETTER = [a-zA-Z]

DIGIT = [0-9]

NONZERO_DIGIT =[1-9] . .
LineTerminator = \r|\n|\r\n

PROGRAM_ KW = (program

_ (program) %%
AND_KW = (and)
OR_KW = (or)
NEG_KW =I]

{LineTerminator} {yyline++;}

{PROGRAM_KW} {

ASSIGN_KW = [2] return YYParser.PROGRAM_KW,;

}
IF_KW = (if)
THEN_KW = (then) {AND_KW}{
ELSE_KW = (else) return YYParser AND_KW,
ENDIF_KW = (endif) ¥
{OR_KW} {

WHILE_KW = (while) return YYParser.OR_KW,

DO_KW = (do) }NEG KW
DONE_KW = (done) { _KWH{

return YYParser.NEG_KW;
NOP_KW = (NOP) ¥

{ASSIGN_KW} {

BOT_KW = (BOT
- ( ) return YYParser. ASSIGN_KW,

INL_KW = (inL) ¥
INH_KW = (inH)

OUTL_KW = (outL)
OUTH_KW = (outH)

{IF_KW}{
return YYParser.IF_KW,

}
PLUS_KW =[+] {THEN_KW} {
MINUS_KW =[] , return YYParser. THEN_KW,
LT KW =[<] {ELSE_KW}{

return YYParser.ELSE_KW;
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}
{ENDIF_KW} {

return YYParser.ENDIF_KW;
}
{WHILE_KW} {

return YYParser WHILE_KW,
}
{DO_KW}{

return YYParser.DO_KW,
}
{DONE_KW} {

return YYParser.DONE_KW,;
}
{NOP_KW} {

return YYParser.NOP_KW;
}
{BOT_KW}{

return YYParser.BOT_KW;
}
{INL_KW} {

return YYParser.INL_KW;
}
{INH_KW7} {

return YYParser.INH_KW;
}
{OUTL_KW}{

return YYParser.OUTL_KW,
}
{OUTH_KW}{

return YYParser. OUTH_KW;
}
{PLUS_ KW} {

return YYParser.PLUS_KW,
}
{MINUS_KW?}{

return YYParser. MINUS_KW,
}
{LT_KW}{

return YYParser.LT_KW,;
}
{LE_KW}{

return YYParser.LE_KW;

}
{EQ_KW}{

return YYParser.EQ_KW,;
}
{GT_KW}{

return YYParser.GT_KW,
}
{GE_KW} {

return YYParser.GE_KW;
}

{INTEGER_NUMBER} {
Y'Y Parser.stmt=yytext();
return YYParser.INTEGER_NUMBER;

}
{BOOL_CONSTANT}{

String s=yytext();
Y'Y Parser.stmt=yytext();
return YYParser. BOOL_CONSTANT,;

{IDENTIFIER} {
Y'Y Parser.stmt=yytext();
return YYParser.IDENTIFIER;

}
{LPAR_KW}{
return YYParser.LPAR_KW;
}
{RPAR_KW}{
return YYParser.RPAR_KW,;
}
II’II{
return '’
}
II;II{
return';’;
}
Ao
}
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Parser.y:
BB adg 5l m el DISON I3l 6095 BB 0D
(el 00 Jloe!l 55 Bl o] jo Sl,ess YYParser.java

%{
package wlrewriter;

import java.io.*;

import java.lang.*;

import java.util.*;

import java.awt.Color;

import java.util.regex.Matcher;
import java.util.regex.Pattern;

%}
%type <eval> program exp c clist varlistbn x M N

%token <eval> PROGRAM_KW AND_KW OR_KW
NEG_KW LPAR_KW RPAR_KW ASSIGN_KW
IF_KW THEN_KW ELSE_KW ENDIF_KW
WHILE_KW DO_KW DONE_KW NOP_KW
BOT_KW INL_KW INH_KW OUTL_KW
OUTH_KW PLUS_KW MINUS_KW LT_KW
LE_KW EQ_KW GT_KW GE_KW

%token <eval> INTEGER_NUMBER

%token <eval> BOOL_CONSTANT

%token <eval> IDENTIFIER

%code {

/
MAIN

* * * * * * * * * * /

static PrintStream writer;
static String stmt;
private int nodeCounter = 0;
private static String sourceCodeFileName;

private String cSourceCodeOfinput="";
public String cSourceCodeForPSNI="";

private int whilelD = 0;

public int controlFlag = 0;

public static int selectorPDGorPINIorPSNI;
//0: pdg | 1: pini | 2:psni

public ArrayList<Variable>
symbolTableOfVariables = new
AvrrayList<Variable>(); //static bood ghablan

/I public static void main(String args[]) throws
IOException, FileNotFoundException {
public static void
mainMethod(String sFileName, int selector) {
Y'YParser yyparser;
final Yylex lexer;

selectorPDGorPINIorPSNI =
selector;

1 System.out.printIn("Enter the source code file

path:");

1 Scanner sc = new Scanner(System.in);

1 sourceCodeFileName = sc.next();
sourceCodeFileName = sFileName;

1 String sourceCodeFileName = "input-while.wl";

try {
writer = new PrintStream(new

File("reduction.txt"));
} catch (FileNotFoundException ex) {
System.out.printIn("File reduction not found.");

GUI.terminal.appendError("File reduction
not found.");

}

Yylex yylexTemp = null;
try{
yylexTemp = new Yylex(new
InputStreamReader(new
FilelnputStream(sourceCodeFileName)));
} catch (Exception ex) {
System.err.printIn("Source code file not
found!);

GUI.terminal.appendError("Source code file
not found!");
System.exit(0);
}

lexer = yylexTemp;
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yyparser = new Y'YParser(new Lexer() {

@Override

public int yylex() {
intyyl_return = -1,
try {

yyl_return = lexer.yylex();
} catch (IOException e) {
System.err.printin("10 error : " + ¢);

GUI.terminal.appendError("10 error : " + e);
}
return yyl_return;

}

@Override
public void yyerror(String error) {
[/[System.err.println ("Error : " + error);
System.err.printin("**Error: Line " +
lexer.getYyline() + " near token "' + lexer.yytext() +
--> Message: " + error + " **");
GUL.terminal.append("**Error: Line " +
lexer.getYyline() + " near token "' + lexer.yytext() + "
--> Message: " + error + " **" Color.orange);

writer.print("**Error: Line " +
lexer.getYyline() + " near token "' + lexer.yytext() + "
--> Message: " + error + "' **");

@Override
public Object getLVal() {
return null;

}

b
try {
yyparser.parse();
} catch (IOException ex) {
System.out.printIn(""parse method is wrong.");

GUI.terminal.appendError("parse method is
wrong.");
}

writer.close();

}

public static String getSourceCodeFileName() {
return sourceCodeFileName;

}

J*

*/
J*

*/
}

(o Sloe Codlyl o)
%left AND_KW OR_KW
%nonassoc q
%right ASSIGN_KW
%left EQ_KW
%left LT_KW GT_KW
%left LE_KW GE_KW
%left PLUS_KW MINUS_KW
%left THEN_KW
%nonassoc p
%nonassoc ELSE_KW

