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Signal Processing Algorithm

DSP (Digital Signal Processor)
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I. Heavy arithmetic computations
Il. Can be easily programmed into
Tight Small Loops

Programmable processor for mathematical
operations to manipulate signals with
1.High performance,
2.Minimal power consumption
3.Minimal memory footprint
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Finite Impulse Response (FIR)

Lucent DSP16000 Architecture

Features

At theleast, computeone Tapin a
Single Cycle

1. Havard Architecture

2. Separate AGU from DALU for rich addressing
modes

3. Zero-wait State High Speed Memory




Lucent DSP16000 Architecture

Features (cont)

4. Compiler (Programmer) Controlled On-Core
Instruction Cache — ZOLB (Zero Overhead Loop
Buffer) to support high performace with minimal
power dissipation

Instruction
buffer cloop
Instruction 1 k ireiudionl
Instruction 2 - rabk
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Instruction 31|

Lucent DSP16000 Instruction Set

Design

In order to achieve performance & higher code density

AO=A0+P0 PO=Xh*Yh PL=XI*Yl Y=*RO++ X=*PTO++

16 bit word instruction

0 Permissible order of operations is very limited
0 The register usage is restricted to only a few different
registers

Compiler Mission!

Experience with Iterative Modulo

/I EDN Benchmarks
fir(const short array1] ],
const short coeff[],

short output[])

intij,sum;

for(i=0;i < N-ORDER;j y ]

urs(lum:|0<; ot p0 =xh*yh p1 =xl*yl
for(j=0; j < ORDER; j++){ i a2 = a2+p0

sum += array1[i+]*coeff[il;

output[i]=sum>>15;

AO=A0+P0 PO=Xh*Yh P1=XI*Yl Y=*R0++ X=*PTO++

Scheduling Techniques

EDN Benchmark: FIR Filter

fir(const short array1[ ], const short coeff[], short output[])
intij,sum;
for(i=0;i < N-ORDER;i++){
sum=0;
for(j=0; j < ORDER; j++){
sum += array1[i+j]*coeff[j];

}
output[i]=sum>>15;

Step 1: Resource Inition Interval

Step 2: Recurrence Initiation
Interval

MIl = MAX(Recll, Resll)

Resll : Smallest Loop Initiation Interval
to meet the system resource requirement

xh =*(r0 +j)
yh =*r3++

Resll: Resource Initiation
Interval ’E

(00t

MIl = MAX(Recll, Resll)

Recll : Smallest Integer Loop Initiation
Interval to meet all the deadlines imposed
by data dependence circuits.

(1.1)
xh =*(r0 +j)
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p0 =xh*yh pl=xl*yl
a2 = a2+p0
j=r4+l @

True Dependence
Output Dependence
Anti Dependence




Step 2: Recll (cont)
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Step 3: Slack Scheduling by

computing Estart and Lstart

Floyd Algorithm:
MinDist[i,i] €0

Legal Partial Schedule
based on Estart and

with Il (Initiation Interval) 2 Lstart
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Why Modulo Scheduling is not

suitable?

Due to limited encoding space, DSP16000
compound instructions that account for {Inst-i,
Inst-j, Inst-k},but there is NO legal encoding to
capture any subset of {Inst-i,Inst-j,Inst-k}

Step 2: Compute MinDIST Matrix

Floyd Algorithm:
MinDist[i,i] <0

Adjacency Matrix with Il (Initiation Interval) 2
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Why Modulo Scheduling is not

suitable?

Legal Partial Schedule
based on SLACK

Cperion Sak IsseTime
st
Inst2
Inst3
(=%
Inst5
Insts

veveac]
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/] inst-1 & inst-3
xh=*(r0+j ) ra=j

No L ecal Encoding

Il inst-2 & inst-4 & inst-5 &

-6
yh=*r3++ pO=xh*yh pl=x|*yl a2=a2+p0 j=r4+1

How to Overcome?

1 Software pipelining optimization must be
sensitive to Instruction Selection

1 This requires that the Instruction selection
performs the following tasks in a demand
driven manner

proactively perform Register Renaming
proactively introduce additional micro-

operations on the fly




New Compiler Strategy

Potentially Pipelineable

Instructions |, and |, are potentially pipelineable only
when the following two conditions can be met.

1.There exists a compound/complex instruction template that
can hold (may be more) both effects I, and I, in parallel. This
implies that |; and |, can be potentially combined into a single
complex instruction.

2.The Distance from |, in the instruction Group G, to |; can meet the
Minimum Distance requirements (MinDist[i,j]).

