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ABSTRACT

Application specific simulation is challenging task in various
real time high performance embedded devices. In this study
specific application is implemented with the help of Xilinx.
Xilinx provides SDK and XPS tools, XPS tools used for
develop complete hardware platform and SDK provides
software platform for application creation and verification.
Xilinx XUP-5 board have been used and implemented various
specific Applications with hardware platform. In this study
the base instruction set with customized instructions,
supported with specific hardware resources are analyzed.
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1. INTRODUCTION

In co-design methodology, the hardware and software
components for an embedded system are designed jointly.
Each of the hardware and software components designed
using appropriate tools (hardware synthesis, code generation
and hardware-software co-simulation tools). In ASIP design
technology hardware can be design according for specific
application. Xilinx SDK provides software environment used
for various specific application verification and creation.
Kucukcakar, K. [1] proposed a unique architecture and
methodology to design ASIPs in the embedded controller
domain by customizing an existing processor instruction set
and architecture. Jain, M.K., Balakrishnan, M., Kumar, A. [2]
proposed survey in ASIP area and identifies some issues
which need to be addressed. Hartmann, M., Raghavan, P.,
Agrawal,P., Dehaene, W. [3] proposed a design method for
memristor-based (ReRAM) memory architectures for
embedded processors to address the effects caused by longer
write latencies. Sharma, A., Sutar, S., Sharma, V.K,
Mahapatra, K.K. [4] designed an ASIP using language for
instruction-set architecture (LISA) and designed processor has
optimized instructions for the image enhancement application
in spatial domain. Fathy, A.,Isshiki, T.,Li, D., Kunieda, H. [5]
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presented a complete framework for searching for Application
specific special instruction patterns based on tree scan
algorithm while tweaking it to fit real applications. J. Qiu, X.
Gao, Y. Jiang, X. Xiao [7] proposed a hybrid simulation
framework which improves the previous simulation methods
by aggressively utilizing the host machine resources. H. M.
Hassan, K. Mohammed and A. F. Shalash [8] presented an
ASIP design for a discrete Fourier transform (DFT)/discrete
cosine transform (DCT)/finite impulse response filters (FIR)
engine.

2. EMBEDDED DEVELOPMENT KIT
Xilinx [6] provides Embedded Development Kit (EDK) (see
figure 1) tools to design a complete embedded processor
system for implementation in a Xilinx FPGA device. Xilinx
Platform Studio (XPS) is the development environment used
for designing the hardware platform and Software
Development Kit (SDK) is an integrated development
environment used for C/C++ embedded software application
creation and verification. Embedded Development Kit also
provides ISE Plan ahead is used to design custom Memory
and processor configuration according to specific application.
Xilinx EDK provides XPS, SDK and ISE tools for simulation
analysis.

2.1 XPS

XPS provides hardware system development environments
and provides Specification of the microprocessor, peripherals,
and the interconnected components, along with their
respective detailed configuration.

2.2 SDK

SDK provides software development environments and also
used for developing standalone application.

2.3 ISE Design

ISE design used for verifies the correct functionality of
Hardware Description Language (HDL), RTL and schematic
design.
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Fig 1: EDK

3. XILINX PLATFORM STUDIO (XPS)

Xilinx Platform Studio (XPS) provides an interactive
development environment that allows specifying all aspects of
our hardware platform and XPS also maintains the hardware
platform description in a high-level form, known as the
Microprocessor Hardware Specification (MHS) file. XPS
used to synthesizes the MHS source file into netlists used for
the FPGA place and route process. The MHS file [6] is
integral to our design process and contains all peripheral

. Welcome =~ Board = System

Design flow analysis

instantiations along with their parameters. The MHS file also
defines the configuration of the embedded processor system
and includes information on the bus architecture; peripherals,
processor, connectivity, and address space etc. One of the
supported embedded processor development boards available
from Xilinx [6] has been selected for target architecture.

_ Processor  Perpheral ~ Cache ~  Summary
i

Board Selection
Select a target development board.

