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CHAPTER 13
Direct Memory Access
and DMA-Controlled I/0
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§ 13-1 BASIC DMA

OPERATION
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/ What is DMA? \

e An alternative to the basic and interrupt-
driven I/O discussed previously

e DMA can transfer /arge blocks of data from
memory to device orfrom device to memory

QUses same Address/Data lines on system bus

dControls the system bus /nstead of the processor
("bus master")

ADoes not reguire the processor for data transfer

e Common DMA operations:
A DRAM refresh

Video refresh
\EI Disk-memory system reads and writes. /
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/ Request/Ack a DMA Transfer \

e Two signals are used to request/ack a DMA
transfer:

AHOLD is an input to the microprocessor that
requests a DMA action

AHLDA is an output from the microprocessor granting
the DMA action

e The microprocessor responds
by suspending the execution of the program and

by placing its address, data and control bus in high-
impedance states
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/ Data Transfer \

e DMA “reads” refer to transfers from memory
to an I/O device and involves the use of
*MRDC and *IOWC.

o DMA "writes”refer to transfers from an I/O
device to memory and involves the use of
*MWTC and *IORC.

e The data transfer rate is determined by the
speed of memory or the DMA controller (usually
the latter = § 13-2).

\ %




——
O M
Z [ it
éﬁ\
Y soss | | © AHEREARELA
2 nan [\ 5 .
% e DB K=l
N HOLD %ﬂ = B0
l HLDA :-'* *@ WRE——
é!ki G raaax — |
2l Domams_ T |4 EumERs,
%}% ﬁ ?..1 BFERIA & DMA B R
&%
@Hﬂjﬁ?‘ —-"-"'!' __J \ > J-'H?ﬂ
' - DMACH Hi ik & 7735 ) N &
AT B o A :?' o=y

' |
HQ DMA F2 58400 00 k28 360 Bk 38 2R
(8) M 53 4R TR (T B4R 175K HDMAC o

8086 Wi [af ) 4R, 42 3 42




AL

et

Qﬂ%ﬂ-ﬁﬁ:
ANFE N T S SO %
RS, el T CPUREY

ELAn

EvL B e
S J——dcmiem i = B0
PEHTE h“ﬁﬁﬁgﬁ@%%:
- E ’_‘L- (=4 ﬁg
T—REET
PEMATHH
¥ou e
KE 1/ 0 ag’)
5% : T
\l___.. PRSP - DMAR & DMA K
qflwg %ﬁ%ﬁéiﬁﬁ%ﬂi_" =
“TETWR
AR IR, 1L |
<E’“5ﬁ > YA 7 b

<Lﬂ=.ﬁif.33i:“i- >

DMACH ) % A7 28 105

3500 AT

WB.

[ 4]
f R

T —

/

.l_;f ..E\R
DM A W25

"L_'j‘_?"--_"ﬁ?‘ffﬁ iR 0=354i8

3 t=A

A T~DMA i
FFEDMA, AR B
I IDMATTK
TSI R T SR

$hith DMA JRTTREER ;L 2 8] (R U A




IDLE:
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ST

IN AL, INTSTAT

TEST AL, 00000100B
INZ IDLE

MOV  AX, BYTE_COUNT
OUT  BC_REG, AX

LEA AX, BUFFER

OUT  ADDR_REG, AX
MOV AL, DMAC#: 4| 5[]
OR AL, 00001001B
OUT DMA_CON, AL
MOV AL, #& v ix4|5 0]
OR AL, 00000101B
OUT INT_CON, AL
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$§$13-2 THE 8237
PROGRAMMABLE
DMA CONTROLLER




Features
e DMA controller provides memory with the

(via *DACK)
e Address Increment or Decrement

e Four Independent DMA Channels

e Enable/Disable Control of Individual DMA
Requests

\8237A-5

address and select the appropriate I/O device

e Directly Expandable to Any Number of Channels
e Transfers up to 1.6M Bytes/Second with 5 MHz

