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Quicksort program

void quicksort(int xa, int m, int n )

{

int i, j;
int v, x;
if( n<=m) return;
i=m—1; j=n; v = a[n];

for(;;) {
do i = i+1; while( a[i] < v );
do j = j—1; while( a[j] > v );

if( i > j ) break;
} x = a[i]; a[i]= a[j]; a[jl]=x;
x=al[i]; a[i]=a[n]; a[n]=x;
quicksort(a,m,j);
quicksort(a,i+1,n);
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Leforditott kéd + kdzbenso abrazolas

quicksort
push

T pu
2 mov
3 s
4 mov
5 o
)
7 jmp
5 mov
s sub
10 mov
11 mov
12 mov
13 mov
14 lea
15 mov
16 add
17 mov
18 mov
19 add
20 mov
21 lea
2 mov
23 add
24 mov
25 cmp
2 i
27 sub
2 mov
2 I

30 mov
31 add
32 mov
33 cmp
34 g
25 mov
3 cmp
a7 i
38 nop
39 mov
w0

41 mov
42 add
43 mov
44 mov
45 mov
4 lea
47 mov
48 add
49 mov
50 lea
51 mov
52 add
5 mov
50 mov
5  mov
56 I

57 mov
5 add
5 mov
60 mov

esp
©sp28n

eax,dword ptr [ebp+10n]
eax,dword ptr [ebp+0Ch]
81
Bi0
eax,dword ptr [ebp+0Ch]
oax.1
dword ptr [ebp—Ch] , eax
amx duord pir [ebpsioh)
duord pie [abp. 0] eax
ptr [obp+i0n]
o feaneatabobano0n]
Sl )
oax. ed)
Sax aword pur_[aax]
Gt RS

dword ptr [ebp-Ch], 1
eax,dword ptr_[ebp—0Ch]
edx. [eax«4+00000000h]
eax dword ptr [ebp+8]
eax dword ptr [eax]
eax,dword ptr [ebp-14n]
B2

dword ptr [ebp—10n]. 1

oax, uwom ptr [eax]

rd ptr [ebp—14n]
B3
eax,dword ptr [ebp-0Ch]
eax,dword ptr [ebp—10n]
&7

cax,dword ptr [ebp—0Ch

odx [..m.uouonnuom

oax +8]

eax

eax_dword ptr_[eax]

aword pir {sbp 1on]
rd ptr (ot

eax dword ptr [ebp.5]

eax_dword ptr_[ebp+10n]
sz [ams 00000001}

{obp-+5]
cax dword ptr (eax)
dword ptr [ec

eax
eax.word pir[obpr10n]
otk oax 4200000000
eax dword ptr [ebp+8]
eax,dword ptr_[ebp—18n]
dword ptr [edx], eax

[avieksen
ush sbp

2 -

3 5p-0:28

4 eax = eax,dword ptr [ebp+0x10]

5  cmp eax,dword ptr [ebp+0x0C]

s g B

7 imp 810

81

5 owx - dword pir [abpioroc]

10 ptr [abp-00C] - eax

1t Guord par 160p+0x10]

12 pir [ebp 0:10] = eax

1 a pir (6bp-0110)

1 v

15 eax « dword ptr [ebp+8]
oo

eax [eax]
1o Gwerd pur fobpovia = eax

19 dword ptr [ebp-0:00]
2 eax'~ dword pir ebp-00C]

22 Gwerd ptr [6bp6]
23 - oix
24

25 omp ove-aword pir- 8bp-0c14]
B2

27 dword ptr [ebp-0x10]

28 word pir [obp-0x10]
2

30 wuvd o (sbpes]
31 eax

32 word p

5 o ownamcrd por” [anp-0x14]
B

word ptr [ebp-0:0C]
5 amp oax.dword pir Tebp_0r10]
B7

8
39 word ptr [ebp-00C]
40 edx

41 eax - dword ptr [ebpes]
42 eax - eax + edx

a3 word ptr [eax]

a4 pir [ebp-0x18] - eax
45 fword pir[80p-0C]
46 edx

47 eax.aword ptr (ebpes]

