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DSP Processor Fundamentals
Processor Components:
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Von Neumann machine

® one memory space

Address Bus

A 4

#

Data Bus
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+ c(N1)x(2-N);
+ c(N1)x(3-N);

\_

Execute row by row
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/ FIR on Von Neumann

Assume Von Neumann has multiply and accumulate instruction
(not necessarily the case)
Assume also that pipelining allows to execute the multiply and accumulate
in parallel with the read or write operations.
Then one tap needs 4 cycles:
1. read multiply-accumulate instruction
2. read data value from memory
3. read coefficient from memory
4.  write data value to the next location in the delay line
(because for the next sample, all values are shifted by one location)

Memory bandwidth is crucial !!!

\_
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Basic Harvard Architecture

® separate data memory from program memory!

N
N
N

16 X 16 mpy
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4 Example 1: TMS320C10 (1982) )

Data RAM ‘ Program ROM I
L0 S ® 160/200ns Instruction

A (11-0) cycle time

* 4K word external

D (15-0) address reach

* 60 general purpose and

I/O Portsl DSP specific instructions

8x16

-
* Single cycle multiply

* 16-bit Barrel Shifter

* External interrupt and
polled input pins
* Eight 16-bit 1/0O ports

® 40-pin DIP/44-pin PLCC

\ Courtesy: Texas Instruments 8/
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TMS320C1x Example - Sum of Products

\

\_

Compute Y = AX1 + BX2 + CX3 + DX4

ZAC ACC=0
LT X1 T=xt
MPY A P=AXl

T (16)

Multiplier TA X ACCEAXLT=X
MPY B P=BX2
P (32) LTA X3 ACC=AX1+BX2;T=X3
MPY C P=CX3
LTA X4 ACC=AX1+BX2+CX3;T=X4
MPY D P=DX4
ALU' (32) APAC ACC=AX1+BX2+Cx3+DX4
Yl] SACH Y1 STORE 32-BIT RESULT
ACQ (32) SACH Y2 ATLOCATIONS Y1, Y2
I —
« 50 taps = 103 cycles
. = Program ROM of 103 instructions
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EE201A, Spring 2003, Ingrid Verbauwhede, UCLA, Lecture 14



4 TMS320C1x Memory and Buses

\

® Single cycle reads
and writes

* Modified Harvard
Architecture
- Separate Program
Program Address and Data Buses
5 — Program and Data
D15-D rogram pata Space

Data

RAM
256Xx16

Program
ROM EPROM OT

&ourtesy: Texas Instruments

16
DEN <=—] 5 * Up to 8K words of
VEN <—]= Data Data on-chip Program ROM
WE <=—] 4K words of
Data Address * EPROM _
~ 16| ke and OTP available
16 8
—~ — * Up to 64K words
Program Control, CPU External Program
Instruction Register Memory

0/
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Modified Harvard Architecture

\_

Program bus to get instruction
Or to get coefficients (often stored in ROM)

16 X 16 mpy

u/
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4 Same FIR: 53 cycles, 3 prog words )

X(1) x(n-1)
‘ - x(n-(N-1))
N-1 (50 TAPS)
y(n) = cl) x(n-i) 0 & c(N-1)
i=0
Single Cycle Multiply - Accumulate!
TMS320C10 TMS320C25

LT RPTK 49

DMOV MACD

APAC

53 Cycles

LTD 3 Words Prog Memo

100 Cycles

\ 100 Words Prog Memory 12/
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Example: MACD )

\_

MACD = Multiply by Program Memory and Accumulate with Delay
(Instruction is still present in C54x and C55x)

MACD Smem, pmad, src
Smem = data memory
pmad = program address
src = accumulator (A or B)

Executes (simplified):

(Smem) x (Pmem(at location pmad)) + src -> src ; = multiply — accumulate

(Smem) -> Treg ; load data in Treg register

(Smem) -> Smem +1 ; load data in next mem loc.

(pmad) +1 -> pmad ; Increment program address
pointer

When executing with a repeat instruction, takes one cycle

13/
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4 Single Cycle MAC )

TMS320C2x Multiplier/ALU

N
. . .
\ 6 Single Cycle 16x16 bit
116 216 , 7 Multiply yielding a
T T b 32-bit product
-

* Supports simultaneous

Program and two Data
Operand acquisition

® Supports simultaneous

ALU and Multiplier

Arithmetic Loai )
| operatlons

® 0-16 bit Left Post-Shifter

Courtesy: Texas Instruments 14J
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TMS320C2x Enhancements Over Clx

1986:

® 80/100ns instruction cycle time
® Simultaneous single-cycle Multiply/ALU operations
® Zero overhead repeat single instruction
® 64K words of off-chip Data RAM
® Optimizing ANSI C-Compiler
® 544 words of on-chip Data/Program RAM
® Multiplier Post Shifter and enhanced Accumulator Post Shifter
® 74 additional instructions
- Single-cycle MAC and zero overhead repeat
- Long immediate and carry bit support
- More logical and conditional branch operations
- Data block move support
® Bit reversed addressing for FFTs
® Eight auxiliary registers
® Hardware wait states
* DMA support
* Idle and Powerdown Capability

\Courtesy: Texas Instruments

15/
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Other memory configurations

\_

Multiple data memories
e.g. Motorola 56000:

- program memory
! D]

v v - X memory
) o]

- Y memory
Instruction cache
* single instruction RPTK (repeat in TMS320C2x))
 a few instructions (up to 15 in AT&T 16A)
« ALWAYS under programmers control!
« ALWAYS known at compile time!

15/
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4 Memory configurations (more) )

* Very cost sensitive applications
« all memory ON chip (even in the 80’s!)
» multiple small memories instead of unpredictable memory cache hierarchy
» program memory mostly ROM (now Flash Memory)
» Programmer decides the distribution of arrays over the memories
to make sure that the two parallel reads are from different memory banks!

* More fancy stuff:
* special instructions to move samples in a delay line
o circular buffers for delay lines

\_ 17/
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4 Addressing modes

» 216 memory locations
 only 16 bit instruction width means only one immediate address
* most processors: immediate address is two instruction words

« MOST used: register — indirect addressing

 very compact

* very useful for accessing consecutive memory locations in a
repetitive mode

* Needs:
 special address registers
 associated Address calculation units
 operate in parallel
* as many ACU’s as memories

\_
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