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Clock Cycle Count per Point
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Clock Cycle Count Ratios
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Clock Cycle Count Ratios vs. Cortex-A72 (Arm32)

Cycle Ratios: How Slow vs. CA72? Cycle Ratios: How Slow vs. CA72?
50.0 100.0
45.0 i i —e— MA4F/A72 Cycle Ratio
40.0 pRvive Lt Ratg A8/A72 Cycle Ratio
35.0 —@—AS3/AT2 Gycle Ratio —e— AS3/A72 Cycle Ratio
30.0
25.0 10.0
20.0

15.0 LH—.._._/ .,.4”‘

10.0 0
5.0 : : :

0.0 1.0



NC STATE UNIVERSITY

Clock Cycle Count Ratio: Cortex-A72 Arm32 to Arm64
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Analysis Process

= Build, run, update spreadsheet
= Review spreadsheet
= Gather performance data
= sudo perf record ./sg
= sudo perf annotate
= P saves to text file <symbol name>.annotation

= Use Ghidra to analyze sg executable
= Examine top functions
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Arm64 Performance: Why so good? And why not even better?

@ alex@raspberrypi: ~/AES-24/Speed/Scalar/SG2 - Sa N Ity C h ec k on resu Its

: 2K of event 'cycles:P', Event count (approx.): 1002378189 . .
Command Shared Object Symbo1 = Find_Nearest_Waypoint — OK, expected
sg sg .] Find_Nearest_Waypoint - -
sg sg .] _cosf = _cosf— 0K, expected
sg sg .] strcmp . . .
sg [kernel.kallsyms] [k] el0_svc = strcmp — OK, surprised it takes so much time
sg [kernel.kallsyms] raw_spin_unlock_irqrestore . .
sg [vdso] .] _kernel_clock_gettime el0 svc—What is this? 9.25%
sg [kernel.kallsyms] K raw_spin_lock_irgsave - . . X X
sg [kernel.kallsyms] __armé64_sys_clock_gettime = raw_spin_unlock_irgrestore — What is this? 8.61%
sg sg a atan2f

sg [kernel.kallsyms] [k] el0_svc_common.constprop.0 u kernel clock gettime — Big! 5.50%
sg sg . sincosf e — -

sg 59 .] _clock_gettime = P: Save this to perf.hist.N

SC kallsyms } posix_cpu_clock get

g»s_'; alex@raspberrypi: ~/AES-24/Speed/Scalar/SG2 . . .
Samples: 13K of event 'cycles:P', Event count (approx.): 1024123918 - Rerun Wlth hlgher Sampllng frequency tO

Overhead Command Shared Object Symbol get more than 2K Samples:

sg sg [.] Find_Nearest_Waypoint

Q Q . cosf

- . H prasisd = sudo perf record -F 20000 ./sg
sg [kernel.kallsyms] [k] _raw_spin_unlock_irgrestor

sg [kernel.kallsyms] [k] elO_svc = get 13K Samples

sg [vdso] [.] _kernel_clock_gettime

s 59 [.] _atan2f = Repeat the sanity check

sg [kernel.kallsyms] [k] _armé4_sys_clock_gettime

sg [kernel.kallsyms] [k] _raw_spin_lock_irgsave = Similar results, so probably ok
sg sg [.] _sincosf !

sg sg [.] _clock_gettime

sg sg [.] _1eee754_atan2f
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Nice Perf Annotate Features

@? alex@raspberrypi: ~/AES-24/Speed/Scalar/SG2 =

= h: Get this help screen
Samples: 13K of event 'cycles:P', 20000 Hz, Event count (approx.): 1024123918
) s 56, sis = p: Toggle percentage between local (this
fdiv 8, s8, s12 N function) and global (entire program)
while (strcmp(waypoints[i].Name, "END")) {
b d4 .
Calc_ClosenessQ): " t: Cycle percent -> period -> # samples -> ...
Help
UP/DOWN/PGUP . S
PGON/SPACE  Navigate = 0, s, k: Toggle code listing
Move to prev/next symbol
4 TRL+ . 1 1
VESC/CTRLIC  Exit = P: Save to [symbol_name].annotation file
ENTER Go to target . L o )
H Go to hottest instruction lef C:\Users\Alex\Documents\Teaching\ECE785\AES-2024\Modules\Speed Optimization\Optimizing SG\Find_Nearest Waypo... ~— (] X
TAB/shift+TAB Cycle thru hottest instructions File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window ? + v X
J Toggle showing jump to target arrows B a| & i By @ & = ERERA ®| [ ») s »
J Toggle showing number of jump sources on targets =L R - S T
n Search next string {=] Find_Nearest_Waypoint.annotation Jl
o Toggle disassembler output/simplified view Find_Nearest_Waypoint() /home/alex/AES-24/Speed/Scalar/SG2/sg
0 Bump offset level (jump targets -> +call -> all -> cycle thru) Event: cycles:P
s Toggle source code view
t Circulate percent, total period, samples view 1 9.10 stp x29, x30, [sp, #-160]!
c Show min/max cycle mov x29, sp
/ Search string 0.01 stp x19, x20, [sp, #16]
k Toggle Tine numbers 0.01 stp x21, x22, [sp, #32]
L Show full source file location 9.04 stp x23, x24, [sp, #48]
P Print to [symbo1_r_1ame].annotanon file. 9.01 stp x25; x26: [Sp: #64]
r Run available scripts 9.01 stp x27, x28, [sp, #80]
p Toggle percent type [local/global] 9.02 stp d8, d9, [sp, #96]
b Toggle percent base [period/hits] 0.02 otp d10. d11 [;p #112]
? Search string backwards 0.02 ot Q12 [Sp’ #12%]
f Toggle showing offsets to full address : xpaclri ’ ’
0.02 fmov s10, s@
fmov s8, sl
Press any key... oV X26. X0
movi v9.2s, #0x0
mov x0, x30
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Try to Fill in Holes Between Samples