48 edx - edx + eax

49 dword ptr [ebp+0x10]
50 ax

51 word ptr [obp+8]
52 axsocx

55 dword i (eax)

50 [edx)=

55 olu BT (6bp0x10]
56

57 wnvd o1t (o0pes)
58

edx
5 eaxdword pir | [zhv o1s)
60 dword ptr [edx] =

dword ptr [ebp-0:0C] +

dword ptr [ebp—0x10] —

61 mov
62 mov
63 mov
64 mov
65 mov
6 mov
67 call

85
6 mov
69 lea

170 mov
71 mov
72 mov
73 mov
74 mov
75 call

85
76 jmp
7

177 mov
76 lea
79 mov
80 add
81 mov
82 mov
83 mov
84 lea
85 mov
8 add
87 mov
8 lea
89 mov
%0 add
o1 mov
92 mov
93 mov
o1 I
95 mov
% add
97 mov
9 mov
9 jmp
810
100 leave
101 ret

rokurziv hivas 1

_auicksort

rokurziv hivas 2

o o pir_(ebp-10n]
dword ptr [es ‘8] eax
dword ptr [esp+4].edx
eax. dwolﬂ Plv [-nn‘sl
dvord ptr [osp]
Zauicksort

810

oax dword ptr [ebp-CCh]
eax. [eax+4-00000000n]
oax dword ptr (ebp+5]
eax.dword ptr_[eax|

ptr [obp+8]

eax. dword ptr [ebp—i0n]
ook, eax+4:00000000n]
oax dword pr (ebp+5]

x dword ptr [eax]
aword pir lede] eox

smx.cuord pir e
edx, [eaxﬂvﬂODODODGh]
exx.dwora pir [sbp+3]

eaxduord ptr [abp-ten)
dword ptr [edx]ea
B2

x dvord pir [obp-n]
x, e

rekurziv_hivas
o1 eux = awerd pir (obp_0x10]

6 dword ptr [esp] - ea
67 call _quicksort
85
rekurziv hivas 2 ————
55 oax = duword pir [abp-0:01]
69
70 word pir febp-0xt0}
7 ptr [esp

75 omx - dword pir [ubpes)]
74 dward ptr (emp] = sex
T uickeort

o mp 810
87

i dword ptr [ebp-00C]
78 eaxsd.

79 dword ptr [ebp+8]
80 eax + edx

81 9,0 Leex)

52 dword i (obp 0] - eax

8 o o000}
84 eaxs

85 dword ptr [ebp+8]
86 edcieax

87 dword ptr [ebp-0¢10]
88 eax«d

89 dword pir [abp-9]
%0

ot awora ptr (onx]

92 dword ptr [edx] - eax
x

dword ptr (ebp-0¢10]

eaxs:

ax-dvord pir [60p+c]

s odr - oo

ri mv oo oxo]

% aword pir fe
mp B2
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Utasitasok szemantikaja

Példa: sub esp,28h

iclass SUB category BINARY ISA—extension BASE ISA—set 186
instruction—length 3

operand—width 32

effective —operand—width 32

effective —address—width 32

stack—address—width 32

iform—enum—name SUB_GPRv_IMMb

iform—enum—name—dispatch (zero based) 8

iclass—max—iform—dispatch 18

Operands
TYPE DETAILS VIS RW  OC2 BITS BYTES NELEM ELEMSZ ELEMTYPE

# ==== === == === ==== ===== ===== ====== ========
0 REGO REGO= ESP EXPLICIT RW vV 32 4 1 0 INT
1 IMMO 0x28(8b) EXPLICIT R B 8 1 1 8 INT
2 REG1 REG1=EFLAGS SUPPRESSED W Y 32 4 1 0 INT
Memory Operands

