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&+ 018 4y Ql=d sido| 37| | f3ME|= HM
CovarMatrix() CoRx HIE|ZEE M47| | 2048 x 1 G &2 CoRx HIE{Q| CtatA] oz M=
SHH(G H) ALt gio|ct.

MM1_Gt_x_G() olzioz G S 2040 x 36 TR AHZ 0t G He| A A2 F7(7}
AI23IH G’ x GE At (36 x 36)Q! Myt stizo| =ct,
(36 x 2040) *(2040 x 36) = 36 x 36
MM2_Gt_x_CTx() | 2oz G &3 CTx | 2040x 36 X G ™X| 3420} CTx HIE{Q| 3™ ZMIS 37(7t
HIE|Z AF2510] G’ x 2040 x 1 (36 x 1)Q! HllE{ 7} =C},
CTx AlAH (36 x 2040) * (2040 x 1)=(36 x 1)
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g4 012 =k o3 ol 37| | SEEl= HM
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SR2E MY £ olm|Btct.
= M AL (36x36)*@36x1)
£2 si=o| 37|: (36x1)
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HMEr|= 7|0]Ct.
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L1 Cache L1 Cache
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Flash
Control
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SDRAM COntroller Configuration
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Charts show linux Zoom from 1s to Navigate the view easily Use the calipers to Total execution time of
events, processor and 100us or less using the timeline filter the captured the activity selected
system counters per slot overview data on time

B Tirgeline & Call Paths & mn-:!%(oﬂe =C Call Graph 2
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QAE e & Al
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g Cur
re 1 activit s core n
Core 1 activity e — single core name!

Cache activity within the core 0

Clock activity of core 0

Number of instructions executed in core
0 with memory reads and writes

Level 2 cache
commen for
both cares

List of processes The process pane Core heat map Aggregate for a period Correlate aggregate
running on the shows thread and of time counter and counters with s function-
Processor core processor activity sample information level report
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B Stack - ©] 3F=0)| A Ado|| o) AFRE HIO|E 42 FF420] AE] ARG o
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% 4. DS-52| AEZIZIRI S0 Bl B2 WHE FEIE HOF=SE 82 R

| -
100.00% 94.13% 0 = [ide]
100.00% 94.13% 0 = (swapper0 #0} 2
100.00% 94.13% <urnicngwn code in kemel> <amonymous>
100.00% S.75% -

Q@ [« | sk Samps (e 0 (0.00%) ] s
a caith

Idle process time which is one
of the the kernel activities

TEETH

447% MMI_Gt_x_G DPDalg.c:84 which gives mmwh

54 11.36% 066% 283 M|l DPDalg.c:151

19 40T% 0.23% ] <urinown code in ibm-2.15.503> <anomymous>
14 3o0% 14 100% 017% 416 CovarMatrix DPDalg.c:50
9 1% 9 193% 011% 160 MM2_Gt_x_€Tx DPDalg.ci108
5 193% ] 193% 0.11% 0 <uninown code in kemel> <anonymous >
1 021% 1 0.21% 0.01% £ init ORDalg.c:27
1 o21% 1 021% 0.01% L] pit [DFDalg] DPDalg
1 0% 1 021% 0.01% L] <UNKNOWN COBE in IdX-2.15.50> <mm4l.ﬁ>
8 100.00% 0.10% 0 # [kernel]
1 10000% 0.01% 0 # [bash #752]
1 10000% 0.01% 0 @ [ashd #748] 2
[ 0.00% 0.00% 0 & [gatord wa33] - LY
[ 0.00% 0.00% 0 & [lighttpd #eas|

= nctico N 2600
1MM1_ G2 x 6 DRl 84

11w DOPDalg.c151

1 <unknown code in libm-2.15 50> <anonymous>

1 CovarMatrix DPDalg.c%0 Function wise report helps in

1 MM2 04 x CTx DPDalgc108 | assessing hot paths in the code.
1 <unknown coade in kemel> <ANONYMOoUS>

1init

1 .pi [DPDalg]
1 <unkrown code in libe-2.15.56> _ <anonymous>

919] etz o} 47t F AW AZINH 1 BE A AuISH=AS Ukt A AEE 5
YA HojZeh, el HH5} g ol 2ol Yo} SHoAl BT P Lefe,
Ic e

SE i B9 89 SaThot spon) & WA o B E0h AE Hi $AE 4
o 42 W f2oliiEe U A GEER I= P £a Tuek I Fo] def 2
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EAE 7 BAS 2 5ol gidt 7]o]&(percentage contribution)o] =]l tidl EAIEH
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A 4 £, ) Sl O 498 B8 SRR AR Y 4 94 Wk o
o] B WEet 5 AL E 9 R7S AESHE o AT 4 Ut

185 DS-5 AEZZRIES|IAE R

B Timeline | & Call Paths | @ Functions |k Code =< Call Graph & Stack & Log
N — ———
é@ (oem] S0 (g A1 [1btal: 321 (7.36%)
Find | )
Samples % Samples | Line Source File: /home/vikramb/DPD_WS/DPDalg/DPDalg.c
83 void MM1 Gt x G()
84 {
85 int 1,k,j=0,1=0;
86 float tempi=8,temp
87 for (k=8;ks<tot; lt-(kflenuth)) //6'x6 multiplication logic
88 { ?nne( j<tot)
89
[ T R for (i=k;i<(k+length);is+)
9 {
92 tempr += ( (6[i].r )*( 6[jl.r ) - ( (G[i].im)*(G[j].im ) ) );
93 tempi += ( ( 6[i).im )*( 6[j].r ) + ( (G[i].r)*(G[j].im ) ) );
o ;“‘ The Code view showing the C
% gxgm .r=tenpr; code of selected function ans
X .im=tempi;
98 , tempre; tempis®; 1+4; its equivalent disassembled
99
100 j=8; code
101 }
Samples % Samples | | Address = Opcode |Disassembly File
o 2.80% 0x000087F6 VADD.F32 515,514,515 [T More #1
3 6.93%  0x000087FA VSTR 515,(r7,#0]
3 0.93%  0x68008TFE MOV r3,#6x5d18
6 1.87% 02000088802 MOVT r3,#2
3 0.93%  0x00008806 LOR r2,[r7,#0x14)
S 30438 0x00008808 LsLS r2,r2,#3
4 1.25% ©0x0000888A ADDS r3,r3,r2
B8 2.49% 0x0000888C ADDS r3, 4
3 6.93%  0x0800888E VLDR s14,(r3,#0) k
3 8.93% 02000088812 MoV r3,#6x5d18
1 6.31% 0200008816 MOVT r3,#2
1 8.31%  0x0000881A LOR r2,[r7,#0xc]
2 6.62%  0x0000881C LSLS r2,r2,03
1 6.31%  0x08008B1F ADDS. r3,r3,12
i) 2086% 0x00008820 VLDR 515, (r3,#8)
0 13]  4.85% 0x00008824 VMUL.F32 514,514,515
6 1.87% 0200008828 MOV r3,#0x5018
3 6.93%  0x0000882C MOVT r3,a
5 1.56% OxPEOOSE30 LOR r2, [r7,#6x14] (EE More ¥
SIA H
el

