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* Loop Pipelining with Modu o Schedule
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Results

1. It is proved that the minimum Il is
the number of memory accesses by the loop bog
2. The minimum Il can be adieved by
Memory access €heduling
— Rearange the ordering of memory accesses
3. Memory access €heduling is performed after
the arcuit synthesis for the loop computation.
* Reducethe mmplexity of the drcuit synthesis
» Suppat the design patability
4. Algorithms are provided to produce
the memory accesscontrol schedule aitomatically.




Memory AccessTiming Rules

Sample Timing Diagr Rule 1: Default
- SRl Strobe nis 1 (high)

wew [ LI LTI Write_Sal_nis-1 (highimpedance)
swven |1 [ Rule 2: Reading
weseo L [ If Data(n) = 1 or 3 then
i s N w— Strobe_n[n-dg] =0, and
owe.ow [N wor [woz [ wo: [ D Write S&l_n[n-dg] =1
Rule 3: Writing

If Data[n] =2 or 3then
Srobe n[n-d,] =0, and

| Write_Sel_n[n-d,,] =0

R Where d; and d,, are delay cycles of

reading and writing respedively.

Memory Access Control Scheduling

For ead index n of data do
Srobe n[n] < 1 (default logic value, high)
Write_ Sel_n[n] < -1 (default logic value, high impedance)
For n € first index of data to the last index of data do
If data[n] = 1 or 3 then //reading
If Write_Sel_n[n- dg] = 0 then Return "memory access conflict"”;
Else Strobe _n[n- dg] = 0; Write_Sel_n[n-dg] =1
If data[n] = 2 or 3 then //writing
If Write_Sel_n[n- d,,] = 1 then Return "memory access conflict”;
Else Srobe n[n- d,] = 0; Write_Sel_n[n-d,] =0

Examp|e: Index -2/-110|1 3
ds=2,d,=0 and Srobe_n 0/ 10/01C(
data=(1, 2, 1, 3 Write En_n (0 |-1/0|10|1

data 1.2/12




Loop Pipelining with Modu o Schedule
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Al gorit hm Generate the memory aacess control
schedule of pipelined loop

=N +N,, Representation
Compute the prologue number m. data=(6,3,2)

Compute the delay cycles of the write operations D. data=(1,1,1,1,1,1,0,0,0,2,2)
Shift all writing operationsin data to theright by D, i.e. Neo=6, No=3 and N,,=2.

data = RSH(Ngp+Nc,D,data)

Shift and add schedules . .
data_s= data; Shift Operation
Fori=1tomdo RSH(index, distance, data)

data = data_s+ RSH(0, II, data);

Perform Memory AccessControl Scheduling for data RSH(9,1,data) =

Number of exeaution cycles of prologue: 11 xm. (1,1,1,1,1,1,00,0,02,2)

Number of exeaution cycles of steady state: 11 X(N,rgg— M)
Number of exeaution cycles of epilogue: 11 xm




Standardizing Memory AccessSchedule
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* May nedd to add a Circular Queue and a Multi plexer
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* What are the shortest length of the drcular queue?

. Compute QW_En, QR_En, QM_Sd, and
Algorlthm thelength of the circular queue

Two scans of the original schedule.

N, =0; flag=1;Ly\=0;
For n € N-1 downto O do
QW_En[n] =0;
QM_S&d[n] = 0;
If flag = 1 then
If data[n] = 2 or 3 then
QM_Sd[n] = 1; N, ++;
Elseflag = 0;
Else
If data[n] =2 or 3then
QW_En[n] = 1; Ly, \

Ly # of datain the queue
N,: # of datanot in the queue

num = Ly,
For n € N-1 davnto N-N, do
QR _En[n] =0;
For n € N-N,-1 downto N-N,-num do
QR En[n] =1;
If data[n] =2 or 3 then
Lyin
For n € N-N,-num-1 downto 0 do
QR _En[n] =0;

L1 ;n- The minimum length of queue




Conclusions

» Theresults can be extended to the case of multi ple memory ports
* The technique simplifies the loop computation synthesis

* Thetechnique enablesto seek an “optimal” FPGA design for
anested loop computation.

*The dgorithms enable to generate amemory controll er for
apipelined loop computation automaticdly. It has been applied
to an automated FPGA design tod at Wright State University