%%
(ol 03l T B3 50 )by 00eld ,o 4 by o lles)
program : PROGRAM_KW ;' clist
{
writer.print("\t program ->
PROGRAM_KW ;" clist \n") ;
writer.print("###Hooray! - Your
program is syntactically correct### \n");
System.out.printIin("###Hooray! -
Your program is syntactically correct###");
GUI.terminal.append(*Your
program is syntactically correct™);

$%$ = new eval();

((eval)$$).stmt += "program; " +
((eval)$3).stmt;

((eval)$$).cSourceCode +=
"#include <stdio.h> \n \n#define TRUE 1 \n#define
true 1 \n"

+ "#define
FALSE 0 \n#define false 0 \n\n\n"

+"int main() {
" + ((eval)$3).cSourceCode + "return 0;}";
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/ISystem.out.print(((eval)$$).cSourceCode);

cSourceCodeForPSNI =
((eval)$$).cSourceCode;

/lomit WhilelDs
String pattern = "~WhilelD[0-9]+~";
Pattern r = Pattern.compile(pattern);
Matcher m = r.matcher(((eval)$$).cSourceCode);
cSourceCodeOfInput = m.replaceAll(");

pattern = "~ENDWhileID[0-9]+~";
r = Pattern.compile(pattern);
m = r.matcher(cSourceCodeOfInput);
cSourceCodeOfInput = m.replaceAll(");

/ISystem.out.printin("\n\n*******\n\n" +
cSourceCodeOfInput);

//**********WE CAN USE
cSourceCodeOflnput TO MAKE A .c FILE FOR
COMPILE IT IN C LANGUAGE.

writer.print(((eval)$$).stmt+ "\n");

/l((eval)$$).variables.addAll(((eval)$3).varia
bles);

((eval)$$).node = new
Node(nodeCounter++, "START");

/ISystem.out.printIn(((eval)$3).nodeldAndSt
mt);
((eval)$$).nodeldAndStmt += "#"
+ ((eval)$$).node.getNodelD() + ":" + "program; \n";
((eval)$$).nodeldAndStmt +=
((eval)$3).nodeldAndStmt;

((eval)$$).node.setNodeldAndStmt(((eval)$$
).nodeldAndStmt);
[*for(String str :
((eval)$$).variables){

for(Variable varvar :
symbolTableOfVariables){

if(str.equals(varvar.name)){

((eval)$$).node.addToVariablesOfNode(varv
ar);

break;

*/

((eval)$$).list = new
MyLinkedList(((eval)$$).node);

((eval)$3).list.merge(((eval)$3).list);
((eval)$$).list.merge(new
MyLinkedList(new Node(nodeCounter++, "STOP")));

if(controlFlag==2){
try{
PrintStream writer3 =
new PrintStream(new File(sourceCodeFileName+"-
PSNI.c™);

writer3.print(cSourceCodeOfinput);

}
catch (Exception e){

System.out.printin("ERROR in FILE.");

GUl.terminal.appendError("ERROR in

FILE.");

}

}

if(controlFlag==1){

psni.setPSNICFG(((eval)$$).list);

try{

PrintStream writerl =

new PrintStream(new File(sourceCodeFileName+"-
PINI.c");

writerl.print(cSourceCodeOfInput);
}
catch (Exception e){

System.out.printin("ERROR in FILE.");

GUI.terminal.appendError("ERROR in
FILE.");
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}

}

if(controlFlag==0){

System.out.printIn("Control Flow
Graph is created.");

GUI.terminal.append(*Control
Flow Graph is created.");

try{

PrintStream writer2 =

new PrintStream(new
File(sourceCodeFileName+".c"));

writer2.print(cSourceCodeOfInput);

}
catch (Exception e){

System.out.printin("ERROR in FILE.");

GUI.terminal.appendError("ERROR in
FILE.");

}

PDGBuilder pdg = new
PDGBuilder(((eval)$$).list); //the CFG is input to build
the Forward Dominance Tree and after that, CFG and
DDG that make PDG! :)

PINIRewriter pini = null;

if(selectorPDGorPINIorPSNI !=
0){ // faghat namayeshe pdg ro nemikhad, ya pini ya
psni

pini = new
PINIRewriter(pdg.getPDG());

}
if(selectorPDGorPINIorPSNI ==

2){
psni = new PSNIRewriter(pini);
}
}

clist: ¢

writer.print("\t clist -> ¢ \n") ;

$$=new eval();

((eval)$$).stmt += ((eval)$1).stmt;

((eval)$$).cSourceCode +=
((eval)$1).cSourceCode;

writer.print(((eval)$$).stmt+ "\n");

((eval)$$).nodeldAndStmt +=
((eval)$1).nodeldAndStmt;

/I((eval)$$).variables.addAll(((eval)$1).varia

bles);
((eval)$s$).list = ((eval)$1).list;
¥
| clist;' M c
{
writer.print("\t clist -> clist ; M ¢
\n");

$$=new eval();

((eval)$$).stmt += ((eval)$1).stmt
+" "+ ((eval)$4).stmt;

((eval)$$).cSourceCode +=
((eval)$1).cSourceCode +"; " +
((eval)$4).cSourceCode;

((eval)$$).cSourceCode += "\n";

writer.print(((eval)$$).stmt+ "\n");

((eval)$$).nodeldAndStmt +=
((eval)$1).nodeldAndStmt + "; \n" +
((eval)$4).nodeldAndStmt;

/l((eval)$$).variables.addAll(((eval)$1).varia

bles);

/((eval)$$).variables.addAll(((eval)$4).varia
bles);

((eval)$$).list = ((eval)$1).list;

((eval)$3).list.merge(((eval)$4).list);

}3
exp:b

{

writer.print("\t exp -> b \n") ;
$$=new eval();
((eval)$$).stmt += ((eval)$1).stmt;
((eval)$$).cSourceCode +=
((eval)$1).cSourceCode;
writer.print(((eval)$$).stmt+ “\n");

AQ5IVY asio



de»oéL.s )‘ Ls'l’:bk)";u —Cwgn

3

|n

{
writer.print("\t exp -> n\n") ;
$$=new eval();
((eval)$$).stmt += ((eval)$1).stmt;
((eval)$$).cSourceCode +=

((eval)$1).cSourceCode;

writer.print(((eval)$$).stmt+ "\n");

I3

| X

{

writer.print("\t exp -> x\n") ;

$$=new eval();

((eval)$$).stmt += ((eval)$1).stmt;

((eval)$$).cSourceCode +=
((eval)$1).cSourceCode;

((eval)$$).variables.add(((eval)$1).stmt);

writer.print(((eval)$$).stmt+ "\n");

boolean check = false;
for(Variable v :
symbolTableOfVariables){

if(((eval)$1).stmt.equals(v.name)){
check = true;
break;

if(check){
System.err.printin(“undefined variable!");