4 e A8 EIOTEl9) 71 0 A 59 289 R e AR molnk B e

M Instances - &7 } = 7é§ ol Uehd sl
B Location - ©] €& &< YA & Hushy, Aol ot o] 53t 2iQlS 5 A ST

o e ZEAIY 717 ARl 2A e AlEe HoEnh olet 2] 28 AR e 2e
oA ARE 7I17HE WGk Z2A| A HE &S HolEth 33 AR FolAds 84 5H=
ZRA| AU o 2] Al0l T el ol digt Fof vlea & o= Itk o] DPD ¢aLe] 5ol A]
< ol" g7k A AR S0 ThE et HEd TP W AR RS=A] FESHA o
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12l 6. DS-5 AEZEIRI EQ| &+ H

oo

W Timeline & Call Paths @ Functions| & Code| < Call Graph| B Stack & Log

Qi) [ sompesisen© ]

o)

Self v % Self | Instances Function Name a  Location Image

5 <unknawn code in kemed> <ANOMYMCUS> <aNDMYMaUs>
1 MM1_Gt_x G DPDalgc84  DPDalg
54 0.66% 1 ML_inw DPDalg.c:151  DPDalg
19 023% 1 <unknown code in libm-2.15.50> <anONymMouUs> <ananymaus>
14 017% 1 CovarMatrix DPDalgc:50  DPDalg
9 011% 1 MM2_Gt_x_CTx DPDalg.c:108 DPDalg
1 001% 1 init DPDalg.c:27  DPDalg
1 001% 1 pit [DPDalg] DPDalg DPDalg
1 001% 1 <unknawn code in libc-2.15.50>  <anonymous> <anonymaus>
0 000% 0 call_gmon_start DPDalg DPDalg
0 0.00% 0 deregister_tm_clones DPDalg DPDalg
0 0.00% 0 frame_cumimy 0PDalg DPDalg
0 0.00% 0 main DPDalg.c:223  DPDalg
0 0.00% O MI_x_MM2 DPDAIgc:129 DPDalg
0 0.00% 0 register_tm_clones DPDalg DPDak)
0 0.00% o_fei DPDalg DPDakg
0 0.00% o_init DPDalg DPDalg
0 0.00% 0_start DPDalg DPDalg
0 000% 0 _do_global_dtors_aux DPDalg DPDalg
0 0.00% 0 _libe_csu_fini DeDalg DRDakg
0 0.00% 0 _libe_csu_init DeDalg DPDalg
EH &H
AR R
e 2 e 9T el ol =91 i ] R,
L8 = 2] 28 gofdf njA]= FFe] H= ol &S id o= A8 2201E
o5} % [e) XX E1AS H 1 [e) o JAEE 7rn
et A 9 S Alggteh A28 F= ohaat F2 F dHE 2=t

Stack - o] grpol| A L8of ofsf ARG HEO|E = ghpo] AH AN &
Fr(total) Foll 5317 FAHTh

N Size - &9 AA| A7) E Hlo|ER HA],

B Function Name — &2~ 20| A XA H gh4=9] o] &

B Location - °] @2 2] Y5 Hilste], A o o] 53} eigl & &

T2 7. DS-5 AEZIEIQI E9| AEH B

H Timeline # Call Paths @ Functicns i Code =< Call Graph | @ Stack & Log

Q) [z ]

bl

Maximum Stack Depth 8y Thread-
[DPDalg #838H{DF0MG #8538} CovarMatrix

Function Stack Usage (21 functions)

Stack »| Size Function Name - Location
416 456 CovarMatrix OPDal).c50
288 1,092 MI_lrw DPDalg 151
160 392 MI_x_MM2 OPDalg.c129 Stack usage seen for different function of
160 404 MM1 Ot x G OPDalg.cB4 PO al hn
160 400 MM2_Gt x CTx DPDalg.C:108 gorit
96 344 init OPDalg.c27
32 36 main DPDaly ¢ 223
T 29 call_gran siart ﬁ
0 36 deregister_tm_clones OPDalg
o 32 frame_dummy DFDalg
0 44 register tm_clones oPDalg
o 96 _pit [DPDalg] DPDalg
0 6 e CPDalg
0 10 init OPDalg
0 56_staa oPDalg
0 24_do_ghobal_cors_aux CeDalg
0 4_libc_csu fini OPDalg
0 B8 _libe_csu_init oenak
] 2 <urknown code (n kemnel> <ancrymous>
0 2 <unknown code in libc-2.15 50> <anonymous>
0 2 <unknown code in libm-2.15.50> <anonymous>
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M Call arrows A ke oW $hr7t 3% $F(calling function) Q1 A S YrERHTE, 4
= 7t 7] SR 7 85 9ohe T(callee)ol ™, BiRlo] AJtE = vt 5 S

Sebe AS defETt
B Mini-map - % I 5] 9% o mAjelo]i vluo] glek. AZol U5 A
Eclipse] o €] 4 41o] 83:7] ofe] & uj o] u]UwiS AFg3lel 5% 192 B ek 417 o]

5% 5 gk,

Tl 1: Numeric HE EM
Numerical A E= A Alo]Z Z7]0) L&]dfjof 3}= ZQ3F HAojt} o] Adirl xS A
S E oYzt o AE AR 5 Al AARIH. o E S0 NEON Al e
°]E1 = HHX_]??]E glolE f&ollA= AR 4= gl
=9

DPD ¢ 112]Z9] A& 7+ g4 Al A o7 e En] MATLAB &% 220 thaf vl aEc}, 2
= 3 20 AlFET Yok A=t A A FAsy] flsf ot A=t eiste] o] Hu

