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Abstract

This paper discusses the programming model of SODA-II that is a baseband processor for software defined radio
(SDR} systems. Signal processing On-Demand Architecture I (SODA-II) is an on-chip multiprocessor architecture
consisting of four processor cores and each core has both an wide SIMD datapath and a scalar datapath. This architecture
is appropriate for baseband processing that is a mixture of vector computations and scalar computations. The programming
model of the SODA-T is based on C library routines. Because the library routines hide the details of complex SIMD
datapath control procedures, end users can easily program the SODA-II without deep understanding on its architecture. In
this paper, we discuss the details of library routines and how these routines are exploited in the implementation of
baseband signal processing algorithms. As application examples, we show the implementation result of W-CDMA multipath
searcher and OFDM demodulator on the SODA-TI.
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Fig. 1. Structure of SODA-II
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Table 1. Instructions transferred from system confrol unit
to SIMD control unit.
l Instruction
FIR Finite impulse response filter
COR Correlation computation
MIN Minimum value searching
MAX Maximum value searching
Pattern Pattern matching
FET | Fast fourier transform
BMC ] Viterbi branch metric computation
ACS ) Viterbi add compare selection
| VREGLD | Vector register load

A B3 4 glow BolZaele (Pipeline) 34
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instruction set computer) FFFE|9] 3 WHor} oy
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DCCAD RDR1,R2R3R4

Double conditional complements and addition: T1=R1 ? R2-RZ; ’I‘Z R3 ? R4

Description | | .
-R4; RD = T1+T2

DMLAD RD,R1,R2R3R4

Double multiplication and addition: T1=R1XR2;, T2=R3XR4; RD=T1+T2

DMLSB RD,R1,R2R3 R4

Double multiplication and subtraction: T1=R1XR2, T2=R3XR4; RD=T1-T2

TMIN RD,R1,R2R3 R4

Triple min. value search: T1=(R2>R1)?RI'R2; T2=(R4>R3)?R3:R4; RD=(T2>T1)?T1:T2

TMAX RD,RLRZR3R4

Triple max. value search: T1=(R2>R1)?RZR1; T2=(R4>R3)?R4R3; RD=(T2>TD?T2T1

DBMCA RDR1R2R3R4

Double branch metric computations and addition: T1=abs(R1-R2);

=abs(R3-R4); RD=T1+T2

BMCA RD,RI1,RZR3

Branch metric computation and addition: T1=abs(R1-R2); RD=T1+R3

BMC RDR1,R2 Branch metric computation: RD=ahs(R1-R2)

ACS RDR1R2R3 R4 Add, compare, and select: T1=R1+R2; T2=R3+R4;, RD=(T1>T2) ? T1:T2
ADD RD, R, R2 Addition, RD=R1+R2

SUB RD, Ri, R2 Subtraction, RD=R1-R2
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Fig. 2. Vector computation procedure performed in the
SIMD datapath of SODA-II.
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SIMD_fir() : FIR 93}7]

SIMD_cor() : &% A7)

SIMD_min() : 343 27]

SIMD_max() : #digtk 27

SIMD_pattern() : =& g

SIMD_FFT() : FFT ¢4t

SIMD_BMC() : ®]E{8] BMC 4t
SIMD_ACS() : ¥]Eju] ACS |4t
SIMD_VRegload() : W] #z28 3 &4
SIMD_status() : SIMD |4} A &<
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void SIMD_cor(int idata_addr, int odata_addr, int length)
{

volatile int *ptr;

// SET AGU for input data

ptr = (int *)AGU1_ADDR_REG_1;

*ptr = idata_addr;

ptr = (int *)AGU1_CTRI_REG_I;

*ptr = AGU_2BYTE | AGU_READ |
AGU_LINEAR_MODE | AGU_INC_4B;

// SET AGU for output data

ptr = (int *)AGU2_ADDR_REG._1;

*ptr = odata_addr;

ptr = (int *)AGUZ_CTRL_REG_1;

*ptr = AGU_4BYTE | AGU_WRITE |
AGU_LINEAR_MODE | AGU_INC_4B;