Another FIR Filter from a Customer
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Partition

a0=a0+p0 pO=xh*yh pl=xl*yl y=*rO++ >‘<:" pto++
nitialization *
oid partition() { 20=a0+p0 pO=xh*yh pl=xl*yl y=*rO++ x=*ptO++
create a new group G,;
add an instruction I, to G,; )
=2 rndion CRGrbapet

j=1

FOR each instruction I, in the loop DO { b
FOR each instruction I, in G, {
IF (I and | are potentially pipelinable) { [l
j=i+ Q
create anew group G,
Tag G, and G,_, with complex B
instruction templates; u
break;
} b
add an instruction |, to G;; 6
i=i+1; |7
}
) B

1

a0=a0+p0 pO=xh*yh pl=xl*yl y=*rO++ x=*ptO++

Step 2: Project a Maximally

Pipelined Loop

1% ITERATION
2 ITERATION
. (N-1)" ITERATION
. N"ITERATION
‘ Software
pipelined loop
o
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Group 61
N 2 ITERATION

Group 67, Group 61

37 ITERATION

Group G2 Group 61

Sroup 62

Group G,
|A0=A0+PO
R2++=A0

OMBINE IN

Group G,
PO=Xh*Yh P1=XI*YI
ho =Rz
ho = A0 + P1
R2++ = AD
o = *R2

Group G,

Y =*RO+ X =PTOH

a0=a0+p0 pO=xh*yh pl=xI*yl y=*r0++ x=*ptO++
=a0+p0 pO=xh*yh pl=xI*yl y=*rO++ x=*ptO++

PO=Xh*Yh P1=XI*Y
A0 =*R2

A0 =A0 +P1

*R2++ = AQ

A0=*R2

Group G,
Y=*RO++ X=*PTOH

a0=a0+p0 pO=xh*yh pl=xl*yl y=*rO++ x=*ptO++

Instruction Selection Algorithm

1 mAIN 1
Do

change = FALSE:
FOR each insiruciion group G, DO (
1, = frstinstruction n group G,
1)

ALSE)
ombine_Insts(1,G,.):

ELSE
(void) Combine_Insis(., G,
1 Advance to the next insiriétion group *f
i=iv1
)1 end of FOR */
JWHILE (change == TRUE)

1* COMBINE INSTRUCTIONS
BOOLEAN Combine_insts(,,G,)

BOOLEAN Success = FALSE;
IF (G, == NULL)

returh FALSE:

F= firstinstruction in G,
FOR each instruction ; n G, DO {

Merge G,

IF (e exists FLIFE instruction template that
accounts for effects I, )

IF (Scheduling I, at the same time slot for I,
does violaté'a deadine imposed
me instruction in G,)
1*1tis notlegal schedule */

IF (,, satisfies the register encoding restrictions)

)

ELSE IF (there exist available register(s) that
can egister
encoding réstrictions)

perform register renaming

)
ELSE
F=F+1,
} 1END FOR 1

., and G, into one instruction group;
SE;

RETURN PAL

I

END COMBINE_INSTS */

Discover Complex Instruction by

Overlapping

G, and G,

Group G, Group G,
l0=A0+P0 - PO=Xh*Yh PL1=XI"Y Y=*RO++ X=*PTO++
['R2++=A0 po =*R2

o = A0 + P1
R2++ = AD
|0 = *R2

OMBINE_INSTS

Group G,
[A0=A0+P0 PO = Xh*Yh P1=XI*Y ¥
R2++=A0

RO X = PTOw

Group G

1/l combined with Group G
ko= -r

[0 =A0+P1

a0=a0+p0 pO=xh*yh pl=xI*yl y=*rO++ x=*ptO++

R2++ = AQ
jr0 = *R2

Merge Instruction Groups

G;and G,

R2++2A0

Group G
[A0=AO+PO PO = XN*Yh P1=XI*Y Y =*ROH+ X =*PTO

MERGE_GROUPS(G,,G,

Group G,

11 combined with Group
po

Restructured Loop

1% loop iteration

GG,
1%t loop iteration

2" |oop iteration

91% |oop iteration

915 loop iteration

Group G

92" |oop iteration




Execution Time

Brumak Ted Rayans
Fagan Daifion . .
a Table 2. Impact on Execution Time
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Code Size

Table 3. Impact on Code Size

1. New Compiler Strategy that automatically exploits
275 n compound instructions

2. 2. Asaresult of thiswork, the Zero Overhead Loop
2 Buffer on Lucent DSP16000 can be further exploited

1 [E Loop Unrolling
07 W Using ZOLB
Dl instruction Selection to-

0. gether with Using a ZOLB
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Outline

Signal Processing Algorithm

DSP (Digital Signal Processor)

At the least, compute one Tap in a Single Cycle
Lucent DSP16000

Lucent DSP16000

Example of Using ZOLB on the DSP16000
Instruction Set Design for Low-power
Embedded Processors

0 Instruction Set Design for Low-power
Embedded Processors
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