H 2. DPD et T2 MdE o2t x| vl

sta UYL=
oil2{ XIH(ms)
CovarMatrix() 34
MM1_Gt_x_G( 338
MM2_Gt_x_CTx() 29
MI_inv() 65
MI_x_MM20) 10
A 476
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CovarMatrix() g G P& AKX G P 7| EF S 2 CoRx WE O A& T2 #EA
ol ﬂﬁ} 17]Xq HH%% ZH= ohekA] ol of 7ol A= HA G FES Autsh= B4l A=

|

Of

ca=

= ’%“éﬁiﬁ} 3717} 2040x4Q1 -2 G o] A=, o] 59| A

12 8. ZK| G 2 A THAI CHBHA] HEfo] Atol Olsl SRl UTa|E HX5)

22| t|22|(HPS DDR3)0] HH| G YBS WA THA G DDR30}l Z%}E!
RIZHEI CI8fA] xf40) At x G 7At3tCt. olafet gze G* x G &2

HI=Z22|0f| ZAHSHR| a2 Thet
siza past £ Qlck

b*  (Ob*  (Ob*

b |COb[ OB |COb| 6 6"

(=3}

36x2040 X
2040x 36 36x36

2040x1  2040x1  2040x1  2040x1

9] dag|E2 thgo] B4 S 7|vte = L E T
1. G Ao A 2] 42 = COb_Size-M = 2048-8 = 2040.
2.GPHo | & £ =KxMD=4%x9 =36
3.G ¥E o Zt 4o th-39] A4k ARgEl A4 E ok
B [col vector]2040x1 .* (abs([col vector] 2040x1))O(k)
a. Ao S4wjd
b. 3, 5,7 58 AGAFES g o] AL A7]7F 2040901 Y4t Y49 ot
c. P8 G jdoA 7|EH o= HA3E Y A|of LAY v} 2RI E ARSI -
o, wheba] G P FelH o= YA dom GG FE- A F A4t

S

g5l
4. 2040x1 Y] 7 2t GHUE 5 25002 B25S A4t tebd 47h4 e
% 4x2040x8 = 65280 HIO|EZ AME3ITE GO G*S FAISHA] b= wpAl o2 olg) Hoky] =

| H 2]= 2x36x2040%x8 = 2x587520 bytes = 1175040 H}0] E(1.175MB)o| .
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PY FA) AY HES FHA7] A AGEE E b2 HHst He AAR Fo PR
A oA WA AR e 551 oIt o RS GT x G AAHS a5k AAztgolw
A ARl o] U2tk AS Yulgit), o]2fdt 542 BA4 FA9 5 AY diter &
o % A Bk,

A Ay -

Az 4z .- Ay

Ay dyy oo By

off) A3 E (lower triangular matrix)2] Q4+ 9] 4H2F8E (upper triangular matrix) 25§
o A AN [e) = P
A 5= Ut ALY = T o] Y 4= QT
2
n_n
2 2
o) O 1 2N 71 ' O = AN 1 [e) AN Tl
7 910) A4k ' Bad AT -1 SALS Atk Z47he) B A 4o A4 BT
2~ A A5 Z o
2919] A% SUle] ofa) ST, A ek
??2 n 2 n
4nx[———] a5l 3 2(n-1 x( ——') 5
272 T (n=1) 2 Skt
o < = =1 = — ==10
Ay A vl [eJiKe) o) =z A [e) SF& o) =H A
mevtele e Sl 4 A A $4 S U F s vha) st
HL X AHZZ (=] Hol= =
J8 9. FE §= 5|1 ME H|E2| 2ilnt sl CIANMERIE EH{ELCL.
B Timeline | & Call Paths | @ Functions | 4 Code | =< Call Graph| @ Stack % Log
A @ e oo [t o ]
Fird |
Samples % Samples | Line Source File: /h T WS/ /DPC c [=
62 void MM1 6T x G[) S F(OMPUTE GT X G
< o AR B el L C code and its disassembly after algorithmic
:3 far{h=g; haD; hree) Spalmbtian
81 for(i=0;icd;ies) ﬂ
o —
5] J=HD<N- 13
kLl for (k=8; k0 ke+) //k controls for ome full row of output
1 { for(l=s;lea:ls+)
72 { for (m=y{MD-k- lJ.micornlengtn L H ) &
n if ((hh&k{keh))
74 {tempr=;tempi=d;}
75 else if :Inmnneammn
76 {tempr=0; tenpi=i
2 rhinlis 4= [ [Grj+{E*corxlength) }->re (Grme{Locarxlength] )->F) - (G+j+(i*carxle mj > ime [
: : : i
8 LD
Slﬁ:ﬂesumﬂes I E Opcode Dismmblr File “l?l
1 6.36%  Oxe0098962 r2,|r3, ) [r=a |
5 1.76%  Ox09096904 ri [r7 ,#0x20] |
BI06 t5ts F3,#11 |
1 8.35% k00008908 HOV it |
Bx0a00BI0A LOR £3,(r7, #uxlc] l]
AULETE  BrBOGRIRC ADDS ,r1,r3
0x0800BIE LELS 73,73,81 |
1 8.36%  Oxbopasd ADDS r3,r2,r3 |
BrfapasI 12 VLDR 514,[r3,#8] |
1 6.36%  Bx0OEaEI16 o r3,#0x5060 |
Bx0ER0BI1A novT 3,82 |
2 6718 Ox0009891E LOR r2,[r3,#] |
2 8.71%  Ow0e0eE920 LOR r, [r7, #9x14] |
TE Bx00808922 L5LS r3,r3,811 |
) 08096924 no¥ r1,r3 e
11 QE|2t SoOCZ A3sH= DPD T2 I 3 | X3}
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CY02E +ES AEe ARM Z2OU B M

B Timeline & Call Paths| @ Functions | &) Code | =< Call Graph| 8 Stack % Log

L

Ijss  Rdn ks 2me 28%  2fs Bhe 3]

lsss 3 ¥ % s 23

il | II Timeline view ahowing latency after
incorpora gorithmic optimization.
A droy seen from 428ms to 360ms with
this implementation

ARM Z20iY HM - g 2|E £ X3t =

g+ 0lE olel Alzt
Hs
eoa|E =5t ™ ¢nalE x5 =
1 CovarMatrix() 27 16
2 MM1_Gt_x_G() 321 262
3 MM2_Gt_x_CTx() 21 21
4 MI_inv() 58 55
5 MI_x_MM2() 6 6
E Mzt 433ms 360ms