GUl.terminal.append("undefined
variable\n\t"+((eval)$$).stmt, Color.orange);

System.err.printin("\t"+((eval)$$).stmt);
//System.exit(0);
return -1;
}
2
| exp EQ_KW exp
{
writer.print(*\t exp -> exp EQ_KW
exp\n");
$$=new eval();

((eval)$$).stmt += ((eval)$1).stmt

+ " =="+ ((eval)$3).stmt;
((eval)$$).cSourceCode +=
((eval)$1).cSourceCode + " == "+

((eval)$3).cSourceCode;

writer.print(((eval)$$).stmt+ "\n");

((eval)$$).variables.addAll(((eval)$1).variabl

es);

((eval)$3$).variables.addAll(((eval)$3).variabl
es);

}3

| exp LT_KW exp

{

writer.print("\t exp -> exp LT_KW

exp \n") ;

$$=new eval();

((eval)$$).stmt += ((eval)$1).stmt
+" <"+ ((eval)$3).stmt;

((eval)$$).cSourceCode +=
((eval)$1).cSourceCode + " <"+
((eval)$3).cSourceCode;

writer.print(((eval)$$).stmt+ “\n");

((eval)$3).variables.addAll(((eval)$1).variabl

es);

((eval)$3$).variables.addAll(((eval)$3).variabl
es);

}

| exp LE_KW exp

{

writer.print("\t exp -> exp LE_KW

exp \n") ;

$$=new eval();

((eval)$$).stmt += ((eval)$1).stmt
+ " <="+ ((eval)$3).stmt;

((eval)$$).cSourceCode +=
((eval)$1).cSourceCode + " <= "+
((eval)$3).cSourceCode;

writer.print(((eval)$$).stmt+ "\n");

((eval)$$).variables.addAll(((eval)$1).variabl
es);

((eval)$$).variables.addAll(((eval)$3).variabl
es);

b3

| exp GE_KW exp
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writer.print(*\t exp -> exp GE_KW
exp\n");

$$=new eval();

((eval)$$).stmt += ((eval)$1).stmt
+ " >="+ ((eval)$3).stmt;

((eval)$$).cSourceCode +=
((eval)$1).cSourceCode + " >="+
((eval)$3).cSourceCode;

writer.print(((eval)$$).stmt+ "\n");

((eval)$$).variables.addAll(((eval)$1).variabl

es);

((eval)$$).variables.addAll(((eval)$3).variabl
es);

I3

| exp GT_KW exp

{

writer.print("\t exp -> exp GT_KW

exp \n") ;

$$=new eval();
((eval)$$).stmt += ((eval)$1).stmt
+" > "+ ((eval)$3).stmt;
((eval)$$).cSourceCode +=
((eval)$1).cSourceCode + " > "+
((eval)$3).cSourceCode;

writer.print(((eval)$$).stmt+ “\n");

((eval)$$).variables.addAll(((eval)$1).variabl

es);

((eval)$$).variables.addAll(((eval)$3).variabl
es);

2

| exp PLUS_KW exp

{

writer.print("\t exp -> exp

PLUS_KW exp\n");
$$=new eval();

((eval)$$).stmt += ((eval)$1).stmt
+ "+ "+ ((eval)$3).stmt;

((eval)$$).cSourceCode +=
((eval)$1).cSourceCode + " + "+
((eval)$3).cSourceCode;

writer.print(((eval)$$).stmt+ "\n");

((eval)$$).variables.addAll(((eval)$1).variabl
es);

((eval)$$).variables.addAll(((eval)$3).variabl

¥
| exp MINUS_KW exp
{
writer.print("\t exp -> exp
MINUS_KW exp \n") ;
$$=new eval();
((eval)$$).stmt += ((eval)$1).stmt
+" - "+ ((eval)$3).stmt;
((eval)$$).cSourceCode +=
((eval)$1).cSourceCode + " - "+
((eval)$3).cSourceCode;
writer.print(((eval)$$).stmt+ "\n");

((eval)$$).variables.addAll(((eval)$1).variabl

es);

((eval)$$).variables.addAll(((eval)$3).variabl
es);

I

| exp AND_KW M exp

{

writer.print("\t exp -> exp
AND_KW exp \n") ;

$$=new eval();

((eval)$$).stmt += ((eval)$1).stmt
+"and "+ ((eval)$4).stmt;

((eval)$$).cSourceCode +=
((eval)$1).cSourceCode + " && "+
((eval)$4).cSourceCode;

writer.print(((eval)$$).stmt+ "\n");

((eval)$$).variables.addAll(((eval)$1).variabl

es);

((eval)$$).variables.addAll(((eval)$4).variabl
es);

¥

| exp OR_KW M exp

{

writer.print("\t exp -> exp OR_KW

exp \n");

$$=new eval();
((eval)$3$).stmt += ((eval)$1).stmt
+"or "+ ((eval)$4).stmt;
((eval)$$).cSourceCode +=
((eval)$1).cSourceCode + " || "+
((eval)$4).cSourceCode;

writer.print(((eval)$$).stmt+ "\n");
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((eval)$$).variables.addAll(((eval)$1).variabl

es);

((eval)$$).variables.addAll(((eval)$4).variabl
es);

I3

| NEG_KW exp %prec q

{

writer.print("\t exp -> NEG_KW

exp \n");

$$=new eval();

((eval)$$).stmt +="1("+
((eval)$2).stmt + ")";

((eval)$$).cSourceCode += "I("+
((eval)$2).cSourceCode + ")";

writer.print(((eval)$$).stmt+ "\n");

((eval)$$).variables.addAll(((eval)$2).variabl
es);
¥
| LPAR_KW exp RPAR_KW %prec p
{
writer.print("\t exp -> LPAR_KW
exp RPAR_KW \n") ;
$$=new eval();
((eval)$$).stmt +="("+
((eval)$2).stmt +™)";
((eval)$$).cSourceCode +="("+
((eval)$2).cSourceCode + ")";
writer.print(((eval)$$).stmt+ "\n");

((eval)$$).variables.addAll(((eval)$2).variabl

es);
3
¢ : NOP_KW
{

writer.print("\t ¢ -> NOP_KW \n")

$$=new eval();

((eval)$$).stmt += "NOP";
((eval)$$).cSourceCode +=";";
writer.print(((eval)$$).stmt+ "\n");

((eval)$$).node = new
Node(nodeCounter++, ((eval)$$).stmt);

((eval)$$).nodeldAndStmt += "#"
+ ((eval)$$).node.getNodelD() + ":" + ((eval)$$).stmt;

((eval)$$).node.setNodeldAndStmt(((eval)$$
).nodeldAndStmt);
((eval)$$).list = new
MyLinkedList(((eval)$$).node);

}3
| x ASSIGN_KW exp
{

writer.print("\t ¢ -> x
ASSIGN_KW exp \n") ;

$$=new eval();

((eval)$$).stmt += ((eval)$1).stmt
+" ="+ ((eval)$3).stmt;

