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Abstract Many DSP systems are streaming applications in which streams of data constantly flow
through a set of filters. Dataflow programming paradigm is one of effective methods for representing
these streaming applications. Dataflow programming model explicitly exposes parallelisms within an
application, which helps compiling of the application onto a multicore platform. We propose
SPEX(Signal Processing Extension), a language extension to a standard imperative language based on
the parameterized dataflow model. Parameterized dataflow model is a kind of dataflow model that can
express a modest fashion of dynamism contrary to the synchronous dataflow that can represent only
static dataflow., SPEX facilitates characterizing an application written in conventional imperative
languages such C/C++ as a streaming application. SPEX is comprised of a few keywords augmented
to the conventional C++ syntax for representing dataflow paradigm. SPEX also restricts the syntax
and semantics of C++ in order to fit the program within a certain streaming programming category.
In this paper, we focus on the capability of SPEX in representing streammg computations within filters

and streaming communications among filters.
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01 template<class T, TAPS>
02 class FIR: spex_kernel {
03 private:

04 T coeff[TAPS];

05 T z[TAPS];

06 LR Read-only input Wirite-only output
07 public: channel channel

08 FIR{) { ... }

09 ~FIR(} { ... }

10 pdf_node (run) (channel<T> in, channel<T>& out) {

12 [0} = in.pop() «— FiR's datafiow
13 for (i = 0; i < TAPS; i++) { nput

14 sum += z[i] * coeff[i];

15 )

i6 out.push {sum) ; A FIR's dataflow
17 output
8 )

19 }:

21 void main() {

22 FIR<int, 64> fir;

23 fir.run(in_chan, out_chan);
24 3;

I 7 FIR BH 9 spex_kernel F#289] TE o

«— Creating a PDF actor

PDF 3 WelMe £¥ 4 Stk {EFZo nly
(loop body)yt ZATANME FHY #F Lugo|e
Bd 4 g1, ohd F4/3e #E9 wizhdse) gt
o] wtd 4 sl
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=of o5} olxel oAz} Aol etk o] MHE F
o) g= HEfo) o8] FHEERE A Buffer::read
g 2% Z¢(callen)7t 7 A 3lch wEbA o] read
PDF ¥5e F 719 F2S 78T 5 glojek ath
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ol HolHs F47t 186 fonz, Held
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g JEEL dHolEHE FTRHT 4 Jdong dHolHe o
AL FASe AL lock WAVUES 53 zZza9
Mo Fojt}, ol& Hsl, B 59 spex_mutexs} o)
A7k Aok

SPEX w|®2] Zdi2 o] §4 SPEX wxg &

&% pdf_node E}R19] PDF g4ake 7bdch o
7hel Heel o3 dlelEi7 FHE 4 dorE, 49
788 pdf_node B9} PDF 345 714 & gluh =3
dE-XE 9 27-¥EV} Fosojo} I} A9 ¢
g-¥E 9 $9-3EE o] W=y dH ddH 2&

mutex

01 template<class T>

02 class Buffer: spex memory |{
03 private:

04 T array[1000};

05  spex mutex buf_lock;
06 int read_addr{2];

<_Use mutex to preserve
data consistency

08 public:
09 in_port writer;
10  out_port reader[2];

One writer and two
readers for this buffer

11 e

12  pdf node(read) (channel<int>& out) {

13 out_port portl = out.src _port;

14 int reader_id = get_port_id(portl.id);
15 T dat = arraylread_addr([reader_idl}l;
16 out.push(dat);

17 buf_lock.lock(};

18 read_addr{reader idj++;

