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The Design and implementation of parallel processing
system using the Nios® || embedded processor
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E =RolAe ARl o] B A2 HE0 R s dolE At a7EE S-ERoklA] ARl &
A4, 7K, 27 2 AL s 93 Bxog deek(Altera)2l Nios® 11 U¥lti= Z &4 (embedded
processor) 4705 AH8-319] % (master-slave) # FFH2&](shared memory) T25 7[Al& WEAE Al
2e AAstn FAsinh. AAZ WaAe Azl Nios® I 32bit RISC Z2AA, SOPC® Builder,
Quartus® II, ModelSim® 2.2 7|29l on] Az WHxe] A28l A% H7k= Terasic®Ate] DE2-70° @)
H#l2 BE(Cyclone® II(EP2CTOF896C6N) FPGA)lA HEata Fasiitt. A HEAe] Alxrle) 4
= gkl Y8l 10, 270, 4709] =AM RZ 512, 1,024, 2,048, 4,096, 8,192 N-point FFT(fast
fourier transform) 914HE 3t S84 (Sp) 2 Al~8le] & (Ep)S H7RIdth A3 7t 23 Spe 1
N ZRA|ME AHE-EE 7390l HlaiA 2709 ZRAAE S-S A5 B 1.84, 4709 ZEAAME ARG A5
o= it 2 4819 £EatE Bt T3 Epe 171] Z2AME AMEe A Soll= 1, 2719 ZRAAE AME-g
ZA5ole Bt 0.90, 4719 i‘ﬂ/ﬂa AHE-EE 7390l B 0.59F Bt AFH o g =FellA] FEE HEAE
% @ i‘ﬂ/ﬂa AHEBlE 73l vlEA] 24d%F dlolEl AE)7F 27 fopllA] AAAR AlarloR

Abstract

In this thesis, we discuss the implementation of parallel processing system which is able to get a high
degree of efficiency(size, cost, performance and flexibility) by using Nios® I1(32bit RISC(Reduced
Instruction Set Computer) processor) embedded processor in DE2-70° reference board. The designed
parallel processing system is master-slave, shared memory and MIMD (Multiple Instruction-Multiple Data
stream) architecture with 4-processor. For performance test of system, N-point FFT is used. The result is
represented speed-up as follow: in the case of using 2-processor(core), speed-up is shown as average 1.8
times as 1-processor’s. When 4-processor, the speed-up is shown as average 2.4 times as it’s.

» Keyword : Parallel processing system, FPGA, SoC, RISC
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HEAYA RS AT e 308 BA i
= 20 olde ZRAMRE AHlele Alzle® Holght.
Michael J.Flynne 78 725 o] 553 Hlo[H 55
of w} SISD(Single Instruction-Single Data stream),
SIMD(Single Instruction-Multiple Data stream),
MISD(Multiple Instruction-Single Data stream),
MIMD(Multiple Instruction-Multiple Data stream)® &
FoIATE.(1),(2) EA ] Alzmle T3] 54 me} gjo]
=Zalol 715 (pipeline computer), olgle] ZzAlX (array
processor), HEJZE2AX A28l (multiprocessor system)2-
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AA 2~ Azl wh} UMA(Uniform Memory Access),
NUMA (Nonuniform Memory Access), COMA (Cach-Only
Memory Access), NORMA(Non-Remote Memory Access)
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MPP(Massively Parallel Processor), CC-NUMA(Cache
Coherence-NUMA), DS(Distribute System), CC(Cluster
Computer) &2 231}, (3),(4) ¥MEXE AlzEle] A &
AL 1709 22383 o] /9] ZRAXV} 27 e B4R
Aelai| ale] As, Azld 2|3 A1) o] 8 E skt
sler oFHl || Alzsle] 74 WS %, Separate Supervisor,
Floating Supervisor Controle] $ith HEIZZAR] Azl
Flynn®] 5 el <Jeir MIMD 7201t (1], (2]

HEAE] A2EoA AZEgO]E Az slegols
| HlolHE B840 Hlsld H5s P + e
93k Fofolt}, o]gdt AZLES 0] J|Goll] ZRAA
71gkel 235 el Wi7hUFo] E&AoR FHs|ofo} gt
g aAele] ZAE =ol7] 91¢k vlofE &S H4st
T = HAY AT Wi duwse] HELE =
T e A7t s FL3it.(5),(6)
Z2AM] F718ke) danel 7 Wl Bus-Locking
"2 SpinrLock W2, Sermaphore ®2, Barrier Synchronization
W2, Fully-Enpty Flags o183 W2, Fetchrand-Add ®B%lE
o[83R= W] Fol AR QIrt.(7),(8)
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13 18 Nios® II gHltle ZaAA ] it 729} 91H
Ho]~Z 23 W2 (Avalon® bus) F-2°]t}.(11)

Ethernet
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Nios-ll .
Adaress (32) Tri-State Tri-State C:gz““ SDRAM
o
Read E Bridge Bridge PIOs Controller g
wrie 5 o
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3 | | RAMROM P Timer 2
Razorazs | & Timer H
H i
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21, Nios® Il HIEl= Z2AMMe| 1=
Fig.1. Architecture of Nios® Il embedded processor.
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dxjg] A|zEle] Fxolth, AlxElS 2 Fxoln] CPU #1
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o) A3 Aejehe Hgold.