MemopBytes = 0
FLAGS:

must—write—rflags of-mod sf-mod zf-mod af-mod pf—mod cf—mod

read: mask=0x0

written: of sf zf af pf cf mask=0x8d5

undefined: mask=0x0

e

Intel Program Instrumentation Tool altal el6allitott informacié.

https://software.intel.com/en-us/articles/pin-a-dynamic-binary-instrumentation-tool



https://software.intel.com/en-us/articles/pin-a-dynamic-binary-instrumentation-tool

Leforditott kdd + kozbenso abrazolas részlet

_quicksort: _quicksort:
1 push ebp 1 esp = esp — 4
[esp] = ebp

2 mov ebp,esp 2 ebp = esp
3 sub esp,28h 3 esp = esp—0x28
4 mov eax ,dword ptr [ebp+10h] 4 eax = eax,dword ptr [ebp+0x10]
5 cmp eax,dword ptr [ebp+OCh] 5 cmp eax,dword ptr [ebp+0x0C]
6 ig B1 6 g B1
7 jmp B10 7 jmp B10

B1: Bi1:
8 mov eax ,dword ptr [ebp+0Ch] 8 eax = dword ptr [ebp+0x0C]
9 sub eax,1 9 eax = eax — 1
10  mov dword ptr [ebp—0Ch],eax 10 dword ptr [ebp—OxOC] = eax
11 mov eax ,dword ptr [ebp+10h] 11 eax = dword ptr [ebp+0x10]
12 mov dword ptr [ebp—10h],eax 12 dword ptr [ebp—0x10] = eax
13  mov eax ,dword ptr [ebp+10h] 13 eax = dword ptr [ebp+0x10]
14 lea edx, [ eaxx4+00000000h] 14 edx = eaxx4
15  mov eax ,dword ptr [ebp+8] 15 eax = dword ptr [ebp+8]
16  add eax,edx 16 eax = eax + edx
17 mov eax,dword ptr [eax] 17 eax = dword ptr [eax]

18  mov dword ptr [ebp—14h],eax 18 dword ptr [ebp—Ox14] = eax
B2: B2:




Regiszter masolatok

1 esp = esp—4 du(esp,{1,2}) ud(ebp,?) ud(esp,? )
[esp]=ebp

2 ebp = esp du(ebp,{4,5,...}) ud(esp,?)

3 esp = esp—0x28 du(esp, ...) ud(esp,?)

4  eax = dword ptr [ebp+0x10] du(eax,5) ud(ebp,2)

5 cmp eax,dword ptr [ebp+0x0C] du(SF,6) du(OF,{}) ... ud(eax,4) wud(ebp,2)

6 ig B1 uf (SF,5)

7 jmp B10

B1

1 esp = esp—4 du(esp,{1,2}) ud(ebp,?) ud(esp,? )
[esp]=ebp

2 ebp = esp du(ebp,{4,5,...}) ud(esp,?)

3 esp = esp—0x28 du(esp, ...) ud(esp,?)

4 eax = dword ptr [ebp+0x10] ud(ebp,2)

5 ocmp dword ptr [ebp+0x10] ,dword ptr [ebp+0x0C] du(SF,6) ... wud(ebp,2)

6 jg B1 uf (SF,5)

7 jmp B10

B1
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Feltételkdd tovabbterjedésének a megszintetése

1

WNO A~ W

WNO A~ WwN

esp = esp—4 du(esp,{1,2}) ud(ebp,?) ud(esp,? )
[esp]=ebp

ebp = esp du(ebp,{4,5,...}) ud(esp,?)

esp = esp—0x28 du(esp, ...) ud(esp,?)

eax = dword ptr [ebp+0x10] ud(ebp,2)
cmp dword ptr [ebp+0x10],dword ptr [ebp+0x0C] du(SF,6) ... wud(ebp,2)
ig B1 uf (SF,5)

jmp B10

esp = esp—4 du(esp,{1,2}) ud(ebp,?) ud(esp,? )
[esp]=ebp

ebp = esp du(ebp,{4.,5,...}) wud(esp,?)