.B Find_Nearest_Waypoint.annotation E3 E_cosf.annotation Jl

. ‘ i| 43 0.20 1dp s11, s10, [sp, #152]
= Do these instructions really all | 44 fdiv  s8, s8, s12
. | 45 ib da
complete in the same clock cycle? | 26 1.99 a8: ldur  s0, [x19, #-4]
= Maybe they don’t but are missed by | o [ ;i”b 5920:1‘2: =4
| bo — .
sampling | 49 1.23 1dp s2, s1, [x19, #-12]
| 50 tmul Si, 511, 51
Program was sampled at 20 kHz, got | fmul 5@, s1, so
13,000 samples. | 52 fmadd s@, s10, s2, s@
= Get | | 53 0.54 fcmpe s9, sO
€L more samplies | sa Lb.mi 194
= Raise sampling frequency even more to 55 33.26  cc:  add w20, w20, #0x1
100 kH 56 add x19, x19, #0x28
z 57 d4: mov x1, x21
= [ncrease program run time by raising | 38 mov x0, x19
| 59 0.08 -+ bl strcmp
NUM_TESTS to 1,000,000 l2a  oec o i
= Now get 888,290 samples | s fmov  s@, s9
oo . . | 62 sbfiz x19, x22, #2, #32
= Eliminate possible truncation by 63 add  x19, x19, w22, sxtw
display sample count, not percentage o * i _HEaEs
play P , P 8 65 0.03 mov w0, #0x1800



Comparison: 13k vs. 888k samples

l Find_Nearest_Waypoint.annotation E3 E_cosf.annotation Bl

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

l Find_Nearest_Waypoint.annotation E3
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.20 1ldp s11, s10, [sp, #152] 43 765056 1dp s11, s10, [sp, #152]
fdiv s8, s8, sl12 44 fdiv s8, s8, s12
b d4 45 b d4
1.99 a8: ldur s0, [x19, #-4] 46 248473989 a8:  1ldur s@, [x19, #-4]
[ fsub s@, s@, s8 47 fsub s@, s0, s8 ]
-+ bl __cosf 48 -+ bl __cosf
1dp s2, s1, [x19, #-12] 49 141652362 1dp s2, s1, [x19, #-12]
fmul 51, s14. s1 50 fmul sl, sl11, s1
fmul s@, s1, s@ 51 fmul s@, sl1, sO
fmadd s@, s10, s2, s@ 52 fmadd s@, s10, s2, sO
0.54 fcmpe 59, sO 53 68382855 fcmpe s9, s@
{ b.mi 194 54 i b.mi 194
33.86 € add w20, w20, #0x1 55 4021122350 cc: add w20, w20, #0x1
add x19, x19, #0x28 56 add x19, x19, #0x28
| d4: mov x1, x21 New!| 57 13359 d4: mov x1, x2ﬂ
mov x0, x19 58 mov x0, x19
0.08 -+ bl strcmp 59 4093965 -+ bl strcmp
0.06 Tt cbnz wo, a8 60 3981251 t* cbnz wo, a8
| fmov 50, s9 New!l 61 1299935 fmov  s0, s9 |
sbfiz  x19, x22, #2, #32 62 sbfiz  x19, x22, #2, #32
add x19, x19, w22, sxtw 63 add x19, x19, w22, sxtw
-+ bl __acosf 64 =+ bl __acosf
0.03 mov wo, #0x1800 65 2891705 mov wo, #0x1800



Latest Profile
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@ alex@raspberrypi: ~/AES-24/Speed/Scalar/SG2

38.73%

OCO OO0 OO0 0O0O

Command Shared Object

[kernel.

