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DSP96002 APPLICATIONS

0 Engineering Workstations

0 Personal Computers

0 Graphics Processing

0 Image Processing

0 Numeric / Array Processing

0 Laser Printers/PostScript Processing

0 Radar / Sonar Processing

0 Spectral Analysis

0 Medical Equipment

0 Digital Audio

0 High Speed Control

0 Speech Processing

0 Instrumentation

TOOlS
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i
---_.-/'-.-_----r ｾ DSP96002Port AlB Applications

• FFT Array Processor
• Databandwidthdoubleswith FFTcodein internalRAM.

____ｾ｟｡ｾ｟ｉ｟ｈ DSP96002ｈ ｌ Ｍ ｟ ｾ ｟ ｡ ｾ ｟ ｧ Ｍ Ｍ Ｍ Ｍ ｊ ｉ

• Graphics Processor
• Dual busesanduseof DRAM pagemodeachievea 5X performanceimprovement

overa singlebussystemwithout DRAM support.

Graphics
Data

DRAM

Data
Cache
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• Simulation Engine
• Largecachesreducesystembusloading.
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DSP96002 Multiprocessor Sy

ｾ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ ｩ ｊ ｅ ｅ ｅ Floating PointDSP96002

f

• Lowestsystemcost

• DRAMIVRAMsupport

• Interfacingto 82 bit microprocessors

1'0110

DSP96002userbenefitsinclude:

• Higherperformance,more/lezibility

• Fewersupportchips,smallerfootprint

TheDSP96002busrepresentsa significant
advancementin:

• Multiprocessorsystemsandcommunications

DSP96002Multiprocessor
Support
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DSP96002 DRAM/VRAM Systems
DSP96002DualChannel

DirectMemoryAccess(DMA)
Controller

• Two IndependentDMA Channels

• GenericDataTransfers
* Memory to Memory, IncludingMemoryMappedPeripherals
* HandshakeModesfor DataThrottling andPeripherals
* Internaland/orExternal
* PortA and/orB sourcesanddestinations.

• Linear,Moduloor Bit ReversedDMA Addressing
*SharesAddressingUnits with CPU
* SeparateR, NandM registersfor

SourceandDestination(EachChannel)

• High Performancein ParaDelwith theCPU
*TransferRatesup to 54 MbytesperSecond
* Portto PortTransfersTransparentto theCPU
* DMA Wait StatesDo Not Slow Down theCPU

• Dual AccessInternalMemories
*P, X andY RAM andROM - DMA AccessTransparentto the
CPU

* OneCPUTime Slot per InstructionCycle
* OneDMA Time SlotperInstructionCycle

• ProgrammableBusAccessPriority
* IfBoth CPUandDMA wanttheSameExternalBus
* If Both CPUandDMA wanttheGlobal DataBus

Control
Address ----I-O+-----------.&..-

Data

Control
Address ＭＭＭｉＭＫＭＭＭＭＭＭＭＭＭＭＭｾ

Data

Data-B
Address-B
Control-B

Control-A
Address-A
Data-A
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'---------- RESERVED
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. ｾＮ ------ IfiALIOOPERATION
1.-- ｾ ｏ ｴ ｬ ｇ MODE

'------------ RESERVED
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ｾ
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DSP96002 Status Register Format
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OPERATING

MODE
REGISTER

31 65 0

SP

STACK
POtHER

ZIfO, shook!be Millen
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SP96002
T0210

OSJ

07.1

DO.I

OlJ

04.1

D2J

D6J

D3J

N7 R7

N6 R6

N5 AS

N4 Rot

N3 R3

N2 R2

HI R1

NI RO

o 31
OfFSET ADDRESS

REGISTERS REGISTERS

D8.m

07.m

D6.m

DS.m

04m

D3.m

D2m

DIm

DO.m

031 031

7.h

1.h

SSH 0 31 SSl 0
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D9.h D9m D9J

D8h D8J

DO.h

04h

D2h

D6h

DSh

o 31
MODIFIER

ISTERS

031 0
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o31 0
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REG
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PROGRAM
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I
L

ADD

31

I
.,



ｾｾＢＮＮｉｏｔｏｒｏｌａ Digital SignalProcessors ..... MOTOROLADigital SignalProcessors-----......