Board
@ 1would like to create a system for the following development board

Board Vendor  |Xilinx

Board Name EXUPV 5-LX110T Evaluation Platform

X Ir
Board Revision |

) I would like to create a system for a custom board

Board Information

Architecture Device Package §p3ed Grade

fuirtexs [+] [xesvixtiot [~]]fF1izs [~ =

[] Use Stepping | [~

Reset Polarity {Acﬁve tow T}

Fig 2: xup-5 fpga board selection

In XPS platform have configured selected XUP-5 FPGA more processors, along with a variety of peripherals and
platform (see figure2) for simulation and XUP-5-LX110T memory blocks. The behavior of each processor or peripheral

board utilizes Xilinx virtex5 XC5VLX110T-FF1136 device.
A complete embedded processor system implemented within

core can be easily customized (see figure 3,4&5). Hardware
platform is ultimately implemented in the FPGA and

a Xilinx FPGA device. Hardware platform contains one or
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Instruction and Data cache sized change according to desire
application (see figure 6&7).

B i Pt St DK P390 proect oo s Syt s SO T - - 5 e =@ %
SisiREde Vs Projeciob Fyoweel Device Welcome Board System Processor Peripheral Cache Summary
N ¢ ]
4DEX®|0 |08 &
System Configuration
Configure your system.

@ Single-Processor System () Dual-Processor System

Select this option to create a design with a single processor. This Wizard Select this option to create a design with two processars, This Wizard
will let you configure the processor, the peripheral set and some major will let you select the types of processors, peripherals unique to each
i for the peri processor, and peripherals shared by the processors.

Processor 1 Peripherals

Processor 1

RS232 GPIO

Processor 1

Shared Peripherals

Mailbox  Mutex

Processor 1 Peripherals
RS232 GPIO

Processor 2 Peripherals

Processor 2

DDR EMAC

MecaTofn [ cmase 10 naws 1[ copea |

Fig 3: Processor configuration

Welcome Board System Processor Peripheral Cache Summary
I

Processor Configuration

Configure the processor(s).

Reference Clock Frequency | 100,00 EI MHz
Processor 1 Configuration
Processor Type |MicroEiIaze EI
System Clock Frequency |125.00 EI MHz
Local Memaory |8 KB EI
Debug Interface |On-Chip HW Debug Module EI

Enable Floating Point Unit

Fig 4: Micro blaze processor configuration
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% Xilinx Platform Studio (EDK_P.58f) - no

(T LI =8| = |
Edit View Project Hardware [ ek i S o oo s
ADDX®[0 o |M]}5 s |
«
To add a peripheral, drag it from the "Available Peripherals” to the processor peripheral list. To change a core parameter, dick on the peripheral.
Available Peripherals
[addpevice... | [ Bxport.. | [ mport.. Processor 1 (PowerPC 440) Peripherals ( seectar |
Peripheral Names Core Parameter
10 Devices Imb_bram_if_cntlr 0
(- Internal Peripherals Core

Imb_bram_if_cntlr
Imb_bram_if_cntlr
xps_bram_if_cntlr
xps_timebase_wdt
xps_timer

xps_bram_if_cntlr_1
Core: xps_bram_if_cntlr, Size: 8 KB
xps_timebase_wdt_0

Core: xps_timebase_wdt, Interval Length...
xps_timer_0

Core: xps_timer, Count Width: 32, Config...

<Remove

e mm ~WoWm

. [mr ) s [
4| = POl o
Fig 5: Peripheral design
Welcome Board System Processor Peripheral Cache Summary
[
Cache Configuration

Select cache size and cache memory for processor(s).

Processor 1 {(MicroBlaze) Cache

In MicroBlaze, caches are optional and configurable. Caches are implemented using FPGA LUTs for small caches or Block RAMs for large sized caches.
Instruction Cache

Data Cache
Instruction Cache Size |2 KB [+]  Datacache size [2kB -
Instruction Cache Memory Data Cache Mem ?EBBB
SRAM 256 B
DDR2_SDRA 512
1KB
=
4 KB
23 KB
15 KB
32 KB
54 KB

Fig 6: 1- Cache configuration
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Welcome Board System

Processor

Peripheral Cache Summary

Cache Configuration

Select cache size and cache memory for processor(s).

