M1 Informatique
Architectures avancées

C-TD4- Pipeline logiciel TMS C6x

Produit scalaire flottant

D. Etiemble
2006-2007

float dotp(float al[]l, fleoat bl[])
int 1i;
float sum;
sum = 0;
for(i=0; 1<100; i++)
sum += ali] * b[i];
return (sum) ;
}
LDW .D1 *hd 4+, A2 ; load ai from memory
LDW .D2 *A3++,AS ; load bi from memory
MPYSPT .M1 A2 ,A5, D6 ; al * bi
ADDSPT .L1 A6 ,A7,07 ; sum += (ai * bi)
SUB .81 Al,1,RA1 ; decrement loop counter
[Al] B .82 LOOP ; branch to lcop
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MVE .81 100, Al ; set up loop counter

ZERO L1 A7 ; Zero out accumulator
LOCP:

LDW .D1 *Bd++ A2 ; load ai from memory

LDW .D1 *A3++ , A5 ; load bi from memory

NOP 1 ; delay slots for LDW

MPYSP .Ml A2,A5,A6 : al * bi

NOP 3 ; delay slots for MPYSP

ADDSP .L1 A6, A7, A7 ; sum += (ai * bi)

NOP 3 ; delay slots for ADDSP

SUB .S1 nl,1,Rn1 ; decrement loop counter

[A1]l B .82 LOOP ; branch to loop

NOP 5 ; delay slots for branch

;  Branch occurs here
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MVE .81 100, Al ; set up loop counter
| | ZERO  .L1 n7 ; zero out accumulator
LOOP:
LDW .D1 *Dd++ D2 ; load ai from memory
| | LDW .D2 *Bd++,B2 ; load bi from memory
SUB .81 Al,1,R1 ; decrement loop counter
NOP 2 ; delay slots for LDW
[B1] B .52 LOOP ; branch to loop
MPYSP .M1X A2,B2,R6 ; ai * bi
NOP 3 ; delay slots for MPYSP
ADDSP .L1 B6,A7,R7 ; sum += (ai * bi)
; Branch occurs here
float dotp(flecat al[], fleoat bl[])
int 1i;
float sumO, suml, sum;
sumd = 0;
suml = 0;
for(i=0; i<100; i+=2){
sum0 += ali] * b[i]l;
suml += af[i + 1] * b[i + 1];
sum = sumd + =suml;
return (sum) ;
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LDDW *a++,ail:aio ; load afli+0] & ali+1l] from memory
LDDW *b++,bi1:bi0 ; load b[i+0] & b[i+1l] from memory
MPYSP aio,bio,pio ; ali+0] * b[i+0]
MPYSP ail,bil,pil ; ali+1] * bli+1]
ADDSPE pio0,sumo, sumo ; sum0 += (a[i+0] * b[i+0])
ADDSP pil,suml, suml ; suml += (af[i+1] * b[i+1])
[entr] SUB cntr,l,cntr ; decrement loop counter
[cntr] B LOOP ; branch to loop
LDDW .D1 *hd++,A3:A2 ; load ai and ai+1 from memory
LDDW .D2 *Bd++,B3:B2 ; load bi and bi+l1 from memory
MPYSP .M1X AZ,BZ2, L6 ; ai * bi
MPYSP .M2X A3,B3,Bé ; ai+l * bi+l
ADDSP .L1 A6 ,A7,A7 ; sum0 += (ai * bi)
ADDSP .L2 B6,B7,B7 ; suml += (ai+1l * bi+l)
[A1l] SUB .81 Al,1,A1 ; decrement loop counter
[A1] B .82 LOOP ; branch to top of loop
Unit/
Cycle |0,10,... | 1,11,... [2,12,... | 3,13, ... | 4, 14, 5,15, 6,16, ... | 7,17, 8, 18, 9,19,
.D1 LDDW
.D2 LDDW
M1 MPYSP
M2 MPYSP
.L1 ADDSP
L2 ADDSP
.51 SUB
.52 B
Unit/
Cycle 0 1 2 3 4 5 6 7 8 9,10, 11...
* ek ke e e ek e ke e EREERERAAE
D1 Lobpbw | LDDwW | LDDW | LDDW | LDDW | LDDW | LDDW | LDDW | LDDW LDDW
D2 Lopw | LDDW | LDDW | LDDW | LDDW | LDDW | LDDW | LDDW | LDDW LDDW
M1 MPYSP | MPYSP | MPYSP | MPYSP | mPYSP
M2 MPYSP | MPYSP | MPYSP | MPYSP | MPYSP
L ADDSP
L2 ADDSP
* ek ke ek e ek wETREE
St SUB | suB | suB | suB | suB | suB SUB
* ek etk dode e wekkEk
S2 B B B B B B
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.global _dotp
_dotp: .cproc a, b
.reg sum, sum0, suml, a, b
.reg ail:ai, bil:bi, pi, pil
MVE 50,cntr ; cntr = 100/2
ZERO sumo ; multiply result = 0
ZERO suml ; multiply result = 0
LOOP: .trip 50
LDDW *a++,ail:ai ; load ai & ai+l from memory