DSP96002Memory Maps

DSP96002 Operating Mode Register

ProgramMemorySpace

$Ffffffff ,..-------,

DataMemorySpace

XDATA YDATA
MEMORY MEMORY

31 3 2 1 0

1,,--' Ｇ｟ｾ

L..-..L--L-._ OPERATING UODE
'------- DATA ROM ENABLE

--------- RESERVED

PROGRAM
MEMORY

INTERRUPT
VECTORS

OPERATING MODE DETERMINES
PROGRAM MEMORY AND

RESET STARTING ADDRESS

ON-eHIP EXTERNAl.
PlIf1lherais ｾ｡ＱＱ

EXTERNAl. EXTERNAl.
X Y

MEMORY MEMORY

INTERNAL INTERNAL
XROM' YROM'

ReBerved Reserved

INTERNAL INTERNAL
XRAM YRAM

$fFffffff

$FfFFFFBO

$000004OO

SOOOOO2OO

RESET RESET

EXTERNAl. EXTERNAl EXTERNAl. EXTERNAl. EXTERNAL
P P P P P

MEMORY MEMORY MEMORY MEMORY MEMORY

INTERNAl. INTERNAL INTERNAL
RAM RAM RAM

RESET RESET BOOT ROM

PRAM NO PRAM NO PRAM WRITE-oN
PORT B PORT A PORT B RAM OVERLAYS
RESET RESET RESET BOOT ROM

DSP96002 Bootstrap Modes

• MA, MB and MC mode bits are latched from MODA, MODB and
MODC pins when RESET is negated,

I If Me=1I an internal self-bootstrap program begins executing from
the bootstrap ROM,

• MA and MB are read by the self-bootstrap program to select the
bootstrap source (for example, an external byte-wide EPROM).

I User code is moved from the bootstrap source to the Program RAM.

I Self-bootstrap ends by jumping to the user code in Program RAM,

$fFFFFFFF
SFFfffFFE

MODE 0 MODE 1
UC:O MC"o
MB=O MBoO
MA=O MA"l

PRAM
PORTA
RESET

• if DE.1. X(V) DataROM appears as a 1024 point,
hAl cycle cosine (sine) table.• DE..o,1his address
rangeisexternalmemory.

MODE 2 MODE 3 MODES 4-7
uc.o UCoO MC"I
MB..I MB"I MB"X
MA=O MA.l MA"X

ｾＭＭＭＭＭＭｉｅｅｅ Floating Point DSP96002
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DSP96002DataALU
Block Diagram IEEEFloatingPointNumbers

Mantissawidth P 24 >=32 53 >=64

ExponentmaximumEmu +127 >=+1023 +1023 >=+16383

Exponentminimum Emin -126 <=-1022 -1022 <=-16382

ExponentbiasEbias +127 Unspecified +1023 Unspecified

Exponentwidth 8 >=11 11 >=15

Formatwidth 32 >=43 64 >=79

Implementation Required Optional Optional Optional

DSP96002DataALU Formats Yes Yes No No

DSP96002Move Formats Yes (Yes) Yes (Yes)

Double

Extended

(DEP)IDP)

DoubleSin,Je

(SP)

IEEEFloatingPointPrecisions
Slnp

E:dended

(SEP)

s E
Numbersof thefonn: (-1) 2 y>. I b

2
b.. p-lb

Where:
s =0 or 1
E = anyintegerbetweenEmin andEmu,inclusive
b 1= 0 or 1 (boisa hiddenintegerbit)

Encodingsfor:
+Zeroand-Zero
+Infinity and-Infinity
DenormalizedNumbers(E=Emin,unnormalizedmantissa)
At leastonesignalingNot-a-Number(NaN)
At leastonequietNaN

Parameter

• IEEE FloatingPointAdd/SubtractUnit
• IEEEFloatingPointMultiply Unit
• SpecialFunctionUnit

• Logical
• Divide
• SquareRoot

IEEE FloatingPointAddlSubtractUnit

Inputa Oulputs

XDB

- YDB

InputalOulputa

FormatConverier ,

98Bit DataRegisterFile (dO-dB)

• I

ｾ Special l!.
:l

.5 Function a-
Unit 6.