esp = esp—0x28 du(esp, ...) ud(esp,?)

eax = dword ptr [ebp+0x10] ud(ebp,2)

cmp dword ptr [ebp+0x10],dword ptr [ebp+0x0C] ... ud(ebp,2)

jcond (dword ptr [ebp+0x10] > dword ptr [ebp+0x0C]) B1
jmp B10
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Felesleges utasitasok torlése

1 esp = esp—4 du(esp,{1,2}) ud(ebp,?) ud(esp,? )
[esp]=ebp

2 ebp = esp du(ebp,{4,5,...}) ud(esp,?)

3 esp = esp—0x28 du(esp, ...) ud(esp,?)

4 eax = dword ptr [ebp+0x10] ud(ebp,2)

5 cmp dword ptr [ebp+0x10],dword ptr [ebp+0x0C] ... ud(ebp,2)

6  jcond(dword ptr [ebp+0x10] > dword ptr [ebp+0x0C]) B1

7  jmp B10

B1

1 esp = esp—4 du(esp,{1,2}) ud(ebp,?) ud(esp,? )
[esp]=ebp

2 ebp = esp du(ebp,{4.,5,...}) ud(esp,?)

3 esp = esp—0x28 du(esp, ...) ud(esp,?)

4

5

6  jcond(dword ptr [ebp+0x10] > dword ptr [ebp+0x0C]) B1

7  jmp B10

B1
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Regiszterek altal kijeldlt terlletek atnevezése

1 esp = esp—4 du(esp,{1,2}) ud(ebp,?) ud(esp,? )
[esp]=ebp

2 ebp = esp du(ebp,{4.,5,...}) wud(esp,?)

3 esp = esp—0x28 du(esp, ...) ud(esp,?)

4

5

6 jcond(dword ptr [ebp+0x10] > dword ptr [ebp+0x0C]) B1

7  jmp B10

B1

1 esp = esp—4 du(esp,{1,2}) ud(ebp,?) ud(esp,? )
[esp]=ebp

2 ebp = esp du(ebp,{4.,5,...}) wud(esp,?)

3 esp = esp—0x28 du(esp, ...) ud(esp,?)

4

5

6 jcond(par2 > partl) B1

7 jmp B10

B1

6doptimalizalas / 9



Komplex példa 1

39 eax = dwurd ptr [ebp—x0C]  du(eax,40)

40 edx =eax du(edx,42) ud(eax,39)

41 eax = dwnrd ptr [ebp+8] du(eax,41)

42 eax - e du(eax,43), ud(eax,41), ud(edx,40)
35 oax  dword ptr [eax] du(eax,44) ud(eax,42)

44 dword ptr [ebp—0x18] = eax ud(eax,43)

45 eax = dword ptr [ebp—x0C]  du(eax,46)

46 edx = eaxxd du(edx,48) ud(eax,45)

47 eax = dword ptr [ebp+8] du(eax,48)

48 edx eax du(edx,48) ud(eax,47) ud(edx,46)
49 eax= dword ptr [ebp+0x10] du(eax,50)

50 ecx = du(ecx,52) ud(eax,49)

51 eax = dword ptr [ebp+8] du(eax, 52)

52 eax = eax+ecx du(eax,53) ud(eax,51) ud(ecx,50)
53 eax = dword ptr [eax] du(eax,54) ud(eax,52)

54  dword ptr [edx]= eax ud(eax,53) ud(edx,48)
55 eax = dword ptr [ebp+0x10]  du(eax,56)

56  edx = eaxd du(edx,58) ud(eax,55)

57 eax = dword ptr [ebp+8] du(eax,58)

58 edx = edx + eax du(edx,60) ud(edx,56) ud(eax(57)
59  eax=dword ptr [ebp—0x18] du(eax,60)