LDDW *p++,bil:bi ; load bi & bi+l from memory
MPYSP ai,bi,pi ; ai * bi
MPYSP ail,bil,pil ; ai+1l * bi+l
ADDSP pi,sumo, sumo ; sumQ += (ai * bi)
ADDSP pil,suml, suml ; suml += (ai+l * bi+l)
[cntr] SUB cntr, 1,cntr ; decrement loop counter
[cntr] B LOOP ; branch to loop
ADDSP sum, suml, sumo ; compute final result
.return sum
.endproc
MVK .81 50,A1 ; set up loop counter
| | ZERO L1 A8 ; sum0 = 0
| ] ZERO L2 B8 ; suml = 0
| LDDW .D1 Ad++,A7:106 ; load ai & ai + 1 from memory
| | LDDW .D2 B4d++,B7:Bé ; load bi & bi + 1 from memory
LDDW .D1 Bd++ ,A7:06 ;* load al & ai + 1 from memory
| | LDDW .D2 B4d++,B7:Bé ;* load bl & bi + 1 from memory
LDDW .D1 Bd++ ,A7:06 ;** load ai & ai + 1 from memory
| | LDDW .D2 B4d++,B7:Bé ;** load bi & bi + 1 from memory
LDDW .D1 Bd++ ,A7:06 ;*** load ai & ai + 1 from memory
LDDW .D2 B4++,B7:B6 ;*** load bi & bi + 1 from memory
[A1l] SUB .51 Al,1,A1 ; decrement loop counter
LDDW .D1 Bd++ ,A7:06 ;*¥*** load al & ai + 1 from memory
LDDW .D2 B4++,B7:B6 ;*¥*** load bl & bi + 1 from memory
[A1]1 B .82 LOOP ; branch to loop
[A1l] SUB .51 Al,1,A1 ;* decrement loop counter
LDDW .D1 Bd++ ,A7:06 *¥**%** J1oad al & al + 1 from memory
LDDW .D2 B4++,B7:B6 *¥**%** J1oad bi & bi + 1 from memory
MPYSP .M1X A6,B6,AS5 ; pl = a0 bo
MPYSP .M2X A7,B7,B5 ; pll = a1 b1
[A1]1 B .82 LOOP ;* branch to loop
[A1l] SUB .51 Al,1,A1 ;** decrement loop counter
LDDW .D1 Bd++ ,A7:06 j*¥*¥*%x%* Joad al & al + 1 from memory
LDDW .D2 B4++,B7:B6 j*¥**%x%x* Joad bl & bi + 1 from memory
MPYSP .M1X A6,B6,AS5 ;* pi = a0 bo
MPYSP .M2X A7,B7,B5 ;* pil = a1 b1
[A1]1 B .82 LOOP ;** branch to loop
[A1l] SUB .51 Al,1,A1 ;*** decrement loop counter
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LDDW .D1 Ad++ ,AT:R6 jR¥*kxk% Joad al & ai + 1 from memory
LDDW .D2 B4++,B7:B6 prRx*kkx® Joad bi & bi + 1 from memory
MPYSP .M1X A6,B6,A5 ;** pl = a0 bo
MPYSP CM2X A7 ,B7,B5 p** pil = al bl
[A1] B .82 LOOP ;*** branch to loop
[A1] SUB .51 Al,1,A1 j**** decrement loop counter
LDDW .D1 R4++,A7:R6 jr¥*xxxxxk%x Jogd ai & al + 1 from memory
LDDW .D2 B4++,B7:B6 jr¥*k*x%x Joad bl & bi + 1 from memory
MPYSP CM1X A& ,B& ,AS ;*** pi = a0  bo
MPYSP CM2X A7 ,B7,B5 p*¥**% pil = al bl
[A1] B .52 LOOP ;¥*** pbranch to loop
[A1] SUB .81 Al,1,A1 ;*¥****% decrement loop counter
LOQP:
LDDW .D1 Ad++,A7:06 pr¥*xxxkxkxx Joad al & al + 1 from memory
LDDW .D2 B4++,B7:B6 pr¥xxxxk%xx Joad bi & bi + 1 from memory
MPYSP CM1X A& ,Be& ,AS p***% pi = a0 bo
MPYSP CM2X A7 ,B7,B5 p*¥*¥*%x pil = al bl
ADDSP .L1 A5, A8,A8 ; sum0 += (ai bi)
ADDSP .L2 B5,B8,B8 ssuml += (ai+1 bi+1)
[A1] B .82 LOOP j***%** pranch to loop
[Al] SUB .81 Al,1,Al j¥***k** decrement loop counter
; Branch occurs here
ADDSP .L1X A8,B8,AO ; sum(0) = sum0(0) + suml(0)
ADDSP .L2X A8,B&8,B0O ; sum(l) = sum0 (1) + suml(1l)
ADDSP .L1X A8,B8&,L0 ; sum(2) = sum0(2) + suml(2)
ADDSP .L2X A8,B8,BO ; sum(3) = sum0O(3) + suml(3)
NOP ; wait for BO
ADDSP .L1X AOQ,BO,AS ; sum(01) = sum(0) + sum(l)
NOP ; wait for next BO
ADDSP .L2X LO,BO,B5 ; sum(23) = sum(2) + sum(3)
NOP 3
ADDSP LL1X A5,B5,R4 ; sum = sum(0l) + sum(23)
NOP 3 ;
LOOP: ADDSP X, sum, sum
|| LDW *YpLr++, X
| | [cond] B cond
| | [cond] sSUB cond, 1, cond
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Cycle# Pseudoinstruction