2E|2t SoCE H¥loh= DPD Z2mUE I £[X5}

S




ol7]A,

B Options - 54 = Autele]o] kg v 1|t Antele) 99 &4
ANE

B Source - C = Ct++ &4 ITE XF6l= sht o]4e] H) el wkg ol 55 Al
gt
AHEEE AR GHES E 4o HE o] gick
4. Huors] SMut 49
=M o3
—arm-linux 0| M2 ARM Z|5A ZE0|Mof| XSt CIZEUCE CIE M MEE 78t
-gnueabihf ARM 0}7 [EIXZ 2/8t GNU C Z2AM|M(cpp)
-—gce GCC= EHY C Z=E Zmdsty| ¢lst s&0]ct.
-g3 Z|th O 7k
-Wall MME DE AT HAIXIE 20[A & 2 Uct
-c 0| SN2 ZmAUz{o|A 23 HAIE eIt A 0|M HAE SHet=E HAHSICH
-O(num) o7|M num& CtE & stLtolct.
Z|A x|HSH-00): cHEE2| /XSS Bt 0|R2 7HsEt 2|no| |1 Fet £[K
o] 2| MstE S SICh CIZE £|%s} 2fH.
MRl 2[MSH-01): ALSHX| Sh= Ql2tel Btpot ALESIX| b= A &5 (7St
Az Clt 1 B E XMSHAIF 1= Z|XsE Bt
=2 Z1X3K-02): -—debug®t &7l AFSE B2 2EME Tt AA T O| 0fHO|
StAF TBISH 242 OfL|7| 20 Ol e EE* DHEEARIE 4= T}
Z|cH 2|=8H-03): 022t SYUSt 2|SHE +SHK|CH MME =0l SZtat Azt
Z|xst 7t #E0| -020] HIsH 37HE= AlZtez o ®o| 7ESECh

UH|2} SoCE MssHe DPD DTR2MU U 2|5}
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-01 gutely| FMS

A3t ARM Z2n}

me
o

a7 11, -01 Z[Xstof| st EFJEIR! 7

J812.-01 =

B Timeline &7 Call Paths| @ Functions &) Co

de | == Call Graph| 5 Stack & Log

{5t S 20M Chit ASH

- —= 71T

H Timeline  Call Paths @ Functions. |5 Cade =<

call Graph @ Stack| % Log

@l e | =
Maximum Stack Depth By Thread
DFDwispooters #574HDPDwithirers... #74) Mo . | -+
Function Stack Usage {21 functions)
Stack = Size Function Name

756 508 ML inv

256 416 MM1 Gt x G
128 200 MM2_6t x CTx
80 192 MI_x_MMZ

64 260 CovarMatiix

64 176 init

3z 32 main

Location
DPDwithPointers.c:118
DRDwithPointers 63
DPDwithPointers.c:100
DPDwithPointers.c:189
DPDwithPointers, c-40
DPDwithPointers.c:27
DPDWithPointers.c-235

A5t ARM Z2nOial

MREM, 19 139 A 01 Auhede] SHL g %] TE

f
R
i G
.—E

2|2t SoC=

Mashs DPD ZRIHUE o £x5



a2 13. -02 2[X3tE AFSet Eteel 7

B Timeline o Call Paths| @ Functions ki Code =< Call Graph| & Stack % Log
B Age 8T s 3ses  3gs agn JL_‘ 163 36ds

-03 gtz FMS AKSe ARM Z20iE

-03 E 1+ HE o] 42} SMS(Swing Modulo Scheduling)@} -2 g
Sk, GCC ¥ 2t A= Hlolg R A2 & 2h= I =E 1438k, ol&

rO

3 AN SYFEE th 2 kg, 57 HE PO W
Y9I T vo] E QAARS SR gulo] = E gt v

—

550%71A] w27 TH== 2o = UEHg T

éé.ll-ﬂ m9

NS 32 A1, 591 vle] a»g— e %2 QAL 0|8 ZER T, v
o, oW tha £tk 2220k W UA A 7PeT hE BEL, vhrle] 48 AUke nel
3he 2EsH, K] A9 n &%

=
& W3} 2|9E ZH A9IA] fEalh AN R 30% o whEA] At

n

o
)
oy
e
1o
i

)
2
o
o
=)
ot
=)
e,
i)
M
)
o
ro
=
o
S~
op
9\_[5
B
5
rlo
2
r

15 UE|2t SoOCE A&sk= DPD Z2md U 2| x5t



a2 14, -03 ey EeiaE AKEst ARM 20t H11 A

B Timeline & Call Pathe @ Functions| ki Code == Call Graph| 8 Stack & Log

Q NE e & (2] sl
% 1Ele  LEx  1E3s  1EA 1 166 6T LA8s Le0e LJv ATAs LE3s LI AFe 178 L76E LTc 17 LiSs Lbs 18l L&2e 183 Lae

i — B

a8 16, -03 Hutda] SHAE ME S EEE R

M Timeline ¥ Call Paths | @ Functions & Code =< Call Graph| @ Stack % Log

[ " e Call Paths: 1
O &l lisi= Samples (Selfl: 27 (0.37%) I =
Seif | % Self | Process | % Process |Total =| Stack [Process)i{Thread}iCode e Location

7163 100.00% 99.27% o @ [Idle] =

45 100.00% 0.64% © = [DPOwithPeinters #1004]
46 100.00% 0.64% 5,00
e 3T 4

27l sA.70%
12 26.09%

5 1087% 0.07% [ <unknown code in kemels <anonymoLs>
1 21T 1 217% 0.01% 4 MM2_Gt_x_CTx DPDwithPointers.c:100

1 219% 1 217% 0.01% L <unknown code in libc-2.15.50> <ananymous>

ARM Z2mIY BTN - e M

E 5+
AR AIZHE Kol &

¥ 5. -03 22105 AE8HARM Z2md St T

2T o
A A2
tHS gt 012
Zoe] SM A H -01 At -02 At -03 Ak

1 CovarMatrix() 16 9 5 3

2 MM1_Gt_x_G( 262 53 40 26

3 MM2_Gt_x_CTx() 21 10 8 5

4 MI_inv() 55 25 20 14

5 MI_x_MM2() 6 3 2 1
s M 360ms 99ms 75ms 49ms

16

2LH|2t SoC=E &

WSh= DPD 221}

N
SHERL

rir




TH7| 4: NEON HlE{s}

|2t HPSOl HAIE ARM A9 Z2A|A 51oj= Z}7] NEON Adlzfd|olg & £3Fskal 9]
th. NEON didz|golE= A8 A2 & 7I&53tel7] s AMgEe ¥ 9 B9 o5 dlolH
(SIMD) qlIzloftt. NEON APz dol 8= T e ARgste] St 33 A7]E d=vs
golg g4 HERE FAT diks SFTH(SIMD). HALEE LT dolH 132 2=
[40 WE 2 ZhEHEn HlojH 32 FO/HHS 8H|E, 16H|E, 32| E Ee gl
Aol & otk B2 2| 470 2kl ol A S Ut dite sATTHOE 16 =)