60 dword ptr [edx] = eax ud(eax,59)

39 eax = dword ptr [ebp—0«0C]
40 edx =dword ptr [ebp—0x0C]«4

41 eax = dword ptr [ebp-+8]

42 eax = dword ptr [ebp+8] + dword ptr [ebp—0«0C]«4

43 eax = dword ptr [dword ptr [ebp+8] + dword ptr [ebp—0x0C]«4]

44 dword ptr [ebp—0xi8] = dword ptr [dword ptr [ebp+8] + dword ptr [ebp—0x0C]+4]
45  eax = dword ptr [ebp—0x0C]

46 edx = dword ptr [ebp—0x0C]=4

47 eax =

dword ptr [ebp+8]
48 edx = dword ptr [ebp—0x0C]«4 + dword ptr [ebp+8]
49 dword ptr [ebp+0x10]

dword ptr [ebp+0x10]=4
51 eax = dword ptr [ebp+8]

52 eax = dword ptr [ebp+8] + dword ptr [ebp+0x10]«4

53 eax = dword ptr [dword ptr [ebp+8] + dword ptr [ebp+0x10]+4]

54 dword ptr [dword ptr [ebp—0x0C]+4 + dword ptr [ebp+8] |- dword ptr [dword ptr [ebp+8] + dword ptr [ebp+0x10]=4]
55 eax - dword ptr [ebp+0x10]

56 edx = dword ptr [ebp+0x10]x4

57 eax - dword ptr [ebp+8]

58 edx - dword ptr [ebp+0x10]«4 + dword ptr [ebp+8]

59  eax=dword ptr [ebp—0x18]

60 dword ptr [dword ptr [ebpfOxto]»«A + dword ptr [ebp+8]] = dword ptr [ebp—0xi8]

Izs




Komplex példa 2

39 eax = dword ptr [ebp—0xOC]

40  edx =dword ptr [ebp—0xOC]+4

41 eax = dword ptr [ebp+8]

42 eax = dword ptr [ebp+8] + dword ptr [ebp—Ox0C]x4

43 eax = dword ptr [dword ptr [ebp+8] + dword ptr [ebp—0x0C]«4]

44  dword ptr [ebp—0x18] = dword ptr [dword ptr [ebp+8] + dword ptr [ebp—0x0C]=4]
45 eax = dword ptr [ebp—0xOC]

46 edx = dword ptr [ebp—0«0C]x4
47 eax = dword ptr [ebp+8]
48 edx = dword ptr [ebp—0x0C]«4 + dword ptr [ebp+8]

49 eax= dword ptr [ebp+0x10]

50 ecx = dword ptr [ebp+0x10]x4

51 eax = dword ptr [ebp+8]

52 eax = dword ptr [ebp+8] + dword ptr [ebp+0x10]+4

53  eax = dword ptr [dword ptr [ebp+8] + dword ptr [ebp+0x10]x4]

54  dword ptr [dword ptr [ebp—0xOC]+4 + dword ptr [ebp+8] ]= dword ptr [dword ptr [ebp+8] + dword ptr [ebp+0x10]x4]
55 eax = dword ptr [ebp+0x10]

56 edx = dword ptr [ebp+0x10]x4

57  eax = dword ptr [ebp+8]

58 edx = dword ptr [ebp+0x10]«4 + dword ptr [ebp+8]

59  eax=dword ptr [ebp—0x18
60 dword ptr [dword ptr [ebp+0x10]+4 + dword ptr [ebp+8]] = dword ptr [ebp—0x18]

44 dword ptr [ebp—0x18] = dword ptr [dword ptr [ebp+8] + dword ptr [ebp—0x0C]x4]
54 dword ptr [dword ptr [ebp—OxOC]«4 + dword ptr [ebp+8] ]= dword ptr [dword ptr [ebp+8] + dword ptr [ebp+0x10]x4]
60 dword ptr [dword ptr [ebp+Ox{0]«4 + dword ptr [ebp+8]] = dword ptr [ebp—0xi8]
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Komplex példa 3