Inputa OUlputa

IEEEFloatingPointMultiply Unit
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• SPFormat(e=E+127)
31 30 23 22 0

ｾｲＭＭＭ･ＭＭＭｲＭＭｉ -f-I
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IEEEStandardStorageFormats

Bit LevelConformanceRequired

• DP Format(e=E+1023)
63 62 52 51

ｾ e I f
o

1
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Advantagesof

IEEE FloatingPoint
SuperiorCompatibility
• Standardstoragefonnatfor dataexchangewith otherprocessors.

• Numericallyidenticalresultaacrossmanyimplementations

(coprocessors,datapathchipsandintegratedfloating pointchips).

• Easeofportinghigh-levellanguagesoftwareandtestfiles using

IEEE floating point.

• Interfaceto IEEE 754 fonnatdatabases(graphics)is easy.

• SEPandDEP(extended)storageformatsarenot
specfiedby IEEE andaretypically not storedin
memory.

Why UseExtendedPrecision?
• Greaterprecisionanddynamicrangefor

improvedaccuracyin intermediatecalculations
* Expressionevaluation
* Innerproducts

• SEPallowsefficientcomputationof IEEE SPmath
library functions
*Transcendentals
*Trigonometric｡ ｲ ｾ ｵ ｭ ･ ｮ ｴ reduction
* Powerfunction: Y

1'0252
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SuperiorMathematicalAccuracy
• Guaranteederrorboundsfor add,subtract,compare,multiply, divide,

remainder,squareroot, andconversionsbetweenfixed andfloating point fonnats.

• Supportof denonnalizednumbersfor gradualunderflow.

• Supportof four roundingmodes:

* Roundto nearest(even)

* Roundto zero

* Roundto pluainfinity

* Roundto minusinfinity

SuperiorErrorHandling
• Standardfloating poingexceptionprocessing.

• Standardcomparisonpredicatesandrelationsfor conditionalbranches.

• SupportofquietandsignallingNot-a-Numbers(NaN).

1'0253

ｾＭＭＭＭＭＭＭＭＭＭｉｅｅｅ Floating Point DSP96002

//



MOTOROLADigital SignalProcessors-----------------"

Floating Point Multiplication
SinglePrecisionAccuracy Comparison

(Sign,Exponent,Mantissa)in bils

MOTOROLADigital SignalProcessors----------------1IIIllI.
Floating Point Addition/Subtraction

SinglePrecisionAccuracy Comparison

(Sign,Exponent,Mantissa)in bits

Motorola
(IEEE Standard)

Du.D_
(1,8,23)

IEEE: 1 Rounding Error

Competition
(Proprietary)

Trulll:al.ion Error

DataDua
(1,11,23)

Proprietary: 4 Truncation Errors

Motorola
(IEEE Standard)

Data Dua
(1,8,23)

IEEE: 1 Rounding Error

Competition
(Proprietary)

TruncationError

Data Bue
(1,8,23)

Proprietary: 3 Truncation Errors

_&4·1
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DSP96002UnderflowModes
DSP96002ExceptionProcessing

Floating Point underflowoccurswhenthe
exponentofa normalizedresult is lessthan

the format minimum. Thus,the underflowed
resultcannot bestoredasa normalizednumber.

• IEEEGradualUnderflowMode
*Themantissais denormalizeduntil theexponentis equalto theformat

minimum.

• TheIEEEfloating pointstandarddefinesfive types
of exceptions:
* Invalid Operation(OxInfinity, 0/0, Infinity/lnfinity)
* Divide by Zero
*Overflow
* Underflow
* Inexact

o e=O f=.000110101

* If theexponentis zero,thehiddenintegerbit is alsoO.

* If thedenormalizedmantissais all zeros,the resultis floating point zero.

* SpecialDSP96002hardwaredetects､ ･ ＿ ｾ ｲ ｭ ｡ ｬ ｾ ｺ ･ ､ nUT?bers(including
floating pointzero)andinsertsoneadditionalmstructlOncycleto process
eachdenormalizednumber. Theadditionalcyclesaredata-dependent.

