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JPEG Compression: Task

Calculate the number of consecutive occurrences with a determined
sequence on the matrix.
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JPEG Compression: Task

Calculate the number of consecutive occurrences with a determined

sequence on the matrix.
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JPEG Compression: Task

Calculate the number of consecutive occurrences with a determined
sequence on the matrix.
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JPEG Compression: Task

Calculate the number of consecutive occurrences with a determined
sequence on the matrix.
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JPEG Compression: State Machine

RESET-—\

tready_slave

tready_master

AXl|4-Stream State Machine

SetTVALD=0

MASTER ~
V] L
Data Available
[ v
e / TREADY Asserted High
TN / /- N
‘._ Waiting Data \ [ stop ‘ “- Send ‘
i W, \,
| \ TREADY Asserted Low /
\ AN /
\\ i ;r’

Assert TVALID =1

——TDATA —>

—TVALID —

<—TREADY —

 SetTREADY =0 ____

SLAVE N
;"‘ / Can Receive
|
b / TVALID Asserted High _
CE S / V
Busy | .: Stop |
- A\ *

| N “TVALID Asserted Low /
/
. v

AN Bane e
N J

~
Assert TREADY =1

www_seaai.com, copyright 2016



JPEG Compression: State Machine

1. Receive the data and at the same time
the data are ordained.
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JPEG Compression: State Machine

1. Receive the data and at the same time
"\‘ the data are ordained.

tready_slave /

F
F

- Order arrived
f 2 Address

2 data
7\ o 0

1 1

tready_master 5 2
Z: 3

e, 14 4

T 15 5

27 6




JPEG Compression: HLS (High level synthesis)

Verilog CODE

/N

Version 1 Version 2

Let’s see the Verilog code....



. C/C++ - 2017-05-20c/src/helloworld.c - Xilinx SDK

0~ BrQ v v D X PDEE 0 LI B | Ec/c+|
F \ [¢| helloworld.c &2 = B (2 Problems ¥ Tasks B Console B SDKTerminal 52 | Properties w X L =8 =
// capture the start time - . - Oz
begin time = XTmrCtr GetValue(&AxiTimer, XPAR_AXI_TIMER O DEVICE ID); B e "
) ) ) Already connected to port: /dev/ttyUSB1 =
// Run-Length Encoding in JPEG Natural Order in software The expected output after Run-Length Encoding in JPEG natural order is
size0OfRes = encode SW(A, res_sw); [1,66,1,51,9,1,14,1,1,1,0,1,2,1,-1,1,1,1,3,1,2,2,-1,...]

// capture end time Result: [1,66,1,5,1,9,1,14,1,1,1,0,1,-2,1,-1,1,1,1,3,1,2,2,-1,1,2,1,0,1,-1,2,0,2,-1,4,0,2,-1,1,1,37,0)]

end_time = XTmrCtr_GetValue(&AxiTimer, XPAR_AXI_TIMER_®_DEVICE_ID); . L
- - - - - Starting the Run-Length Encoding in JPEG Natural Order on the ARM PS ...

// software runtime

C Code

run_time sw = end_time - begin_time; Runtime For SW on ARM core is 528 cycles.
Success: DMA transfer matrix DCT to accelerator succeeded.
xil_printf("Runtime for SW on ARM core is %d cycles.\n", run_time_sw); while (XAxiDma_Busy(&AxiDma, XAXIDMA_DMA_TO_DEVICE)) ;

XTmrCtr Reset(&AxiTimer, XPAR AXI TIMER © DEVICE ID); Success: DMA transfer RESULT from accelerator succeeded.

begin_time = XTmrCtr_GetValue(&AxiTimer, XPAR_AXI_TIMER_©_DEVICE_ID);

// Pointer to the Run-Length Encoding in JPEG Natural Order IP:
int* accelCtrl = XPAR MATMUL @ S0@ AXI BASEADDR;

