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Core Peripherals

4. Core Peripherals

4.1. Overview

This Lab let us be familiar with the ARM Hardware Development Environment,
and try to understand the operation mechanism of semihosting and
Timer/Interrupt. You will learn:

1. ARM Hardware Development Environment

2. Timer/Interrupt

4.2. Background information

4.2.1. About ARM Hardware Development Environment

The ARM Integrator/AP

The Integrator/AP is an ATX form-factor motherboard that supports the
development of applications and hardware for ARM processor-based products.
It supports up to four processors on plug-in modules and provides clocks, bus
arbitration, and interrupts handling for them. The core modules (CM) and

logic modules (LM) can be attached to the Integrator AP.

1. Integrator/AP System Features

The main components of the Integrator/AP includes a system controller
FPGA, a clock generator, a PCIl bus interface supporting on-board
expansion, an External Bus Interface (EBI) supporting external memory
expansion, a boot ROM, 32MB flash memory, and 256KB or 512KB
SSRAM -

The system controller FPGA implements (1) the system bus to CMs and
LMs, (2) system bus arbiter, (3) interrupt controller, (4) peripheral 1/O
controller, (5) three counter/timers, (6) reset controller, and (7) system
status and control registers

2. Integrator/AP System Architecture
The architecture of the Integrator/AP is shown in Figure 1.
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Peripheral input/output
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Figure 1 ARM Integrator/AP Architecture

Figure 2 shows the block diagram of the system controller FPGA, which
implements the following functions:
(1) System Bus Interface:

The system bus interface is incorporated into the system controller
FPGA. It provides arbitration for Integrator/AP and any attached
modules. It supports transfers between the system bus and the
Advanced Peripheral Bus (APB), transfers between the system bus
and the PCI bus and transfers between the system bus and the
External Bus Interface (EBI).
Note: the system bus can be configured as AHB or ASB. The system
bus configuration is indicated by a character displayed on the
alphanumeric display. This is S for ASB or H for AHB. If you want to
change the system bus supported by the AP, please refer to the
Integrator/AP user guide (pp. 3-4~3-5).

(2) System Bus Arbiter.
Provides arbitration for six bus masters. These can include up to 5
masters on CMs or LMs and the PCI bus bridge.

(3) Peripheral 1/0 Controller
It includes two ARM PrimeCell UARTs (PL010), an ARM PrimecCell
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Keyboard & Mouse Interface (KMI) (PI050), an ARM PrimeCell Real
Time Clock (RTC) (PL0O30), three 16-bit counter/timers, a GPIO
controller, and alphanumeric display, LED control and switch reader.

(4) Reset Controller
Initializes the Integrator/AP when the system is reset.

(5) System Status and Control Register
Allows software configuration and control of the operation of the
Integrator/AP. Controls includes clock speeds, software reset, and
flash memory write protection.

(6) Interrupt Controller FPGA
It handles IRQs and FIQs for up to four ARM processors. IRQs and
FIQs originate form the peripheral controllers, from the PCI bus, and
from devices on logic modules. The interrupt controller allows
interrupt requests from any of these sources to be assigned to any of
the processors. Interrupts are enabled, acknowledged, and cleared
via registers in the interrupt controller.

System External System bus PCI bridge

< System bus - PCL bfldge_ (| local bus (< f—- PCI Host
: Controller R brid
interface interface riage

bus

Static External Flash SSRAM
Arbiter =P Memory [ bus | — and ROM

Controller interface

System Status and
| DU control

bridge register

Peripheral bus

Y Y ¥V VY VvV Vv ¥

. PS2 LED
Counter/ | | Real time GPIO 2xUART keyboard/ display/
interface switch

| S | S
R |

Figure 2 System Controller FPGA block diagram

interrupt
controller

The ARM Integrator/Core Module (CM)

The Integrator/CM core modules provide you with a development system
that can be used to development products around the ARM processor
cores. The core modules can be used in the following ways: (1) It can be
used as a standalone software development system without AP, (2) It can
be mounted onto an ARM Integrator/AP, and (3) It can be integrated into
a third-party development or ASIC prototyping system.