• TheIEEE standardalsodefinestwo responsesfor
eachfloating pointexception:
*Trap-disabledexceptionprocessing(default)

- Definesresultto bedelivered
- Defineshow statusflags recordthe error

* Trap-enabledexceptionprocessing(optional)
- Definesresultto bedelivered
- Definesinterfaceto traphandler

• Non-mEEFlushto ZeroMode
*All floating pointunderflowsareforcedto floating pointzero.

o e=O f=_O _

* No additionalcycles(data-independent).

• TheDSP96002implementsIEEE trap-disabled
exceptionprocessingin hardware:
* "Sticky" statusflags rememberthe error
* Real-timesystemsmustdelivera result
* No additionalcycles

'------------------,IEEEFloating Point DSP9600
TUlll11
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DSP96002OpcodeSummary

ｾ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ ｬ ｅ ｅ ｅ FloatingPoint DSP9600

• Floating-PointOperations

fabs AbsoluteValue
fadd Add
faddsub Add andSubtract
fclr Clear
fcmp Compare
fcmpg Comparefor Graphics
fcmpm CompareMagnitude
fcopys CopySign
fgetman GetMantissa
fint Roundto Integer
float ConvertIntegerto Float
floatu ConvertUnsignedIntegerto Float
floor Roundto SmallestInteger
fmpy Multiply
fmpy /I fadd Multiply andAdd
fmpy /I faddsub Multiply, Add andSubtract
fmpy /I fsub Multiply andSubtract
fneg Negate
fscale Scale(Add Exponent)
fseedd ReciprocalSeed
fseedr ReciprocalSquareRootSeed
fsub Subtract
ftfr TransferRegister
ftst Test

DSP96002RoundingControl

To meetIEEE error bounds, floating-point

arithmeticis doneto infinite precisionwith onefinal

roundingerror to theresultprecision.

• IEEERoundingModes
* Roundto Nearest(Even)(default)

* Roundto Zero

*Roundto PlusInfinity

*Roundto Minus Infinity

• ThreeInstructionClasses
* SinglePrecisionRounding

fadd.sdl,dO

*SingleExtendedPrecisionRounding

fadd.xdl,dO

*No Rounding

fcmpdl,dO

'1'0270
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• IntegerOperations
abs
addc
add
asl
asr
bfind
clr
cmp
cmpg
dec
ext
extb
getexp
inc
int
intrz
intu
inturz
mpy

AbsoluteValue
Add with Carry
Add
Arithmetic Shift Left
ArithmeticShift Right
Bit Find FirstOne
Clear
Compare
Comparefor Graphics
Decrement
SignExtendHalf-Word
SignExtendByte
GetExponent
Increment
ConvertFloat to Integer
ConvertFloat to Integer,Roundto Zero
ConvertFloat to UnsignedInteger
ConvertFloat to UnsignedInteger,Roundto Zero
SignedMultiply
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DSP96002OpcodeSummary

oronoLA Digital SignalProcessors

DSP96002OpcodeSummary
• IntegerOperation8(continued)

mpyu UnsignedMultiply
neg Negate
negc Negatewith Carry
setr SetRegister
sub Subtract
sube Subtractwith Carry
tfr TransferRegister
tat Test

• ProgramControlOperations

• Logical OperatioD8
and
andc
anm
btst
eor
join
joinb
lsi
lsr
not
or
ore
ori
rol
ror
split
splitb

AND
AND with Complement
AND with Control Register
Bit Test
ExclusiveOR
JoinHalf-Words
JoinBytes
Logical Shift Left
LogicalShift Right
Complement
OR
ORwith Complement
OR with ControlRegister
RotateLeft
RotateRight
Split Half-Words
Split Bytes

bec
brcJr
brset
bsec
bselr
bsset
fbcc
fbsec
ftrapcc
illegal
jcc
jcJr
jscc
jsdr
jset
jsset
nop
reset
rti
rtr
rts
stop
trapcc
wait

