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| NTRODUCTI ON

(1) Signal Processing Filters
(e.g., FIR, lIR)

() Frequence Transformations
(e.g., Fourier, Cosine)

(1) Image Processing Algorithms
(e.g., Edge Manipulation)

Typical DSP Applications
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HARDWARE LOOPI NG SUPPORT

~

(1) Execute Fi
Multiple Ti

xed Set
mes

of Instructions

(2) Reduce Loop Branch Overhead
(3) Reduce Power Consumption
(4) Reduce Memory Bus Contention

Hardware Looping Support
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4 HARDWARE LOOPI NG SUPPORT (cont. )\

Instruction 1 K
Instruction 2 cl oop

INnstruction 31

zolbpc | n

| nstructi on Cstate
Buf f er

LUCENT DSP 16000
Zero Overhead Loop Buffer

- /

Hardware Looping Support (cont.) 6
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" ASSEMBLY SYNTAX FCR ACCESSING
/QLB (Zero Overhead Loop Buffer)
do k {
Instruction 1
} i nstruction n redo k
L using the DO Instruction using the REDO Instruction

Hardware Looping Support (cont.)

/
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C C Conpi | er
Sour ce Cener at ed
File 1 Assenbl y
File 1
Optimization Optimization Improved
Assembly
Phase | E File
C C Conpi | er /
Sour ce - Cenerated
File n Assenbl y
Filen
\_ Overview of DSP 16K C Compiler Y

Compiler Support 10
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COMPI LER SUPPORT (cont . )

(1)
(2)
(3)
(4)

Conditional |Instructions
| nl 1 ni ng
Loop Splitting

Deal ing wth an Unknown Nunber
of Loop Iterations

More Loops I1n the ZOLB

More Loops in the ZOLB

11
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CONDITIONAL INSTRUCTIONS

0= 4
for (1 =0, al = -9999 0= a
| < 1000; Lo a0 = *r0 al =-9999
| +4) a0 = al L5: a0 = *r0
1t gt goto L4 a0 = a0
It (ali] > 0) a2 = a2 + a if lea2=a2+al
sum+= 1] L4: 10=10+2 r0=10+2
al =al +1 al =al +1
1t 1e goto L5 1t le goto LD
Original Source without Conditional with Conditional

- /

Example of Using Conditional Instructions 12
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INLINING
Int abs(int v) _abs: a0 = al
{ if 1t a0 = -a0 ]
if (v <0 return 4= _a
V= -V a5 = 0
return v; rd = a ad = -9999
} a5 = 0 L5 a0 = *rd++
ad = -9999 a0 = al
L5 90 = *rd4++ 1f [t a0 = -a0
sum = 0; call _abs 8 = a5 + a
for (I =0, a5 = a5 + a0 ad = ad + 1
| < 10000; i+4) ad = ad + 1 If le goto L5
sum+= abs(a[i]); It le goto L5
Source Code Before Inlining After Inlining

/

Example of Inlining

13
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7 UNKNOMN NUMBER OF LOOP | TERATIONS

sum = 0;
for (1 = 0;
af[1] !'= n;
| ++)
sum += ali]*2;

Source Code of Loop

o

Example of Unknown Number of Iterations 15
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/" UNKNOWKN NUMBER OF LOOP | TERATI ONS (cont .) N

I f eq goto L3
cl oop = 65535
a3 = 1
ro = _a do cl oop {
a2 =0 a4 = *(r0+2)
reo = n ad - al
a0 = *r0 I f eq cloop = a3
al = *rl a0 = *rO++
a0 - al a0 = a0 <<< 1
I f eq goto L3 a2 = a2 + a0
L5: a0 = *rO++ }
a0 = a0 << 1 goto LO1
a2 = a2 + a0 LO2: cl oop = 65535
a0 = *r0 redo cl oop
a0 - al LO1: a4 - al
I f ne goto L5 I f ne goto LO2
L3: L3:

\ without Using the ZOLB after Using the ZOLB /

Example of Unknown Number of Iterations (cont.) 16
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COWPI LER SUPPORT (cont.)