Figure 3 shows the block diagram of CM. The major components on the
core module are:
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(1) A microprocessor core. The type of the processor core is dependent
on the type of CM. For example, the processor core of CM920T is
ARMO920T; the processor core of CM920T-ETM is ARM920T with ETM,;
the processor core of CM940T is ARM940T.

(2) A core module FPGA. This FPGA implements the SDRAM controller,
the system bus bridge, the reset controller, Interrupt controller, and status,
configuration, and interrupt registers.

(3) 1IMB SSRAM.

(4) Up to 256MB of SDRAM (optional) plugged into the DIMM socket.

(5) SSRAM controller.

(6) Clock generator.

(7) System bus connectors.

(8) Logic analyzer connectors for AHB and Trace port.

Status/
SSRAM Clock -t control Resot
generator ) controller
registers
A Memory bus
> SDRAM
AM | g
controller SDRAM
SSRAM ARM Core System bus
controller bridge

' System bus

System bus connectos

Multi-ICE HDRA/HDRB

Figure 3 ARM Integrator/CM Architecture

4.2.2. Semihosting

A mechanism whereby the target communicates /O requests made in the
application code to the host system, rather than attempting to support the
I/O itself.

When the developer attempt to show something through System 1/O, the
developer could let the application connected to a PC as a host with the
debugger running. The debugger running on the host will handle the
communications with the target application hardware, such as the ARM
Integrator for example. The 1/O request from the target application
hardware will be handled and display by the host’s debugger. This is
called Semihosting.
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Semihosting enables the developers to perform the system 1/O through
the host’'s debugger. The time and efforts for the developer to support
system 1/O request by writing hardware drivers is not required. This let
the developer concentrate on the application development.

printf{"hellon"]: -J:'-F'F'"'H'-":"- o

Targat

| Library Code

SWi handied by
debug agent

Comrmunciation with
debugger running
on host

host
compautar

Host *

ello Taxt displayad
on host scraan

Figure 6. Semihosting overview.

1. How Semihosting Work?
The application invokes the semihosting SWI (Software Interrupt). The
debug agent then handles the SWI exception. The debug agent provides
the necessary communication to the host system. Semihosting operations
are requested using a semihosted SWI numbers:
*0x123456 in ARM state.
*OXAB in Thumb state.

2. Software Interrupt (SWI) Interface
A Software Interrupt (SWI) is requested with an SWI number
(Semihosting SWI numbers: 0x123456(ARM), OxAB(Thumb)). Different
operations in the SWI are identified using value of r0. Other parameters
are passed in a block that is pointed by r1. The result is returned in r0. It
could be an immediate value or a pointer.

3. Semihosting SWIs
Semihosting operations used by C library functions such as printf(),
scanf() uses semihosting SWIs. No need to implement semihosting
operations for default standard 1/0 functions manually.
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sWwi Description

S¥S_OPEN (M ) on page 5-12 (pen a file on the host

S¥S_CLOSE (T2 ) om page 3-14 Close a file on the host

E¥S_WRITEC (0x)3 | on nage 5-14 Wriie a characier 1o the console

VS _WRITED {0 ) on page 5-14 Write a null-erminated siring o the console
S¥S_WRITE ((id3) on page 5-15 Write to a file on the hosi

S¥E_READ (0ot} on page 5-16 Read the contents of a file inio a buffer
S¥E_READC (07 ) on page 3-17 Read a byie from the console
S¥E_ISERROR (i3} on page 5-17 Dhetermine if & return code % an ermor

Figure 4 Semihosting overview.
4.2.3. Timer/Interrupt

This example installs a timer interrupt to update a variable. A loop in main()
contains the code that reads the variable and outputs its value to the standard
output port.

