
Session  4

DSP Hardware Lab
Optimized Convolution : FIR Filters in 

Assembly



Review : Computing Convolution

• Hold Last N samples x[n], x[n-1]…
• For each new input sample x[n], compute a y[n] 

– h[0] * x[n] + h[1]*x[n-1] + … + h[N-1]*x[n-N+1]
• Shifting Data
• Circular Buffer



Circular Buffers in C

• To implement the circular buffers in C, we will need to perform the address 
arithmetic manually, including:

– Keeping track of the next index to write to
– Manually “looping” from the end of the circular buffer to the beginning

• This technique can be sped up a number of ways:
– Only allowing the number of taps to be a power of 2 means that address 

calculations can avoid the complexity of a modulo operation or a branch
– Double-buffering the input with two circular buffers means that through “unrolling”

the processing can access the memory in a linear fashion
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Hardware Circular Buffers

• Hardware support allows the convolution sum 
without moving data, and without the modulo 
address calculation
– Simply MAC (multiply – accumulate), increment 

pointers, MAC, …etc.
• Requirements for use

– Buffer length must be of size 2**N
– Buffer must be aligned in memory on a 2**N 

boundary



Hardware Circular Buffers

• Length of filter = 2**N
– Pad coefficients with 0’s
– make a better filter

• Aligning buffer on 2**N boundary
– #pragma DATA_ALIGN(x,BUF_LEN)

• x is the variable
• BUF_LEN is size of buffer in bytes (i.e. for 32 tap filter, 

128)

128 = binary : 10000000, hex 
Ex : address = 0x32180



Circular Addressing

• Tell processor to (for a particular register) not 
allow carries or borrows across a specified bit 
boundary.
– So upper bits (above that boundary) don’t change as 

the address is incremented or decremented
• This is why you align, (we can’t need upper bits to move)  



Circular Addressing

8 Tap filter

Buffer size = 8 words = 32 bytes

Align on 32 byte boundary.

(ex. 0x32120)

Tell processor to not allow 
carries/borrows to bit 5, i.e. lower 5 
bits remain 0
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X[N-1]

X[N]
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0x32138

0x3213C

Fill 

For computation, address calc can be ignored, just subtract 4 each time and it 
goes 0x3212C, 0x32128,  0x32124, 0x32120, 0x3213C…etc. Same thing works 
for addition



Implementation Details

• Can’t be done in C
– Requires specific registers to be used, with specific 

addressing modes
• Registers A4,A5,A6,A7 and B4,B5,B6,B7 can be 

used for indirect addressing (either linear or 
circular)
– Ex : LDW *A4++, A8

• Get the data who’s address is in A4, and put that data in A8.  
At the same time increment A4 by 4



Implementation Details

• Indirect Addressing is means for circular buffering. 
– One of the indirect addressing registers holds the address of the 

data buffer (or the current sample location in that buffer)
– Address Mode Register is set to tell the CPU that this register is 

circular, and what size
– AMR is not memory mapped, rather it is a special control register 

in the CPU core itself.  You can write to it via the special 
instruction MVC





Programming In Assembly

• Benefit : we can use some of the hardware features that we have no 
way of expressing in C
– AMR for circular addressing
– Other control bits for special features (ex. Saturating arithmetic)

• Benefit : we can also be generally more efficient than the code we 
write in C

• Drawback : spru733.pdf
• Compromise : Write parts that need to be fast in ASM, rest in C for 

simplicity.
• We need to know “the rules” of register usage..etc. so that we can co-exist 

with the code generated by the C compiler.
• These rules are well documented.

http://focus.ti.com/lit/ug/spru733/spru733.pdf


Proposed Design Flow

• Write Program Entirely in C
– Understandable code
– Fast development
– Portable code

• Use profiling tools / common sense to decide 
where to optimize by hand
– Hand optimized assembly
– Linear Assembly (use optimizing assembler)
– Prefab library routines



Register Usage (from spru187)

You are responsible for
Preserving their value

Where do 
arguments come to 
your asm, and how 
it returns values 
back to C



Excerpt from spru187

You are responsible for handling the AMR control register and the SAT bit in the 
CSR correctly inside an interrupt. By default, the compiler does not do anything 
extra to save/restore the AMR and the SAT bit. Macros for handling the SAT bit 
and the AMR register are included in the c6x.h header file. For example, you are 
using circular addressing in some hand assembly code (that is, the AMR does not
equal 0). This hand assembly code can be interrupted into a C code interrupt 
service routine. The C code interrupt service routine assumes that the AMR is set 
to 0. You need to define a local unsigned int temporary variable and call the 
SAVE_AMR and RESTORE_AMR macros at the beginning and end of
your C interrupt service routine to correctly save/restore the AMR inside the C 
interrupt service routine.



Datapaths / Functional Units



Datapaths / Functional Units



Hand Optimized Assembly

• Knows exactly what each unit is doing and when
– Seeks to optimize parallelization

• 8 parallel operations at once can be launched from the pipeline 
scheduler

• Understands the pipeline
– Multiple clocks required to execute the full part of each 

instruction
– Seeks to minimize waiting

• Uses the most efficient instructions for the desired 
operations



Example Instruction



Pipeline Stages

Images from Digital Signal Processing and Applications with the C6713 and C6416 DSK, Rulph Chassaing

During the execution phase, 
sources are read. If data is 
available on the next cycle, then 
the delay slot is 0. If data is 
available, 2 clocks later, the 
delay slot is 1, etc.



Delay Slot

From SPRU189f



More Assembly Instructions

Images from Digital Signal Processing and Applications with the C6713 and C6416 DSK, Rulph Chassaing



Example: Calling an assembly function

Example 3.3: Factorial of a Number Using C Calling an Assembly Function

Images from Digital Signal Processing and Applications with the C6713 and C6416 DSK, Rulph Chassaing



Indirect Addressing



DSPLIB

From SPRU657b



DSPLIB

From SPRU657b



Linear Assembly

• Examples of regular assembly shown in Chassaing : fig 
4.31, 4.32.  
– Note that units don’t need to be specified, we hope that 

assembler will do the best it can

• Linear Assembly (.sa) extension is a nice alternative 
which allows you to write in a linear fashion
– Don’t even assign registers, units…etc.

• Example from alternative text distributed in class



Linear Assembly Flow

• Linear assembly code .sa extension written
• Assembler produces normal assembly out.
• Can explicitly “keep” this code
• You can now modify this code to use your 

registers for circular buffering…etc.



End of Lecture
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