Branchon Conditioncc
BranchifBit Clear
Branchif Bit Set
Branchto Subroutineon Conditioncc
Branchto Subroutineif Bit Clear
Branchto Subroutineif Bit Set
FloatBranchon Conditioncc
FloatBranchto Subroutineon Conditioncc
FloatTrapon Conditioncc
Illegal InstructionTrap
Jumpon Conditioncc
Jumpif Bit Clear
Jumpto Subroutineon Conditioncc
Jumpto Subroutineif Bit Clear
Jumpif Bit Set
Jumpto Subroutineif Bit Set
No Operation
ResetOn-ChipPeripherals
ReturnFromInterrupt
RestoreFromSubroutine
ReturnFromSubroutine
StopProcessing(Low PowerStandby)
Trapon Conditioncc
Wait for Interrupt(Low PowerStandby)

• Bit ManipulationOperations(Read.Modify·Write)
behg Bit TestandChange
belr Bit TestandClear
bset Bit TestandSet

• Move Operations
move
movec
movep
moveta
lea
Ira

Move
MoveControlRegister
Move Peripheral
Move andTestAddressRegister
LoadEffectiveAddress
LoadPC RelativeAddress

• LoopControlOperatioD8
do StartHardwareLoop
dor StartPC RelativeHardwareLoop
enddo End CurrentLoop
rep RepeatNext Instruction _2

ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｉｅｅｅ FloatingPoint DSP96002 '------------------IEEEFloating PointDSP96002
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fmpy d4,d5,dO fadd.s d6,d1 ifcs
fmpy d4,dS,dO fadd.s d6,d1 fflt
lsi d1 ifcs.u
ftfr.s dO,d1 ffgt.u

fmpy d4,d5,dO fadd.s d6,d1 ifcs
fmpy d4,dS,dO fadd.s d6,d1 fflt
lsi d1 ifcs.u
ftfr.s dO,d1 ffgt.u

MOTOROLADigital SignalProcessors------1IIIIIIIIr.

DSP96002Parallel Operations

Instruction Syntax
OPCODE (OPERANDS) (OPCODE OPERANDS) (PARAlLEL MOVE) (PARALLEL MOVE)

Single Precision Parallel Moves Example

None fmpy d4,d5,dO fadd.s d6,d1
Register fmpy d4,d5,dO fadd.s d6,d1 d1.s,d4.s
Update fmpy d4,d5,dO fadd.s d6,d1 (rO)+
X memory fmpy d4,d5,dO fadd.s d6,d1 x:(r7)-,d6.s
X memory and register fmpy d4,d5,dO fadd.s d6,d1 d3.s,x:(r2)+ d7.s,d3.s
Y memory fmpy d4,d5,dO fadd.s d6,d1 dO.I,y:(rO+$43)
Y memory and register fmpy d4,d5,dO fadd.s d6,d1 d2.s,d7.s y:(r6)+n6,d3.s
X and Y memory fmpy d4,d5,dO fadd.s d6,d1 x:(r3)+,d4.s d1.s,y:(r4)-

fmpy d4,d5,dO fadd.s d6,d1 x:(r5),d4.s y:,d5.s

Double Precision Parallel Moves
Register fmpy d4,d5,dO fadd.s d6,d1 d2.d,d3.d
L(X:Y) memory fmpy d4,d5,dO fadd.s d6,d1 d2.d,I:(rO)-nO

Conditional Operations
Integer ce, no CCR update
Float ce, no CCR update
Integer ee, CCR update
Float ce, CCR Update

10300
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DSP96002Parallel Operations

Instruction Syntax

OPCODE (OPERANDS) (OPCODE OPERANDS) (PARAlLEL MOVE) (PARAlLEL MOVE)

Single Precision Parallel Moves Example

None fmpy d4,d5,dO fadd.s d6,d1
Register fmpy d4,d5,dO fadd.s d6,d1 d1.s,d4.s
Update fmpy d4,d5,dO fadd.s d6,d1 (rO)+
X memory fmpy d4,d5,dO fadd.s d6,d1 x:(r7)-,d6.s
X memory and register fmpy d4,d5,dO fadd.s d6,d1 d3.s,x:(r2)+ d7.s,d3.s
Y memory fmpy d4,d5,dO fadd.s d6,d1 dO.l,y:(rO+$43)
Y memory and register fmpy d4,d5,dO fadd.s d6,d1 d2.s,d7.s y:(r6)+n6,d3.s
X and Y memory fmpy d4,d5,dO fadd.s d6,d1 x:(r3)+,d4.s d1.s,y:(r4)-

fmpy d4,dS,dO fadd.s d6,d1 x:(rS),d4.s y:,d5.s

Double Precision Parallel Moves
Register fmpy d4,d5,dO fadd.s d6,d1 d2.d,d3.d
L(X:Y) memory fmpy d4,d5,dO fadd.s d6,d1 d2.d,I:(rO)-nO

Conditional Operations
Integer ce, no CCR update
Float ce, no CCR update
Integer ee, CCR update
Float ce, CCR Update

10300
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DSP96002ParallelOperations

MOTOROLADigital SignalProcessors-----------....

