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Abstract This paper presents a method for testing optimizing performance of Android DEX compilers based on
comparison of resulting native codes. By comparing object codes generated from class files by DEX compilers dx
and d8, detection of missed optimization by the newer d8 is attemted. The code comparison is made on native codes
which are produced by the back-end compiler of the ART (Android Runtime) from the byte codes generated by dx
and d8. The test class files to dx and d8 are obtained by compiling random Java programs generated by Orange4.
A test system based on the proposed method has successfully detected missed optimization in x86_64 native codes
originated from d8.
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01: #include <stdio.h>

02: #include <stdarg.h>

03: #define 0K() printf("@0K@\n")

04: #define NG(test,fmt,val) printf("ONG@ (test = " fmt ")\n",val)

06: static volatile unsigned short x86 = 3U;
07: const signed short x88 = 386;

08: static volatile unsigned short t0 = 2428U;
09: volatile unsigned long long tl = 2LLU;

10: static volatile signed char t3 = 9;

11: volatile signed char x92 = 115;

12:

13: int main (void)

14: {

15: static const unsigned char x33 = 1U;

16: static const volatile signed long long x41 = -1LL;

17: volatile unsigned char x52 = 5U;

18: const volatile unsigned char x65 = 38U;

19: static signed long long x77 = OLL;

20: volatile signed int x87 = 511;

21: const volatile signed long x89 = 2029215198009L;

22: const volatile unsigned int x90 = 140U;

23: volatile unsigned short t2 = 6570U;

24: const unsigned long long x91 = 1255744988028LLU;

25: static volatile unsigned long t4 = 1404136965112782LU;
26: static volatile signed char t5 = 17;

28: t0 = ((unsigned short) (((signed int)x87)&((signed short)x88)));
29: tl = ((unsigned long) (((signed long)x89)*((signed long long)x33));
30: t2 = ((unsigned short) (((unsigned int)x90)<<(((signed char)x77))));
31:  if(((signed char)(((unsigned short)x86)*((signed int)x41)))) {

32: t3 = ((signed char) (((unsigned long)x77)<<((signed long)x52)));
33: t4 = ((unsigned long) (((signed char)t3)|((unsigned long)x91)));
34: )

35: t5 = ((signed char)(((signed char)x92)%((signed char)x65)));

37: if (t0 == 386U) { OK(O); } else { NG("t0", "%hu", t0); }

38: if (t1 == 2029215198009LLU) { OK(); } else { NG("t1", "%1llu", t1);}
39:  if (£2 == 140U) { 0KQ; } else { NG("t2", "%hu", t2); }

40: if (3 == 0) { 0KO; } else { NG("t3", "%hhd", t3); }

41:  if (t4 1255744988028LU) { OK(); } else { NG("t4", "%lu", t4); }
42: if (¢56 == 1) { 0KQO; } else { NG("t5", "%hhd", t5); }

44 return 0;
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1:0x00001010+ c3 Tet
2:0x00001020: 85842400E0FFFF test eax, [esp + -8192]

3:0x00001027: push ebp

4:0x00001028: 83EC18 sub esp, 24

5:0x0000102b: 890424 mov [esp], eax

6:0x0000102e: 6466833D0000000000 cmpw £s:[0x0], O ; state_and_flags
7:0x00001037 OF8584000000 jnz/ne +132 (0x000010c1)
8:0x0000103d: 8B28 mov ebp, [eax

9:0x0000103f:  64833D6003000000 cmp £s:[0x360], O ; pReadBarrierMarkReg05
10:0x00001047 : OF8580000000 jnz/ne +128 (0x000010cd)
11:0x0000104d: F6450710 test [ebp + 71, 16

12:0%00001051: 8B85AC000000 mov eax, [ebp + 172]

13:0%00001057 OF857C000000 jnz/ne +124 (0x000010d9)
14:0%0000105d: 83780800 cmp [eax + 8], 0

15:0x00001061 OF867E000000 jbe/na +126 (0x000010e5)
16:0x00001067 : F6400710 test [eax + 71, 16

17:0%0000106b: 8B500C mov edx, [eax + 12]

18:0%0000106e OF857D000000 jnz/ne +125 (0x000010£1)
19:0%00001074: 8B85B8000000 mov eax, [ebp + 184]

20:0%0000107a: 85C0 test eax, eax

21:0%0000107c: OF847B000000 jz/eq +123 (0x000010fd)
22:0x00001082: 83740800 cmp [edx + 81, 0