((eval)$$).cSourceCode +=
((eval)$1).cSourceCode + " =" +
((eval)$3).cSourceCode;

writer.print(((eval)$$).stmt+ “\n");

((eval)$3$).variables.addAll(((eval)$3).variabl

es);
boolean check = false;
for(Variable v :
symbolTableOfVariables){

if(((eval)$1).stmt.equals(v.name)){
((eval)$$).node
= new Node(nodeCounter++, ((eval)$$).stmt);

((eval)$$).nodeldAndStmt += "#" +
((eval)$$).node.getNodelD() + ":" + ((eval)$1).stmt + "
="+ ((eval)$3).stmt;

((eval)$$).node.setNodeldAndStmt(((eval)$$
).nodeldAndStmt);

for(String str :
((eval)$$).variables){

for(Variable varvar :
symbolTableOfVariables){

if(str.equals(varvar.name)){
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((eval)$$).node.addToVariablesOfNode(varv
ar);

break;

for(Variable
varvar : symbolTableOfVariables){

if(varvar.name.equals(((eval)$1).stmt)){

((eval)$$).node.setAssignedVariable(varvar);

break;

((eval)$$).list
= new MyLinkedList(((eval)$$).node);

check = true;

break;

if(check){

System.err.printIn("undefined variable can
not be assigned:");

GUI.terminal.append(*“undefined variable
can not be assigned:\n\t"+((eval)$$).stmt,
Color.orange);

System.err.printin("\t"+((eval)$$).stmt);

//System.exit(0);
return -1;

((eval)$$).variables.add(((eval)$1).stmt);
/Inot necessary

b

| INL_KW varlist
{
writer.print("\t ¢ -> INL_KW
varlist\n") ;
$$=new eval();
((eval)$s$).stmt +="inL
"+((eval)$2).stmt;

//((eval)$3$).cSourceCode +="int
"+((eval)$2).cSourceCode;
for(String alpha :
((eval)$2).variables){
((eval)$$).cSourceCode
+="int" + alpha +"; //type: low \n";
((eval)$$).cSourceCode
+= "scanf(\"%d\", &" + alpha + ");\n";

}
writer.print(((eval)$$).stmt+ "\n");

((eval)$3$).variables.addAll(((eval)$2).variabl
es);

boolean first = true;
for(String i : ((eval)$2).variables){
Variable currentVar =
new Variable(i);

for(Variable v :
symbolTableOfVariables){

if(v.name.equals(currentVar.name)){
v.type = "low";

currentVar.type = "low";

}

((eval)$$).node = new
Node(nodeCounter++, currentVar.name);

((eval)$$).node.setAssignedVariable(current
Var);

//((eval)$$).node.addToVariablesOfNode(cur
rentVar);

if(first){
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((eval)$3).list
= new MyLinkedList(((eval)$$).node);
first = false;

}

else{

((eval)$$).list. merge(new
MyLinkedList(((eval)$$).node));
}
}

((eval)$$).nodeldAndStmt += "#" +
((eval)$$).node.getNodelD() + ™" + ((eval)$$).stmt;

((eval)$$).node.setNodeldAndStmt(((eval)$$
).nodeldAndStmt);

3
| INH_KW varlist
{
writer.print("\t ¢ -> INH_KW
varlist\n") ;

$$=new eval();
((eval)$$).stmt += "inH
"+((eval)$2).stmt;
//((eval)$$).cSourceCode += "int
"+((eval)$2).cSourceCode;
for(String alpha :
((eval)$2).variables){
((eval)$$).cSourceCode
+="int" +alpha +"; //type: high \n";
((eval)$$).cSourceCode
+="scanf(\"%d\", &" + alpha + ");\n";
}
writer.print(((eval)$$).stmt+ “\n");

((eval)$$).variables.addAll(((eval)$2).variabl
es);

boolean first = true;
for(String i : ((eval)$2).variables){
Variable currentVar =
new Variable(i);

for(Variable v :
symbolTableOfVariables){

if(v.name.equals(currentVar.name)){
v.type = "high";
currentVar.type = "high";

}

((eval)$$).node = new
Node(nodeCounter++, currentVar.name);

((eval)$$).node.setAssignedVariable(current
Var);

/1((eval)$$).node.addToVariablesOfNode(cur
rentVar);

if(first){
((eval)$$).list
= new MyLinkedList(((eval)$$).node);
first = false;

}

else{

((eval)$$).list.merge(new
MyLinkedList(((eval)$$).node));
}
}

((eval)$$).nodeldAndStmt += "#" +
((eval)$$).node.getNodelD() + ":" + ((eval)$$).stmt;

((eval)$$).node.setNodeldAndStmt(((eval)$$
).nodeldAndStmt);

3
| OUTL_KW x
{
writer.print("\t ¢ -> OUTL_KW x
\n");
$$=new eval();
((eval)$$).stmt += "outL " +
((eval)$2).stmt;
((eval)$$).cSourceCode +=
"printf(\"%d\\n\","+((eval)$2).cSourceCode+")";
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writer.print(((eval)$$).stmt+ "\n");

((eval)$3).variables.add(((eval)$2).stmt);

boolean check = false;
for(Variable v :
symbolTableOfVariables){

if(((eval)$2).stmt.equals(v.name) &&
v.type.equals("low™)){

((eval)$$).node
= new Node(nodeCounter++, ((eval)$3$).stmt);

((eval)$$).nodeldAndStmt +="#" +
((eval)$$).node.getNodeID() + ":" + ((eval)$$).stmt;

((eval)$$).node.setNodeldAndStmt(((eval)$$
).nodeldAndStmt);

for(String str :
((eval)$$).variables){

for(Variable varvar :
symbolTableOfVariables){

if(str.equals(varvar.name)){

((eval)$$).node.addToVariablesOfNode(varv
ar);

break;

((eval)$$).list
= new MyL.inkedList(((eval)$$).node);

check = true;

break;

if('check){

System.err.printIn(undefined variable!");

GUI.terminal.append(*undefined
variable!\n\t"+((eval)$$).stmt, Color.orange);

System.err.printin("\t"+((eval)$$).stmt);
[/System.exit(0);
return -1;

}3
| OUTH_KW x
{
writer.print("\t ¢ -> OUTH_KW x
\n");
$$=new eval();
((eval)$$).stmt += "outH " +
((eval)$2).stmt;
((eval)$$).cSourceCode +=
"printf(\"%d\\n\","+((eval)$2).cSourceCode+")";
writer.print(((eval)$$).stmt+ "\n");

((eval)$$).variables.add(((eval)$2).stmt);

boolean check = false;
for(Variable v :
symbolTableOfVariables){

if(((eval)$2).stmt.equals(v.name) &&
v.type.equals("high™)){
((eval)$$).node
= new Node(nodeCounter++, ((eval)$$).stmt);

((eval)$$).nodeldAndStmt += "#" +
((eval)$$).node.getNodelD() + ":" + ((eval)$$).stmt;