[vdso]
[kernel
sg
[kernel
sg
[kernel
[kernel

[kernel.
[kernel.
[kernel.

sg
Sg
[kernel

.kallsyms]

kallsyms]

.kallsyms]

.kallsyms]

.kallsyms]
.kallsyms]
kallsyms]
kallsyms]
kallsyms]

.kallsyms]

: 888K of event 'cycles:P', Event count (approx.): 11898345696
Symbo

Find_Nearest_wa

__cosf
_raw_spin_unlock_irqrestore
strcmp

el0_svc
__kernel_clock_gettime
_raw_spin_lock_irgsave
__atan2f
__arm64_sys_clock_gettime
__1eee754_atan2f
posix_cpu_clock_get
invoke_syscall
put_timespec6t4
el0_svc_common.constprop.0
do_el0_svc

__sincosf

__atanf
__arch_copy_to_user
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Find Nearest Waypoint: 38.7% of Program’s Time

void Find_Nearest_Waypoint(float cur_pos_lat, float cur_pos_lon, float * distance, float * bearing,

char * * name) { aypont g =)
undefined Find Nearest_Waypoint() ...0ad44 fmov s0,359
> i : >
// cur_pos_lat and cur_pos_lon are in degrees S - TR it e e i
- . — bt undefinedd Stack([-0x8]:4 local_8 ...0a4c add  x19,x19,%22, SXTW
. . . . undefineds Stack([-0x20] :8 local_20 ...0a50 bl acosf
/ / distance is in ki lometers undefineds Stack[-0x30]:8 local_30 ...0a54 mov w0, $0x1800
undefineds Stack[-0x40] :8 local_40 ...0a58 movk w0, #0x45c7, LSL #16
// bea r‘ing iS in degrees undefineds Stack[-0x50]:8 local_S0 ...0a5c add x19,x24,x19, LSL $#0x3
undefineds Stack[-0x€0] :8 local_60 1B 00400234 ...0a60 fmov sl1,s0
un:e::..ne:: :tac:[—gxgzl f: iocai_;: 0434 DoV xxSmu_omsseao,xzx 0264 mov x1,x28
oo aELL0Ra] 2o Toce ...0a38 mov x0=>s ALBATROSS BNK 00458e... 82,w0
) i . undefineds Stack[-0x90]:8 local_S0 e %0, %27
int i=0, closest_i=0; “"denr';:a““““ :::;Z['O“EO]:S focal_ag ...0a40 cbnz w0,LAB_00400a08 e e
L] & - s0,50,58
PT_T ref; ...:zz«‘) :z :i:':w' [sp, #local_a0]! s8,s1,52
oos »SP sincosf
. --.0968 stp x19,x20, [sp, #local_90] LAB_00400a08 ...0a80 ldp s1,s0,[x19, #0x4]=>DAT 004...
float d; b) c, max_c-e, ClOSESt_d—lEle, --096c stp x21,x22, [sp, #local 80] ...0208 ldur s0, [x19, $-0x4]=>DAT_00458... ...0a84 1dp s2,s3, [sp, #local 8]
..0970 stp x23,x24, [sp, #local_70] ...080c £sub 30,30, 38 ...0a88 fmul s10,510,30
..0974 stp x25,x26, [sp, #local_60] ...0a8c fi 0,33,50
while (Stl“Cﬂl (wa 3 t 1 N "END" ...0978 stp x27,x28, [sp, #local_S0] e e o
p ypoints[1].Name, +%28, [sp, S ...0al4 1dp s2,s1, [x19, $-0xC]=>DAT 00... --0a90 fmul s10,s10,52
. ’ ...zz;c stp de,ds, [sp, #local 40] ..0818 faml s1,s11,sl ...0294 fom.. s1,sl1,s1,s10
o= Calc_Closeness (&I"E‘F, &(waypo:.nts [l] ) ) ; ...0980 stp dl10,dl1, [sp, #local 30] ...0alc fml s0,s1,s0 ...0a98 bl  atan2f
0984 str dl2, [sp, #local_20] ...0a20 fmadds0,s10,52,30 ...0a9c mov w0, #0x2eel
if (c Smak c) { 'Float Calc_CloseneSS ( PT_T * pl, ca +--0988 xpa... ...0a24 fcmpe s9,s0 ...02a0 movk w0, #0x4265, LSL $16
L ++-098c fmov s10,s0 ...0a28 b.mi LAB_00400af4 ...02a4 fmov sl,w0