Processor 1 {(MicroBlaze) Cache

Instruction Cache

In MicroBlaze, caches are optional and configurable. Caches are implemented using FPGA LUTs for small caches or Block RAMs for large sized caches.

Data Cache

Instruction Cache Size |2 KB [+]  Datacache size [2kB -
Instruction Cache Memaory Data Cache Mem ?;BBB

) SRAM
) DDR2_SDRAM

) DDRZ_SDRAs512g

256 B

1KB
4 KB
23 KB
16 KB
32KB
64 KB

Fig 7: D-Cache configuration

XPS (see figure 8) used the Base System Builder, and it
generated a bit stream for the FPGA. Hardware platform is
exported to the Software Development Kit (SDK) platform.
The hardware platform contains the XML-based hardware
description file, the bit stream file, and the BMM file. XPS
System Assembly View allows for view and configures the

system block elements. XPS under implement flow; it
generated net list implements, the design using the Xilinx
backend, synthesis and route to create the final Netlist. The
architectural design of selected processor and memory (see
figure 9 & 11) and their VHDL configuration used for specific
application (see figure 10 & 12).

ilinx Platform Studio _Fa. -G lem.xmp - Sem| ew] —
Xilin Platform Studio (EDK_P.58f - Gi\sys p - [System Assembly Vi o X}
® File Edit View Project Hardware DeviceConfiguraion Debug Simulation Window Help [mEN
#Dox®velpnas pron/t da/E@ic:
Nevigator X | P Cataog E=EE 4 Busterfaces | ports | doresses | Bk
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B £ EDKIns.. , G- ppedd0 0 1 ppedd0_virt.. 1013
@ Analog ! | & aps_bram_if.. 1r bram_block 1002
= Arithme... T_L 25 aps_bram_if.. ¢ xps_bram_if.. 100.b
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T der_inte . SPLB pbovib0 [+
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Commu. Er mdm_0 Tr mdm 2103
ﬂ Commu. ispLe plb_vd6 0 =
DMA an. -~ MBDEB... mdm_0 MEDEB...
Generate BitStream Debug P AMTC mdm_0 XMTC
= Jtagppc cnt... 17 jtagppc_entle 201.c
.. 50La *ps_hwi procsys re... 17 procsysre.. 3003
@' xps_hwicap_0 1r ¥ps hwicap 5013
10 Mod... £ aps_timer_0 1 xps_timer 102
ErirEL ot o e phws0 [
Memor... - clock_gener... 1 clock_gene.. 4032
pCl .. clock_gener... ¢ clock_gene... 403.a
Peripher...
) Processor
o | Utility
Generate HDL Files - Project Loc...
Launch Simulator
Legend
- - MMaster @Slave MiMaster/Slave B Target CInitiator @Connected OUnconnected I Monitor
" feeroduction BLicense (paid) Ellicense (eval) Local ZiPre Production MiBeta EZDevelopment
(4 Superseded Discontinued
FLRIPEE E Design Summary oe System Assembly Vien K Graphical Design View %]

Fig 8: XPS system assembly view analysis

59



library UNISIM;
use UNISIM.VCOMPOMEMTS.ALL;

library xps_mch_emc_w3_ 21 aj;
use xps_mch_emc_v3_@1_a.all;

entity system_sram_wrapper is
port
MCH_SPLB_Clk
RAClk : in std_logic;
MCH_SPLE_Rst

in std_logic;

in std_logic;

International Journal of Computer Applications (0975 — 8887)

MCH@_Access_Contrel : in std_logic;
MCHE_Access_Data : in std_logic wector(® to 31);

MCH@_Access_Write : in std_logic;
out std_logic;