Master Processor Shared Data

| CPU #1 |———| SSRAM 2MB
SDRAM #1,2

——» Data Transfer
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Fig.2. Data processing flow of designed parallel
processing system.

I3 32 Nios® 11 ¢HltlE Z2AME AHgsle] HE

] AlzEls AA(H/W, S/W)she $Hdelct.(11)

SOPC Builder U
\ Processor Library —-{ Configure Processor |..- Custom Instructions |
]
Peripheral Library ]— Select & Configure [ | [ IP Modules |
i P
H/W D i S/W Development
Connect Blocks IDE-Managed Flow Nios Il
HDL Source Files ] - EDS
; = CHoader files
= Custom Library
T Hrdware Excoutable | | = Peripheral Drivers
¥ Code T
oy File [ rr— ¥
t Compiler,
Fitter | sDebug | Linker, Debugger
TG,
Serial, or
- Etnernet -
+User Design onchip| | [+ eercods
«Other IP Blocks. FPGA Debug o Librafles:
i ‘Software Tr
Guartus I Device | S urepams | | | ® RTOS
SignalTap” Il
oN
Nios Il C2H" Compiler

213 Nios® 12 AK23H Haix|2| AlAke| AA| 21
Fig.3. Design environment of parallel processing
system using Nios® || Embedded Processor.

18 4% SOPC® Builderoll#] AAE 4702 Nios® I &
Hltle Z2ANS AFEsle] FHHR
EGINli=

2 e WEAY A

Flash Memary (CFI) pll_c0_system 01000000 |0:D17f 1111

{valon-M Tristate Bridge pil_c0_system

|Avalon-MM Tristate Bridge pll_c0_system

\SDRAM Cortroller pll_c0_system (08000000 |0:09f {1111

\SDRAM Cortroler pil_c0_system 006000000 |0x07f 1111

Intervel Timer pll_c0_system 000205280 |0x0020529F

Interval Timer pil_c0_system 000205380 |0x00205331

Nies Il Processor pll_c0_system 000207800 | 0002071 1 u
Interval Timer pil_c0_system 0x002053c0 |0x002053d

@n-Chi Memory (RAM ar ROM) PPll_c0_system 0x00210000 |0x002111 11

T2 4. 4742] Z2HME ARSst EEAMa| AlAge] H/W
Fig. 4. Parallel processing system H/\W architecture using
4-processor.
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FFTE DET(discrete fourier transform)e| AR
Folu m&o R ARt 4= 9l GlFoln] FRTS] vl wgk
WS DIT(decinationrinrtime) 9+ DIF(decimationrin-frequency)
il Stk o714 ARk FFTE DIT WS ARSIt N
Mo AE %Al*o‘ Zh= 2159 ol4k ol Mgk 21(1)7} Zo] <

59 X(k)E zln]E Q8o XIE0< k< (N—1))9 ¥
<] <ol gt 7(39]?:5.“4.
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n=0

. *]%kn

where, Wi@” =exp !
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= cosﬁkn - jsinﬁkn
n n
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N& 29 e Az x(n)& 205 7199
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S o] PWIES A% G E5 GO FeIT 5 Utk

N—1

E [n] W@"
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X(k) =

/2)~ (N/2) -

1
E z2r] WA+ Y

= r=0

a[2r 1 Wit

._‘

El 2Pl (W)™ + Wy - E

= r=0

[2r+1](W2)*

where, N/2= N,

9] 21(2)91A x(2r)¥ x(2r+1)& o4k
59 Zgolt, o) s TR E 4 vy
7} o] Aejshd 2(3)elld Wie thad} 2ol yehd

[

b4

webr] 2(4)E 2(2)F 2ol 2719 N, — Point DFT
Ao #ye & Yt

Nl1—-1
X(k) = Ey W W D by e 4
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8-point DFT
X[0) = y10] ¥10) X101 FFT4 start(
x[2] = y[1] ¥[1] /\J X[1] N
x(4] = y[2] SPOMEOFT v / 21 0,
x[6] = y[3] ¥[3] X[3] 1 ’

X,

X,
1] = 210] z[0] @ X/‘: X[4]1 XX,
X3] = 211] 210) @ n Xis] FFT_MSG BUFF BASE CPU2,
e T B N o FFT MSG_BUFF BASE CPU3);