T2 16. HO| HAS HOIZE NEON 712

Dn

Hements \’
:l Source
L L L L Dm Reqisters

Operation ———» . . _ _
¢ ¢ ‘ ¢ 4— Destination

Redgister

Lane

i

NEON Q1% AHg3tel e g0 2= 237} wEstelofof gtk the.0.2 ARM W3} s}
Vel7h WEstel £ wE Aol AUAR HIAOR WIS, o]dA] WekE AU
NEON el el 28 4 9tk D=5 el S 45 Mgt 715 dohele) Faha

v
(]
D
o
ek
R
32,
v

¥ 6. NEON HIE{S0]| AF2El= Autda] F201 (1/2)

o2to| & &9
~ffast-math BS A4d S} HEE TRt

0| Z2ia= EFIOIM AL 7H558t B8 AT SH=RI0(E= ot=9l0] ol E2|01M)E
-mfpu=neon .

PNESE] s
-std=c99 C 2o Al 210 &S ZFSI

0| E2ii1= EFI ARM OF7 Bl Q| 0|52 XIHStCt GCC= 0] OIS AFESIH0]
—march=armv7-a Al = = == o HIAHS .

oldlsEz| ZEE *o”’g% o oM 5 SR S LMK AFeict

0| M2 GCCIt 22| d52 FTEE ERI ARM Z2MIM2| 0|8 XIHeiCt YR
-mtune=cortex—-ad o - SEALE] MO 012 A O]

ARM FL&H0IM O] SME AFSotH O e d52 ¥ = Ut
~ftree-vectorize 0| E2i12 HESIE 7aig 4 UrCt

17 UH|2t SoCZ Malish= DPD Z2malal 4l x[x3}



H 6. NEON HE{3}ol| AR El= Hutedz| S2H (2/2)

nj2to|g 29
T

) 1 25 A4M ABIE AIEEX] XIHSICE 'hard = floatingpoint HEHS Mg 4
—-mfloat—abi=hard

-ftree—-vectorizer-
verbose=bH

-03 -03 2= =[X3E 7ict

3 17. NEON HiE|StE flet Hutda] M2 AKS

18

5 Tool Settings | 4 Build Steps | Guild Adifact | &4 Binary Parsers | 0 Eror Parsers

- iy BOC€ Compiler Command: [ armn-linux-grueabit-gee Aast-math -mf ~5td=co9 -march 7-a -mtune=cort 1 cize -mPaat.aty=hard - oo
& Preprocessor Al options:  £03 -g3 Wil ¢ Amessage-iengh=0
& Symbels é
& zatian L
Expent settings:
Command

line pattern: | S {COMMAND]} S{FLAGS) ${OUTPUT_FLAG} S{OUTPUT_PREFIX)S{OUTPUT) S{INPUTS}

™
2 Shared Libaary Settings

NEON #lE{3} 70| =22l

A %ﬂa}ﬁé 04494 a‘ﬂé AU s HEshy WEss XJ%(W# At ol & 50 32HE @
1 oA WESEA] oF=t),

E?& nE %—J# AAHE H“Eiﬁk@ & 9E AL oftt.

B2 A5 oA B&8Hs R 9 ARMS Ak A4} g317](+), #7](-), F3171(9), W

F71()ell t#l SIMD g & ol & Al-&-gtct.

W57} 7Hs st SR a2 A7} Hlofof gt

W 4 = glofof gt} - loop trip 7HEE= I Alo] &2 e Y D art §IAINE ek Al
o= Fzofl XU wf L2l Aefolofof JItH(E, trip 7He-Ew= M4 4= AT Hapes 5
I 717 Fet AAR AHE AR g, o] A R FR HlojE FE5Aoloj = et |
ohe A2 ool

B S} oj7k s U2th - o] Wo) elnleliz ule} o] SZiz Al 4 Yoo} gt}

W 4 FEZ zZgFsfol shof - SIMD HE-2 Wl X S(original) FZE of] H WHESHA o

oE) Sl thal FUT IS SABIR, AR THE WHEo] AR ThE Alo] 58S 2
PH531A] bt 2, Bl AL oF HTh 2917 (switch) £ 38314 ok Bt

=
EE
284 %U}*ﬂ~4ﬂ%%‘ﬂ2§¥fﬁ§ siehel, ol 94
A=
™ o

fo
B
2
=
:?l_'.‘
>
n=T
N
o2
o o
2 o
)
ko
F>
=
o)
4%
)
i
D)
f!i
Y,
)
r
i)
>~
LU
_wﬁ
E
=
9/
o
u

B 539 71 oF% Eazojojol FT} - AT ool W A.&0) whE% 227} unrolling, loop

3t
collapsing £+ interchange #-2 U th2 oHA 2|23} oA 9] ATp2 A Y&} F=2 vl

UE|2t SoOCE A&sk= DPD Z2md U 2| x5t
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AL}, th A-2-0] Wi vpdE 2327} loop materialization &2 Q18]] W QF& R 2 ui|= 729
ojt}.