MCHO_Access_Full

MCH@_ReadData_Control : out std_logic;
MCH@_ReadData_Data : out std_logic wvector{(@ to 31);
MCH@_ReadData_Read : in std_logic;
MCH@&_ReadData_Exists : out std_logic;
MCH1_Access_Control : in std_logic;
MCH1_Access_Data : in std_logic_wector{(® to 31);

MCH1_Access_Write : in std_logic;
out std_logic;

MCH1_Access_Full

MCH1_ReadData_Control : out std_logic;
MCH1_ReadData_Data : out std_logic_vector(@ to 31);
MCH1_ReadData_Read : in std_logic;
MCH1_ReadData_Exists : out std_logic;
MCH2_Access_Control : in std_logic;

MCH2Z2_Access_Data

MCH2_Access_Full

in std_logic_ wector(® to 31);
MCH2_Access_Write : in std_logic;
out std_logic;

MCHZ2_ReadData_Control : out std_logic;
MCH2_ReadData_Data : out std_logic_ wvector{® to 31)};
MCHZ_ReadData_Read : in std_logic;
MCH2_ReadData_Exists : out std_logic;
MCH2_Access_Control : in std_logic;

Fig 9: Memory VHDL configuration files
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architecture STRUCTURE of system microblaze O _wrapper is

g

component microblaze is

generic (
~
C
P
C
c
o
C
s
C
~ ~
- N
C_AVOID PRIMI : teger;
C_FAULT TOLER : integer;
C_ECC USE_CE_EXCEPTION : integer;
C_LOCKSTEP_SLAVE : integer;
C_ENDIANNESS : integer;
C_AREA OPTIMIZED : integer;
C_OPTIMIZATION : integer;
C_INTERCONNECT integer;
C_STREAM INTERCONNECT : integer;
C_BASE VECTORS std logic_wector:
C_DPLB DWIDTH : integer;
C_DPLB NATIVE DWIDTH : integer;
C_DPLB_ BURST_EN integer;
C_DPLB P2P : integer;
~ TPTR NWTNTH 3

Fig 11: Processor configuration VHDL file
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Fig 12: Microblaze processor design
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4. SOFTWARE DEVELOPMENT KIT

XPS design is exported to the Software Development Kit
(SDK) platform. Various Software applications must link
against or run on top of a given software platform, using the
specific provided Application Program Interfaces (APIs).

-void test_memory_range(struct memery range_s *range) {
X5tatus status;

= /* This application uses print statements instead of x
* to reduce the text size.

* The default linker script generated for this applic
* heap memory allocated. This implies that this progr
* routines that allocate memory on heap (printf is on
* If you'd like to add such functions, then please ge
* that does allocate sufficient heap memory.

print("Testing memory region: "); print(range-zname);

print("  Memory Contreller: "); print(range-:ip); p
print(" Base Address: @x"); putnum(range->base
print(" Sizer 2x"); putnum(range-»size

status = Xil_TestMem32((u32*)range-»base, 10824, BxARAN
print(” 32-bit test: "); print(status == X5T_

status = Xil_TestMeml6((ul6*)range-»base, 2048, MiAASS
print(" 16-bit test: "); print(status == X5T_

status = Xil_TestMemd((ud*)range->base, 4096, @xAs, XI
print(" 3-bit test: "); print(status == XST_

Fig 13: Memory testing appl
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Software Part (sdk) contains one or more source files, along
with the necessary header files, used for compilation and
generation of a binary output (.elf) file (see figurel5).

il printf/printf

gtion does not have

am cannet use any

e such function).
nerate a linker script

print{"\n\r");
rint{"\n\r");

b3 oprint("inir");
Jioprint (" bytes \n\r');

5555, XIL_TESTMEM_ALLMEMTESTS);
SUCCESS? "PASSED!":"FAILED!™); print("\n\r");

, XL TESTMEM ALLMENTESTS);
SUCCESS? "PASSED!":"EAILED!™); print("\n\r");