L] =S
A7) = 23) 00 [3] X17]
| We ] s PERF_END(PERFORMANCE COUNTER BASE, 1);
25, 8-Point2 A3t FFT ot ofA perf_print_formatted report(
Fig.b. Process of 8-point FFT Operation. PERFORMANCE COUNTER BASE,
4-point DFT alt get _cpu_freq(),
x[0] = y[0] = p[0] PloJ T iol 1 ’
x4l = yizl = pral, | PO O | e /\JQ i) "FFT):
¥02) = y11) = al0 Qo @>§§<; 21 // Print resulting frequency-domain samples.
B Loy [ o printf ("\nX(K):");
for(i=0; iN; i++)
printf("\n k=%d: %12t %12t", i, X(i)(0),
141 = o) v NI X))
><: printf("\n\n");
2-point DFT
e @ o printf ("\r\nFFT4 operation OK......");
J26. FFT ¢2|&e| Alsinly return 0;
Fig. 6. FFT algorithm procedure. }
3-4. FFTE Wy x2ls7| 93t SW 78 NI mol @ AD o

wHExze] Alz=Ele] S/We AAS 4-Core HEAE] Al

do] H5S Hrkslr] ¢ o2 N-pointel] WS FFT
AALE- iy, A4k Npoint7} 512, 1,024, 2.048, 4,096,
8,192 17N, 27H, 47he] Z2AKE A2t WA A)d b
o]E|(sine, cosine )& 27|38}t T Hlo] E2 A 73t AME-
Z2AAN NFE 4F wom dole Ayt AR,

//
// FFT Operation with 4-Core Embedded Processor

int main()

{

FFT init_table(int N); // table initialization
input = getchar();

PERF RESET(PERFORMANCE _COUNTER BASE);

PERF_START_MEASURING(PERFORMANCE COUNTER BASE):
//

// FFT starting
PERF BEGIN(PERFORMANCE_COUNTER BASE, 1);
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F. 2% 49 dud=E Z2AXE AREl] AAlek WE & Bl
2] Alzelol| ] ZR2Ax 9] ARt mE Aelge ATt
°1D}. a8 5= WEAe Alzwle| AF&Q EHVH T
i/ﬂl/ﬁ/] AREE( T —%—E%“‘(S )% % 9} 2o o 4,096 »(s€0) 24.92175 | 13.76181 9
2 83} o] WEA g }\]/‘\Eﬂ_o/] A& A golErF & S, (times) 1 1.81094 | 2.42241
©° A =788 o 2= 9l 2l 5} walx
= A%l SRS @ F Ao 2RTE AAY BAAe A Tysec) | 5443976 | 2083647 | 2151
2-wlo] ZZAA ] g2} A 2] vloJE] Fof wE AZE (HEA 8,192
7hol S, (times) 1 1.82460 | 2.4950
2 S5, (times) 1 1.8 24
Tpfsec)
el ey 2. =Z2AMe| et Ho|E| ol mhE MElSERt sped-up ZTt H|W
+g‘;j e asTe Table2. results processing time and speed-up for processor
i number and data number.
4000 N
N-Point T.,S P
o rr 1 2 4

3000 29.83647
24921
20.00 / / 2181968 512 7}, (sec) 2.22324 1.27115 0.99341
j/}s.lﬁ/ S, (times) 1 174900 | 2.23799

10.00
5.02008 L2328 1028799

2232324

s 21708 i N point Tp(sec) 5.02008 2.82817 2.17090
512 1,024 2,048 4,086 8,192 1 ’024
217 Z2AMe] 49t M) Holef 4of T2 AR5 |m(se0) 5 tirmes) ! 17757 | 231333
Fig.7. Results of speed-up according to processor number 2 048 Tp(sec) 11.25560 6.27327 4.77533
and processing data. ’ S, (tirmes) 1 179422 | 2.35703
B 3. Z2MIM AlAHIe| 22(Ep)
T Table 3. Efficiency of multiprocessor system
Sp(!fmesj ]\fp
N-Point
1 2 4
512 1 0.87 0.56
N-Point
Np=1 : Average Sp 1.0(times) ~ 5152 1.024 1 089 058
Np=2 : Average Sp 1.8(times) il o
Np=4 :Average Sp 2.4(times) .~ 2,048
B i Lma 2,048 1 0.90 0.59
il 4,096 1 0.91 0.61
o 1 2 4 P
-~ 8,192 1 0.91 0.62
0218, Z2AMMe| 2t X2| 0[] of| e K= Zk(speed-up)
Fig. 8. Results of speed-up according to processor number bR Ep 1 0.90 0.59
and processing data.

F 32 ZRAAMY F(Np)¢t A Hlelel (N-Point)°l
w2 A|2Ee] Fgolth A8 WAz /\]/\EH_Q_ T2 A 4-3, A1} D&
o 7t Fogel wek Alzwle] Egol FMEE BTk 1 AA@ gEAe Azee g 9ok A
2ut ZRAX ] ol mhg} Zgo] ul st ’67}'5]X] B2 AME AR Aol HlEiM 21 2SS 1.8u19] A

Re Ao ZRAMNA A E dlolEE ddeta drlst vl edElen 4] ZzAA 3
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