/




/ Other Features \

o Memory-to-Memory Transfers
e Memory Block Initialization

e End of Process Inputfor Terminating
Transfers

e Software DMA Requests

e Independent Polarity Control for DREQ and
DACK Signals

\ ]




/ 0p.499-501 Pin Definition (_7_/10,)\

Symbol | Type Name and Function
Ve POWER: +5V supply.
Vee GROUND: Ground.
CLOCK INPUT: Clock Input
controls the /internal operations
CLK I of the8237A and its rate of data
transfers.
eThe input may be driven at up to 5
MHz for the 8237A-5.
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/ Pin Definition (2/10) \

Symbol | Type NAME and Function

CHIP SELECT: Chip Select is an active low input
CS I used to select the 8237A as an I/O device
during the Idle cycle. This allows CPU
communication on the data bus.

RESET: Reset is an active high input which
clears the Command, Status, Request and
RESET I Temporary registers. It also clears the first/last
flip-flop and sets the Mask register. Following a
Reset the device is in the Idle cycle.

READY: Ready is an input used to extend the
memory read and write pulses from the 8237A
READY I to accommodate slow memories or I/O
peripheral devices, i.e.,allows memory and I/0O
to insert wait states into the 8237.
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Pin Definition (3/10)

Symbol

Type

NAME and Function

HLDA

HOLD ACKNOWLEDGE: The active high Hold
Acknowledge from the CPU indicates that it has
relinquished control of the system busses.

DREQO

DREQ3

DMA REQUEST: The DMA Request lines are
individual asynchronous channel request inputs

used by peripheral circuits to obtain DMA service.

—A request is generated by activating the DREQ line
of a channel.

—DACK will acknowledge the recognition of DREQ
signal.

—DREQ must be maintained until the corresponding
DACK goes active.

ePolarity of DREQ is programmable.
—Reset initializes these lines to active high.

eIn fixed Priority, DREQO has the highest priority
and DREQ3 has the lowest priority.
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Pin Definition (4/10)

Symbol

Type

NAME and Function

DBO-
DB/

I/0

DATA BUS: The Data Bus lines are bidirectional
three-state signals connected to the system data
bus.

eThe outputs are enabled in the Program condition
during the I/O Read to output the contents of an
Address register, a Status register, the Temporary
register or a Word Count register to the CPU.

eThe outputs are disabled and the inputs are
enabled during an I/O Write cycle when the CPU is
programming the 8237A control registers.

eDuring DMA cycles the most significant 8 bits
of the address are output to be strobed into an
external latch by ADSTB.

eIn memory-to-memory operations, data from the
memory comes into the 8237A on the data bus
during the read-from-memory transfer. In the
write-to-memory transfer, the data bus outputs
place the data into the new memory location.
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Pin Definition (5/10)

Symbol

Type

NAME and Function \

IOR

I/0

I/O READ: I/O Read is a bidirectional active low
three-state line.

eIn the Idle cycle, it is an /nput control signal
used by the CPU to read the control registers.
eIn the Active cycle, it is an output control
signal used by the 8237A to access data from a
peripheral during a DMA Write transfer.

IOW

I/0

I/O WRITE: I/O Write is a bidirectional active
low three-state line.

eIn the Idle cycle, it is an /nput control signal
used by the CPU to load information into the
8237A.

eIn the Active cycle, it is an output control
signal used by the 8237A to load data to the
peripheral during a DMA Read transfer.