B 3} o&0] glofof 3t - TR E(print) & FZ7F W8 ] 25HA| ghe), e S} Bl
HAA = dUHA o2 Bl #E FLe WE S S5V} ofyeh= Zlolth & 7k £ o= <l

E QA (intrinsic) 4=8F g<=¢} ¢12k1(inline)o] € 4= Q= F=2] ol

CIXIH HHES LRI HEE HEts) |

GCCe thatd v g o] WE|3hE A HohA] Gh=th wheba] ZE&= e vk v dS IAH v

= Ak 4= oA 74 = Ak

2D FEE 1D v = Wksly] Sl PES & 4 A £
H

o

- =
o}ﬂu FE Ao 1% 94 WhAlo] AREFA|gE, o] = 4] F of
EdSH AH S 7H= 710 ol

Ql wxLe] iAo v =L, 8
2{ek g o] vpAjef o] et
A T SR daTt of G| Wl E A E HolEd

2 1D HHEE Has}|

ROW MAJOR FORM : MATRIX ORDER U[5][8]

ufo](o] u[1l(z] u[3](s] u[41(7]
' '
IIIIII,IIIIH*IIIIIII
row 0 row 1 row 2 row 3 row 4
starts here

COLUMN MAJOR FORM : MATRIX ORDER U[5][8]

uo](o) U[11I1] UI2] (4] Uldll?]
I||’||I’|I|*|II*I|I*|II*II|*||II
column O col 2 col 3 col 4 col b col 7
starts here

UE|2t SoOCE A&sk= DPD Z2md U 2| x5t
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flo

CovarMatrix <o tigt I & AYzle] 2D B

void CovarMatrix 2D()//2D version of code for CovarMatrix

{

MD=M+1;
K = sizeof (Order) /sizeof (int) ;
i=0;j=0;1=0;

for (m=0;m<=M;m++)

{

for (k=0;k<K;k++)

{
1i=0;
for (j=(MD-m-1);j<( (sizeof (CoRx)/(2*sizeof (double)) - m) );j++)

G[i] [1] .x=
(CoRx[j] .x* (pow (sgrtf ( (CoRx[]j] .xr*CoRx[j] .r) + (CoRx[j] .1*CoRx[j] .i)),0rder[k]))) ;

G[i++] [1].i=(CoRx[]j].i* (pow(sgrtf ((CoRx[j].r*CoRx[j].r)+ (CoRx[j].i*CoRx[j].1)),Order [k
1))

}
}

1++;

}

CovarMatrixof] thg ZE AU319] 1D MAAS vt g, o] =& vt 9)7] of Hrh

void CovarMatrix 1D()
{ int i=0,j=0;
int Order([4] ={0,1,3,5};
int K,MD,M=8;
int m,k,a;
double tempr, tempi;
MD=M+1;K = sizeof (Order) /sizeof (int) ;
for (m=0;m<=M;m++)
{
for (k=0;k<K;k++)
{
a=MD-m-1;
for (j=0;3<2040;j++)
double val=1;
tempr=CoRx [j+a] .r;tempi=CoRx[j+al .im;
double templ;int temp2;
templ= sqgrtf( (tempr*tempr)+ (tempi*tempi) )i
temp2=0rder [k] ;
if (temp2==0)
val=1;
else if (temp2==1)
val=templ;
else if (temp2==3)
val=templ*templ*templ;
else if (temp2==5)
val=templ*templ*templ*templ*templ;
G[i]l.r = ( tempr * wval );
G[i++] .im= ( tempi * wval );

20 2E|2t SoCE H¥loh= DPD Z2mUE I £[X5}
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21

restrict’ 7| E= FEEA] 2 ZUH AN A thF= ] AFGET restrict’ = ZH A
02 2383 52 9l 7|9 ot} restrict 7| Y EL R I )7} Aud oA A Eeks s
Azt Aojot, 17;1—8« EQIE]S] =1 FoF @A) HQIE Bz EQIE + 137 T2 ZRIEHEFE 2]
El7} 7He 7] A o] A A6k O AFEETHE AS UERdT o)A A
% e dejoj A& AlgHstet, gk o= o] Aol thof HutE = F2F
o G1aL, AA|7F E A1 EIE] o] ofaf) HMAEH, o] A2 A OJx| 7] ¢k 54 Zefigith,

J_/

l:loh:H

SfjoF

HE XRIEHE A9 2AEHE Adsk= Aolth. o] 49 restrict’ 7] ¥ E= A58

t}
A

oo i

SN AL Al ZtUR{oll OJsH AT HElSH HT A

= 1 Infos (6 items) |
i vectorized 0 loops in function. | line 26  init function
i vectorized 0 loops in function |line 33 CovarMatrix function
i vectorized 0 loops in function. line 117 MI_inv functidn
i vectorized 0 loops in function. | line 188 pMI_x_MM2 function
i vectorized 1 loops in function. line 93 MIGZ__Gt_x_C‘I'x function
i vectorized 3 loops in function. | line 62 MM1_Gt_x_G function

T 19+ Hupd ol oA A E BHAAE HojFn, BilA = dEHIE = F4E AEgt)
HE s} B AL g4 ool A E Y 7} 8ko] A1z 2] H o] Btel MEE mA|gt) ZF g4
o] |9 22 ba & glon] o] HIAL HG Gl Anh} g 2u} W stie 9]
A g ETh
4= MM2_Gt x_G() and MM1_Gt x CTx()Q] 2ZE5o 34 3% 1 "f2" glojg &3 ¥
2 ZaslH) ghone 4gHos wesid,
U5 k0] R 52 HESHE R o=t}
B CovarMatrix() - sqrt() gF<=o] o3t gk _ﬁ%
B MI_inv() - o] &9 4= "t E" b0
ol WE 35 A Ys}A| =Tt
B MI_x MM2() - °] gt 9d 9] AatE ARttt uheba] B & o]
o 2 gick. theol Folgich. Y H4 Aste] et
A= A] o=t} TS o= S G e F2= ESHEE = QAN AU E

FET

_VFL
09., o
o
u
o,
1o
(i
£
o
J;

QtEH|2t SoCE Alslist= DPD T2 Ipel2l 9l %X 5}



NEON ZHutelz] SM8S ARZs ARM Z2ajz!

2l 20. “~ftree-vectorize’ & *-03’ Zuiez| Ze|2= AF2St ARM 20t H1A

[ Timeline s call Paths @ Functions i Code == Call Graph| 8 Stack & Log

Execution time after using NEON and O3 compller
options

Mote the enabling of NEON engine in ARM

T8l 21. —ftree-vectorize’ & ‘-03’ ZntYe] S22 = ALESH ARM Z2II H11AM

M Timeline & Call Paths @ Functions | & Code| <€ Call Graph & Stack & Log
e =
D Call Paths: 1
é[@] g =l _rsamplcs (Self): 14 (0.25%) l U=
Self | % Self | Process | % Process |Total »| Stack [Process]/{Thread}/Code - Location
4,708 100.00% 99.18% 0 & [idle] .
32 100.00% 0.67% 0 = [DPOwithPointers #922] -

[DPDwil [ | Theindividual function wise
DPDwithPointers.c.118) raport shows the reduced load of