L_TESTMEM_ALLMEMTESTS);
SUCCESS? "PASSED!":"FAILED!"); print("\n\r");

ication analysis on SDK platform

Fig 14: Xup-5 FPGA Board
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] memorytest.c a [d memory_config_g.c [@ memory_config.h | =0
loopl: »
add r2, rile, rle, lsr #1 /* work out 3xcachelevel */
2a8: e@Ba2laa  add r2, sl, sl, lsr #1
mov rl, r@, lsr r2 /* bottom 3 bits are the Cache type for this level */
2ac: elagl230  lsrrl, ro, r2 D

and rl, rl, #7

/* get those 3 bits alone */

2b0: e2011007 and rl, rl, #7

cmp rl, #2

2b4: 3510002  cmp rl, #2

blt skip /* no cache or only instruction cache at this level */
2b8:  badeeell  blt 304 <skip>

mer plS, 2, r1e, c@, co, 0 /* write the Cache Size selection register */

2bc:  eeddaflo
isb

2c0:  fs7ffeef
mrc pls, 1, rl, c@,
2c4:  ee30lfle
and r2, rl, #7
2c8: 2012007
add r2, r2, #4
2cc: 22822004
1dr r4, =0x3ff
2d0:  e59f40ce
ands r4, r4, rl,
2d4:  e@l44lal
clz r5, rd4

2d8:  el6f5f14
ldr r7, =ox7fff

mer 15, 2, sl, cro, crd, {0}
/* isb to sync the change to the CacheSizeID reg */
ish sy
@, 0 /* reads current Cache Size ID register */
mrc 15, 1, rl, cre, cro, {0}
/* extract the line length field */
and r2, rl, #7
/* add 4 for the line length offset (log2 16 bytes) */
add r2, r2, #

1dr r4, [pc, #192] ; 398 <finished+@x88>
Isr #3 /* r4 is the max number on the way size (right aligned) */
ands 4, r4, rl, lsr #3
/* r5 is the bit position of the way size increment */
clz r5, r4

Fig 15: ISA Simulation result of specific application

vald test_mesory_rasge(stract messty "aege s “rnge) |

KSTates suats;

status o 1EL Testfendd((

primt(’ it

120t » ML Tesoen(
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ul:  edalia
wov rl, ré, lsr 2
e eladln
s factin witl, o, 8
et e eNlien
aprl, 8
it seene): priatalet): bd: el
I"F')L:r:v.b':;v;: "l blt skip
3 potnanringe-shase); prist("ale"); B8 badmall

3 r2, sl, sl, lsr 81
[* bottos 3 bits are the Cacke type for this level */
lserl, 9, r2
/* get those 3 bits alene */
afrl, rl, 8
ap rl,

1* no cache or only nstruction cache at this level */
blt 304 ¢skipy

wer oS, 2, rle, B, o, 8 /* write the Cache Size selection register */

wogeiaie, S04, BANNSSSS, 1L TESTE ) . ool

2 ) gt IST_SUCESS? "PASSER "1 FALLEDL"); prise("Wale"); 'Zb(. fie
ish

w8 Jomge-rtase, NG, Bunth, 1T, TESDY "

wit: ")y print(status se I5T_RACES? PASS g f5nift

e pls, 1, rl, @8,

ase, 495, 5, XIL TESTRER AL
at{s2a%u we 16T SUCCESS? "B

oy e Rkt HIED

Xup-5 FPGA

PLATFORM

w55, 2, 51, ¢d, cod, {8}

[* 1sh to sync the change to the CacheSizeId reg */
ish 5y

@, 8 [* reads cureeat Cache Size ID register *f
e 15, 1, rf, ¢rf, crf, {6)

— ISA'SIMULATION
RESULTS

Fig 16: Application specific simulation analysis

63



International Journal of Computer Applications (0975 — 8887)

Volume 96— No.10, June 2014

{EL\;systemme |/@xi|.cache.c |l|:§‘1xuartlite_stats.c [l@xgpio_tapp_example.c

[m systemmss @ pheripharlsff M systembit \| ) =n]