((eval)$$).node.setNodeldAndStmt(((eval)$$
).nodeldAndStmt);

for(String str :
((eval)$$).variables){

for(Variable varvar :
symbolTableOfVariables){

if(str.equals(varvar.name)){
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((eval)$$).node.addToVariablesOfNode(varv
ar);

break;

((eval)$$).list
= new MyLinkedList(((eval)$$).node);

check =true;

break;

if(!check){
System.err.printIn("undefined variable!");
System.err.printin("\t"+((eval)$$).stmt);

GUI.terminal.append(*undefined
variable\n\t"+((eval)$$).stmt, Color.orange);

//System.exit(0);
return -1;
}
¥
| OUTL_KW BOT_KW
{
writer.print(*\t ¢ -> OUTL_KW
BOT_KW\n");

$$=new eval();

((eval)$$).stmt += "outL BOT";

((eval)$$).cSourceCode +=
"printf(\"BOT\\n\")";

writer.print(((eval)$$).stmt+ "\n");

((eval)$$).node = new
Node(nodeCounter++, ((eval)$$).stmt);

((eval)$$).nodeldAndStmt += "#"
+ ((eval)$$).node.getNodelD() + ":" + ((eval)$$).stmt;

((eval)$$).node.setNodeldAndStmt(((eval)$$
).nodeldAndStmt);

((eval)$$).list = new
MyLinkedList(((eval)$$).node);

b3
| OUTH_KW BOT_KW
{
writer.print("\t ¢ -> OUTH_KW
BOT_KW \n") ;

$$=new eval();

((eval)$$).stmt += "outH BOT";

((eval)$$).cSourceCode +=
"printf(\"BOT\\n\")";

writer.print(((eval)$$).stmt+ "\n");

((eval)$$).node = new
Node(nodeCounter++, ((eval)$$).stmt);

((eval)$$).nodeldAndStmt += "#"
+ ((eval)$$).node.getNodelD() + ":" + ((eval)$$).stmt;

((eval)$$).node.setNodeldAndStmt(((eval)$$
).nodeldAndStmt);
((eval)$$).list = new
MyLinkedList(((eval)$$).node);

}
| IF_KW exp THEN_KW M clist
ENDIF_KW %prec p
{
writer.print("\t ¢ -> IF_KW exp
THEN_KW M clist ENDIF_KW \n") ;
$$=new eval();
((eval)$$).stmt +="if " +
((eval)$2).stmt + " then " + ((eval)$5).stmt + " endif";
((eval)$$).cSourceCode += " if ("
+ ((eval)$2).cSourceCode + ") { " +
((eval)$5).cSourceCode + ";}";
writer.print(((eval)$$).stmt+ "\n");

((eval)$$).variables.addAll(((eval)$2).variabl
es);

/I((eval)$$).variables.addAll(((eval)$5).varia
bles);

((eval)$$).node = new
Node(nodeCounter++, ((eval)$2).stmt);//condition
expression node

((eval)$$).nodeldAndStmt +=" if *
+"#" + ((eval)$$).node.getNodeID() + ":" +

AQ 5 VA asio



de»oéL.s )‘ Ls'l’:bk)";u —Cwgn

((eval)$2).stmt + " then \n" +
((eval)$5).nodeldAndStmt + " endif";

((eval)$$).node.setNodeldAndStmt(((eval)$$
).nodeldAndStmt);

for(String str :
((eval)$$).variables){
for(Variable v :
symbolTableOfVariables){

if(str.equals(v.name)){
((eval)$$).node.addToVariablesOfNode(v);

break;

((eval)$$).list = new
MyLinkedList(((eval)$$).node);

Node dummy = new
Node(nodeCounter++, "dummy");//dummy node for
last node of if

((eval)$$).list.getLast().setNextPointer2(dum
my);//if false

dummy.addPreviousPointer(((eval)$$).list.ge
tLast()); //backward pointer

((eval)$$).list.merge(((eval)$5).list);//if true
((eval)$$).list. merge(new
MyLinkedList(dummy));
¥
| IF_KW exp THEN_KW M clist ELSE_KW
N M clist ENDIF_KW
{
writer.print("\t ¢ -> IF_KW exp
THEN_KW M clist ELSE_KW N M clist ENDIF_KW
\n")
$$=new eval();
((eval)$$).stmt +="if " +
((eval)$2).stmt + " then " + ((eval)$5).stmt + " else " +
((eval)$9).stmt + " endif ;

((eval)$$).cSourceCode +=" if (*
+ ((eval)$2).cSourceCode + ") { " +
((eval)$5).cSourceCode + ";} else {" +
((eval)$9).cSourceCode + ";}";

writer.print(((eval)$$).stmt+ "\n");

((eval)$$).variables.addAll(((eval)$2).variabl

es);

/l((eval)$$).variables.addAll(((eval)$5).varia
bles);

/l((eval)$$).variables.addAll(((eval)$9).varia
bles);

((eval)$$).node = new
Node(nodeCounter++, ((eval)$2).stmt);//condition
expression node

((eval)$$).nodeldAndStmt += " if *
+"#" + ((eval)$$).node.getNodeID() + ":" +
((eval)$2).stmt + " then \n" +
((eval)$5).nodeldAndStmt + " else \n" +
((eval)$9).nodeldAndStmt + " endif ";

((eval)$3$).node.setNodeldAndStmt(((eval)$$
).nodeldAndStmt);

for(String str :
((eval)$$).variables){
for(Variable v :
symbolTableOfVariables){

if(str.equals(v.name)){
((eval)$$).node.addToVariablesOfNode(v);

break;

((eval)$$).list = new
MyLinkedList(((eval)$$).node);

Node dummy = new
Node(nodeCounter++, "dummy");//dummy node for
last node of if
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MyLinkedList dummyList = new
MyLinkedList(dummy);

((eval)$3).list.getLast().setNextPointer2(((ev
al)$9).list.getFirst());//if false - else section

((eval)$9).list.getFirst().addPreviousPointer((
(eval)$$).list.getLast()); //backward pointer

((eval)$$).list.getNodeSet().addAll(((eval)$9
).list.getNodeSet());

((eval)$9).list. merge(dummyL.ist);

((eval)$$).list.merge(((eval)$5).list);//if true
((eval)$$).list.merge(dummyList);

¥
| WHILE_KW exp DO_KW M clist
DONE_KW
{
writer.print("\t ¢ -> WHILE_KW
exp DO_KW M clist DONE_KW \n") ;
$$=new eval();
((eval)$$).stmt += "while " +
((eval)$2).stmt + " do " + ((eval)$5).stmt + " done ";
writer.print(((eval)$$).stmt+ “\n");

((eval)$$).variables.addAll(((eval)$2).variabl
es);

1

((eval)$$).variables.addAll(((eval)$5).variabl
es);

((eval)$$).node = new
Node(nodeCounter++, ((eval)$2).stmt);//condition
expression node

((eval)$$).node.whilelD =
whilelD++;

((eval)$$).cSourceCode +=
"~WhilelD"+((eval)$$).node.whilelD+"~while (" +
((eval)$2).cSourceCode + ") { " +
((eval)$5).cSourceCode +
"\n}"+"~ENDWhilelD"+((eval)$$).node.whilelD+"~"