Pin Definition (6/10)

Symbol

Type

NAME and Function

EOP

I/0O

END OF PROCESS: is an active low bidirectional signal.
eInformation concerning the completion of DMA services
is available at the bidirectional EOP pin.
—The 8237A allows an external signal to terminate an
active DMA service. This is accomplished by pulling the
EOP input low with an external EOP signal.
—The 8237A also generates a pulse when the terminal
count (TC) for any channel is reached. This generates
an EOP signal which is output through the EOP line.
eThe reception of EOP, either internal or external, will
cause the 8237A to terminate the service, reset the
request, and, if autoinitialize is enabled, to write the base
registers to the current registers of that channel.
—The mask bit will be set for the currently active
channel by EOP unless the channel is programmed for
autoinitialize. In that case, the mask bit remains
unchanged.
eDuring memory-to-memory transfers, EOP will be output
when the TC for channel 1 occurs.
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/ Pin Definition (7/10) \

Symbol | Type NAME and Function

ADDRESS: The four least significant address
lines are bidirectional three-state signals.

eIn the Idle cycle they are inputs and are
_ used by the CPU to address the register to be
AQ-A3 1/O loaded or read.
eIn the Active cycle they are outputs and
provide the lower 4 bits of the output
address.

ADDRESS: The four most significant address

lines are three-state outputs and provide 4 bits
A4-A7 O |of address.

eThese lines are enabled on/y during the
\ DMA service. /
21




Pin Definition (8/10) \

Symbol

Type

NAME and Function

HRQ

HOLD REQUEST: This is the Hold Request
to the CPU and is used to request control
of the system bus.
oIf the corresponding mask bit is clear,
the presence of any valid DREQ causes
8237A to issue the HRQ.

DACKO

DACK3

DMA ACKNOWLEDGE: DMA Acknowledge

is used fo notify the individual peripherals

when one has been granted a DMA cycle.
eThe sense of these lines is
programmable.

—Reset initializes them to active Iow./
22




/ Pin Definition (9/10) \

Symbol | Type NAME and Function

ADDRESS ENABLE: Address Enable
enables the 8-bit latch containing
the upper 8 address bits onto the
AEN O |system address bus. AEN can also
be used to disable other system bus
drivers during DMA transfers. AEN is
active HIGH.

ADDRESS STROBE: The active high,
ADSTB| O Address Strobe is used to strobe the

upper address byte into an external
latch.
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/ Pin Definition (10/10) \

Symbol | Type NAME and Function

MEMORY READ: The Memory Read signal
is an active low three-state output used to
MEMR O |access data from the selected memory
Jocation during a DMA Read or a memory-
to-memory transfer.

MEMORY WRITE: The Memory Write is an
active low three-state output used to write
MEMW 0 data to the selected memory location
during a DMA Write or a memory-to-
memory transfer.
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pp.501-504 Internal
Registers
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7T B B 4

Command Register

1 0 -w——Bit Numbear

i 2

| |

! ]_|

-
e

Memong-to-meamaory disable
M ory- 1 O-mamary enabde

Channsl O address hiold disaibde
Channel 0 addrass hold enable
if bit =0

Memory-to-Memory
Transfer

=

=

=

U S—

- O

=

Contraller enalie
Conincller disable

Mormal fiming
Compressed timing
I Bt D=1

Flxed priority
RAotating prority

Late writa salaction
Exlanded write salasiion
If it 3=1

ol——

—_ &

- o

DREQ sense active high
DREG senmse active lom

DACE sange aotiva oW
DACK sanse activa high

Polarity
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Mode Register

T 6 & 4 3 2 1 0 -=— Bit Numbar

e —

—

T

l

l

)

o
10

11

o
1
i
11
XX

Channal D aalact

Channel 1 salact
Channal 2 salact

Channal 3 aelact

Verily transter
Write transfar
Read ransier

llegal
If bifs 6 and ¥ = 11

Aulainitialization disable
Aulinitiglization enalbie

Addrass increment Sabect
Address decremeni select

Darmand mode Select
single mode selec
Block mode select
Cascade mode select
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/ 8237 Modes \

e Intel 8237 can be set to four different style of
transfer:

Single - One transfer at a time, allow processor access
to the bus between transfers

dBlock - Transfer all data, do not allow processor access
to the bus (may cause problems with memory refresh!)