Current value of
pseudoregister sum

Written expected result

0

w ~N o ;0 e W N

i+t

ADDSP x(0), sum,
ADDSP x(1), sum,
ADDSP x(2), sum,
ADDSP x(3), sum,
ADDSP x(4), sum,
ADDSP x(5), sum,
ADDSP x(8), sum,
ADDSP x(7), sum,
ADDSP x(8), sum,

ADDSP x(i+j), sum, sum

sum

sum

sum

sum

sum

sum

sum

sum

0
0

X(J) + x(j+4) + x(j+8) ... x(i~4+])

; cycle 4 sum = x(0)

; cycle 5 sum =x(1)

; cycle 6 sum = x(2)

; cycle 7 sum = x(3)

; cycle 8 sum = x(0) + x(4)

; cycle 9 sum = x(1) + x(5)

; cycle 10 sum = x(2) + x(6)
; cycle 11 sum = x(3) + x(7)

; cycle 12 sum = x(0) + x(8)

ceycle i+ +4sum=x(j) + x(j+4) +
X(j+8) ... x(i—4+)) + x(i+))
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Filtre IR
vold iir(short x[],short y[],short cl, short c2, short c3)
{
int i;
for (i=0; i<100; i++) {
yv[i+1] = (el*x[i] + e2*x[i+1] + c3*y[i]) >> 15;
}
}
LDH *Xptr++,xi ;o xi+l
MPY cl,xi,p0 ; ol * xi
LDH *xptr,xi+l ; xi+l
MPY cz2,xi+1,pl ; 2 * xi+l
ADD po,pl,s0 ; ol * xi o+ c2 * xi+l
LDH *yptr++,yi ; oyl
MPY c3,yi,p2 ;a3 * vyi
ADD s0,p2,sl ; ol * xi o+ 2 * xi+l + 03 * yi
SHR sl,15,vi+1 ;o ovi+l
STH yi+l, *yptr ; store yi+l
[cntr] SUB cntr,1,cntr ; decrement loop counter
[entr]l B LOOP ; branch to loop

A side
LDH LDH I
7N N
[oxi ( Xi+1 ) |
N4 NS }
i MPY 54 MPY |
TN N
.:\ PO ;l Ij p1 |
N N S