Observation key points are checking the Timer/Interrupt related registers
values to see how they change, and observing how interrupt is handled.

The example can be run both on the integrator and ARMulator. We shall take
care the setting of ARMulator.

1. About Counter/Timers
There are 3 counter/timers on an ARM Integrator AP. Each counter/timer
generates an IRQ when it reaches 0. Each counter/timer has a 16-bit down
counter with selectable prescale, a load register and a control register.

Read/Write Read/Write
TIMERx_CTRL TIMERx_LOAD
Divisor ’ Mad
Clock P 1 D - t
oc rescaler | own-counter | Interrupt

TIMERx_VALUE

v

Read

Figure 5 Timer/interrupt
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2. Counter/Timer Registers

These registers control the 3 counter/timers on the Integrator AP board.
Each timer has the following registers.
« TIMERX LOAD: a 16-bit R/W register which is the initial value in free
running mode, or reloads each time the counter value reaches 0 in periodic
mode.
* TIMERX_VALUE: a 16-bit R register which contains the current value of the
timer.
e TIMERX_CTRL: an 8-bit R/W register that controls the associated
counter/timer operations.
* TIMERX_CLR: write only. Writing to the Clear location clears an interrupt
generated by the counter timer.

Address Name Type Size Function

0x13000000 TIMERO_LOAD R/W 16 TimerO load register

0x13000004 TIMERO_VALUE R 16 Timer0 current value
register

0x13000008 TIMERO CTRL R/W 8 Timer0 control register

0x1300000C TIMERO CLR W 1 Writing to the Clear location

- clears an interrupt generated

by the counter timer.

Table 1 Timer registers description.

3. Timer Control Register
Bits Name Function
7 ENABLE O:Timer disabled

1:Timer Enabled
6 MODE 0:Free-running Mode

1:Periodic Timer Mod
5:4 Unused Unused, always 00
3:2 PRESCALE Prescale divisor: 00=none; 01=div by 16;

10=div by 256; 11=undefined
1:0 Unused Unused, always 00
Table 2 Bits description of timer control register

Two modes of operation are available, free-running mode and periodic
timer mode. In periodic timer mode the counter will generate an interrupt
at a constant interval, reloading the original value after wrapping past
zero. In free-running mode (default mode) the timer will overflow after
reaching its zero value and continue to count down from the maximum
value.

4. About Interrupt Controller
Implemented in the system controller FPGA. Provides interrupt service
routine dispatch for up to 4 processors (CMs). There’s a 22-bit IRQ and
FIQ controller for each processor. Each bit resembles an interrupt source.
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Enable et Set
L Enable
Enable clear Clear
Interrupt source T Status
Raw status
j)o— nIRQ
From other
bit slices
Figure 6 A bit slice of the interrupt control.

5. IRQ Registers

The registers control each processor’s interrupt handler on the Integrator

AP board.

Each IRQ has following registers:
* IRQX_STATUS: a 22-bit R register representing the current masked
IRQ status.
* IRQX_RAWSTAT: a 22-bit R register representing the raw IRQ status.
* IRQX_ENABLESET: a 22-bit location used to set bits in the enable

register.
* IRQX_ENABLECLR: a 22-bit location used to clear bits in the enable
register.
Address Name Type Size Function
0x14000000 IRQO_STATUS R 22 IRQO status
0x14000004 IRQ_RAWSTAT R 22 IRQO raw status
0x14000008 IRQO_ENABLESET W 22 IRQO enable set
0x1400000C IRQO_ENABLECLR w 22 IRQO enable clear

Table 3 IRQ registers description.