+.0990 fi 8,81
// calculates closeness (decreases|| o sy ;267,‘0

+.0998 movi v9.2S,$0x0
«.099c mov  x0,x30

...02a8 frul s0,s0,sl
...0aac fempe 0, $0.0
...0ab0 b.mi LAB_00400b00

max_c = c;

LAB_00400af4

closest_i = i;

«~-09a8 add x27,sp, #0x9c

...09a0 mov x25,x1 ...0af4 fmov s9,s0 :-~~ﬂ' =[]}
} return pl->SinLat * p2->SinLat + |04 mev =232 <0818 moV  ¥22,420 13B_00400500

..0afc b LAB_00400a2c +.0b00 mov w0, #0x43b40000

...09ac adrp x24,0x49£000

i+ pl->CoslLat * p2- >CoslLat* ..09b0 1dr x24, [x24, $0xd50]=>->Waypo--- _"31;2; ::: :;::g'ﬂ
E) ~.09b4 add  x28,sp, $0x98 ..0bUE'D.  LAB 00400ABA
COS'F(pZ-)LOI’l =3 pl-)LOh) . ...09b8 adrp x21,0x458000 =
} 2 ...09bc add  x21,x21, $0xe80
0560 mov 422, 40%0 T38_00400a2 [T - O M|
} «.09c4 bl _mcount ...0a2c add w20,w20,#0x1 LAB_00400ab4
«.09c8 mov w3, #0xfdb ...0a30 add x19,x19, #0x28 «.0ab4 mov w0, $0x28
= " : ...09cc movk w3,#0x4049, LSL $16 ...0ab8 1dp x19,x20, [sp, #local_90]
// Finish calcuations for the closest point ...09d0 mov w2, $0x43340000 ...0abC Sma... ¥22,w22,W0, %24
. N & «.09d4 mov x0,x27 -.0ac0 1dp x27,x28, [sp, #local_S0]
b = Calc_Bearing(&ref, &(waypoints[closest_i]) ); 0908 fmov s11,u3 w0ach add  x22,x22,40x10
«.09dc mov x1,x28 ..0ac8 ldp dl10,dll, [sp, #local_30]
) . . ) ...09e0 add  x19,x24, $0x10 ..0acc 1dr dl2, [sp, #local_20]
// return information to calling function about closest|..oses tmov siz,w2 --02d0 str 58, [x26]
...09e8 mov w20, $0x0 ..0ad4 1dp ds,d9, [sp, #local_40]
*distance = d; -.09ec fmul s0,sl0,sll ...0ad8 str s0, [x25]
...09£0 fdiv s0,s0,s12 ..0adc ldp x25,x26, [sp, #local_60]
* . = " ..09£4 bl sincosf ..0ae0 str x22=>s_ALBATROSS_BNK 00458...
bea ring = b t ..09£8 frul s8,s8,sll ..02e4 1dp =x21,x22, [sp, #local 80]
. N ..09fc 1dp sll1,slo0, [sp, #local_g] ..0ae8 1ldp x23,x24, [sp, #local_70]
*name = (char * ) (waypomts [closest l] . Name); ...0a00 fdiv sg,s8,s12 ...0aec 1dp x29=>local_a0,x30, [sp], #0-..
- ..0a04 b LAB_00400a34 ...0af0 ret
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ASmpi

00400234 - LAB_00400a34
LAB_00400a34

...0a34 mov x1=>DAT_00458e80,x21

...0a38 mov x0=>s ALBATROSS BNK 00458e...

while (strcmp(waypoints[i].Name, "END")) { ...0a3c bl  strcmp
¢ = Calc_Closeness(&ref, &(waypoints[i]) ); 7|---0240 cbnz w0,LAB_00400a08

Find _Nearest Waypoint Loop

return pl->SinLat * p2->SinlLat + A T
pl->CosLat * p2->CoslLat* 00400308 -LAB_00400a08 ({2 m) [} |
LAB 00400a08
aiishi el ek & ...0a08 ldur s0,[x19, #-0x4]=>DAT_00458...
if (oo>max_c) { ...0a0c fsub s0,s0,s8

...0al0 bl cosft
...0al4 1dp s2,sl,[x19, #-0xc]=>DAT 00...

max_c = c;

closest i = i; ...0al8 fmul sl,sll,sl
} ...0alc fmul s0,sl,s0
i++; ...0a20 fmadds0,sl0,s2,s0
} ...0a24 fcmpes9,s0

...0a28 b.mi LAB 00400af4

N

= What is going on here? Mark up hot T - )

instructions from annotation information o e Ot

...0af8 mov w22,w20
...0afc b LAB_00400a2c

G e
LAB_00400a2c
...0a2c add w20,w20,#0x1
...0a30 add x19,x19,#0x28

13



Find _Nearest Waypoint Loop

while (strcmp(waypoints[i].Name, "END")) {
¢ = Calc_Closeness(&ref, &(waypoints[i]) );

return pl->SinLat * p2->SinLat +
pl->CoslLat * p2->CoslLat*
cosf(p2->Lon - pl->Lon);

if (oo>max_c) {
max_c = c;
closest_i = i;