dDemand - Keep transferring as long as target keeps
DRQ asserted

(1 Cascade - allow a slave controller use of the DMAC

e In addition, the DMA controller can be set to make
continuous transfers

dknown as auto-initialized DMA
\Dnormal DMA is known as "single-cycle" /
29




/ Request Register \
0 - Bil Numbar

I & 5 4 3 2 1

— c— —r— {00 Selact channel 0

Don't Cara 01 Selact channgl 1
10 Select channal 2

11 Selact channel 3

| I:'_I FIZ-|E|:':F:| rea s il
l 1 Sat reguest bit

eThe 8237A can respond to requests for DMA service which
are initiated by software as well as by a DREQ.

dEach channel has a request bit associated with it in

the 4-bit Request register.
\DThese are non-maskable /
30




/ Mask Register Set / Reset \

T &8 58 4 3 2 1 0 -s— Bit Numbear
HEE
— — | — 00 Salect channal O mask bit

Don't Care 01 Selact channal 1 mask bit
10 Selact channal 2 mask bit
11 Selact channal 3 mask bit

0 Claar mask bit
1 Set mask bii

I
|
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/ Mask Register \

eAll four bits of the Mask register may also be
written with a single command:

T & 5_ 4 3 2 1 0 --=——I78il Number

HE J

"

"—--I-a—-“ | I 0 Clear channgl 0 mask bil
Oon't Care 1 Sel channel O mask bit

I 0 Clear channel 1 mask bif
1  Set channe! 1 mask bit

{ D Clear channel 2 mask bit
1 Sat channal 2 mask bit

| 0 Clear channel 3 mask bil
\ | 1 Set channel 3 mask bil /
3




Status Register

7 6 5 4 3 2 1 0 -=2——Bil Numbar

1
1
r

=

1
ks o el

oBits 0-3 are set every time a TC (Terminal Count) is reached

Channel O has reached TC
Channal 1 has reachad TC

Channel 2 has reached TC
Channel 3 has reached TC

Channel 0 request
Channel 1 request

Channal 2 requesi
Channel 3 request

by that channel or an external EOP is applied.

-These bits are cleared upon Reset and on each Status

Read.

*Bits 4-7 are set whenever their corresponding channel is

requesting service.
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/ Definition of Register Codes

Register |[Operaton S gnats

CE 1OR 1OW A3 AZ A1 AD
[Command |Wnts Qa I a O O 0
hoda Winte Q f o 1 O 1 1
Hagqusast |Winta o i o I I
hizsk Sat/Heasat | O I a B T B
hl=sk Wints o 1 a 1 1 1 |
Tamporary |Haad a i 1 1 0O 1
Status Ha=d a 0 I O O 0
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/ p.504 Software Commands \
e These are additional special software commands
which can be executed in the Program Condition.

dThey do not depend on any specific bit pattern on the
data bus.

e The three software commands are:

1.Clear First/Last Flip-Flop:

»Must be executed prior to writing or reading new address or
word count information to the 8237A

> Initializes the flip-flop to a known state so that subsequent
accesses to register contents by the microprocessor will address
upper and lower bytes in the correct sequence.

2.Master Clear:
»Has the same effect as the hardware RESET.

3.Clear Mask Register:
=Clears the mask bits of all four channels, enabling them to accept
DMA requests. s




p.504 FIGURE 13-10

8237A-5 Command and Control Port

Assignments

Is .
Al A2 Al Al 10/ oW Operation
L
1 g g d g 1 Raad Sialus Ragsles
1 d d J 1 J Wile Ciormrmand Ragis]ar
1 d d i [y i | lagal
i i i 1 i i Wrile Raequas] Regsler
1 d 1 J d i | lagal
1 d 1 J 1 J Wrile Sngle Mask Regsiaer il
1 d 1 i d i lagal
1 [y 1 1 1 (1 Wrile Maode Ragisier
1 1 d aJ [y i | eyl
1 1 d d 1 J Clear Byle Poinlar Flig/Flop
1 1 [y 1 [y 1 Raad Termporary Ragisiar
1 1 d i 1 J Masiaer Claar
1 1 1 (0 d i lagal
1 1 1 J 1 J Claar Mash Ragsier
1 1 1 i 0 i lagal
1 1 1 1 1 d Write All Mask Raqgesler Sils