6. IRQ Register bit assignments
6.1 Bit assignment on AP

Bits Name Function
7 TIMERINT2 Counter/Timer2 interrupt
6 TIMERINT1 Counter/Timerl interrupt
5 TIMERINTO Counter/TimerQ interrupt
4:1 Unused Unused, always 0
0 SOFTINT Software interrupt
Table 4 Bits description of IRQ register on AP.
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Bit Interrupt source

0 FIQ) source

1 Programmed intermupt

2 Communications channel Rx
3 Communications channel Tx
4 Timer 1
5 Timer 2

Table 5 Bits description of IRQ register on ARMulator.

7. How Interrupt Works:

1
AP

Memory
Vector

Device [ 1RQ. Interrupt
—

/ Controller

User Code

Branch
Table

3

Interrupt Handler

TTRQ(0x18) >

Interrupt_Service_Routine:
- ISR tasks
- Clear IRQ

Figure 7

B Interrupt Service Rout :kmg

- Check IRQ source
- Branch to corresponding

User Code
Interrupt_Handler:

\\

Interrupt Service Routine

Interrupt processing flow
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4.3. Instructions

After going through this leading experiment, you will understand the main
mechanism of Timer/Interrupt operations.

There are two methods to perform the Timer/Interrupt operations: pure
software or hardware method. The software method can perform the
operations purely on your desktop with the help of ARMulator and uHAL.
You don’t have to port your codes onto the Integrator/AP but with the
costs of some performance loss and functionality limit. The second
method, hardware method, allows you to perform operations, including
Timer/Interrupt, appropriately through semihosting and the aid of Multi-
ICE. Either way is applicable. You may refer to the Labs for detailed
information for software or hardware methods.

4.3.1. setting up ARMulator

Edit corresponding section in $ADS ROOT/Bin/peripherals.ami and $ADS
ROOT/Bin/peripherals.dsc for timer module. Please set the interrupt
numbers according to Table A.3.

Re-define interrupt controller and timer in peripherals.ami:

{Default_Intctri=Intctrl
Waits=0

Range :Base=0x14000000

}

{Default _Timer=Timer

Waits=0

Range :Base=0x13000000

;Frequency of clock to controller.

CLK=20000000

;; Interrupt controller source bits - 4 and 5 as standard
IntOne=4

IntTwo=5

}

4.3.2. Scrutiny of Source Code: Interrupt Mechanism

In this lab, you have to figure out the operating principle and mechanism
of Timer/Interrupt performed in the C program *“irg.c.”
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Important Functions:

 Install_Handler: This function installs the IRQ handler at the branch
vector table at Ox18.

* mylRQHandler: This is the user’s IRQ handler. It performs the timer
ISR in this example.

* IRQ Mask Enable: Set the IRQO_ENA register to enable timer0
interrupt mask. So the IRQ could be accepted and handled.

« enablelRQ: The IRQ enable bit in the CPSR is set to enable IRQ.

* LoadTimer, WriteTimerCtrl, ReadTimer, ClearTimer: Timer related
functions

To fully understand the hardware operations of ARM timers and their
corresponding Interrupt operations, please be sure to (at least) survey the
document DUI_0098B_AP_UG.pdf [1] of Section 3.5, 3.6 and 3.7.1. To be
familiar with the software programming of Timer/Interrupt, please read
Section 4.6 and 4.8 in the document.

At the beginning for the overview of “irq.c”, refer to the C code in circle 1. It
sets the timer down-counting from 64 and triggers the timer to start down-
counting. After a while, it down-counts to zero and triggers the interrupt
signal IRQ to the Interrupt Controller in the AP (Circle 1 in Figure 7). IRQ
corresponds to a branch vector of 0x18 and it branches the ARM processor
to execute the Interrupt Handler (Circle 2 in Figure 7). But before execute
the Interrupt Handler, the programs has to install the handler as shown in
circle 2 in the source code. You may refer to ADS_DeveloperGuide.pdf of
Section 5.3 for more information. The Interrupt Handler of this program is
the function __irg void mylRQHandler in circle 3 of the source code. It
performs the Interrupt Service Routine (ISR) for the interrupt as shown in
circle 3 of Figure 7. According to the source code (Circle 3), it just prints
“HIHI"" and clears the timer's IRQ. For more information, refer to
ADS_DeveloperGuide.pdf of Section 5.5.

