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Architecture of an Embedded Processor for Media Processing

MICHIHIDE KIMURA,! AKIRA ASATO,! ATSUHIRO SUGA!
and HaJiME KuBosawat

A media-processing oriented processor which we are developing is described. The processor
is structured by adding some carefully chosen media processing oriented instructions to a
generic 2 way superscalar processor.

The SIMD float-point and SIMD 16-bit integer execution instructions realize our processor
to execute with the advantages of the highly parallel computations. Our processor also equips
pixel load/store instructions for fast pixel data processing.

This paper describes the basic architecture of this processor and some unique instructions
of it.
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Table 1 Resourses of the processor
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Fig. 1 Block diagram of the processor
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Fig. 2 The model of 1-2 SIMD instruction
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Fig. 3 The model of 2-2 SIMD instruction
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mpaddp R4,R0,R2 13, LT O®BELTRS.

R4[0 : 15] = R0[0 : 15] + R2[0 : 15]
R4[16 : 31] = RO[16 : 31] + R2[16 : 31]
R5[0:15] = R1[0 : 15] + R3[0 : 15]
R5[16 : 31} = R1[16 : 31] + R3[16 : 31]
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mpmulp R4,R0,R2 i3, NFOBEETZS.

R4{0 : 15] = RO[0 : 15] x R2[0 : 15]
R4[16 : 31] = RO[16 : 31] x R2[16 : 31]
R5[0: 15] = R1[0: 15] x R3[0 : 15]
R5[16 : 31] = R1[16 : 31] x R3[16 : 31]

CITHEER, BRhBEE- ISk 2RENTE
bh, SEafEiz, £- Fick b High/Middle/Low
DI/ PFEREIN TS, EE/NEOEIX, High
PHEEY FERBEMY Y FL, Middle 25
ROEY b, LowFBRTHRY» bOEIKHB I L LR
F. REOERENFNR2YY FTHHI DL, T0DE—
FIZIE Lo fihbhT, PIF—% L LTHAS
na.

4.2.3 MMAH

BMEER, RETEONLERY ACOYEfE-T
MET2HFBTHD. FTRIOFEFRIHELL, K
TMBELEENED 2 o0 E RN DS, T TH,
HHEBEEMEDOR BT 5.

BIE LT, 16 ¥y F¥%2-2SIMD REMEMTES
OB EHITS.

mpmava R4,R0,R2 iX, UTFOEHELFTLS.

R4[0: 15] = Ro[0 : 15] x R2[0 : 15) + ACC0
ACCO = RO[0 : 15] x R2[0 : 15]+ ACCO
R4[16 : 31] = RO[16 : 31] x R2[16 : 31] + ACC1
ACC1 = R0[16 : 31] x R2{16 : 31] + ACC1
R5[0:15] = R1[0: 15] x R3[0 : 15] + ACC2
ACC2 = R1[0: 15] x R3[0: 15] + ACC2
R5[16 : 31] = R1[16 : 31] x R3[16 : 31]+ ACC3
ACC3 = R1[16 : 31] x R3[16 : 31] + ACC3

* ACC: Accumulator



short result(], vec[], matrix[}{];

for (i=0; i<4; i++) {

result(i] = 0;

for(j=0;j<4;j++) {

result(i] += vec[j] * matrix[j}[i];
)
}
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Fig. 4 A C program of calculating matrix data

muldpd RO,x;
muld64u - R2,matrix++;

/* RO<=x:x */
/* a,b,c,d element load */

mgmulp R4,RO,R2; /* R4<=xa:xb, RS<=xc:xd (also ACC) */

muldpd RO,y;

/* RO<=x ¥/

Idhu  ROx;

Idhu  R4,a; * a element load */
imul  R8,RO,R4; /* R8<=xa */

ldhu  RLy; 1* Rl<=y */

Idhu  RS.e; /% ¢ element load */
imul  R9,RI,RS;

add R8,R8,RY; /* RB<=xa+ye */
ldhu  R2,z; P R2e=2*/

Idhu  R6,i: /* i element load ¥/
imul  R9,R2,R6;

add R8,R8,RY; /* RB<=xa+ye+zi */
ldhu  R3,w; /* R3<=w ¥/

Idhu  R7,m; /* m element load */
imul R9,R3RT:

add  RB8,R8,R9; /* R8 <= final result ¥
cmp  R8,Max_value_reg:

be gt.exceed_max;

cmp  R8,Min_value_reg:

/* RO<=y:y */ be It.exceed_min:
muld64u R2,matrix++; /* e,f,g,h element load */ store: .
mqmava R4,RO,R2; /* Rd<=xa+ye:xb+yf,R5<=xc+yg:xd+yh * ;‘h ';Z’::‘::; 1* store the result */
muldpd  RO,x; /* RO<z:z */ exceed_max:
muold64u  R2,matrix++;  /*i,j.k,l element load */ mv  R8,Max_value_reg;
mqmava R4,RO,R2; /* Rd<=xa+ye+zi:xb+yf+zj, R5<=... b store;
muldpd  RO,w; /* RO<=w:w */ : z‘few‘";; Min_value eg:
muld64u R2,matrix++; /* m,n,0,p element load */ b slo're: B
mgmava R4,RO,R2; /* R4,R5 <= final result */ next_step:
must64 R4,result; /* store the result */
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Fig. 5 An assembler program using media instructions
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Fig. 7 Data transfer with pixel store

/* Pixcel: unsigned 8bit */

Pixcel source(], result[];

short diff{];

for (i=0; i<SIZE; i++) {

result[i} = (pixel)((short)source[i] + difffi]);
}
B8 Y ENEEoH (CEiF)

Fig. 8 A C program of calculating pixel data

loop:

mpldpixu RO, source++; /* load pixel data (4 PI data load) */
/* load diff data (4 short data load) *,
/* load diff data (4 short data load) */
mpstpixu R4, result++; /* store pixel data (4 PI data store) */

muld64u R2, diff++;
mpaddp R4, RO, R2;

be cond--, loop; /* loop until counter is over */
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Fig. 9 An assembler program using media instructions
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loop:
Idbu RO, source++; /* load pixcel data (1 pixel data load) *
Idhu RI, diff++; /* load diff data (1 short data load) */

add R2,RO,RIl;  /* calclate (1 pixel data) */
be It,neg; /* check minus */

cmpi R2, 255;

be gtsat; * check overflow */

store:
stb  R2, result++; /* store pixel data(l pixel data store) */
be cond--, loop; /* loop until counter is over */
b end;

neg: i
zero_set R2; /* set zero if minus */
b store;

sat:
255_set R2; /* set maximum if overflow */
b store;

end:
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Fig. 10 An assembler program using native instructions
only

%4 VLC ¥ R— MIFHL YRS
Table 4 Special register for VLC support
BOPRO(Bit OPeration Register 0) | 32 € » ¢
VLC 2##+2/,%y 77 L VR 5 OR¥ER
BOPR1(Bit OPeration Register 1) | 32¥» b
VLC £##T2/5y 77 VYA ¥ DHFEH
BBR(Bit Base Register) ] 32¥v b
VLC#U—FARTTBAENT FLAZKMTS
BOFR(Bit OFfset Register) | 7¢s¢
Ry 7T DREFROE » MBOERT
BSOR(Bit Shit Out Register) | 32€v b
Ny T7hby 7 b7 SNy FRIEMT S

DEHEREDo>Tw5. F—FEMOER, XF47
F— 7 BTERKFS (M T VLC) L 25— Tdh
5, ARHALZVLCIZ, "I HFEFHB.
A7ty HTit, 2ho0 VLC 28R CAET
AAHMAZIY AR,
6.2 VLC #+X—F}
A70LyH TR VLCLAEDF K-t D), £
ARUESICRT L VA Y BLGFHLRAELL.
ho AR, 1EDVLCOFI— FEETL
TROVLC %+t v b7y 7T 20BEUTOIHSFT
BRT BT EHTES,
(1) mubs64r
ricddpo»LHBVLCOE Y FREEY FT5
(2) mubld
(3) muls32cr’
T IlidHOrLHR2ELY TS
VIR EDF~ 5 DB ERUTOLICES.
KEEOC. 705 AETH
BOPRO0,BOPR1 % D # ¥ /= 64bit @ ik 12,
nE€y FOVLCHFEHHEILTWAS, EHIE
BOPRO[0] o 3. ZEEBOHY 14X, T4%D



&5 VLC¥F-+HERAGS
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Fig. 11 An initial state of bit operation
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