~

(5) Extracting Increnents of Basic
| nduction Vari abl es

(6) Loop Col | apsing

(7) Loop Interchange

Further Reducing Loop Overhead

/

Further Reducing Loop Overhead

17
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EXTRACTI NG | NCREMENT OF
BASI C | NDUCTI ON VARI ABLES

cl oop = 10000
r0 = a

a2 =0

do cl oop {
*r0++ = a2

al = al + 1
}

after Using the ZOLB with
al Live after the Loop

~

cl oop = 10000

r0 = _a

a2 = 0

do cloop {
“r0++ = a2

}

al = al + 10000

after Extracting the
Assignment to al

/

Example of Extracting Increments

18
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\ before Loop Interchange

4 LOOP | NTERCHANGE (cont.)
rl1 = a
rl1 = a a3 =0
a3 =0 a2 = -49
a2 = -199 L5 rO =1rl
L5: rO0 =r1l al = -199
al = -49 k = 200
L9: *rO0++ = a3 L9: *rO++k = a3
al = al + 1 al = al +1
If le goto L9 If le goto L9
r1 =rl1 + 200 rt =rl1 + 2
a2 = a2 +1 a2 = a2 + 1
If le goto L5 If le goto L5

after Loop Interchange /

Example of Loop Interchange (cont.)

21
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LOOP | NTERCHANGE (cont . )

rl = a
a3 =0
a2 = -49

L5: cloop = 200
ro =rl
k = 200
do cl oo
} *rO++k = a3
ri1 =rl1 + 2
a2 = a2 +1
If le goto L5

\ DSP16000 Assembly after Using the ZOLB /

Example of Loop Interchange (cont.) 22




microelactronics group

Lucent Tid'nulnnbu O
Bl Lake Inraradtione

LOOP | NTERCHANGE (cont . )

rl = a
a3 =0
a2 = -49

L5: cloop = 200
ro =rl
k = 200
do cl oo
} *rO++k = a3
ri1 =rl1 + 2
a2 = a2 +1
If le goto L5

\ DSP16000 Assembly after Using the ZOLB /

Example of Loop Interchange (cont.) 23
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\ Two Different Loops

/ AVOIDING REDUNDANT LOAD of the ZOLB \
extern int a[100], rl = _a (1= 3
extern int b[100]; r0=_b (0= b
extern float c[200]; do 100 { do 100 {
extern float d[200]; a0 = *rQ++ 30 = *r(0++
for (i =0; } )
| < 100;
| ++) cl oop = 200 Sl ) =
ali] = b[i]; 1= ¢ cl oop = 200
E]O :l_d : (0= d
for (I =0; 0 cloop -
< 200 20 = *r 0+ redo cl oop
| +4) *r1++ = a0
c[i] =d[i]; J
Source Code of DSP 16000 Assembly DSP 16000 Assembly
After Using the ZOLB

after Using REDO /

Example of Avoiding Redundant Loads of the ZOLB

24
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Null if B == function entry
in[B] = LJ out [P] otherwise (1)
P € pred[B]
Null if B contains a call
out[B] =< B if B contains a ZOLB loop
in[B] otherwise

(2)

- /

25

ZOLB Loop Reaching Equations
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/" CRDER OF THE ANALYSIS AND TRANSFORWATION )

(1) Build Call Gaph (9) Menory Di sambi guation

(2) Merge Bl ocks (10) Loop Splitting

(3) Find Loops (11) Loop Fl attening

(4) Datafl ow Anal ysis (12) Loop Interchange

(5) If Conversion (13) Place Loops in the ZOLB

(6) Find Loop Invariants and (14) Basic Induction Variable

Loop I nduction Variables El imnation

(7) Calculate Loop Iterations (15) Extract Basic Induction
Vari abl e Assignnents

(8) PerformInlining

N /

Phase Ordering 26
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CONCLUSI ONS 2

Improvements In

EXECUTION TIME

and

REDUCTIONS in CODE SIZE

Conclusions