¥

i++;

= What is going on here? Mark up hot
instructions from annotation information

14
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100400334 < LAB_00400234 g-0C W
‘ LAB_00400a34

0 ,(’"«% |...0a34 mov x1=>DAT_00458e20,x2]
|---0a38 mov x0=>s ALBATROSS BNK 00453e...
|...0a3c bl strcmp

0a40 cbnz we

06577

,LAB_

00400a03

| 59995308148 0040005 =l
| LAB 00400a02
2 ooy k- 0a08 ldur =0,[x1%, #-0x4]=>DAT_00458...
L“ﬂ{/fo’am: fsub 30,350,386 o
| ...0al0d bl cost
\ \:1\57: --0al4 1dp s2,sl, [x19, f 0xc]=>DAT_00..
e /ﬁm“—‘v ]
...0alc fmal 30,s1,s0
-..0a20 fmadds0,s10,32, =0

..0a24 fcmpe 359, 30
I...0a28 b.mi LAB 00400af4 <

]

¥ e

ﬁimﬂﬂl

LAB 00400af4
..0af4 fmov s5,s0
- ﬁ.uoafs mov w22,w20
- ...0afc b LAB 00400a2c

,:/ -
.

-0 N

=
| ~LAB...
|} VAR

f

if

¥

LA 00400a2c €

e

w20, w20, #0x1

i
1 .Ga2c add
|...0a30 add

x1%,x15, §0x28

A

e
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cdecl cosf(float x)

float

0 = ...0bl0 fmov w2, _x
cosf: 22.8%
° [] O +:0D24 foul dl;dl;d) %0, %2, $0x14, $0xb LAB_00400b&4
+.0b28 cmp w0, $0x357 w0, $0x3£3 ...0b€4 cmp wo,;omze
s0b2c bils TAR.00400bLY ...0b20 b.hi LAB_00400b€4 ...0b€8 b.hi LAB_00400c00 LAB_00400c00

4

@ -0 @ -0\ X ...0c04 b.hi LAB_00400cbd
0b30 adrp x1,0x49£000 LAB 00400bE5 ...0b6c adrp x3,0x49£000 ¢ \

..0c00 cmp w0, $0x7£7

«.0b34 fmul d3,dl,dl ...0b£8 fmov _ x, 0x3£800000 ...0b70 1dr x0=>__sincosf_table, [x3, $. — -0 | oo - O M
...0b38 1dr x0=>_ sincosf_table, [xl, $... i et .0b74 add 1,0, $0x70
«0b3c frul d4,dl,ds3 ...0b78 1dp _ x,d2, [z0, $0x20]=>_s x3,/0x49£000 e
...0b40 1dp _ x,dé, [x0, $0x30]=>_ sinc... .Ob7c fmal _wdl, = %7, %2, $0x1a, $0x4 ..0cbd b __math_invalidf
1dp d2,ds, [20, $0x48)=>_ sinco.. \.0bBO £ri...d3, _x ...0c10 adrp €, 0x45a000
fmadd__x,dl,dé, _x foviond, = ..0cld and  w0,w2, $0xTELEEE
...0bdc fmadddl,dl,ds,d2 ...0b88 fmsubdl,d3,dz,dl ..0c18 1dr x5, [x3, $0%£80]=>=>_ inv_p...
..0b50 1dr d2, [x0, $0x40]=>_ sincosf_... OBGETESE  %2,80%2 ..0clc ubfx x1,x2,$0x17,$0x3
...0b54 fmadd_ x,d3,d2, _x ..0b90 csel xl,xl,x0,ne dl, [2€, $0x850]=>DAT_004Sa...
...0b58 fmadd_ x,dl,d4, _x ...0bS4 fmul d2,dl,dl w0, w0, $0x800000
fovt _x,_x ..0b%8 thz w2,$0x0,LAB_00400bce ..0c28 mov x4, $0x2000000000000000
ret J N ..0c2c add  x€,x5,x7, LSL $0x2
10030 181 w0,w0,wl

-0 M| [&'W—W‘wo"'ﬂ' O | ..0c34 1dr wl, [x5, %7, LSL $0:2]=>_ i..

...0bSc and  x2,x2,$0x3 LAB_00400bce wS, [%€, $0x20]=>DAT_0045a8.
...0ba0 1dr ds, [x1, $0x€8] ..0bcc 1dp __x,ds, [x1, $0x30] we, [x€, $0x10)=>DAT_0045a8.