1

((eval)$$).nodeldAndStmt +=
"while " + "#" + ((eval)$$).node.getNodelD() + ":" +
((eval)$2).stmt + " do \n" + ((eval)$5).nodeldAndStmt
+ " done ";

((eval)$$).node.setNodeldAndStmt(((eval)$$
).nodeldAndStmt);

for(String str :
((eval)$$).variables){
for(Variable v :
symbolTableOfVariables){

if(str.equals(v.name)){
((eval)$3$).node.addToVariablesOfNode(v);

break;

((eval)$$).list = new
MyLinkedList(((eval)$$).node);

Node dummy = new
Node(nodeCounter++, "dummy™");//dummy node for
last node of if

MyLinkedList dummyList = new
MyLinkedList(dummy);

((eval)$$).list.getLast().setNextPointer2(dum
my);//while condition false

dummy.addPreviousPointer(((eval)$$).list.ge
tLast()); //backward pointer

((eval)$$).list.getNodeSet().add(dummy);

((eval)$$).list. merge(((eval)$5).list); //while
condition true (loop)

((eval)$5).list.getLast().setNextPointer1(((ev
al)$$).list.getFirst());
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((eval)$$).list.getFirst().addPreviousPointer((
(eval)$5).list.getLast());

((eval)$9).list.setLast(dummy);

varlist : X
{

writer.print("\t varlist -> x \n") ;
$$=new eval();
((eval)$$).stmt += ((eval)$1).stmt;
((eval)$$).cSourceCode +=

((eval)$1).cSourceCode;
writer.print(((eval)$$).stmt+ "\n");

Variable tempVar = new
Variable(((eval)$1).stmt);

boolean flag = true;
for(inti=0;i<
symbolTableOfVariables.size(); i++){

if(symbolTableOfVariables.get(i).name.equa
Is(tempVar.name)){
flag = false;
break;

if(flag == true){
symbolTableOfVariables.add(tempVar);

((eval)$$).variables.add(((eval)$1).stmt);
}
else{
System.err.printin("The
variable " + ((eval)$1).stmt + " is already declared!");

GUI.terminal.append(*The variable " +
((eval)$1).stmt + " is already declared!",
Color.orange);

//System.exit(0);
return -1;
}

X

| x ', varlist

{

writer.print("\t varlist -> x , varlist
\n");

$$=new eval();

((eval)$$).stmt += ((eval)$1).stmt
+", "+ ((eval)$3).stmt;

((eval)$3).cSourceCode +=
((eval)$1).cSourceCode + ", " +
((eval)$3).cSourceCode;

writer.print(((eval)$$).stmt+ "\n");

Variable tempVar = new
Variable(((eval)$1).stmt);

boolean flag = true;
for(inti=0;i<
symbolTableOfVariables.size(); i++){

if(symbolTableOfVariables.get(i).name.equa
Is(tempVar.name)){
flag = false;
break;

if(flag == true){
symbolTableOfVariables.add(tempVar);
((eval)$$).variables.add(((eval)$1).stmt);

((eval)$$).variables.addAll(((eval)$3).variabl
es);
}
else{
System.err.printin("The
variable " + ((eval)$1).stmt + " is already declared!");

GUI.terminal.append("The variable " +
((eval)$1).stmt + " is already declared!",
Color.orange);

}

3

b : BOOL_CONSTANT
{
writer.print("\t b ->
BOOL_CONSTANT \n") ;
$$=new eval();
((eval)$3$).stmt += this.stmt;
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((eval)$$).cSourceCode +=
((eval)$$).stmt;
writer.print(((eval)$$).stmt+ "\n");

%

n: INTEGER_NUMBER
{
writer.print("\t n ->
INTEGER_NUMBER \n") ;
$$=new eval();
((eval)$$).stmt += this.stmt;
((eval)$$).cSourceCode +=

((eval)$$).stmt;
writer.print(((eval)$$).stmt+ "\n");
I3
X : IDENTIFIER
{
writer.print("\t x -> IDENTIFIER
\n")
$$=new eval();
((eval)$3).stmt += this.stmt;
((eval)$$).cSourceCode +=
((eval)$s$).stmt;
writer.print(((eval)$$).stmt+ "\n");
3
M : //lambda
{
I3
N : //lambda
{
3
%%
isisiaidssishniiniaiaisdssisiiaiaiaidssisiaiaiaiaiaidaikiiaieie eval

************************************/
25 oW Slaiged (ol slaallly zé 5 bhailss 1Sy 50)
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class eval {

public String stmt="";
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public String nodeldAndStmt=""";
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public String cSourceCode = "";
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public HashSet<String> variables = new
HashSet<String>();
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public Node node;
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public MyLinkedList list;
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PDGBuilder.java:

(4.41.3).3 ‘;.o.wdl5 d‘; OA.HSJ.J}’ U’“’)U)
/*
* To change this license header, choose License
Headers in Project Properties.
* To change this template file, choose Tools |
Templates
* and open the template in the editor.
*/
package wlrewriter;

import java.util.HashSet;
import java.util.lterator;

import GraphViz.*;

/**

*

* Forward Dominance Tree and Control Dependence
Graph Builder Data Dependence

* Graph and Program Dependence Graph Builder

*

* @param CFG

*

* @author Mohammad

*/

public class PDGBuilder {

private MyL.inkedList cfg, FDTree, PDG; //FDTree
is equal to PostDomTree
private HashSet<Node> FDTNodes;

private String fileName;
/I private ArrayList<DataEdge> dataDeps;//data
dependencies - by CFG nodes and we just save the
relation between them for data dep graph

public PDGBuilder(MyLinkedList cfg) {
this.cfg = cfg;

fileName =
YYParser.getSourceCodeFileName().replace(".wl",

")

this.cfg.getFirst().setNextPointer2(this.cfg.getLast());

/laccording to the article, it needs to connect START to
STOP

/lprint the cfg for test

1 cfg.printNodeSet();
/lcomputing post dominators
computePostDominators();

[lprint dominators
1 printPostDominators();
/ldraw the FDT (Post Dom Tree) - Find the
immediate post dominance
makePostDomTree();

/[find the immediate post dom for each node - It
must be unique, but | did not take risk and get an array
for it

setimmediatePostDoms();

/lprint the immediate post dom for each node that
they are set in the field of each node
1 printimmediatePostDoms();

/lcompute PDF for each node that they will be
control dependences

computePDFs();

/lprint the PDFs for all nodes in FDTNodes
1 printPDFs();

/lcompute Control Dependecies from PDFs

computeControlDep();

/lprint the Control Dependecies
printControlDeps();

/lcompute the Data Dependecies from CFG
computeDataDep();

[lprint the Data Dependecies
printDataDeps();

//merge CDG and DDG together to make PDG
computePDG();

/lprint and show the PDG
printPDG();
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private void computePostDominators() {

for (Node n : cfg.getNodeSet()) {
n.setPostDominators(cfg.getNodeSet());
//PostDom(n) = NodeSet