44 dword ptr [ebp—0x18] = dword ptr [dword ptr [ebp+8] + dword ptr [ebp—0x0C]x4]
54 dword ptr [dword ptr [ebp—OxOC]«4 + dword ptr [ebp+8] ]= dword ptr [dword ptr [ebp+8] + dword ptr [ebp+0x10]x4]
60 dword ptr [dword ptr [ebp+Ox{0]«4 + dword ptr [ebp+8]] = dword ptr [ebp—0xi8]

44 loc4 = dword ptr [loc1 + loc2x4]
54 dword ptr [loc2+4 + loci ]= dword ptr [loc1 + loc3+x4]
60 dword ptr [loc3+4 + loc1] = loc4

44 loc4 = a[loc2x4]
54 a[loc2x4]= a[locd 4]
60 a[loc3=4] = loc4




Vezérlésfolyam analizis

Section 1
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Vezérlésfolyam analizis

Graf alapfogalmak

G —iranyitott graf, N —
csomopontok halmaza, E — élek
halmaza;

A
B/ \F m G=(NE);
l \ m N={AB,C,D,E,F,G,H}
¢ G mECNxN={A—-BA—
F,.B—+C,C—+BC—DC—
\ t E.D—-EF—-DF—GG—
D H,G — H}
l m Succ(b) = {n € N|Je € E hogy
E e=b—n}

m Pred(b) = {n € N|3e € E hogy
e=n— b}
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Depth-First Search

Mélysegi keresés

/ \
B ,4 ;
Cl \ hatra :"\ l l,"'l \
C ¢/ G
\ *) ';'/ \ ’ kereszthe ¢
elore ':; D H
J
Jelolés: ABCDEEDCBFGHHGFA
POST: A AFDEEDGHHGFBCCBA
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Vezérlésfolyam analizis

DFS algoritmus

N :in set of Node;
r, x : Node
i:=1, j:=1: integer;
Pre, Post : Node — integer;
Visit: Node — boolean;
Etype: (Node x Node )
— enum{ tree, forward, back, cross };

procedure Deap_First_Search( N, Succ, x )
N :in set of Node;
Succ : in Node — set of Node;
x : in Node;
begin
y : Node;
Visit(x) := true;
Pre(x) :=j;
j=i+ 1

for each y € Succ(x) do
if IVisit(y) then
Deep_First_Search(N,Succ,y);
EType(x — y) := tree;
elif Pre(x) < Pre(y) then
EType(x — y) := forward,
elif Post(y) = 0 then
EType(x — y) := back;
else
EType(x — y) := cross;
fi;
od;
Post(x) :=i;i:+=1;
end

begin
for each x € N do;
Visit(x) := false;
Pre(x) := Post(x) := 0;
od
Deep_First_Search(N,Succ,r);
end




Kod struktira visszafejtése

Section 2
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CFG strukturajanak az analizis

m célja felismerni a magasszintli vezérlési szerkezeteket

m if ... then ..., if ... then ... else ..., switch ... case ...
m for, while, repeat;

m nem strukturalt részben 1évd blokkok szamanak a
minimalizalasa.
Irodalom:

Cristina Cifuentes. Reverse compilation techniques. 1994.

Steven Muchnick. Advanced Compiler Design and
Implementation. 1997.
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Kod struktira visszafejtése

Magas-szintli vezérlési szerkezetek

OO 10

Multiexit loop

Compusmon

B\ock l ; :
* Multilevel cycle Multilevel exit loop
Q Post-tested loop |
(natural loop) Endless loop Q—
Goto
Conditional
(if-then-else)

n-way branch conditional
Single branch conditional (case)
(if-then)

1 I
Pre-tested loop v v
(while vagy self-loop)
v v




struktura visszafeitése

Magas-szintli vezérlési szerkezetek |

Action: egyszer{ blokk;

Composite: alapblokkok sorozata;

Conditional: if p then B1; else B2; feltételes elagazés;
Pre-tested loop: while p do B1; el6ltesztelds ciklus;

Single branch conditional: if p then B1; feltételes
elagazas else ag nélkal;

@ n-way branch conditional:
switch( e ) { case 1: B1; break; case 2: B2; break; ...}
tobbfelé agazas. Iit az e kifejezés értéke sorszamozott
tipus vagy egész szam, ami egy cimeket tartalmazé
vektort indexel.