...0bad 1dp d4,  x, [x1, $0x58] .0bd0 frul d3,d2,d2 ..0c40 mul  wl,w0,wl
d:,; =>__ sincosf_table, X2... «.0bd4 1dp dl,d4, [xl, $0x48] 0044 umull x5, w0, ws
f£madd x,dg,d: x = ...0bd8 fmadd__x,d2,ds, _x ...0c48 extr xl,xl,xS,$0x20
...0bb0 £rul ;,dl,cm - ...0bdc fmadddl,d2,dd,dl ...0c4c uma... x0,w0,wE,xl
...0bb4 fmul d3,dl,d2 ...0be0 1dr d4,[xl, $0x40] add  x1,x0,x4
...0bb8 fmadddl,d3,dd,dl ...0be4 fmul d2,d2,d3 and  x4,xl,$-0x4000000000000000

= Mark up hot instructions —— predeeias =
from annotation information

...0bc4 fevt _ x,dl
...0bc8 ret ...0bf4 ret ...0c€4 scvtf__x,x0
ldr =0, [23, $0xd48]=>->__sinco...
frul _x, _x,dl

...0c70 tbz $0x1, LAB_00400c78

74 -0 M|

«.0c74 add x0

>__sincosf_table[112],x...

78 - LAB_00400c78 -0 W

LAB_00400c78
..0c78 frul dl,_x,_x
...0c7c tbz wl,$0x0, LAB_00400cb8

\ RN
-0 @w_m 2-0O |

.0c80 ldr x3, [x3, $0xd48]=>->_ sinco...
— LAB_00400cb8 ~
.0c84 and x2,x2,$0x3 -

: ...0cb8 1dp _ x,ds, [x0, $0x30]=>_sinc...
.0c88 1dp d2,d4, [x0, $0x€0]=>_ sinco — ————
e e ...0cbc fmul d3,dl,dl
...0c8c 1dr d3, [x3=>__sincosf_table,s
— = ..0ccO 1dp d2,d4, [x0, $0x48]=>_ sinco..
...0090 fmaddd2,dl,d4,d2 e et

) ...0cc4 fmadd__x,dl,ds,_x
...0c94 1dr d4, [x0, $0x581=>__sincosf_...

— = ...0cc8 fmaddd2,dl,d4,d2
...0c98 fmul _ x,_ x,d3

= = ..0cce 1dr  d4, [x0, $0x40]1=>__sincosf_...
..0c9c fmul d3, _x,dl — =
= frul dl,dl,d3

.0ca0 fmadd__x,d3,dd,_x
= = fmadd__x,d3,d4, _x
..O0cad fmul dl,dl,d3 = =
...0cd8 fmadd__x,d2,dl, _x
.0ca8 fmadd_ x,d2,dl,_x — —
— — ..0cde fovt _x,_x

15 w.Ocac fovt _ x, _x
- «.0cel ret

«.0cb0 ret




~eoel W-a0 X
cdec] costitlome w)