23:0%00001086 : OF8678000000 jbe/na +120 (0x00001104)
24:0%0000108c : OFBF420C movsxw eax, [edx + 12]

25:0%00001090: 99 cdq

26:0%00001091 : 89C3 mov ebx, eax

27:0%00001093 : 0BDA or ebx, edx

28:0%00001095 : OF8475000000 jz/eq +117 (0x00001110)
29:0%0000109b: 89D3 mov ebx, edx

30:0x0000109d: 89C2 mov edx, eax

31:0x0000109% : B817855D9D mov eax, -1654815465

32:0x000010a4: B999381D00 mov ecx, 1915033

33:0x000010a9: 64FF1594020000 call fs:[0x294] ; pLdiv
34:0%000010b0: 898580000000 mov [ebp + 176], eax

35:0x000010b6 : 899584000000 mov [ebp + 180], edx

36:0x000010bc : 83418 add esp, 24

37:0x000010bf : 5D pop ebp

38:0x000010c0: c3 ret

39:0x000010¢1 : 64FF15E0020000 call fs:[0x2e0] ; pTestSuspend
40:0x000010c8: E97OFFFFFF jmp -144 (0x0000103d)

41:0x000010cd: 64FF1560030000 call fs:[0x360] ; pReadBarrierMarkReg05
42:0x000010d4 : E974FFFFFF jmp -140 (0x0000104d)

43:0x000010d9: 64FF154C030000 call fs:[0x34c] ; pReadBarrierMarkReg0O
44:0x000010€0: E978FFFFFF jmp -136 (0x0000105d)

45:0x000010e5: 8B4808 mov ecx, [eax + 8

46:0x000010e8: 33C0 xor eax, eax

47:0x000010ea: 64FF15E8020000 call fs:[0x2e8] ; pThrowArrayBounds
48:0x000010£1 : 64FF1554030000 call fs:[0x354] ; pReadBarrierMarkReg02
49:0x000010£8: E977FFFFFF jmp -137 (0x00001074)

50:0x000010£d 64FF15EC020000 call fs:[0x2ec] ; pThrowDivZero
51:0%00001104 : 8B4A08 mov ecx, [edx + 8

52:0%00001107 : 3300 Xor eax, eax

53:0%00001109: 64FF15E8020000 call fs:[0x2e8] ; pThrowArrayBounds
54:0%00001110: 64FF15EC020000 call fs:[0x2ec] ; pThrowDivZero
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000000 DEXUOOOO, adb (Android Debug Bridge)
gooooobooooooboboooooooboboooo. o
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:class test {
:static volatile long [1x12 = { 809778608162550391L } ;
static long [1[]t2 =
{ {-42619926745397389L,310236433L,40980388267829143L,0L} } ;
4:static short x21 = 1;
5:static volatile byte x22 = 0;
6:static volatile long x26 = -9223372036740299116L;
7
8

w N

:static long x30 = -9223372036854775807L;
:static long x31 = 1L;
9:static volatile short x34 = -125;
10:static volatile short x37 = 9;
11:static transient int t7 = -89;
12:static volatile int x39 = 0;

14:public static void main (String args[]){
15: byte x9 = O;byte x9 = 0;
16: short [1x10 = {1} ;
17: int [Ix11 = { 0,0,0,23251,45021,-27,-1243,-10,3121 } ;
18: final short []1[1x14 = { {-19,1,5,-12,547,133,0,-8912,1736},
{-149,-599,-360,-1,1,-9906,8836,13,1} } ;
19: int x18 = 1;
20: short x19 = 1;
21: final int x20 = 1;
22: short x23 = 0;
23: byte x24 = -1;
24: long x25 = -9223372036854775808L;
25: long x32 -1L;
26: short x35 = 1;
27: short x36 = -14;
28: final int x40 = -1;
29: final int x41 = 0;
30: if ( ((( int) (((C byte) (x23>>(( int)x22)))
*(( int) (( short) (x20%(( short) (( int)
((( long)x23)-x24))))))) Ix10[(( int)x22)1))
*(( short) (x20%x21)))!= 0 ?true:false){;}
31: t7 = ( int) (( int) (((x30/x31)-(( long)x19))
-((x26/(( long) (x35%(( short)x32))))
/(( short) ((( byte) (x36*x37))%x34)))));
32: t2[x11[2]11[x41] = ( long) (x12[(( int)x9)1/
(( long) (x14[(( int) (( byte) (x25*x11[11)))]
[(x39/x40)1/(( short)x14[x11[0]1][x18]1))));