}

HashSet<Node> workList = new
HashSet<Node>();

workL.ist.add(cfg.getLast()); //WorkList =
{StopNode}

while ('workList.isEmpty()) {

Node y = workList.iterator().next();
workList.remove(y); // Remove any node Y
from Worklist

/I New = {y} + intersect PostDom(x): x is in
succ(y)

HashSet<Node> New = new HashSet<>();

New.add(y);

if (y.succ().iterator().hasNext()) {
HashSet<Node> intersect = new
HashSet<>(y.succ().iterator().next().getPostDominator

s0);

for (Node x : y.succ()) {
intersect.retainAll(x.getPostDominators());

}
New.addAll(intersect);

}

if (INew.equals(y.getPostDominators())) {
y.setPostDominators(New); //PostDom(y) =
New

workList.addAll(y.pred()); // for (each z in
pred(y)) worklist += {z}

}

I/ 'you can find post dominators for each node in
getPostDominators() method

private void printPostDominators() {
System.out.printIn("**** print Post Dominators
****");
for (Node i : cfg.getNodeSet()) {
System.out.print("Post-Dom(" + i.getNodelD()

)
for (Node alpha : i.getPostDominators()) {
System.out.print(alpha.getNodelD() + ", ");
}
System.out.printin(*");
}
}

private void makePostDomTree() {
FDTNodes = new HashSet<>();

/lcopy nodes from CFG to FDTNodes
for (Node p : cfg.getNodeSet()) {
Node n = new Node(p.getNodelD(),
p.getStatement());
HashSet<Node> tempPostDom = new
HashSet<>(p.getPostDominators());
n.setPostDominators(tempPostDom);

/leliminate the node from post-dominators to
search its pred
n.getPostDominators().remove(p);

FDTNodes.add(n);

HashSet<MyLinkedList> listOfFDTNodes = new
HashSet<>();

for (Iterator<Node> it = FDTNodes.iterator();
it.hasNext();) {
Node temp = it.next();

listOfFDTNodes.add(new
MyLinkedList(temp));

FDTree = new MyLinkedList(null);
for (Iterator<MyLinkedList> it =
listOfFDTNodes.iterator(); it.hasNext();) {
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MyLinkedList temp = it.next();
Node tempNode = temp.getFirst();

if (tempNode.getStatement().equals("STOP"))

FDTree.setFirst(tempNode);
}
else {
if
(tempNode.getStatement().equals("START")) {
FDTree.setLast(tempNode);
}
for (Iterator<Node> it2 =
cfg.getNodeSet().iterator(); it2.hasNext();) {
Node temp2 = it2.next();
if
(tempNode.getPostDominators().equals(temp2.getPost
Dominators())) {
for (Iterator<MyLinkedList> it3 =
listOfFDTNodes.iterator(); it3.hasNext();) {
MyLinkedList temp3 = it3.next();
Node tempNode3 = temp3.getFirst();
if (tempNode3.getNodelD() ==
temp2.getNodelD()) {
mergeL.ists(temp3, temp);

}
}

I System.out.printIn("Post-Dom Tree is created");

}

private void mergeLists(MyLinkedList first,
MyLinkedList second) {

first.getFirst().addNextPointersForPostDomTree(secon
d.getFirst());

second.getFirst().addPreviousPointer(first.getFirst());
}

private void setimmediatePostDoms() {
for (Node n : FDTNodes) {
for (Node i : n.getPostDominators()) {
boolean flag = true;

for (Node j : n.getPostDominators()) {
if (1j.equals(i)) {
if (j.getPostDominators().contains(i)) {
flag = false;
break;
}
}
}
if (flag == true) {
if (n.getimmediatePostDominator() !=
null) {
System.err.printin(*Immediate Post
Dom for this node is not unique!!");

}

n.setimmediatePostDominator(i);

for (Node k : cfg.getNodeSet()) {
if (k.getNodelD() == n.getNodelD()) {
k.setimmediatePostDominator(i);
break;
}
}
}

private void printimmediatePostDoms() {
System.out.printin("**** print Immediate Post
Dominators ****");
for (Node n : FDTNodes) {

System.out.printIn(*Immediate Post Dom for
Node " + n.getNodelD() + " --> " + n.getStatement() +

Y,

if (In.getStatement().equals("STOP")) {
//because of being null for STOP node
Node q = n.getimmediatePostDominator();
System.out.printin("\t" + g.getNodelD() + " -
->" + g.getStatement());
}
else {
System.out.printin("\t");

}
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private void computePDFs() {
for (Node n : FDTNodes) {
if
(n.getNextPointersForPostDomTree().isEmpty()) {
/lthe node is leaf of PostDomTree
HashSet<Node> worklist = new
HashSet<>();
worklist.add(n);

while ('worklist.isEmpty()) {
Node x = worklist.iterator().next();
worklist.remove(x);

worklist.addAll(x.pred()); //traverse
bottom-up the postDomTree

HashSet<Node> currentPDF = new
HashSet<>(); //PDF for node x
IMocallll
for (Node xInCFG : cfg.getNodeSet()) {
if (xXInCFG.getNodelD() ==
x.getNodelD()) { // Node XInCFG is x in CFG - we
need pred() in CFG
if (IXInCFG.pred().isEmpty()) {
for (Node y : xInCFG.pred()) {
if
(y.getimmediatePostDominator() != null) {
if
(y.getimmediatePostDominator().getNodelD() !=
XInCFG.getNodelD()) {
currentPDF.add(y);

}
}

else {
currentPDF.add(y);

[Huplll
for (Node z : FDTNodes) {
if (z.getimmediatePostDominator() !=

null) {

if
(z.getimmediatePostDominator().getNodelD() ==
x.getNodelD()) {

for (Node y : z.getPDF()) {
if
(y.getimmediatePostDominator() !'= null) {
if
(y.getimmediatePostDominator().getNodelD() !=
x.getNodelD()) {
currentPDF.add(y);

}
}
else {
currentPDF.add(y);
}
}

x.setPDF(currentPDF);

private void printPDFs() {
System.out.printin("**** print FDTs ****");
for (Node n : FDTNodes) {
System.out.printin("PDF(" + n.getNodelD() +
": "+ n.getStatement() + ") = {");

for (Node q : n.getPDF()) {
System.out.printin("\t" + g.getNodelD() + "
" + q.getStatement() + ", ");
}
System.out.printin("}");

}

private void computeControlDep() {
for (Node y : FDTNodes) {
for (Node x : FDTNodes) {
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for (Iterator<Node> it =
y.getPDF().iterator(); it.hasNext();) {
Node w = it.next();
if (w.getNodelD() == x.getNodelD()) {