v e ODIO fwow vi, =

OB fewe a1, w

wOD1h ubfn 10m14, $0un

L Ble ewp vl §0xIe3

««Ob20 b hi LAB_00400E4

1,41, 41
R L]
O3 b.1s LAB_004DOMT

__cosf: 22.8% s =2

LAB_00400c00

> (0200 emp w0, 0071E7
g-0O R ¥ O X 1204 b.ne LAB_00400chd
LAB_00400BE8 ", '1 . wdrp x1,0w494000
WODTR fmov x, ORBLRO0000 0b70 1dx  x0=>__wincosf_t = &
i e ] L - jpoidonillogyo oo Ay g PR=1E_ voo. g/ - O W
o v ? OB 1dp _ m,d3, (0, §0%20)" _ sinci. 0008 sdrp #3,00492000 LAB_00400e04
LIx0, 80x30)w_ win: (P OB7e fwml _m.dl. = 0806 ubfx #7, %3, $0x1a, 004 math_invalidf
L1x0, 80m8)=" win w0609, £xhne 83, B LW0C10 sdrp 76, 0x46a000
=l 0B84 fev...n3, = w014 and w0, w2, 0012229
OBt Tmadd i, dl, db,q ODE8 ,.“,,1;_; a3, d1 ..0cL8 ldr x5, (23, $OXE30)=r—>_ iy pu.
A0 Jdr  al, (=0, $0x40)=__ simeost .. ..0b8c tst -:,la;; ’ welcle ubfn #i, 23, 00217, 0053
'163 «0bS0 ceel xl.xl_x0,ne ...0e30 1dr 41, (%6, $0x850)=>DAT_004Sa...
.0bS4 fmul d2,d1,dl 024 oTE w0, %0, $0%800000
O\éﬁ ..0bSB thz w3, 0x9, LAB_00400bce ...0c28 mov x4, §0x2000000000000000
welcBc odd  %8,25,%7, LSL 002
— ‘ = \ - 030 181 w0, w0, Ml
[f_.:'_n”‘ -0 M| F@‘WM | W 034 LT vh, (55, 7, LSL $0RZI"7_ime
"'-’ ‘ .Ob%c and <2, 40x3 LAB_00400bcc ..0c38 ldr  vS, (26, $0x20)=0DAT_004%a3...
7t 5 Oba0 1dr ds, [xl, $0x€8) \ 0&!»« 1dp _ x,d5, (xl, $0x30) ..0c3c ldr wé, (%€, $0x107=>DAT_004Sa8...
(;( ..Obaé dp di, =, [x!, $0x53) ..0b40 frul 43,dZ,42 040 ml  wl,wd,wl
...0bas ldr d2 =>__sincosf_table, ldp di,d4, (=1, $0x43) w044 ummll s, wi, wb
~Obac fmadd _ x,43,d%, x fmadd _ x, al,d45, _x «.0c48 extr xi,zi,z3,80%20
..Obb0 fmul &1,dl,d3 i wiObde fmadddl,dl,dd,dl w-Ocde ums... 20,90, wé xl
..Obb4 fmul <3,4.,d2 ...0be0 ldr d4, (zl, $0x40) we0CS0 add  51,%0,%4
- .OBb8 fmadddl, 43, d4,dl wObed fmul dI,dI,di -.0ch4 and =4 $-0x4000000000000000
[ ] M k h t 1 tru Ctlo nS ..O0bbc fmul 42,43,4d3 fradd _ x,d3,d3, _x ...0c88 sub  x0, x0, x4
a r u p O I n S 100 fmadddl,  x,d41,41 ...0bec fmadd __ x,dl, weOche lsx  xl,2l,$0xde \
Obot fove _x. a1 . 0bf0 fove _x, _ x ..0cE0 add w2,wl,wl, LSR $0xif
f H H H I ..0bf4 ret w0cE4 scvef x40
rom annotation information 0 Lax 7 3. 4OmSIrr_since..
wOcbc faml _ &, x,di
20O | ..0c70 tbz w2, $0x1,LAB 0740073

..0c74 add  x0="__sincesf_table[112).x.. r@n ; 1
L8 o000 '~ | W

LAB_00400c78
w0c78 faul di, x, %
w0c7e Tz wi, 40x0, LAB_00400chd

[oroao 7 0N }, — -
w0cB80 ldr  x3, [x3, laxd“)->—>_-u|=m.. @-w ﬂ ¥ D 1 .

LAB_00400c08
..0c84 and > 10%3 (i -::‘ S ey Bl
.0cB8 1dp  d3,d4, (0, #0xE0)= 4%, [0, SO sisce.

d ..0cbe fmul 43,d1,41
w0cBe 1dr  d3, [k3=>_sincesf_table, x2.

«0ee0 1dp  d,dé, [x), $0x43)m>  since..,
1 0c30 fmadddl, dl, dd,d2

wlccd fmadd x4l 46, =
+0c94 Llde  d4, [x0, $0x63)=>__sincosf =
i s wlcet fmadddl,dl,di,d2
0c98 fmul _ x, x,d3

wlecee e d4 . 10%40)=> incost ..,
.0c%c fmal d3, _x,dl elloe i ST
- w0cd0 famal dl,dl, d)
w0ca0 fmadd __x,d3,dé, _»x
i A T = ...0cd4 fmadd__x,d3,dé,_x
we0cad fou 1,41 ¥ iy
gl w0cd8 fmadd  x,d2,45, =
.08 fmadd _x,d2,dl, _x e o
14 wOcac feve _x, % ...n F T
wOcel re
+:0cb0 ret
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int _cdecl stremp(char * _sl, char * _s2)

" NC STATE UNIVERSITY

char * x0:8 sl

strcemp: 10.4%
+..0800 noj
. . <~ o 10, ;51

...0818 cbnz x6,LAB_00410870

-.0808 orr x3,xzr,#0x101010101010101
-.080c and x&,__sl,#0x7
--0810 tst x10,$#0x7

—
10898 -LAB_O... "
...0814 b.ne LAB_00410894 \w

LAB 00410894
...0894 cbz x¢,LAB_004108bd

o041081c 7/~ [ M LAB_00410898
...0898 1drb w2, [_sl], #0xl
...081¢ nop 7L
ms7n LAB_00410870 -0 W ...089c 1drb w3, [__s2], #0xl
LAB_00410870 ...08a0 cmp w2, $0x0
..0870 and _ sl, sl,#-0x8 ...08a4 ccmp w2,w3, $0x0,ne