#include "xil cache.n"
#include "xbasic_types.h"
#include "xgpio.h"

#include "gpio header.h"
#include "uartlite header.h"

'int main()
{

Xil ICacheEnable();
Xil DCacheEnable();

print("---Entering main---\n\z");

u32 status;

print ("\r\nRunning GpioOutputExample() for leds 8bit...\r\n");

status = GpioOutputExample (XPAR LEDS 8BIT DEVICE ID,8);

A

,

Fig 17: Peripheral test application

[¢] testperiph.c '}system.bit | * =0

em.xml @ wlcachec | €] vuartlte stats.c [@x i0_tapp_example.c F em.mss
syst gpio_tapp_examp ) syst

$Make space on stack for a temporary
addi rl, rl, -4

84101870:  2021fffc  addi  rl, rl, -4
#Read the MSR register
nfs r8, rmsr

84101874: 95008001  mfs r8, rmsr
#Clear the icache enable bit
andi r8, r8, ~32

84101878: a508ffdf andi 18, r8, -33
#5ave the MSR register
mts rmsr, ré

8410187c:  9408c001  mts rmsr, r8
#Return
rtsd  rl5, 8

84101880: Db60f0008  rtsd  rl15, 8
#Update stack in the delay slot
addi rdrlid

84101884: 20210004 addi 11, rl, 4

84101888 <microblaze flush dcache>:
.ent  microblaze flush dcache

.align 2

microblaze flush dcache:

Fig 18: Peripheral appplication Simulation results
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finclude "xil cache.h"
finclude "xbasic types.h"
finclude "xgpio.h"

finclude "gpio_header.h"
finclude "uartlite header.h"

int main()
{

Xil ICacheEnable();
Xil DCacheEnable();

print("---Entering main---\n\r");

u32 status;
print("\r\nRunning GpioOutputExample() for leds 8bit...\r\n");

status = GpioOutputExample (XPAR LEDS BBIT DEVICE ID,8);

APPLICATION
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llu.GJ.UDJ.dZ.t:_uJ.:idDJ.C_J.Ud.CHt H
#Make space on stack for a temporary
addi rl, rl, -4

84101870:  2021fffc addi rl, rl, -4
$Read the MSR register
nfs r8, rmsr

84101874: 95008001 mfs r8, rmsr
#Clear the icache enable bit
andi r8, r8, ~32

84101878:  aS08ffdf andi r8, r8, -33
$5ave the MSR register
mts rmsr, r8

8410187c:  9408c001 mts rmsr, r8
#Return
rtsd rl5, 8

84101880: Db60£0008 rtsd rl5, 8
#Update stack in the delay slot
addi rl, ri, ¢

84101884: 20210004 addi rl; rl; 4

84101888 <microblaze flush dcache>:
.ent microblaze flush dcache

.align 2

microblaze flush dcache:

A\ v.'l .\

Xup-5 FPGA
PLATFORM

Fig 19: Peripheral application simulation analysis with xup-5 FPGA BOARD

Memory testing application (see figure 13) used on specific
target hardware (see figure 14). SDK examined the hardware
specification file and tested the memory application with xup-
5 FPGA hoard. It generates the .elf file and elf contains the
ISA behavior for specific application. After the simulation
process (see figure 16) we get efficient ISA result (see figure
15). Peripherals testing another application (see figure 17) is
used for simulation. It generates the simulation results (see
figure 18). The simulation process is to analyze on xup-5 fpga
device with custom hardware environment (see figure19).

5. CONCLUSION

Our main focus in this paper is application specific simulation
analysis with specific hardware environment. Hardware
resources like processor; memories etc. easily implemented

and analyzed custom instruction set behavior for specific
application. Various standard applications analyzed on xup-5
FPGA board with specific hardware environments. The ISA
behaviour is also analyzed. After this simulation process
application specific results are used for high performance
embedded system.
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