i s0
S| s
S
| s !I
AN
SR I 1ISHR
1': \oentr ) : .\/yi+1\‘l|
NP A N
4 I | 1I
“B\ Ve "S\TH
| LOOP | : [ mem )
/! I NS
|
|
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Unit(s) Instructions Total/Unit Unit(s) Instructions Total/Unit
M1 2 MPYs 2 M2 MPY 1
S1 B 1 52 SHR 1
.D1 2 LDHs 2 .D2 STH 1
.L1,.81, or .D1 ADD & SUB 2 L20or.52, D2 ADD 1
Total non-.M units 5 Total non-.M units 3
A side | B side
LDH LDH i
O
| oxi+1 .
i
5y MPY Si MPY .
v v MPY g
N N ‘N
| PO (- LoP2 !
\____/ \\5 // N ,/ f."
2 \ L ;J
L ADD 75 -
v 2
[ s0 | .~ 1/
__,/\.' ADD
) .“‘\‘// \ f/_,'f
| s1 | /
AN
I 1
- JLSHR /
> \ : / /’/
1l | entr | [ yi+1 | /
\ N AL
! _LB : Ty sTH
ON YN
[ Loop | [ mem |
N N
LDH *¥ptr++,xi ;oxi+l
MPY cl,xi,p0 ;o ol * oxi
LDH *¥ptr, xi+1 ;o oxi+1
MPY c2,xi+l,pl ;o2 % xi+l
ADD po,pl,so ;ocl * X1+ c2 * xi+l
MPY c3,v,p2 ; €3 * yi
ADD s0,p2,sl ; el * xi + c2 * xi+l + c3 * yi
SHR 51,15,y ;o oyi+l
STH Y, *yptr++ ; store yi+l
[cntr] SUB cntr,l,cntr ; decrement loop counter
[cntr] B LOOP ; branch to loop
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LDH .D1 *Bd++,A2 ; oxi+l
MPY M1 B6,R2 15 ;oel *oxi
LDH D1 *D4, A3 ;o oxisl
MPY .M1X B6,B3,A7 ;02 ¢ xi+l
ADD L1 AS,A7,R9 el % oxio+ o2 % xi+l
MPY .M2X  18,B2,B3 ; 3 *x yi
ADD .L2X B3,R9,BS ; el * xi o+ €2 * xi+l + €3 * yi
SHR .82 BS5,15,B2 ; yi+l
STH .D2 B2, *B4 ++ ; store yi+l
[A1] SUB Ll nl,1,A1 ; decrement loop counter
[A1] B .51 LOOP ; branch to loop
Unit/Cycle 0 4 8, 12, 16, . || Unit/Cycle 1 5 0,13, 17, ...
D1 LDH xi LDH xi LDH xi D1 LDHXi+1 | | DHxi+1 | LDH cit1
D2 ADD s0 D2
M1 M1 MPYPO | oy oo
M2 M2
L1 .L1 SUB cntr SUB entr
12 L2 ADD s
S1 S1
52 S2
1X 1X
2X 2X ADD s
Unit/Cycle 2 6 10, 14, 18, ... || Unit/Cycle 3 7 11, 15, 19, ...
D1 D1
D2 D2 STH yi+1
M1 MPY p1 MPY p1 M1
*
M2 M2 MPYp2 | MPY p2
L1 L1
L2 12
S1 BLOOP | 5. o0p S1
52 SHR yi+1 52
X MPY p1 MPY p1 X
2X 2X MPYp2 | MPYp2
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.global _iir
_diir: .cproc x, y, cl, c2, c3
.reg xi, xi1l, yi1l
.reg po, pl, p2, s0, sl1, cntr
MVK 100, cntr ; cntr = 100
LDH .D2  *y++,yil ;oyi+l
LOOP: .trip 100
LDH D1 *x++, %1 ;o xi
MPY M1 cl1,xi,p0 ; ool * xi
LDH D1 *x,xil ;o xi+l
MPY M1X c2,xil,pl ;o2 % oxis4l
ADD .L1 pO0,pl,s0 ; el * xi + 2 * xi+l
MPY M2X ¢3,yil,p2 ; €3 % yi
ADD .L2¥X s0,p2,81 ; ol * xi 4+ 02 * xi+l + 3 * yi
SHR .82 s1,15,yi1l ; yi+l
STH D2 yil, *v++ ; store yi+l
[cntr] SUEB .L1 cntr,l,cntr ; decrement loop counter
[cntr] B .81 LOOFP ; branch to loop
.endproc
LDH .D1 *Ad++4 , A2 ; oxi
LDH .D1 *A4 , A3 ; oxi+l
LDH .D2 *B4++,B2 ; load y[0] outside of loop
MVK .81 100,R1 ; set up loop counter
LDH .D1 *Ad++,A2 %o oxi
[A1] SUB Ll Al,1,A1 ; decrement loop counter
|| MPY .M1 A6,A2,A5 ;ool * xi
|| LDH .D1 *Ad4 , A3 % oxi+l
MPY .M1X B6,A3,A7 ;o2 * oxi+l
| | (1] B .81 LOOP ; branch to loop
MPY .M2X A8,B2,B3 ; o3 * oyl
LOOP:
ADD .L1 AS5,A7,A9 socl * xio+ o2 * xi+l
|| LDH .D1 *Ad++ , A2 pr* oxi
ADD LL2X B3,A9,B5 ;oel * X1 o+ 2 * Xi+l + @3 * yi
| | [a1] SUB .L1 Al,1,A1 ;* decrement loop counter
|| MPY .M1 A6,A2,B5 i* ool * oxi
|| LDH .D1 *Ad A3 pr*oxi+l
SHR .82 B5,15,B2 ;o yi+l
|| MPY .M1X B6,A3,AT7 % 02 % oxi+l
| | [a1] B .51 LOOP ;* branch to loop
STH .Dz2 B2, *B4 ++ ; store yi+l
|| MPY .M2X A8,B2,B3 ;% c3 * yi
; Branch occurs here

10
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int if then(short a[], int codeword, int mask, short theta)
{
int i, sum, cond;
sum = 0;
for (1 = 0; i < 32; i++){
cond = codeword & mask;
if (theta == !(!{cond))
sum += ali];
else
sum -= al[i];
mask = mask << 1;
}
return (sum) ;
}
AND codeword, mask, cond cond = codeword & mask
[cond] MVK 1,cond (! {cond))
CMPEQ theta,cond, if (theta == ! (! (cond)))
LDH *aptr++,ai ali]
[if] ADD sum,ai, sum sum += af[i]
[tif] SUB sum,ai, sum sum -= af[i]
SHL mask, 1, mask mask = mask << 1;
[cntr] ADD -1,cntr,cntr decrement counter
[entr] B LOOP for LOOP
Aside B side
Vs S S~ AND
N YT
11 | mask | ./ [ cond |
N /< i )\ /
. ) 1£
L/ w MK
7N
"1 cond))