= p.504 Software Command
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p.504-505 Programming the Address and Count Registe

Channel Register Operation | Signals Internal | Data Bus
C5 IOR 1OW A3 a2 a1 ao|Flip-Flop| DBO-DBET
0 Bzza and Cumant Addrass Wirita 0 i i o 0 0 0 0 AD-AT
i} i o o 40 a0 0 i AB-A15
Cumrant Addrass Razad o 0 i o 0 0 0 i} AD-AT
o 0 i D S O O i AB-A15
Bzsa and Cumant Woed Count ‘Wirita i} i o Jo 0 o o i} WD W
i} | o Jo o o o i WE-W15
Curmrant Woed Count Razd o 0 i [ T T S T | u} WD -WTF
o 0 i o o o0 i WE-W15
| Bzsa and Cumant Addrass ‘Wirita i} i i o 06 1 0 i} AD-AT
i} i o o0 40 1 0 i AB-A15
Cumrant Address Razd o 0 i o 0 1 0 i} AD-AT
o 0 | o 0o 1 0 i AB-A15
Bzza and Cumant Woed Count Wirita i i i [T I T | i WO =W
i} i o o a0 1 1 i WE-W15
Currant Woed Count Razd o 0 i oo o1 i} WD W7
o 0 | oo o1 i WE-W15
2 Bzza and Cumant Addrass Wirita i 1 i o 1 o 0 i AD-AT
u} i o 0 1 0 0 i AB-A15
Curmrant Addrass Razd [ i o 1 00 i} AD-AT
o 0 i o 1 0 0 i AB-A1S
Basa and Cumant Woed Count ‘Wirita i} i o o0 1 0 i} WD W7
i} i o o0 1 0 i WE-W15
Curmrant Weoed Count Razd o 0 | o o1 0 i} WD —WF
o 0 i o o1 0 i WE-W15
3 Bzza and Cumant Addrass Wirita i i i o1 1 0 i AD-AT
i} i o o0 1 1 0 i AB-A1S
Cumrant Address Razd o 0 i o 1 1 0 i} AD-AT
o 0 i o 1 1 0 i AB-A1S
Bzza and Cumant Woed Count Wirita i 1 i a1 1 1 i WO -WF
u} i o o0 o1 11 i WE-W15
Curmrant Weoed Count Razd [ i o 1 1 1 i} WO W7
o 0 i o 1 1 1 i Wa-W15h 37




/ Coding DMA Transfers \
1. Find the Page and Page Offset of the memory
block you wish to transfer

2. Turn off the DMA channel (so it will not accept
requests while you reprogram it)

3. Clear the byte pointer flip/flop
4. Write the transfer mode to the mode register
5. Write the page offset to the address register

6. Write the length (-1 byte/word) to the count
register
(0=1 byte, 65535=64Kbytes)

/. Write the page # to the page register

8. Re-enable the DMA channel
9. Set up target device




/ Page Register \

e Because the range of the 8237 is 64K bytes (or
64K words), each channel has a page register to
extend the address to 24-bits

e If use real mode, only use 4 bits of the page
register

e To get the page #, calculate linear (absolute)

address. The upper
4 bits are the page: -




/ Find the Page and Page Offset\

; Code to convert segment:offset to

;» page:page_offset

; SI contains offset, DX contains segment
mov ax,dx

mov cl,4
shl ax,cl » shift segment left 4

shr dx,cl
add si,ax ; add shifted segment to offset

adc dh,0
» Now SI contains the offset within the page,

\;the low 4-bits of DH contain the page # /




/ Coding DMA Transfers (Cont’d)\

; Clear byte ptr F/F
out BYTEREG,al » any value to reset

» write mode to mode register
mov al, mode
out MODEREG,al

; write page offset to address reqg.