<unknown code in kemel> <anonymous> %
<unknown code in libc-2.15.50> <anonymous> function MM1_Gt_x_G due to

480 MM2_Gt_x_CTx DPDwithPointers.c:100] usage of symmetric property
(4] =<unknown code in ld-2.15.50>  <anonymous> The load has reduced from almost

" " TR -
2 100.00% 0.04% 0  [bash #6835 - 71% to 44 % (approx)
1 100.00% 0.02% 0 = [bootlogd #525] k.
o 0,00% 0.00% 0 # [gatord #917] -
1] 0.00% 0.00% 0 ® [init-sysvinit #1]
0 0.00% 0.00% 0 # [sshd #683] i

22 2|2t SoC= Hlsh= DPD =1

2| al
(=]

=
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. —ftree—vectorize’ ¥ '-03’ ZutY2 S21E AESHC 2= & C|AMES

[l Tirmeline | o Call Paths | @ Functions s Code <€ Call Graph 8 Stack & Log

gt s 1
Lml_ 22l -

Samplet % Samples | Line Source File: DPD_WS/DPD» £
62 void W G x 6() COMPUTE 6T % O
2( muuu-::. C code and its disassembly for an
Bl | optimized code and with use of
o (h=b; D hes) and NEON compiler options.
&7 {  forlisd;icd;iss) o3 N
o
o JD-h-1; !
T Tor(k=8; k<M ;k++)//k controls for coe full row of eutput

n \ E"'}:‘::“Ix{ 1) ;malcorxlength-k) jmes)
r (m= m{corn i
{11 ((n)sb({keh))
{tespreo; tempi=o; )

' Lemp

1e
{tespr saf ( (Gejelivcornlength)) > (Gome(l*cornlength] ) ar) - [ (Geje(ircorxlength)) >ine (G
t +5( | (Gr)elincorslength) ) ->ro(Geme (L *cornlengtn) ) ->im) + [ (G+]+(i"corxlengtn)) ->in"(

¥ b o]
(Gxgen) - n-tﬂri

(Gxtn) > it enp:
Bee Tempred (qh.:l-l.li-l 1)

hmpies
f—
The highlighted portion of
5 Y. 07, assembly code show the
S Tam . o, usage of vector addition and
: i vector multiplication
T 1r32| g0'0. operations

79 220] TE B ol TE o} vlmal ) A vl & 2o Se] BEAA BE Aol S
0] 2T NEON WEjsjol 4 o3 2mi o &840 Fauglon uteby 8 etelo] 4 4
Y A1E vl go] AET. o2 Welol 'VMUL ¥ ‘VADD': WlE qlito] SaEs A
wuls) Bzt

ARM Z2n 2710 - NEON E2

H 7. ‘free-vectorize Y '- 03’ ZI2| Z2i1E AMSHARM T2} §h4: CHe|2 MME| H 1A
ws 2408 8 Xzkmo)
NEON #!E{5} 0| NEON H#IE{3} 0|%
1 CovarMatrix() 3 1.8
2 MM1_Gt_x_G() 25 18
3 MM2_Gt_x_CTx() 6 4
4 MI_inv() 13 9
5 MI_x_MM2() 1 1
& Azt 48ms 33ms

2E|2t SoCE H¥loh= DPD Z2mUE I £[X5}



THA| 6: HE|Z0] £|X=}

|22 Bejso] ZRAA ol 8Hol q Ad L YAH e S FAGE 6] AH§T 5 e,
UNIX A|AHO] AL xF351E C Qo] Agle 2189 Qg o|A= [EEE POSIX 1003.1c¢
wzo] o3 AT ek o] Hao] Hshs FHL POSIX AY = Sk PihreadehiL F}
2P 29 A2E] Y3 AYH =S 2AASYT 5 Ak SYHQ YYo] 5FOR HoJ3t
% skt
Lol M=ol sl 5P A<l ofg ] ZRAIAE 238 Q= A4, pthreadE AHE-3
of A AdS &Y & Sl —éEﬂEL W QAR 2o 27]3 5w, £ Al2"oA HojH
ER J 27159 vAYZoR AT ateb A TR IR EAT &AL B4 ol
M ARk A Sl o2 A oF Hith pthread AHES HojZs AL SIS T8} 2o},
#include <pthread.h>
#include <stdio.h>
pthread t threadl, thread2;
int main()
{
int rc;
rc = pthread create(&threadl, NULL, dpd algorithm, (void*) &dpdl); //Antennal
if (re) {
exit (-1) ;
}
rc = pthread create(&thread2, NULL, dpd algorithm, (void*)&dpd2); // Antenna2
if (rec)
exit (-1) ;

——

pthread exit (NULL) ;
return O;

pthreadS Al25tl= 20Ul S 28t Aot SM
pthread& AHEE 4= gl o el ot o] th-Sa -2 fHupd 2] J4-& ARSIt
B -pthread - Ao oA &4 AlAR ol oJaf HolH AAEH wAHYS uhet pthread=
ARESt] ThFsE T2 A A& At e S Y= WY
AYE T2 MAE Lst 710|=212!
pthread+ WE T2 o] 53] 2gsiy, Hd 203 AAE s 45 AR o
Uy
m A 2
W Fs) 24k
m 34
| gjo]E FHA4
B 57 A 24
W ] EA
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pthreadE AF2$t ARM Z20}UE
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12! 23. P-thread® AKS5101 ZIE| AZSig Tasts B A=Ralel So| elelatel &