4.3.3. Scrutiny of Source Code: Timer/Interrupt Memory Map

To employ the timer and interrupt mechanism of the AP, your have to
map the variables in the source code to specific memory addresses.
Circle 4 in the source code installs the memory addresses of IRQ.
Circle 5 enables the IRQs of TimerO and SWI (0x11). The functions,
LoadTimer, WriteTimerCtrl, ReadTimer, and ClearTimer install the
memory addresses of corresponding registers and print out execution
messages. Detailed information can be obtained in Section 4.6 and 4.8
in [1].

Note that if you implement this by the software method, you have to
modify the mapped addresses according the specification in uHAL and
generate you own make files. The procedure for the implement is
shown in the OS Lab.
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4.3.4. Guidance

Create a new ARM Executable Image project, add irq.c to the project,
make the project, and run the project finally.

#include <stdio.h>

unsigned Install_Handler( unsigned routine, unsigned *vector )
{
unsigned vec, oldvec;
vec = ((routine - (unsigned)vector - 0x8) >> 2 );
/*->routine is the pointer point to the IRQ handler. */
/*->shift right 2 is for address word aligned. */
/*->subtract 8 is due to the pipeline */
/*since PC will be fetching the 2nd instruction */
/* after the instruction currently being executed. */
vec = 0xea000000 | vec;
/* to implement the instruction B <address> */
/* Oxea is the Branch operation */
oldvec = *vector;
/* the IRQ address or FIQ address */
*vector = vec;
/* the contents of IRQ address is now the branch instruction */
return (oldvec);
2

MQHandler (void)

{
<::: printf('"\nFrom IRQ Handler>>HIHI!I\n");

\\\\___Elff:Iijr(); /* Clear the timer’s IRQ */£
}

// this function is used to set the I bit in CPSR
__inline void enable_IRQ(void)

{
int tmp;
__asm
MRS tmp, CPSR
BIC tmp, tmp, #0x80
MSR CPSR_c, tmp
}
}
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void d2b(int d_number, int array_len, int *b_number) {
int len; /*array index*/ /* This function transform data
into binary digits */

int temp=1;

for (len=0;len<array_len;len++) {
if (temp&d _number) b_number[len]=1;
else b_number[len]=0;
d_number=d_number>>1;

void printB(int d_number, int array len, int*b_number){
int i; /* This function prints the binary digits */
for(i=(array_len-1);i>=0;i--){
printf("'%d" ,b_number[i]);
if ( 1%8==0 && 11=0)
printf('_");

}
printf('\n"");
}

void LoadTimer(int loadvalue){
int TIMERO_LOAD_ADDR = 0x13000000;
int *TIMERO_LOAD;

TIMERO_LOAD = (int *)TIMERO_LOAD_ADDR;

*TIMERO_LOAD = loadvalue;
printf(""Timer Message>>> TimerO loaded!!\n");

}

int ReadTimer(void){
int TIMERO_VALUE_ADDR = 0x13000004;
int *TIMERO_VALUE;
TIMERO_VALUE = (int *)TIMERO_VALUE_ADDR;
printf(""'Timer Message>>> TimerO value aquired!!\n");
return *TIMERO_VALUE;
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void WriteTimerCtri(int writevalue){
int TIMERO_CTRL_ADDR = 0x13000008;
int *TIMERO_CTRL;

TIMERO_CTRL = (int *)TIMERO_CTRL_ADDR;
*TIMERO_CTRL = writevalue;

printf("'Timer Message>>> TimerO control register
changed!\n'");
}

void ClearTimer(void){
int TIMERO_CLEAR_ADDR = 0x1300000C;
int *TIMERO_CLEAR;
TIMERO_CLEAR = (int *)TIMERO_CLEAR_ADDR;