19 buf_lock.unlock(); There are two copies of
20 } this memory actor for
21 }; the two readers. Using

each reader’s unique
port |D to distinguish
between the readers

22 void main{(} {

23 Buffer<int> buf;

24 channel<int> chanl;
25 channel<int> chan2;
26 chanl.src_bind(buf.reader[0]);
27 chan2.src_bind(buf.reader[1]);
28 }

a9 8 19 2e JdE% 279 ge d4HE JHAE
WE ~EY W9 spex_memory 29 739 o

degl e AEHY AFE Jebdoh 29 89 7l 9
9} 1004 % dBE-TEY EFY-XEE 747} in port
¢} out_portthe 71¢EE FEHEG o 2L 28-¥E
9] e Aoz Aos ool stk kg hrte] XE
= GAFez dimA] e $7]-AE Ad EE A
7}-2-8 Adoll uidgEojoF gt

3.3 SPEX PDF Oz
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2EEo 7 FAE At} Despreader?} descrambler
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#3829k Rake finger®) 745y 2Eg|99 =7)
= &% fingers$} stream_sizeZle WifWeLEZ ®
itk =EgW doA ¢v F4E PDF 9 &
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29 99 rake F417] oolA BR) 29%-E 38747 &)
3 AV JEht Sl 8 313 RdMe dE
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1% 108 PDF 89 A48 B8] 98 9
TEE HoFEr} pdf{) FFE PDF 1= 493}
] 918 A€ok pdf_graph FuiodlA] pdf(}
Z¥ PDF I#x=o] #gsle & AFIh =2
pdf{} FEE ALHHA EHY S4& vehle
for-&% WEA] st 7iAel @t} pdf (1 FRUelA
for-2o} APs= FEA Y 7FEL 47§

22 EFE PDF %713 A9 HFES d@Aojch
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Rake.run()

%@ -

pdf_graph

@

(a) Rake receiver diagram

01 class Rake: spex kernel {

02 private:

03  channelc<ints chan) [MAX FINGERS];

04  chanmelc<int> chan2 [MAX FINGERS)] s

05 channel<int> chan3 {MAX_FINGERS]:

06 channel<int> chan4;

07 Despreader<int> despreaders[MAX FINGERS};
08 Descramblercint> descramblers [MAX _FINGERS]:
09 Combiner<int> combinexr;

10 paramcint> stream size;

12 public:
13 Rake{} { stream size.values{2, 1008, 2000}; }

15 pdf_graphlrun} (Buffer inb, Buffers outb,

16 parsmcint> r, param<int> fingers) {
17 pdf {

18 for {(int 3 = 0; 3§ < stream size; j++} {

19 11_for(int i = 0; i < fingers; i++) {

20 inb.read(chanl{il};

21 despreader[i] .run{chanl (i}, chanz{i]);
22 descrambler [i] .run{chan2{i}, chan3[i]);
23

24 combiner.run{chan3, chand);

25 outb.write(chand);

26 }

27 }

28}

29 pdf _graph_init(run) (Buffer inb, Buffer& outb,
30 paramcint> ¥, paxamc<int> fingers) {
31 if {xr == 4} stream size = 1000;

32 else if (r == 8) stream size = 2000;

33 inb.num_readers (fingers) :

34 combiner.num _rake fingers(fingers);

35 for {int i = 0; i < fingers; i++)

36 inb.reader_start_addr{i, peakiil);

37 outk.write alloc{250);

39 pdf_graph final (run) {Buffer inb, Buffers outb,

40 paramcints> r, paramcints fingers) {
41 AE {z aw 4) inbk.pop(1000);

42 else if (r == 8) inb.pop{2000);

43 outl.push{250);

44}

45 }

(b) Rake receiver SPEX implementation
1% 9 PDF 2#8Z 48 o847 rake 417 78 o

for®9] witi7t WEH o 49 & JSE Uitk
&, for-8 v 37} MZ EYHYE BIYR ¥

SPEX EY 7 k]

tieop 27 HE
for(.) {.} //pDF % HE
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pdf{ Pdf 724,
WA #hie) for-§& Avicl ¥,
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W-CDMA $417] 789 of 13 112 Cdo ‘;‘
SPEXZ 783" 7193 W-CDMA 417]19] 4% ®H
oFth SPEXE o|&31Y, C dojurs o] &3 wrr}
o =377 AR SPEXOﬂH‘: 2EgH] 74]4 2t
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EP F40] desun. QueFel adozy 4
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92 4 s heel W¥st YL C 2=
(a) W-CDMA reciever PDF diagram