Post-tested loop: hatultesztelds ciklus do ... while p;
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struktura visszafeitése

Magas-szintli vezérlési szerkezetek |l

B Multiexit loop: tébb kilépési ponttal rendelkez ciklus; Ha
a ciklusbol torténd kilépés soran a break utasitast
hasznaljuk, akkor a futas kdzvetlendl a ciklus utén
kdvetkezd utasitason folytatodik.

El Goto: feltétel nélklli vezérlésatadas (goto);

Multilevel cycle: Egymasba agyazott ciklusok, ahol a
belsd ciklusbol a continue(i) utasitas segitségével
vezérelhetjlk az i-edik kllsd ciklusszervezd utasitast, hogy
a kovetkez6 iteracidra térjen;

Multilevel exit cycle: Egymasba agyazott ciklusok, ahol a
belsd ciklusbol a break(i) utasitas segitségével tébb
ciklusbdl is kiléphetlnk.

Infinite loop: Végtelen ciklus.
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C-ben 1évd magas-szintl vezérlési szerkezetek

m Action

m Composite

m Conditional

Pre-tested loop

Single branch conditional
n-way branch conditional
Post-tested loop

Multiexit loop
Infinite loop pl: for (;;) { ... }
Goto
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Kod struktira visszafejtése

Strukturalt programozas

Strukturalt ciklusszervez6 utasitasok
m Pre-tested loop
m Post-tested loop
m infinite loop

m Multiexit loop. A ciklus befejezése utan mindig a ciklust
kdvetd elsd utasitasra jutunk!

Strukturalt feltételes vezérlésatadd utasitasok
m Conditional
m Single branch conditional
m n-way branch conditional

A nem strukturalt utasitas szerkezetek tébb belépési vagy tébb
kilépési ponttal rendelkeznek.
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Nem strukturalt ciklusszervez6 utasitasok

/J\
»

Oﬁ

Multientry loop

O

Q Parallel

Multilevel exit loop

Multilevel cycle
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Kod struktira visszafejtése

Struktira meghatarozasa

Globdlis adatok:

Succ, Pred : Node — set of Node;

RegionType = enum { Block, IfThen, [fThenElse, Case, Proper, SelfLoop,
WhileLoop, NaturalLoop, Improper } ;

// Blokk hozzarendelése az 6t tartalmazé dsszevont struktirahoz

StructOf: Node — Node;

/1 Osszevont struktdra tipusa (pl. if-then)

StructType: Node — RegionType;

/1 Osszevont struktirak halmaza

Structures: set of Node;

1/ Osszevont struktdra ala tartozé blokkok

StructNodes : Node — set of Node;

1/ Osszevont struktura hierarchiaja

CTNodes: set of Node;

CTEdges : set of Node x Node;

PostCtr, PostMax:integer;

Post: integer — Node;

Visit: Node — boolean;




Kod struktira visszafejtése

Ciklus keresés
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Kod struktira visszafejtése

Ciklus keresés

/g \\\/ m npont a ciklus kezdete;
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Ciklus keresés

n
/ \ ~_ _ _mn pont a ciklus kezdete;

/ vissza
m Jk € N pont, ahol
Pred(n) = k;
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Ciklus keresés

n
/ T \ ~_ _ _mn pont a ciklus kezdete;
m Jk € N pont, ahol
Pred(n) = k;
m Jolyan m pont, hogy n-bdl
m-be és m-bdl k-ba van ut.
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Kod struktira visszafejtése