DSP96002
AddressingModeSummary

fmpy d4,dS,dO fadd.s d6,d1 ifcs
fmpy d4,dS,dO fadd.s d6,d1 fflt
151 d1 ifcs.u
ftfr.S dO,d1 ffgt.u

Instruction Syntax
OPCOOE (OPERANDS) (OPCODE OPERANDS) (PARALLEL MOVE) (PARALLEL MOVE)

Single Precision Parallel Moves Example

None fmpy d4,dS.dO fadd.s d6,d1
Register fmpy d4,dS.dO fadd.s d6,d1 d1.s.d4.s
Update fmpy d4.dS,dO fadd.s d6,d1 (rO)+
X memory fmpy d4,d5,dO fadd.s d6,d1 x:(r7)-.d6.s
X memory and register fmpy d4,d5.dO fadd.s d6,d1 d3.s,x:(r2)+ d7.s.d3.s
Y memory fmpy d4,d5.dO fadd.s d6.d1 dO.l.y:(rO+$43)
Y memory and register fmpy d4,d5,dO fadd.s d6,d1 d2.s.d7.s y:(r6)+n6,d3.s
X and Y memory fmpy d4,d5,dO fadd.s d6,d1 x:(r3)+.d4.s d1.s.y:(r4)-

fmpy d4.d5.dO fadd.s d6.d1 x:(rS).d4.s y:.dS.s

Double Precision Parallel Moves
Register fmpy d4.dS,dO fadd.s d6,d1 d2.d,d3.d
L(X:Y) memory fmpy d4,d5,dO fadd.s d6,d1 d2.d.I:(rO)-nO

Conditional Operations
Integer ee, no CCR update
Float ee. no CCR update
Integer ce, CCR update
Float ce, CCR Update

AddressingMode

RegisterDirect
Low dataregister
Middle dataregister
High dataregister
Singleprecisioninteger
Doubleprecisioninteger
Singleprecisionfloat
Doubleprecisionfloat
Addressor Control

AddressRegisterIndirect
No update
Post·incrementby 1
Post-decrementby 1
Post-incrementby offsetNn
Post-decrementby offsetNn
I ndexedby offsetNn
Indexedby displacement
Pre-decrementby 1

PC RelativeIndirect
15 bit shortdisplacement
32 bit long displacement
Addre88registerdisplacement

Special
16 bit immediateshortdata
32 bit immediatelongdata
8 bit absoluteshortaddress
12bit shortjumpaddress
32 bit absolutelong address
Implicit

Modifiers

no
no
no
no
no
no
no
no

yes
yes
yes
yes
yes
yes
yes
yes

no
no
no

no
no
no
no
no
no

AssemblerSyntax

Dn.l
Dn.m
Dn.h
Dn.l
Dn.ml
Dn.s
Dn.d
any registername

(Rn)
(Rn)+
(Rn)-
(Rn)+Nn
(Rn)-Nn
(Rn+Nn)
(Rn+expr)
-CRn)

expr
expr
Rn

'expr
'expr
expr
expr
expr

10300
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Where
Dn is dataregistern = 0-9
Rn is addressregistern =0-7
Nn is offsetregistern =0-7
expris anyvalid assemblerexpression
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Displacement
AddressingMode

•sSlng
es

15 bit signed

6 (32

offset)

t offset)

After E.ecution
31 PMemory 0

Nut Inatruc:tion f4-

BRA LABELl

31 0

04107004 ｾ

T0330

$04107000

PC

LABELl $04100004
I

ve Addre
- Branch

mory

ution time (clocks):4 (

swords:0 (15 bit signed

1 (32 bi

iEEEFloating PomtDSP96002

gnal ProcessorsMOTOROLADigital Si

PC Relati
Mode

• AssemblerSyntax:

BRA offset

• Operandsreferenced:P Me

• Additional instructionexec

offset)

bit offset)

• Additional effectiveaddres

Example:BRA LABELl

BetoreE.ecution
31 PMemory 0

$04100004 BranchTarget .-

f.-
$04107000 BRA LABELl

31 0

PC 04100001

- -
5/i.83

XXXXXX
I-
......

nnw

31 0

N61 xxxxxxxx I
3\ 0

M61 FFFFFFFF I

After Execution

31
X Memory

$6004

ｓ ｀ ｭ ｾ ｬ

ｒ Ｖ ｾ

dO 1 5_5.83 ----1

- -
XXXXXX

XXXXXX- -
31 0

R6 000060OO

31 0

N61 xxxxxxxx I SOOOOOOO4
(from eec:ondword

31 0 orinatruction)

M61 FFFFFFFF I

X Memory

dO 1... 66_.83 _

BeforeExecution

$6000

31

• AssemblerSyntax:(Rn + $AAAAAAAA)

• Operandsreferenced:P, X, Y, L memories.

• Additional insb'Uctionexecutiontime (clocks):

4

• Additionaleffectiveaddresswords: 1
Example: MOVE dO.s,X:(R6+S4)



ｾＭＭｍｴｊｔｏｒｏｌａ Digital SignalProcessors---------,

PC RelativeAddressing
Mode- Load Relative

Address
• AssemblerSyntax:

LRA (PC+ $AAAAAAAA),reg ;staticoffsel

LRA (PC+ Rn),reg ; dynamicoffset

• Additional instructionexecutiontime (clocks): 4 Stalic,2

Dynamic

• Additional effectiveaddresswords: 1static,0 dynamic

rl = $150

d4.l =$102+ $150=$252

r4 =$101+ $150=$251

).reg ;stalicoffset

; dynamicoffset

on time (clocks): 4 Static,2

nal Processors---------_....

>,d4.l

words: 1stalic,0 dynamic

4

ve Addressing
LoadRelative
ddress

MOTOROLADigital Big

PC Relati
Mode-

A
• AssemblerSyntax:

LRA (PC+ $AAAAAAAA

LRA (PC+ Rn),reg

• Additional instructionexecuti

Dynamic

• Additional effectiveaddress

Example:

$00000100 LRA (PC+$150

$00000101 $00000150

$00000102 xxxxxxxx

Example:

$00000100 LRA (PC+rl),r

$00000101 XXXXXXllJ[

$00000102 lCXXXXIU

rl = $150

r4 =$101+ $150=$251

d4.l =$102+ $150=$252

LRA (PC+rl),r4

LRA (PC+$150),d4.1

$00000150

Example:

Example:

$00000100

$00000101

$00000102

$00000100

$00000101

$00000102

'1'0340
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Multiple Wraparound
Modulo2MAddressing

MOTOROLADigital SignalProcessors--------------- --.

PipelineTiming For
OneDSP96002Instruction

1. Modifier RegisterMn = $FFmmmmmm.wheremm mmmm= bit
mask.

31 0

XX ...XXOO...OO whereM = numberof Isb'sset in Mn
2. Lower Bound= ｾ M ｾ mask.

31 0

XX ...XXll ..J1
3. UpperBound= ｾ M ｾ

4. Lower BoundS AddressRegisterRn S UpperBound

After ElrecutionRO --...180t-_-+-+--H

IEEE ."PSubl.rad
0,,

X Oa..Move
,,

Next
, lnstruction

YOal.Move 0

DMA TraDafer
I

I

X. YorDMA I

Ext.enllion I

P.X,Y ,
orOMA Move ,

P,X, Y ,
orDMA Move

- - - - - - - ｾ - - - -

Inalruc\loD Fetch

ｾ
ｃ ｬ ｯ ｣ ｫ 0... ........_

<:)<1. Cye"

ｯ ｾ n n n ｾ n n n ｾ n n n ｾ n n n I

: FeI.ch Demde 0 Eucute I I

,....---------,- - - - -- - ---- -: : :
I 0

I------Tr,- - Ｍｉｾｾｮ -- -, ｾ -- - - -- - -- --1 !
ｾ 10

ｉ Ｍ ｾ -----------: :
II IEEE FP Mulliply I ｾ -----------
II or Soeclal.'unction ,