01 void WCDMA Receiver (int* AtoD, int* mac)

02 {

03 %nt c.ielay_buf(slot_§ize] ;} Must aflocate large

04 int itlv_buf{slot_size]; buffers for the entire

05 int ec_buf[slot_size]; stream

06

o7 for (int i=0; i<15; i++)

08 addr = 0; M

09 for (int j=0; j<slot_size; j++) {

10 int data = AtoD[addr];

11 data = fir_ run(data);

12 delay_buf [addr++] = data;

13 } Imperative

14 fingers = sync_run{delay_buf); > compltation

N - . descriptions

15 rake_run(delay_buf, itlv_buf, fingers);

16 interleaver_run{itlv_buf, ec_buf};

17 if (mode == voice)

18 viterbi_run(ec_buf, mac);

19 else if (mode == data)

20 turbo_run{ec_buf, mac); —/

21}

22}

(b) W-CDMA reciever C implementation
% 11 W-CDMA

@ s
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7t 2203 AAe =evrz Aspder) AsEHe R
Ao Wiy AV|E 2T F vk Z2aYeE 3=
gofel #HZ AA7kx] TL4E Far}t glch
W-CDMA¢ ¥F& A8l Hlo]8E TTI(Trans-
2507 o] Atk
TTI 222 HY 5749 W-CDMA Z#Ye 7HAx
Zt e gle 157¢] &R o8 o|FoR ith HoHE
259 ATFAL o AN ESvt dojdt. 2t PDF
ajze) AFAL AAY 2718 ©A £ HFs A
2 goz 3y fEd, 28 11c)d Jehd AXNF
pdf {} 727} 2HEH Yebd F vk

T

dolHERES A4 Bd A7 753 HolHERS
A =de] g odg A77h do] $tth Finite
State Machine(FSM)& 7FA& 3ol = SDFI713%
W74 SDF(PSDF)[8] aZelty. AFHAY
SDFe} sl 54 HolHE2S Rdae ¢844

mission Time Interval)
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o

01 class WCDMA_Receiver: spex kernel {
02 private:

03 FIR<int> fir;

04  Rake rake;

05 // ... other DSP kernel declarations

06

07 public:

08 pdf_graph(run) (Buffer AtoD, Buffer& mac) {
03 paf {

10 for (1 = 0; 3 < 15; F++) {

11 pdf |

iz Impicit AtoD.read_addr (0) ;
i3 rg%:_:l delay buf.push_alloc(slot_size);
n| chanl.src bind(AtcD.reader);

initiafizatio
15 chan2.dst_bind(delay_buf.writer);
16
17 for {i = 0; i < slot_size; i++) {
18 AtoD.read(chanl) ; Nested PDF graph

description with

19 fir.run{chanl, chan2}; PR

N implicit initialization
20 delay_buf.write{chan2); and finalization
21 }

Impiicit :
23 P%F {AtoD.pop(slot‘_slze) H
n

24 finglization] delay_buf.push(slot_size};

25 J

26 sync.run{delay_buf, fingers);

27 rake.run{delay_buf, itlv_buf, rate, fingers);
28 Interleaver.run{itlv_buf, ec_buf);

29 if (mode == voice)

30 viterbi.run(ec_buf, mac);

31 else

32 turbo.run{ec_buf, mac);

33 }

34 }

35}

36

37 pdf graph_init(run) (Buffer AtoD, Buffers mac) { ... }
38  pdf_graph_final(run) (Buffer AtoD, Buffers mac) { ... }
39 };

(c) W-CDMA reciever SPEX implementation

FA7] 789 9 (b) C 78, (¢) SPEX +8
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