Strukturalis analizis

Procedure StructuralAnalysis(N, E, entry)
N :in set of Node;
E: in set of (Node x Node);
entry: in Node;
begin
m, n, p : Node;
rtype : RegionType;
NodeSet, ReachUnder: set of Node;
StuctOf := StructType := 0);
Stuctures := StructNodes := 0);
CTNodes := N; CTEdges = 0;
repeat
Post := ); Visit := 0
PostMax := 0; PostCtr := 1
DFS_Postorder(N, E, entry );
while |[N| > 1A PostCtr < PostMax do
n := Post(PostCtr) ;
rtype :=AcyclicRType(N,E,rtype,NodeSet);
if rtype # nil then
p:= Reduce(N,E,rtype,NodeSet) ;
if entry € NodeSet then entry := p; fi;
else

ReachUnder := {n};
for each n € N do
/I 3k amely vissza élen eljut n-be és,
// 3m pont, amihez van n — m,
// és m — k-ba él.
if PathBack(m,n) then
ReachUnder U = {m};
fi;
od;
rtype :=CyclicRType(N,E,rtype,
ReachUnder);
if rtype # nil then
p:= Reduce(N,E,rtype,ReachUnder) ;
if entry € ReachUnder then
entry :=p;
fi
else
PostCtr += 1;
fi
fi
od;
until [N| = 1;
end
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Kod struktira visszafejtése

Blokkok DFS bejarasa

Procedure DFS_Postorder(N, E, x)
N : in set of Node;
E: in set of (Node x Node);
x: in Node;
begin
y : Node;
Visit(x):=true;
for each y € Succ(x) do
if Visit(y) then
DFS_Postorder(N,E,y);
if;
od;
PostMax+= 1;
Post(PostMax) := x;
end




Kod struktira visszafejtése

Aciklikus stru

7

ak feltérképezése

Procedure AcyclicRType(N,E,node,nset) : RegionType
N : in set of Node;
E: in set of (Node x Node);
node: inout Node;
nset: out set of Node;
begin
m, n : Node;
p, s: boolean;
nset := (;
n :=node; p := true; s := |Succ(n)| = 1;
while p A s do
nset U = {n}; n := #Succ(n);
p :=|Pred(n)| = 1;s = |Succ(n)| = 1;
od;
if p then
nset U = {n};
fi
n :=node; p := |Pred(n)| = 1; s:=true;
while p A s do
nset U = {n}; n := éPred(n);
p = |Pred(n)| = 1;s := |Succ(n)| = 1;
od

if s then
nset U = {n};
fi
node = n;
if [nset| > 2 then
return Block;
elif |Succ(node)| = 2 then
m := Succ(node); n:= (Succ(node)-{m});
if Succ(m) = Succ(n)
A |Suce(m)| = 1A |Suce(n)| =1
A |Pred(m)| = 1A |Pred(n) = 1| then
nset := {node, m, n};
return IfThenElse;
elif ...

else
return nil;
fi;
fi;
end

/* 4 halmaz egyik eleme */




Kod struktira visszafejtése

Ciklikus strukturak feltérképezése

Procedure CyclicRType(N,E,node,nset) : RegionType
N :in set of Node;
E: in set of (Node x Node);
node: in Node;
nset: inout set of Node;
begin
m : Node;
if [nset| = 1 then
if node — node € E then
return SelfLoop;
else
return nil;
fi;
fi;
if 3m € nset |Path(node,m,N) then
nset := Minimizelmproper(N,E,node,nset);
return Improper;
fi

m := ¢(nset - { node });

if |Succ(node)| = 2A |Succ(m)| = 1A
|Pred(node)| = 2 A |Pred(m) = 1] then
return WhileLoop;

else
return NaturalLoop;

fi;

end
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Osszetett feltételes elagazasok
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