// SET Loop counter
pir = (int *)LCU_COUNTER_REG;
*ptr = length

// SET SIMD computation
ptr = (int *)SIMD_FUNC_REG;
*ptr = SIMD_COR;

// TRIGGER SIMD datapath operation
ptr = (int *)SIMD_CONT_REG;
*ptr = SIMD_START;

REBEBNRRRBRNNEBETOEGERRES ORI I RwN

——

N
o
w

Atmte AMg #s SIMD HiolEmfAE A oSt
= 2lojege] RE

. Example of library routine which controls SIMD
datapath for correlation computation.
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1 DCCAD R4, RO, RZ, R, R3

BMCD Ri0, RO, R3, RL, R3, 0
BMCD R1l, RO, R3, R1, R3, 4
BMCD R12, R0, R4, RL, R4, 0
BMCD RI13, RO, R4, Ri, R4, 4

BMCA RI10, RZ, R3. R10
BMCA RI1, R2, R3. Rl
BMCA RI1Z RZ R4 RI2
BMCA RI3, RZ, R4 RI3,

OO =1 O U W DD

(b) BlE{H] BMC 4
38 4. SIMD HlolE{mA HO{E flsl AtBE= HEA

2l o
Fig. 4. Example of instructions for SIMD datapath
control () correlation {b) Viterbi BMC.

B (AGU_2BYTE), "H°|E %7] (AGU_READ), A% 3
¢l F4 71 (AGU_LINEAR_MODE), 4 vlo|ES] F
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=
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int main()

int icoef_addr = 0x0000;
int idata_addr = 0x1000;
int odata_addr = 0x2000;
int length = 1024,

// CONFIGURE SIMD datapath
SIMD_VregLoad(VREGA, icoef, 2, 2, 32);
SIMD_cor(idata_addr, odata_addr, length);

10 // wait SIMD completion

11 SIMD_status(BLOCKING);

12 // dump output

13 for(=0; length; i++)

14 print("y[%d] = %x\n”, 1, odata_addr + (i%2)));

WO 00 =3 O U s L0 D0

5}

a8 5. AMME HAE 2lojEe{e] FEE O|&8te A
X m2gel of

Fig. 5 Example of application program which uses
correlation library routine.
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astetr]  fEiA &l (System
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1 f#ifndef TARGET

2 void SIMD_cor(int idata_addr, int odata_addr, int
length)

3 {

4

5 inti j

6  short *idata,
7 int  *odata;
8 int sum;
9

10  idata = (short *)idata_addr;
11  odata = (int *)odata_addr;

13 for(i=0; i<length; i++) {

14 // load new input data

15 for(=VECTOR_WIDTH-1,j>0;3--) {
16 vregBljl=VregBlj-1};

17 }

18 vregB[0] = idatali*stepl;

19 // compute correlation

20 sum = (;

21 for(j=0; j<VECTOR_WIDTH; j++) {
2 if(vregAljl == 1) sum -= vregBli};
23 else sum += vregBlj};

24 }

25 // store result

26 odatalil = sum;
27

28

29

OB 6. AlAHE ofEalo|Me fI8t 2loj2R{a|el o
(AEz A
Fig. 6. Structure of library routine additionally conceming

system level emulation.
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Table 4. Specification of baseband signal processing
algorithms used in the experiment.
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Table 5. Performance comparison between
SODA-I,

ARM3IZ26 and

ARMO% | 287749106
SODA-TI soz3066 | 2208 M
ARMO%S BT840
SODA-TI %% 7109v)
E 6 SODAI B3t A Uef

Table 6. Detailed execution results of SODA-I.

FPA T Cycles | ¥l& (%)
2Zre} dlolEjulx ATt | 5793326 | 96.8%
SIMD dlelH A Azt 183040 3.05%
SIMD dlolEgj2 AR | 7600 0.01%
SODA-TT A# Azt 5983966

FPAT Cycles | v1& (%)
2zke} dlo|E s F At 0 0%
SIMD djoleisjx FAZE | 5120 53.7%
SIMD dHlolejs2 dGAzE | 4415 46.3%
| SODA-TT HA FHA3Z 9535
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