B Timeline

O A e & (28

# Call Paths | @ Functions [ Code == Call Graph

1 Stack & Log

= k] &

Ais Al Mdie e Sads dste AdGe 33Te s SMa Jdr Mdls ddds b4k dgds 3

(A

Two threads are created to carry out DPD
algorithm for two antenna and is

executed on both cores of ARM and NEON

E
g
Ik
s = %I-=|. | °|'HIA =
:! 24, pthreada %I:Io 7| #o —|I-o-|5|_I It tlﬂjé
E Timeline & Call Paths | @ Functions | ki Code| << Call Graph| B Stack % Log
(@) [ (o2e) g fl\ [ Tatal: - |
Find
Samples % Samples| | |Line|Source File: fhome/vi krambyDPD_WS/DPD_2AxC/DPD_2AXC.C =)
278 void *dpd algorithafveid® buff)
279
80 struct OPD alg *buffer;
281 buffer = [struct DPD alg®ibuff;
282 anit(butfer);
283 CovarMatrix(buffer);
284 ML Gt x G{buffer);
285 M2 Gt x CTx{buffer):
286 MI invibuffer);
287 MI x MM2{buffer);
288 pthread exit{mLL);
89 return WLL;
298}
291 &
292 int maini}
293
294 dnt re;
295 Fivoid® (*dpd alg ptri(void*);
206 f/dpd alg ptr = Ldpd algoritha;
297 rc = pthread createisthreadl, WULL, dpd algorithe, (void*)&dpdl) ;
241 it fre) {
299 exit{-1);
300
301 rc = pthread create(&thread2, WULL, dpd algorithe, (veid*)Edpd2) ;
382 if (re) {
103 exit{-1);
84
385 #/dpd algorithm(&dpdl);
06 //dpd algorithmisdpaz); i
387 pthread exit{muLL}: 1
308 1
389 F
114 K
] - 1 L 3
Samples % Samples | Address  Opoode Disassembly File |
ain
BxBABABASE PUSH {r3,1r} _’]
OXBOBBASA HOVS 1,8
BXBESBSASC LDR g, {pc)+Bul8 ; BxB484
BxXBOBBSASE LOR r2, {pc}+in2a ; A
BROBOSIE0 LOR r3, {pcleinzc
BxBOG8S4a2 BLX Ox0O08B3FE + Gx28
OxBOBOBEE CBNZ i, 00008476
BxBEAE846E mov
OxXBOBIBIEA Lok +ixle ; 0xB40E = ale
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ARM Z=2n}t HT1A{| - pthread
HeAg e Wy oR AgslH A5 F Hojof mF AT 4 Qlrh. XA A9 duto= 3
Bl
H 8. pthread AF2 & ARM Z2IH H 1A (Neon 2! 030fIA])
A Al
27 QtE||LtOf| CHEH pthreadE AFESHX| 22 Z2. 27 QtE||LtOl| CHaH pthreadE AFESt E<2.
= 22| SMP
2x33= 66ms 39ms
Et7| 6. FPGA 7143}

3E 78 MM1_Gtx_G() g7k A2l A7k A ARk(18/33)s &Rgt= Ag HojEth
FPGAO| A= il== HEAQl Hag FAlE 9 asd o s p3d o Qloh. 7H53k= FPGA
2t A 7he 7hdgt Edo]E @yt Hrt flojH Hgol A oFhe] eus| e aledl ¢
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HAUE ALRS 913 Bt 5 S TskaL Qlth
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H 9. FPGA 715310l M X|H

FPGA 2|AA} 7143 g2 4zj2l 16z2l
EAA TMT|O A 0 4 16
EAAN CiM7|o] 2 0 4 16
7150 XA 0 1.5ms 0.5ms
& X|H(274 eIt CHE 39ms 22.5ms 21.4ms

A2 Cyclone® V ‘—’]H}Ov\oﬂﬁ qE Aolth. Arria V ¥
Arrial 02 3 HPS A A8l A} 85}3 QJA|uk, B} =0 A 22
102 A= A-53 Zo|& WS 2% HPSE HAel B =2 /Ké%.%

Azt
H10. i Z2MM S
Cldto|A =1y 0 22 4% (MH2) A £=(FH) HIZ
Cyclone V SoC Dual A9 925 1.00 Ol EoMo B
Arria V SoC Dual A9 1050 1.14 =2t w2 Az 12 3Y
Arria 10 SoC Dual A9 1500 1.62 20nmE 22 &7t
14nm, #HE Z0,
Stratix 10 SoC | Quad Ab3 1500 2.50 Ol0|2 2017 [N &M=
e

2 0de HAsE dA A A2 HE 2IE 80 Aotk thE A2 Huto] 2ol A ¢
A

1
e HPS AL 9 AT 28 7|22 AU,

cifols | Mo s it
1 OP-0 (Htdzt &) 433
1 OPT-0 (¥x121E 2|=3h) 360
1 OPT-1 99
1 OPT-2 75
Cyclone V SoC
1 OPT-3 48
1 OPT-3 + Neon HIE{&} 33
1 OPT-3 + Neon + pthread (27} QE|LIOIICHE! 39/2
2 OPT-3 + Neon + pthread (27 IEILIOICHSY) + FPGA 7k&3t 21/2
Arria V SoC 2 OPT-3 + Neon + pthread (27 QtE|LIAICHSE) + FPGA 7t&5t 19/2
Arria 10 SoC 2 OPT-3 + Neon + pthread (271 StE||LIOICHSH + FPGA 7135} 13/2
Stratix 10 SoC 2 OPT-3 + Neon + pthread (27 HILIICHS! + FPGA 7145t 9/2
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Eha

Bl Cyclone V SoC:
® Linux Version: 3.9
® GCC Version: 4.7.3

12 ATEQo 7Y 24

=0 2 AlAH = A £ 1=
é(l;[;rsnSg;tl\ENn;Eeedded Design Suite Subscription Linux 131 162
DS-5 Linux 5.18 5180018
MATLAB Linux R2013a 8.1.0.604
Visual Studio Express Windows 8.1 2013
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m SoC7/l&
www.altera.com/socfpga
B Cyclone V SoC 3tE ZZA|A] A|AH]:
www.altera.com/cvsoc
B ARM DS-5 &e|2} ot 3
www.altera.com/DS5AE
M Altera DSPBA
www.altera.co.uk/technology/dsp/advanced-blockset/dsp—advancedblockset.html
M Quartus 1T &2ZE Yo

www.altera.com/products/software/quartus—ii/web—edition/qts—we-index html
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m AmEgol] i
www.altera.com/literature/wp/wp-01198-fpga—software-debug-soc.pdf

m AEFES
ds.arm.com/ds-5/optimize/streamline-features

B DS-5
www.altera.com/devices/processor/arm/cortex—a9/software/proc—
armdevelopment-suite—5.html

B ARM ZE 2# 3}
infocenter.arm.com/help/index.jsp?topic=/com.arm.doc.den0018a/index.html

W ARM 7ol 4%
infocenter.arm.com/help/index.jsp?topic=/com.arm.doc.dui0472c/BABDGGBI. html

B ARM Cortex-A53
www.arm,.com/products/processors/cortex—a50/cortex—a53-processor.php

B EDS
www.altera.co.uk/devices/processor/arm/cortex—a9/software/proc-socembedded-

design-suite html

M Neon C g
www.altera.co.uk/devices/processor/arm/cortex—a9/software/proc-socembedded-

design-suite.html
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