N

11
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(a) A side (b) B side

Unit(s) Instructions Total/Unit Unit(s) Instructions Total/Unit

M1 0 M2 0

51 SHL&B 2 .82 MVK 1

D1 LDH 1 L2 CMPEQ 1

L1,.81,0or.D1 ADD & SUB 2 L2or.52 AND 1
L2,.82,0or.D2 ADD 1

Total non-.M units 5 Total non-.M units 4

D. Etiemble
2006-2007

.gleobal _if then
_if_then: .cproc a, cword, mask, theta
.reg cond, 1if, al, sum, cntr
MVK 32,cntr ; entr = 32
ZERO sum ;o sum = 0
LOOP: .trip 32
AND 82X cword, mask,cond ; cond = codeword & mask
[cond] MVK .82 1,cond i (! (cond))
CMPEQ L2 theta,cond, if ; (theta == ! (! (cond)))
LDH .D1 *a++,ai ;oalil
[if] RDD Ll sum,ai, sum ;osum += alfi]
[tif] SUB .D1 sum, ai, sum ; sum -= a[i]
SHL .81 mask,1,mask ; mask = mask << 1;
[entr] ADD .L2 -1,cntr,cntr ; decrement counter
[ecntr] B .51 LOOP ; for LOOP
.return sum
.endproc
MVK .82 32,B0 ; set up loop counter
[BE0] ADD L2 -1,B0,EB0 ; decrement counter
[E0] ADD L2 -1,B0,BO ; decrement counter
|| [BO] B .81 LooP ; for LOOP
|| LDH .D1 *Ad++ , A5 ;oali]
SHL .81 A6,1,A6 ; mask = mask << 1;
|| AND .S2X B4,Rs,B2 ; cond = codeword & mask
[B2] MVK .82 1,B2 ; (! (cond))
| | [BO] ADD L2 -1,B0,E0 ; decrement counter
| | [BO] B .51 LOOP ;* for LOOP
|| LDH .D1 *Ad++ , A5 ;% oalil
CMPEQ .L2 B6,B2,B1 ; (theta == ! (! (cond)))
|| SHL .81 A6,1,R6 ;* mask = mask << 1;
|| AND .S2X B4,hs,B2 ;* cond = codeword & mask
| | ZERO  .L1 A7 ; Zero out accumulator
LOOP:
[BE0] ADD L2 -1,B0,EB0 ; decrement counter
| | [B2] MVK .82 1,B2 ;% (! (cond))
| | [BO] B .51 LOOP ;** for LOOP
|| LDH .D1 *Ad++ ,AS ;¥ ali)
[B1] ADD L1 A7,A5,A7 ; sum += al[i]
| | [1B1]SUB .D1 A7,A5,RA7 ; sum -= al[i]
|| CMPEQ .L2 B6,B2,B1 ;* (theta == ! (! (cond)))
| | SHL .81 A6,1,R6 ;%% mask = mask << 1;
|| AND .82X B4,As5,B2 ;** cond = codeword & mask
; Branch occurs here

12
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B .81 LOOP
I LDH .D1 *Ad++,A5
I MVK .82 29, B0
SHL .51 A6,1,A6
| AND .S2X B4,A6,B2
[B2] MVK .82 1,B2
I B .81 LOOP
I LDH .D1 *Ad++,A5
CMPEQ .L2 B&,B2,B1
I SHL .51 A6,1,R6
| AND .S2X B4,A6,B2
I ZERO  .L1 A7
LOOP:
[BO] ADD .L2 -1,B0,B0
|| [B2] MVK .82 1,B2
|| [BO] B .81 LOOP
I LDH .D1 *Ad++,A5
[B1] ADD .11 A7,A5,R7
|| [1B1]1SUB .D1 A7,A5,A7
I CMPEQ .L2 B6,B2,B1
I SHL .81 A6,1,R6
[ AND .S2X B4,A6,B2

Branch occurs here

.

. %

’

P

’

’

’

*

. %

’

’

’

. %
’

.
.

.k

’

’

’

. %
’

P** mask =

for LOOP
af[i]
set up loop counter
mask = mask << 1;
cond = codeword & mask
! (cond))
for LOOP
afli]
(theta == ! (! {cond)))
mask = mask << 1;
cond = codeword & mask

zero out accumulator

decrement counter
(! {cond))

* for LOOP

* afi]

sum += al
sum -= al
(theta == ! (! (cond)))

mask << 1;

;** cond = codeword & mask

int unrolled_if then (short all,

{

return (sum) ;

}

int codeword,

int i,sum, cond;
sum = 0;
for (i = 0; i < 32; i+=2){
cond = codeword & mask;
if (theta == 1! (!(cond)))
sum += afli];
else
sum -= alil];
mask = mask << 1;
cond = codeword & mask;
if (theta == 1! (!(cond)))
sum += al[i+1];
else
sum -= al[i+1];
mask = mask << 1;
}

int mask, short theta)

13
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AND codeword, maski, condi ; condi = codeword & maski
[eondi] MVK 1,condi ; (! {condi))
CMPEQ theta,condi,ifi ; (theta == ! (! (condi)))
LDH *aptr++,ai ;oalil
[ifi] ADD gumi,ai, sumi ; sum += alfi]
[tifi] sUB gumi,ai, sumi ; sum -= ali]
SHL maski,1,maski+1 ; maski+l = maski << 1;
AND codeword, maski+l, condi+l; condi+l = codeword & maski+l
[condi+1] MVK 1,condi+1 ;o V(! (condi+l))
CMPEQ theta,condi+1,ifi+1 ; (theta == ! (! (condi+1)))
LDH *aptr++,ai+l ;oali+!]
[ifi+1] ADD gumi+l,ai+1,sumi+1l ; osum += ali+1]
[tifi+1] SUB gumi+l,ai+l,sumi+1l ; sum -= al[i+1]
SHL maski+1,1,maski ; maski = maski+l << 1;
[entr] ADD -1,cntr,contr ; decrement counter
[entr] B LOCOP ; for LOOP
A side ; B side
1
1
AND — . SHL " AND
TN/ e
e N \ \ . \
\ | \ / ; .
: condi / [ condi+ 1!