*TIMERO_CLEAR = 1;
printf(""Timer Message>>> TimerO cleared!!\n');

4

int main(void) {

i Q0_STATUS_ADDR = 0x14000000;
int IRQO_RAWSTAT_ADDR = 0x14000004;
int IRQO_ENABLESET_ADDR 0x14000008;
i 1RQO_ENABLECLR_ADDR 0x1400000C;

int *IRQO_STATUS, *IRQO_RAWSTAT, *IRQO_ENABLESET,
*IRQO_ENABLECLR;

int b_num[22];
int 1;
2 unsigned *irqgvec = (unsigned *)0x18;

Install_Handler( (unsigned)mylRQHandler, irqgqvec );
* _Install user’s IRQ Handler */

4  enable_IRQQ; /* DR added - ENABLE IRQs */

“STATUS = (
IRQ0_RAWSTAT =
IRQO_ENABLESET
RQO_ENABLECLR

nt *) IRQO_STATUS_ADDR;
int *) IRQO_RAWSTAT ADDR;
(int *) IRQO_ENABLESET_ADDR;
(C

i
(
= (int *) IRQO_ENABLECLR_ADDR;

5
FIRQO_ENABLESET = 0x0011; >
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d2b(*IRQO_STATUS,22,b_num);
printf('IRQ0_STATUS: ™);
printB(*IRQ0_STATUS,22,b_num):

d2b(*IRQO_RAWSTAT,22,b_num);
printf(""IRQO_RAWSTAT: '™);
printB(*1RQ0O_RAWSTAT,22,b_num);

d2b(*1RQ0_ENABLESET,22,b_num);
printf("'IRQO_ENABLESET: ™);
printB(*IRQ0_ENABLESET,22,b_num);

d2b(*1RQO_ENABLECLR,22,b_num);
printf(""1RQO_ENABLECLR: ');
1 printB(*IRQO_ENABLECLR,22,b_num);

oadTimer(64);
WriteTimerCtri(0xC4);

imerO reload value to 64 */
Enable the timer */

// wa ile
for(i=0; 1<1000000000; i++)
{
}
printf(""\nEND\n"") ;
return O;
}
Figure 8 Source code of the lab.
4.4. Exercises

(1) Understand the mechanism of timer/interrupt. Use the timer/interrupt

4.5.

OCOoO~NOOUIhWNPE

to evaluate the performance of other applications.

Reference

. Integrator ASIC Platform [DUI_0098B_AP_UG]

. System Memory Map [DUI_0098B_AP_UG 4.1]

. Counter/Timer [DUI_0098B_AP_UG 3.7, 4.6]

. Interrupt [DUI_0098B_AP_UG 3.6, 4.8]

. LEDs [DUI_0098B_AP_UG 4.5]

. Core Module [DUI_0126B_CM7TDMI]

. Core Module Registers[DUI_0126B_CM7TDMI 4.2]

. Core Module Memory Organization [DUI_0126B_CM7TDMI 4.1]
. SSRAM [DUI_0126B_CM7TDMI 3.2]

10. SDRAM [DUI_0126B_CM7TDMI 3.4]

11. SWI Interface [ADS_DebugTargetGuide 5.1.1]

12. SWI Handling [ADS_DeveloperGuide 5.4]

13. Semihosting [ADS_DebugTargetGuide 5]

14. Building Semihosted application [ADS_CompilerLinkerUtil 4.2]
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15. Semihosting directly dependent functions [ ADS_CompilerLinkerUtil
Table4-1]

16. Semihosting indirectly dependent functions [ADS_CompilerLinkerUtil
Table4-2]

17. I/0 supported functions using semihosting SWiI
[ADS_CompilerLinkerUtil Table4-13]

18. uHAL API [AFS_Reference_Guide.pdf] [AFS_User_Guide.pdf]

4-16 ¥ v 3% SoC B P % 1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