// DMA transfers matrix A to the accelerator
status = XAxiDma_SimpleTransfer(&AxiDma, (int) A, dma_size, XAXIDMA DMA TO_DEVICE);

if (status != XST_SUCCESS) {
xil_printf("Error: DMA transfer matrix DCT to accelerator failed\n");
return XST_FAILURE;
} else xil_printf("Success: DMA transfer matrix DCT to accelerator succeeded.\n");
// Wait for transfer matrix DCT
while (XAxiDma_Busy(&AxiDma, XAXIDMA_DMA TO DEVICE)) ;
xil_printf("while (XAxiDma_Busy(&AxiDma, XAXIDMA DMA_TO_DEVICE)) ;\n");
time A = XTmrCtr_GetValue(&AxiTimer, XPAR_AXI TIMER © DEVICE_ID);

// start the accelerator
*accelCtrl = 2;

// invalidate the data cache to receive updated values from the memory after DMA
Xil_DCachelInvalidateRange((int)res_hw,dma_size);

//get results from the accelerator
status = XAxiDma_SimpleTransfer(&AxiDma, (int) res_hw, dma_size, XAXIDMA_DEVICE_TO_DMA);

if (status != XST_SUCCESS) {
xil_printf("Error: DMA transfer RESULT from accelerator failed\n");
return XST_FAILURE;
} else xil_printf("Success: DMA transfer RESULT from accelerator succeeded.\n");

// Wait for the result matrix:

f/x11_printf("wait for the result matrix:\n");

while (XAxiDma_Busy(&AxiDma, XAXIDMA DEVICE_TO_DMA)) ;

xil_printf("while (XAxiDma_ Busy(&AxiDma, XAXIDMA DEVICE TO_DMA)) ;\n");

end_time = XTmrCtr_GetValue(&AxiTimer, XPAR_AXI_TIMER_©_DEVICE_ID);
xil_printf("end_time = XTmrCtr_GetValue(&AxiTimer, XPAR_AXI_TIMER ©® DEVICE_ID);\n");
xil_printf("end_time = XTmrCtr_GetValue(&AxiTimer, XPAR_AXI_TIMER ® DEVICE_ID);\n");
xil_printf("end_time = XTmrCtr_GetValue(&AxiTimer, XPAR_AXI_TIMER ©® DEVICE_ID);\n");
xil printf("end time = XTmrCtr GetValue(&AxiTimer, XPAR AXI TIMER @ DEVICE ID);\n"); = [| send | | Clear

JPEG Compression




JPEG Compression: Results
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JPEG Compression: (optimization)Results
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JPEG Compression: Theoretical Results

Simulation time

Version 1 Speedup
328 Cycles 1.5
CPU Time
492 - 534 Cycles
Version 2 Speedup

210 Cycles 2.342




Problems ...



LIME

The Liquid Metal Programming Language



LIME: Introduction

Goal: The Liquid Metal project is a compiler and runtime system for
heterogeneous architectures with a single and unified programming

language. — e — —
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LIME: Introduction

Goal: The Liquid Metal project is a compiler and runtime system for
heterogeneous architectures with a single and unified programming

language.

‘||I

programmable accelerators

IDE, Compiler, Debugger, (GPUs and FPGAs) LIME
Cloud Synthesis
R e Toolchain
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move fluidly between hardware and
software, dynamically and adaptively.




I_l I\/I E | ntrOd U Ctlo N Lime = Java + Isolation + Abstract Parallelism

1. Prototype in standard Java (POQO) high Abstraction High-Level Java-Derived Language

» Lime is a superset of Java (Extension) pubtic statte focal St foonarCing o

. . . : . return 2*a;

» Java-like Eclipse IDE (editors, debugger, navigation) } ’
2. Gentle, incremental migration to parallel Lime code
Lime language constructs restrict program to safe parallel
structures

* |solation : ability to move computation

 Immutability \

° Safe Deterministic Para”ensm source() => ([ task new BlokusPlayer().nextMove ]) => sink()

Software engineer can implement
complex hardware in Lime
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