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 In Digital Signal Processors (DSPs) are microprocessors with the  

characteristics: 

a) Real-time digital signal processing capabilities. DSPs typically have to 

process data in real time, i.e., the correctness of the operation depends heavily 

on the time when the data processing is completed 

b) High throughput. DSPs can sustain processing of high-speed streaming 

data, such as audio and multimedia data processing 

c) Deterministic operation. The execution time of DSP programs can be 

foreseen accurately, thus guaranteeing a repeatable, desired performance 
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 d) Re-programmability by software. Different system behavior might be 

obtained by re-coding the algorithm executed by the DSP instead of by 

hardware modifications 

•  DSPs appeared on the market in the early 1980s. Over the last 15 years they 

have been the key enabling technology for many electronics products in fields 

such as commn systems, multimedia, automotive, instrumentation & military 

• The DSP implements the audio and encode functions. Additional tasks 

carried out are file management, user interface control, and post-processing 

algorithms such as equalization and bass management 
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 •   Von Neumann Architecture consists of a single block of memory, containing both data 

and program instructions, and of a single bus (called data bus) to transfer data and 

instructions from/to the CPU 

•     In the Harvard architecture, there are separate memories for data and program 

instructions, and two separate buses connect them to the DSP core. This allows fetching 

program instructions and data at the same time, thus providing better performance at 

the price of an increased hardware complexity and cost  

•  The Harvard architecture can be improved by adding to the DSP core a small bank of 

fast memory, called ‘instruction cache’, and allowing data to be stored in the program 

memory 
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 •    The last-executed program instructions are relocated at run time in the 

instruction cache. The instructions are copied to the instruction cache the first 

time the DSP executes the loop. 

•   Cache architecture for TI TMS320C67xx DSP, including both program and 

data cache. There are two levels of cache, called Level 1 (L1) and Level 2 (L2). 

The L1 cache comprises 8 kbyte of memory divided into 4 kbyte of program 

cache and 4 kbyte of data cache. The L2 cache comprises 256 kbyte of memory 

divided into 192 kbyte mapped-SRAM memory and 64 kbyte dual cache 

memory 
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 •   Hierarchical memory allows one to take advantage of both the speed and the capacity 

of different memory types. Registers are banks of very fast internal memory, typically 

with single-cycle access time 

•   The L1 cache is typically high-speed static RAM made of five or six transistors. The 

amount of L1 cache available thus depends directly on the available chip space. A L2 

cache needs typically a smaller number of transistors hence can be present in higher 

quantities inside the DSPs 

• A missing cache hit happens when the data or the instructions needed by the DSP are 

not stored in cache memory, hence they have to be fetched from a slower memory with 

an execution speed penalty 
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 •   The DMA controller is a second processor working in parallel with the DSP core and 

dedicated to transferring information between two memory areas or between 

peripherals and memory 

•   A DMA coprocessor can transfer data as well as program instructions, the latter 

transfer corresponding typically to the case of code overlay, i.e., of code stored in an 

external memory and moved to an internal memory (for instance L1) when needed  

Multiple and independent DMA channels are also available for greater flexibility 

•   Bus arbitration between the DMA and the DSP core is needed to avoid colliding 

memory accesses when the DMA and the DSP core share the same bus to access 

peripherals and/or memories 
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•  The basic DSP arithmetic processing blocks are a) many registers; b) one or more 

multipliers; c) one or more Arithmetic Logic Units (ALUs); d) one or more shifters.  

a) Registers: these are banks of very fast memory used to store intermediate data 

processing. Very often they are wider than the DSP normal word width, so as to 

provide a higher resolution during the processing 

b) Multiplier: it can carry out single-cycle multiplications and very often it includes very 

wide accumulator registers to reduce round-off or truncation errors 

c) ALU: it carries out arithmetic and logical operations. 

d) Shifters: it shifts the input value by one or more bits, left or right. The shifter is called 

a barrel shifter and is useful in the implementation of floating point add and subtract 

operations 
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 •  VLIW architectures are based upon instruction level parallelism, i.e., many 

instructions are issued at the same time and are executed in parallel by 

multiple execution units. As a consequence, DSPs based on this architecture are 

also called ‘multi-issue’ DSP 

•   VLIW architecture: eight, 32-bit instructions are packed together in a 256-bit 

wide instruction which is fed to eight separate execution units. Characteristics 

of VLIW architectures include simple and regular instruction sets. Instruction 

scheduling is done at compile-time and not at run-time so as to guarantee a 

deterministic behavior 
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 •   SIMD architectures are based on data-level parallelism, i.e., only one instruction is 

issued at a time but the same operation specified by the instruction is performed on 

multiple data sets 

•      DSP based upon the SIMD architecture: two 32-bit input registers provide four, 16-

bit each, data inputs. They are processed in parallel by two separate execution units that 

carry out the same operation. The two, 16-bit data outputs are packed into a 32-bit 

register 

•  Typical SIMD architecture can support multiple data width and is most effective on 

algorithms that require the processing of large data chunks. The SIMD operation mode 

can be switched ON or OFF, for instance in the ADI SHARC DSP 
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1. What are the characteristics of DSP? 

2. List the main requirements and hardware implementations of real time DSP. 

3.  ------------ Architecture consists of a single block of memory, containing both data 

and program instructions 

4.  What is meant by Harvard Architecture? 

5.  The basic DSP arithmetic processing blocks are -----------, -------------, ------------ and -

--------------- 

6. Define VLIW Architecture. 

7.  List the basic pipelining stages. 
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