' ‘~.,. [ [ maski+1] ,

14
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Architectures avancées 2006-2007
(a) A side (b) B side
Unit(s) Instructions Total/Unit Unit(s) Instructions Total/Unit
M1 0 M2 0
51 MVK and 2 SHLs 3 .52 MVK and B 2
.D1 2 LDHs 2 L2 CMPEQ 1
L1 CMPEQ 1 L2 pr.S2 AND 1
.L1or.S1 AND 1 L2,82, 0or.D2 SUBand2ADDs 3
.L1,.S1,or.D1 ADD and SUB 2
Total non-.M units 9 Total non-.M units 7
.global _unrolled if then
_unrolled if then: .cproc a, cword, mask, theta
.reg cword, mask, theta, ifi, ifi1, a, ai, ail, cntr
.reg cdi, edil, sumi, sumil, sum
MV R4, a ; C callable register for 1lst operand
MV B4, cword ; C callable register for 2nd operand
MV A6, mask ; C callable register for 3rd operand
MV Bé6,theta ; C callable register for 4th operand
MVE 16,cntr ; cntr = 32/2
ZERO sumi ; sumi = 0
ZERO sumil ; sumi+l = 0
LOOP: .trip 32
LND .L1¥ cword,mask,cdl ; cdil = codeword & maski
[edi] MVK .81 1,edi ;o Mt (edl))
CMPEQ .L1X theta,cdi,ifi ; (theta == ! (! {cdi)))
LDH .D1 *a++,ail ;o oali]
[ifi] ADD L1 sumi,ai, sumi ;o osum += ali]
[1ifi] SUB .D1 sumi,ai,sumi ;o osum -= ali]
SHL .81 mask,1,mask ; maski+l = maski << 1;
AND .L2X cword, mask,cdil ; cdi+l = codeword & maski+l
[cdil] MVK .82 1,cdil ;o it (edi+l))
CMPEQ .L2 theta,cdil,ifil; (theta == ! (! (cdi+1)))
LDH .D1 *a++,ail ;oali+l]
[ifi1] ADD L2 sumil,ail,sumil ; sum += al[i+1]
[1ifi1] SUB .D2 sumil,ail,sumil; sum -= afli+1]
SHL .81 mask,1,mask ; maski = maski+l << 1;
[cntr] ADD .D2 -1,cntr,cntr ; decrement counter
[cntr] B .52 LOOP ; for LOOP
ALDD sumi, sumil, sum ; Add sumi and sumi+l for ret value
.return sum
.endproc
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M1 Informatique
Architectures avancées

D. Etiemble
2006-2007

MVK .52
LDH .D1
| | [BO] ADD .D2
LDH .D1
|| (BOI B s2
| | [BO] ADD .D2
| SHL .51
|| AND .L1X
[A2] MVK S1
|| AND .L2X
|| ZERO  .L1
[B2] MVK .52
| CMPEQ .L1X
|| SHL .51
|| LDH .D1
|| ZERO  .L2
LOOP:
CMPEQ .L2
| | [BO] ADD .D2
| LDH .D1
| | [BO] B .82
|| SHL .81
|| AND .L1X
[A1] ADD L1
| | [tA1]SUB .D1
| | (2] MVK .81
|| AND .L2X
[B1] ADD .L2
| | [tB1]SUB .D2
| | [B2] MVK .82
| CMPEQ .L1X
|| SHL .51
|| LDH .D1
ADD .L1X

16,B0

*Ad++ A5
-1,B0,B0

*Ad++,B5
LOOP

-1,B0,B0
A6,1,R6
B4,R6, A2

1,A2
B4,A6,B2
A7

1,B2
B6,A2,Al
A6,1,R6
*Ad++ A5
B7

B6,B2,B1
-1,B0,B0
*Ad++,B5
LOOP
A6,1,R6
B4,A6,A2

A7,A5,A7
A7,A5,A7
1,A2

B4,A6,B2

B7,B5,B7
B7,B5,B7
1,B2

B6,A2,Al
A6,1,R6
*Ad++ A5

; Branch occurs here

A7,B7,R4

’
’

.k a[i]

’

’

.

’

’
.

;* 1 (! (condi))

’

’

;* (! (condi+1)
:* (theta == ! (! (condi)))

’

’

set up loop counter

alil
decrement counter

afi+1]

for LOOP

decrement counter
maski+l = maski << 1;
condi = codeword & maski

(! (condi))
condi+l = codeword & maski+l
zero accumulator

1 (! {condi+1))
(theta == ! (! (condi)))

maski = maski+l << 1;

zero accumulator

(theta == ! (! (condi+1)))
decrement counter

ali+1]

for LOOP

maski+l = maski << 1;
condl = codeword & maski

* % % %

sum += al[i]
sum -= al[i]

;¥ condi+l = codeword & maski+l

sum += af[i+1]
sum -= al[i+1]

)

;* maski = maski+l << 1;

p** ali]

’

move Co return register
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Architectures avancées

D. Etiemble
2006-2007

{

short al,bl;

sum0 = 0;

suml = 0;

for(i=0; i<100; i++){
a0 = afi] * c;
al = a0 == 15;
az = al * d;
a3 = a2z + aol;
sum0 += a3;
bo = b[i] * c;
bl = b0 >> 15;
b2 = bl * e;
b3 = b2 + b0O;
suml += b3;
}

sum = sum0 + suml;

return(sum) ;