ﬂv D u z:;: i:r %3, [_sl, x10, LSL $0x0] ...08a8 b.ne LAB 0041092c
r x2,[_sl], #0x2

...087c neg x9,_ s2, LSL $0x3

«+0880 mov  xé,#-0xl

...0884 1sr  x6,X6,X9 Emﬂn-w_ommsm -0 M

--0888 orr x2,x2,x&

_00410820
LAB_00410820
...0820 1dr x3,[__sl, x10, LSL $0x0]
..0824 ldr x2,[_sl], #0x8

LAB_0041092c
«.092c sub __ sl,x2,x3

LAB_004108b4
«088c orr x3,x3,xé neg x9%, s2, LSL $0x3
and __s2, s2,#-0x8

/ ..0890 b LAB_00410828
Emezs-ua_oaqmzx -0 |

LAB_00410828

-.0828 sub x4,x2,x3

...082c orr x€,x2,#0x7L£7L£7L£7L£7L7L7L£7L
...0830 bics x4,x4,x6

-+0834 ccmp x2,x3,#0x0,eq

...0838 b.eq LAB_00410820

ldr  =x7,[__s2], #0x3

1sr  x6,x8,x9

orr x7,x7,%6

sub  x4,x7,x3

orr xé&,x7,$0x7£7£7£7£7£7£7£7E
bics x4,x4,xé

...08d4 b.ne LAB_ 00410910

...08d8 sub
---08dc nop

108e0 -LAB_004108e0 -0 M
LAB_004102e0

ldr  x7,[_sl, x5, LSL $0x0]
ldr x3,[_sl, x10, LSL $0x0]
sub  x4,x7,x8

orr x&,x7,$0XTETETLTLILTLTLIL
ldr x2,[_sl], #0x8

bics x4,x4,x6

cemp x2,x3, $0x0,eq

b.eq LAB_004102e0

-.-083c eor
...0840 orr

x5,x%2,x3
X€,x5,%4

= Mark up hot instructions
from annotation information

-0 |
-.0900 1s1 xé&,x4,x9

-..0904 eor x5,x2,x3

0908 orr x€,x5,xé

-..090c cbnz x&,LAB_00410844

—
E}Mlﬂ-L... -0 MW

LAB_00410910
-.0910 1dr 2, [_sl]
-.0914 neg x9,x9

lar

lsr x4,x4,x9
eor x5,x2,x3
orr xé&,x5,x4
-..0928 b LAB_ 00410844

2 y
ﬁEmm-ua_ooqma« 0O X
LAB_00410244
...0844 rev x€,x6
...0848 rev x2,x2
-.084c rev x3,x3
-..0850 clz  x9,x€
...0854 1s1  x2,%2,x9
0858 1sl1 x3,x3,x9
17 ...085¢c lsr  x2,x2,$0x38
...0860 sub _ sl,x2,x3, LSR $0x33
...0864 ret




i e ¥ aO M

iat __odec] strewpichar ¥ _ol, ther ¢ _al)

- > NC STATE UNIVERSITY

strcmp: 10.5% _::::;2:;“ e

w0808 oty ' mioioloioleiolel

w098 1are 1, (_sl), o1

ey w-0 W w0t9% 1are <, (_s2f, #0xs
LAR_00410070 w0180 cmp 1, 4020
~ 0870 and _ i, o, 0-ixf wOlad comp #1070, 0000, 00
- 0074 lar ooty + LSL 00x0) «01a% b.ne LAB_0041092c
0070 1dr  x),(__s1), #0x8
o83, 15L #0x3
o 0=0x1

/-. 0890 b LAB_00410828

wlBcc oz si, 0 MIIOOOCICIOIETL
. 08d0 bica =d,ne,

««08dd b.ne L3S 00410510

Ph i 00x0,0q
239 b.eg LAB_ 00410820

l ; om0 s pimes /- O] M
" Mark up hot instructions \#==. " i L DR

«0lec orr LI
0820 1dr %1, (_sk], Hx§
w0024 Bica 4, 0,0
w0983 comp v, x0,00%0,0q
w08fc b.eq LAB_004108e0
! B w0
C [’
ot O e

e 0900 Lol w6, 58,x0
LAB_0041010

from annotation information

. w0904 eor
w0910 1ar  xi,[_sl) w0908 OFF k¢, 5%,0¢
. 0814 neg Wi, ~+090c cbnz +/,LAB_00410844

e O9LD daT w3, %7, %S
w03l lax w4, u4,n%
0920 eoxr 2, 5.,¥
. 0924 OFF e x4, x4
0620 b LAB_00410844

' ¥
TN i s 5 O R
LAS_00410844

¥i,¥

g
v
8,59,3
pie, 00238

hpeien, LR MORIE
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