/I mitavanad tekrari bashe [dar sorati ke
be khodes nabayad vabastegi dashte bashe, in ja ye if
mizarim : if(y.getNodeld()!=x.getNodeld())]

x.getContolDep().add(y);

y.getParentOfControlDep().add(x);

private void printControlDeps() {

String CDgraph ="";
1
System.out.printin("\n**x**kxxdkxxrirxxF\nprint
Control Dependencies ");

for (Node n : FDTNodes) {
1 System.out.print("Node -->" + n.getNodelD()
+ " "+ n.getStatement() + " = {");

for (Node g : n.getContolDep()) {
I System.out.print(q.getNodeIlD() + ": " +
g.getStatement() + " | ");
for (Node u : cfg.getNodeSet()) {
if (u.getNodelD() == g.getNodelD()) {
if (u.getVariablesOfNode().size() > 0) {
for (Variable v :
u.getVariablesOfNode()) {
if (v.type.equals("high™)) {
CDgraph +="\"" + "#" +
g.getNodelD() +" " + g.getStatement() + "\"" + ";\n";
}
}
}
if (u.getAssignedVariable() !'= null) {
if
(u.getAssignedVariable().type.equals("high™)) {
CDgraph +="\"" + "#" +
g.getNodelD() +" " + g.getStatement() + "\"" + ";\n";
}
}
}
}
CDgraph +="\"" + "#" + n.getNodelD() + "
"+ n.getStatement() + "\"" + " > "+ "\ THT 4
g.getNodelD() +" " + g.getStatement() + "\"" + ";\n";

//control dep edges: solid // for data dep
edges: " [style=dashed];\n";
}
1 System.out.printin("}");
}

1 System.out.println("*******xkkdkxxdrrE\n");

GraphDrawer gd = new GraphDrawer();
gd.draw(fileName + "_CDG.", CDgraph);

System.out.printIn("Control Dependence Graph is
ready.");

GUl.terminal.append("Control Dependence Graph
is ready.");

}

private void computeDataDep() {

for (Node n : cfg.getNodeSet()) {
if (n.getAssignedVariable() !'= null) {

HashSet<Node> dataDepLimit = new
HashSet<>();
for (Node zed : cfg.getNodeSet()) {
zed.isVisited = false;
if (zed.getAssignedVariable() '= null) {
if
(zed.getAssignedVariable().name.equals(n.getAssigned
Variable().name) && zed.getNodelD() !=
n.getNodelD()) {
dataDepLimit.add(zed);
}
}

HashSet<Node> worklist = new
HashSet<>();
worklist.add(n);

while (*worklist.isEmpty()) {
Node node = worklist.iterator().next();
worklist.remove(node);
node.isVisited = true;

boolean isLimit = false;

for (Node h : dataDepLimit) {
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if (h.getNodelD() ==
node.getNodelD()) {
isLimit = true;
for (Variable varc :
node.getVariablesOfNode()) {
if
(n.getAssignedVariable().name.equals(varc.name)) {

n.getDataDepsForThisNode().add(node);

node.getParentsOfDataDep().add(n);
break;
}
}
break;
}
}

if (tisLimit) {
for (Variable v :
node.getVariablesOfNode()) {
if
(v.name.equals(n.getAssignedVariable().name)) {//Is
assigned variable used in this node?

n.getDataDepsForThisNode().add(node);

node.getParentsOfDataDep().add(n);
break;
}
}

for (Node w : node.succ()) {
if (Iw.isVisited) {
worklist.add(w);

private void printDataDeps() {
String DDgraph = "";

for (Node n : cfg.getNodeSet()) {
for (Node q : n.getDataDepsForThisNode()) {

DDgraph +="\"" + "#" + n.getNodelD() + "
" + n.getStatement() + "\"" + " -> "+ \"" + "HT +
g.getNodelD() +" " + g.getStatement() + "\""" + ";\n";
}
}

GraphDrawer gd = new GraphDrawer();
gd.draw(fileName +"_DDG.", DDgraph);

System.out.printin("Data Dependence Graph is
ready.");
GUI.terminal.append("Data Dependence Graph is
ready.");
}

private void computePDG() {
PDG = cfg; //PDG is equal to CFG , updating
some items in each node:

/INode ID --> FDTNodes

/Istatement --> FDTNodes

/IControl Dep --> FDTNodes

/IparentOfContorlDep --> FDTNodes

/ldataDepForThisNode --> CFG (PDG)

/IparentOfDataDep --> CFG (PDG)

[IvariablesOfNode --> CFG (PDG)

/lassignedVariable --> CFG (PDG)

for (Node nodeInPDG : PDG.getNodeSet()) {

for (Node nodeInFDT : FDTNodes) {
if (nodeInPDG.getNodelD() ==
nodelnFDT.getNodelD()) {

nodelnPDG.setStatement(nodelnFDT.getStatement());

for (Node temp :
nodelnFDT.getContolDep()) {
for (Node temp2 : PDG.getNodeSet()) {
if (temp.getNodelD() ==
temp2.getNodelD()) {

for (Node temp3 :
cfg.getNodeSet()) {
if (temp3.getNodelD() ==
temp2.getNodelD()) {
I
temp2.setNextPointerl(temp3.getNextPointer1());
)
temp2.setNextPointer2(temp3.getNextPointer2());
}
}

AQ 51 AN asio



de»oéL.s )‘ Ls'l’:bk)";u —Cwgn

nodelnPDG.getContolDep().add(temp2);
}
}
}

for (Node temp3 : cfg.getNodeSet()) {
for (Node tempq :
nodelnFDT.getParentOfControlDep()) {
if (temp3.getNodelD() ==
tempg.getNodelD()) {

tempg.setNextPointer1(temp3.getNextPointerl());

tempg.setNextPointer2(temp3.getNextPointer2());
}
}
}

nodelnPDG.setParentOfControlDep(nodelnFDT.getPa
rentOfControlDep());

for (Node temp :
nodelnFDT.getDataDepsForThisNode()) {
for (Node temp2 : PDG.getNodeSet()) {
if (temp.getNodelD() ==
temp2.getNodelD()) {

nodelnPDG.getDataDepsForThisNode().add(temp2);
}
}
}

nodelnPDG .setParentsOfDataDep(nodelnFDT.getPare
ntsOfDataDep());

break;
}
}
}
}

private void printPDG() {
String PDgraph = "";

for (Node n : PDG.getNodeSet()) {
/[Control Deps
for (Node w : n.getContolDep()) {
PDgraph +="\"" + "#" + n.getNodelD() + "
"+ n.getStatement() + "\"" + " > "+ TE 4+
w.getNodelD() +" " + w.getStatement() + "\"" +
"An";
}
/IData Deps
for (Node q : n.getDataDepsForThisNode()) {
PDgraph +="\"" + "#" + n.getNodeID() + "
"+ n.getStatement() + "\"" + " -> "+ "+ "H +
g.getNodelD() +" " + q.getStatement() + "\""" + "
[style=dashed];\n";
}
}

GraphDrawer gd = new GraphDrawer();
gd.draw(fileName + *_PDG.", PDgraph);

System.out.printIn("Program Dependence Graph
is ready.");
GUI.terminal.append("Program Dependence
Graph is ready.");
}

public MyLinkedList getPDG() {
return PDG;

}
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