}

int live long(short all],short b[],short ¢, short 4,

int i,sumd,suml,sum,ald,a2,a3,b0,b2,b3;

short e)

LDH *aptr++,ai
LDH *bptr++,bi
MPY ai,c,al

SHR a0,15,al

MPY al,d, a2

ADD az2,a0,a3

ADD sumo , a3, sumo
MPY bi,c,bo

SHR b0,15,b1

MPY bl,e,b2

ADD b2,b0,b3

ADD suml, b3, suml

[entr] SUB cntr,1l,cntr
[cntr] B LOOP

load ai from memory
load bi from memory
a0 = ai * c

al = a0 =>> 15

az = al * d

a3z = a2 + a0

sum0 += a3

b0 = bi * ¢

bl = b0 >> 15

bz = bl * e

b3 = bz + b0

suml += b3

decrement loop counter
branch to loop
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D. Etiemble

Architectures avancées 2006-2007
Aside B side A side B side
,':D.'_'f\ ) ':D.'_'f\ LDH LDH
[ & | [ 6 ) 7N TN
:_\ ) \ : ai ‘: |f bi “
RN v ey S \ ,5/
7N ' . MPY v MPY
al . I._\ b0 ) . / \
) Ny [ a0 | [ b0 |
Split-jain path -~ “-.SHR sen lm\h:.: -""‘\ SHR /\\- -72/ /\k- -7'2/
e [{ o) 2/ /;\SHR 2/ /g\SHR
N | N !/ ' I \
! 4 w () wl L)
2 ey 2 X wey /_;_ \\,_ / /J_,_\\V_ J
tL2) Ve {\aOJ / I 1Ivlw > / I 1MPY
\ -\\_ y '\\_"I, e -
lz ADD !2 ADD T\ [ a2 \‘ \k? ‘:/bz 1
4:',,— x\\. 1,-' *\\\. 1-\\ \ / 1\ \ /
[ a3 | [ 0| \ T T
\ a y \ | 2,e>\|:>|:) \ 2ADD
ool 0] P YN
7 A [ [ 65 ]
1 | sumo | 1| sumt ) \ 7_,/ \ ~
N4 N4 A DDl1 A DD11
SUB ﬁ/ N / }\
) |1 | sum0 \\ i1 I\ sum1 \
. \ otr | 1 N4 \
B M _./\_
/"'4‘—\
;Loopf
(a) A side (b) B side
Unit(s) Instructions Total/Unit Unit(s) Instructions Total/Unit
M1 MPY 1 M2 MPY 1
.S1 B and SHR 2 S2 SHR 1
.D1 LDH 1 .D2 LDH 1
L1, .S1,0or.D1 2 ADDs 2 L2, .82, or. D2 2 ADDs and SUB 3
Total non-.M units 5 Total non-.M units 5
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LOOP:

[entr]
[entr]

_live long:

.global 1live long
.cproc  a, b, ¢, 4, e

.reg ai, bi, sumo, suml, sum

.reg adp, a_0, a_1, a_ 2, a 3, b 0, bOp, b 1, b 2, b_3, cntr

MVE 100, cntr
ZERO sumo
ZERO suml

.trip 100

LDH .D1 *a++,ail

LDH .D2 *b++, bi

MPY M1 ai,c,a_o0

SHR .81 a_0,15,a_1
MPY .M1X a_1,d,a_2

MV .D1 a 0,a0p

ADD L1 a 2,a0p,a_3
ADD LL1 sumo, a3, sumd
MPY .M2X  bi,e,b 0

SHR .52 b 0,15,b 1
MPY .M2X b_1l,e,b 2

MV .D2 b_0,bop

ADD LL2 b _2,bop,b_3
ADD L2 suml,b 3, suml
SUB .52 cntr,1,cntr

B .51 LOOP

ADD sum0, suml, sum

.return sum

.endproc

cntr =

sumo
suml

load
load
a0 =
al =
az
save
ai =
sumo
bo =
bl =
b2 =
save
b3 =
suml

ai
bi
ai
ao

= al

ao
az
+=
bi
bo
bl
bo
b2
+=

100

o o

from memory

from memory

*

=>> 15

* d

across iterations
+ ao

as3

* i

>> 15

* e

across lterations
+ b0

b3

decrement lcop counter
branch to loop

Add sumi and sumi+l for ret wvalue
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[B2]

[B2]

|| (B2]

[B2]
[B2]