IEEE FPAdd :
or In\.el!!!r ,

fmpy d4,d5,dO faddsub.sd6,dl x:(rO)+nO,d4.sd5.s,y:(r5)-

DDB

Instruction

YOB

Port B Bus

DataUnit

DataUnit

PortA Bus

XDB

GOB

C10ckPhue

PDB

Program
Controller

Dual Addret18
GenerationUnit

DataUnit

Modulo

Mol $FFOO003FINO1....__27_1__

UpperBound(255)

XX ...XXlll ..ll
ｾ ｍ ｾ

5. Offset RegisterNn = any value

Example:MOVE dO.s.X:(RO)+NO

IncrementSlartingAddress

Rol 165 I

BeforeElrecutionRO -... 185 t-""........_+--H Modulus
in Regislcr

MO

NumberofInstructionWords: 1

ExecutionTime: 60ns

Lower Bound ＨＱＲＸＩＭＭＭＭＭＭＭＭｴｾＭＭＭ｟｜｟ＮＮＮ｜Ｌ､ＭＭＭＭＭＮｊＮＭｾ

XX ...XXOO...OO
ｾｍｾ

Applications:WaveformGeneration,Modulation

PeakFloatingPoint:

Millions ofAddressesperSecond

MbytesperSecondDMA DataTransfer:

60MFLOPS

80

80

111355
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DSP96002BenchmarkSummary
Benclmaark In.ruction Esecutlon MIPS SPISEP

Cye" Tim. ( 40 MHz, 1990) MFLOPS

• Real
v=v+s 2N 20.0 10.0
v=v+v 2N 20.0 10.0
v=v·v 2N 20.0 10.0
v=v·s+v 2N 20.0 20.0
v=v·v+s 2N 20.0 20.0
v=v·v+v 2N 20.0 20.0
PolynomialExpansion 2N 20.0 29.9
Convolutionor Correlation IN 20.0 40.0
FIR Filter Wit.h DataShift IN 50 ns/tap 20.0 40.0
BiquadFilter With DataShift 4N 200ns/stage 20.0 40.0
LaUiceFilter With DataShift 3N 150ns/stage 20.0 26.7
[lOxl0)[l0x10) = [lOxl0) 1583 79 us 18.5 29.0
1024Point.FFr With Bit Reversal 12880 644us 19.1 35.0

• Complex
v=v·v 4N 20.0 29.9
v=v·v+v 4N 20.0 40.0
Convolutionor Correlation 4N 20.0 40.0
FIR Filter With DataShift 4N 200ns/tap 20.0 40.0
1024PointFFr With Bit Reversal 20931 944us 19.8 43.1

• GraphicsllmageProcessing
Divide

32 Bit. Accuracy 7 0.30us 20.0 23.3
16Bit Accuracy 5 0.20us 20.0 20.0
8 Bit Accuracy 2 0.10us 20.0 20.0

SquareRoot
32 Bit Accuracy 12 0.50us 20.0 22.0
16 Bit Accuracy 8 0.30us 20.0 20.0
8 Bit. Accuracy 2 0.10us 20.0 20.0

Transformations
[1x313x3)= [b3) 12 0.60us 20.0 25.1
[3][313x3)= [3][3) 30 1.50us 20.0 29.9
[b4)[4x4)= [b4) 19 0.85us 20.0 32.9
[4x414x4)= [4x4) 67 3.35us 20.0 33.5

3D VolumeCompareFor
Trivial AcceptlReject
1 Point 8 0.40us 20.0 15.0
2 PointPolyline 14 0.70us 20.0 17.2
N PointPolygon 6N 20.0 20.0

BezierCubicEvaluationFor
FontCompilation 13 0.65us 20.0 21.5

BITBLT (Bit Block Transfer).
N 32 Bit Words.Replacement 3N 213Mbitslsec 20.0

2D [3x3) ImageConvolution 9N 20.0 37.8

s.scalar.v. vector.n=numberofdatapoints
TOt_

iEEE Floating Point DSP9600
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