33: int h = 0;
34: h += t7;
35: h += t2[0]1[0];

37: System.out.println(h);
38: }
39:}
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test.java

1: class test
2: {
3: static int [1[] t0 = {{1}};
4: static int x1 = 1;
5:
6: public static void main (String args[])
7: {
8: int t1 = 1;
9: t1 = 1/t0[0] [0&(1/x1)];
10: }
11: }

dx d8
1: mov eax, [edx + 176] 1: mov ecx, [ecx + 176]
2: test eax, eax 2: test ecx, ecx
3: jz/eq +73 (0x000010ca) 3: jz/eq +90 (0x000010db)
4: 4: mov eax, 1
5: 5: cmp ecx, -1
6: 6: jz/eq +83 (0x000010e2)
7: 7: cdq
8: 8: 1idiv edx:eax, edx:eax / ecx
9: cmp [ebx + 8], O 9: cmp [ebx + 8], 0
10: jbe/na +70 (0x000010d1) | 10: jbe/na +74 (0x000010e6)
11: mov eax, [ebx + 12] 11: mov eax, [ebx + 12]
12: test eax, eax 12: test eax, eax
13: jz/eq +71 (0x000010dd) 13: jz/eq +75 (0x000010£2)
14: add esp, 28 14: add esp, 12
15: ret 15: ret

0 8 ds000000000D0O0ODOOoooDO

Omul) 0000000000,00000000000000
goboooooooood.

5.

g 0O 0

0O000,00000000000000 Android DEX O
0o0odooooooooooooooo. opooo,dxo0

oo

dd 0000000 x8-64 0000000000000,
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oooooono,ddbdxbboooooooooooooon

oo
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g

g
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(5]
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Android Open Source Project (Android core technologies),
https://source.android.com/devices/tech/dalvik/ (ac-
cessed 2021-12-17).

0o0oo0oo,0000,00000: “0000000O0DODOO
00000 Orange3 000000 JavaOOOOOOO, OO
00, A-6-11 (Sept. 2016).
ooo0,b0000,00000: “0O00 DEXOOODO
00000 Android OO0 OOO0OO0OO0OO0OO0OOODO,0000,
VLD2017-95 (Feb. 2018).

00000,00000: “Android 0000D000O00O00CO
0000000000000, 0000, VLD2018-124 (Mar.
2019).

K. Kitaura and N. Ishiura: “Random Testing of Compil-
ers’ Performance Based on Mixed Static and Dynamic Code

test.java
1: class test
2:
3: static int x0 = 1;
4:
5: public static void main (String args[])
6:
T int t0 = 1;
8: int [Ix1 = {1} ;
9: long [101x2 = {{1,1}} ;
10: t0 = (int) (x2[0&(int) (x0*x2[0] [0]1)1 [(1/x1[01)1);
11: }
12: }
dx d8
1: mov ecx, ”[’ecx + 172] 1: mov ecx, ”[‘ecx + 172]
2: Xor eax, ecx 2: Xor eax, ecx
3: xor ecx, eax 3: xor ecx, eax
4: xor eax, ecx 4: xor eax, ecx
5: cdq 5: cdq
6: mov eax, [ecx + 8] 6: mov ebx, [ecx + 8]
7: mov edx, [ecx + 16] 7: mov esi, [ecx + 16]
8: mov ebx, [ecx + 20] 8: mov edi, [ecx + 20]
9: cmp [ebx + 8], 0 9: cmp [ebx + 8], 0
10: 10: mov [esp + 4], esi
11: 11: mov [esp + 8], edi
12: 12: mov esi, eax
13: 13: mov edi, edx
14: 14: mov eax, [esp + 8]
15: 15: imul eax, esi
16: 16: imul edi, [esp + 4]
17: 17: add edi, eax
18: 18: mov eax, esi
19: 19: mul edx:eax, eax * [esp + 4]
20: 20: add edi, edx
21: 21: mov esi, eax
22: 22: mov eax, esi
23: mov eax, 1 23: mov eax, 1
24: mov eax, eax 24: mov eax, eax
25: jnb/ae/nc +73 (0x00001114) | 25: jnb/ae/nc +77 (0x0000113d)
26: add esp, 20 26: add esp, 32
27: pop ebp 27: pop ebp
28: pop esi 28: pop esi
29: 29: pop edi
30: ret 30: ret
09 de00000000000000O00DOOO
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