LDH
LDH

MVE

LDH
LDH

ZERO
ZERO

LDH
LDH

SUB

MPY
MPY
LDH
LDH

SUB

SHR
SHR
MPY
MPY
LDH
LDH

MPY
MPY
SUB
SHR
SHR
MPY
MPY

LDH
LDH

LDH

.D1
.D2

.52

.D1
.D2

.51
.82

.D1
.D2

.52

M1
.M2X
.D1
.D2

.82
.51

.51
.52
M1
.M2X
.D1
.D2

M1X
.D1
.M2X
.D2
.82
.51

.51
.82
M1
.M2X
.D1
.D2

Ll
L2
.M1X
.D1
.M2X
.D2
.82
.81

L1
L2
.51
.52
M1
CM2X
D1
Dz

*hd++ , A0
*B4d++,B0

100,B2

*Ad++ , A0
*B4++,B0O

Al
B1

*Ad++, A0
*Bd++,B0

B2,1,B2

AD,A6 A3
BO,RA6,B10
*Bd++ R0
*B4++,B0O

B2,1,B2
LOOP

A3,15,A5
B10,15,B5
AO,R6,A3
BO,A6,B10
*Rd++, A0
*Bd++,B0

AS,B6,A7
A3,A2
B5,A8,B7
B10,B8
B2,1,B2
LOOP

A3,15,A5
B10,15,B5
AO,R6,A3
BO,A6,B10
*Ad++, A0
*Bd++,B0

A7,A2,A0
B7,B8,B9
A5,B6,A7
A3, A2
B5,A8,B7
B10,B8
B2,1,B2
LOOP

A1,R9,A1
B1,B9,B1
A3,15,A5
B10,15,B5
RO,R6, A3
BO,A6,B10
*Ad++,A0
*B4++,B0

; Branch cccurs here

ADD

LL1X

Al,B1,A4

; load ai from memory
; load bi from memory

; set up loop counter

;* load al from memory
;* load bi from memory

; zero out accumulator
; Zero out accumulator

;** load ali from memory
;** load bi from memory

; decrement loop counter

; ao = ai * ¢
; bo = bi * c
;*** load al from memory
;*** load bi from memory

; decrement loop counter
; branch to loop

;7 al a0 == 15
; b1l = b0 > 15
;* a0 = ai * ¢
;* b0 = bi * ¢
;*¥*** load al from memory
;*¥**%* load bl from memory

; a2 = al * d

; 2ave a0 across iterations
; b2 = bl * e

; save b0 across iterations
;* decrement loop counter
;* branch to loop

;¥ al = a0 == 15
;* bl = b0 >> 15
;** a0 = ai * ¢
;*%* b0 = bi * ¢
;¥****% Joad al from memory
;¥**** Jload bi from memory

;* a3 = a2 + a0

;* b3 = b2 + bo

;* a2z = al * d

;* save a0 across iterations
;* b2 = bl * e

;* save b0 across iterations
;** decrement loop counter
;** branch to loop

sumo0 += a3
suml += b3

** 31 = a0 == 15
** bl = b0 >> 15
*%* 30 = al * c

*k*x ho = hil * ¢
***x%k** load al from memory
*k*kk*k ]load bl from memory

; sum = sumO0 + suml
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Architectures avancées

.L Unit .M Unit .S Unit .D Unit
ABS MPY ADD SET ADD STB (15-bit offset)T
ADD MPYU ADDK SHL ADDAB STH (15-bit offset)t
ADDU MPYUS ADD2 SHR ADDAH STW (15-bit offset)t
AND MPYSU AND SHRU ADDAW SUB
CMPEQ MPYH B disp SSHL LDB SUBAB
CMPGT MPYHU B IRPT SUB LDBU SUBAH
CMPGTU MPYHUS B NRPT SUBU LDH SUBAW
CMPLT MPYHSU Breg SuUB2 LDHU ZERO
CMPLTU MPYHL CLR XOR LDW
LMBD MPYHLU EXT ZERO LDB (15-bit offset)t
MV MPYHULS EXTU LDBU (15-bit offset)t
NEG MPYHSLU MV LDH (15-bit offset)t
NORM MPYLH MvCt LDHU (15-bit offset)t
NOT MPYLHU MVK LDW (15-bit offset)t
OR MPYLUHS MVKH MV
SADD MPYLSHU MVKLH STB
SAT SMPY NEG STH
SSUB SMPYHL NOT STW
SUB SMPYLH OR
SUBU SMPYH
SUBC
XOR
ZERO
152 only
$D2 only
Instructions entiéres
Delay
Instruction Type Slots
NOP (no operation) 0
Store 0
Single cycle 0
Multiply (18 x 16) 1
Load 4
Branch 5
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D. Etiemble

Architectures avancées 2006-2007
.L Unit .M Unit .S Unit .D Unit
ADDDP MPYDP ABSDP ADDAD
ADDSP MPYI ABSSP LDDW
DPINT MPYID CMPEQDP
DPSP MPYSP CMPEQSP
DPTRUNC CMPGTDP
INTDP CMPGTSP
INTDPU CMPLTDP
INTSP CMPLTSP
INTSPU RCPDP
SPINT RCPSP
SPTRUNC RSQRDP
SUBDP RSQRSP
SUBSP SPDP
Instructions flottantes
256 PROGRAM FETCH
INSTRUCTION DISPATCH
INSTRUCTION DECODE Control/Statug
Redisters
> Register Bank A Register Bank B <
16 x 32 16 x 32 <
3 (@ex3) (16 % 32) —
2 2 |32 [ 24t | I *
Y A\ 4 Y 32 A\ AR 4 A\ AR 4 A 4
A4 y A 4 I v Y y A 4
L1 1 M1 D1 L2 2 M2 D2
ALU shier | | Multiply | [Add/Sub ALU shifter | | | Multiply ||Add/Sub
L 8 2
o] | L
¥ &
Data Memory | L——" = DATA BUS 1 (32 bit >
@2Kx16) | | (250
Program L — PROGRAM BUS 2 (32 bit : >
Memory T (G200)
(16K x 32)
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