movV ax,Si ; get offset in ax
out ADDRREG,al ; write LSB of DMA offset
mov al,ah

\out ADDRREG,al ; write MSB of DMA offset /




/ Coding DMA Transfers (Cont’d)\

» write length (-1) to count reqg.

mov ax,length ;» ax=length-1

dec ax

out COUNTREG,al : write LSB of size
mov al,ah

out COUNTREG,al :» write MSB of size

» Write page# to page register
mov al,dh

\out PAGEREG,al » Write page /




DMA Hardware on PC \

in @ Master/Slave organization:

i —— A2
Processor HLDA DMAC DRQS

P DAKE #
{Master) DRQS
P DAKS #

e The PC has two 8237 DMA Controllers, arranged

T

8237
DMAC DRQ2
{Slave) DAK2#

\




/ DMA Hardware on PC (Cont’d)\

e Processor has HOLD/HOLD Acknowledge
lines to interact with 8237

ADMAC can gain control of ISA bus by
asserting HOLD

JProcessor acknowledges with HLDA
e DRQ4 services slave controller

e Priorities are set as fixed
ADRQO highest, DRQ7 lowest

\DCan be reprogrammed for rotating priorityJ




Personal Computer I/O Map

See p.387 Fig.11-2

PCI Bus, user apps
and main-board
functions

Computer system

and 15A Bus

FFEFFE
/O Expansion Area
T
ll"".'-_ _-F-'_,..-l—l'
"
0400 - _
- _COM 1
- Floppv disk
O3ED m——
I CGl adapter
0380 :
117a LT 1
0210 :
0320 Hard disk
0300 :
- COM 2
00e4
EE ¥
nnsn B__‘r_"l-'il:'l I}
0044 —
0040 Timer
a0z4
0020 Interrupt controller

8!

Qolo
aoono

DMA controller “

Fixed I/O areas

"'r":_-_ri::bie Port
/O instuctions

Fixed Porl
[/O instuctions
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DMA Hardware on PC (Cont’d)\

e ISA address/data/control lines are also
connected (not shown)
[ Can access internal registers through ports
dEach channel has a page register associated with it

DMA Controller Slave Master
DRQ# 0 1 2 3 4 5 6 7
Memory Address Register ) 51 04n 06k COh  C4h  CSh  CCh
I/O Address

Page Register 87h  83h 8lh 82h (none) &8Bh 89 §Ah

Count Register I/O 0Olh 03h 05h 07h (none) C6h CAh CEh
Address
46




DMA Hardware on PC (Cont'd)

DMA Controller Slave Master
Control Register I/O Address 08h DOh
Mode Register I/O Address O0Bh D6h
Mask Register I/O Address 0Ah D4h
Clear Byte F/F I/O Address 0Ch D8h

47




DMA-Processed Printer Interface\

=R
betJ
*ACK indicates printer & Clk¢p ACK
needs data -- also used K
as a DMA request. Clear |
(IJ
D- LT
L 373 —— | Data
— I to
*DACK; latches data in '373 —| Latch [—— | Printer
and generates *DS to printer _— —
through the single shot '122. D, ¢ oF —
TOWC é -
. 122 Q
Once programmed with address of data and d TR O—» DS

# of chars, the 8237 transfers a byte at a time.

® Note that the I/O device is NOT selected by decoding the address bus, but
rather by *DACK, since address bus contains a memory address.

® See code in book and example of 8237 connected to an 8088. (pp. 506-507)« i
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Homework

Page 546 Pro
Page 546 Pro
Page 546 Pro
Page 546 Pro
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em 15

™

/




	CHAPTER 13 Direct Memory Access and DMA-Controlled I/O
	§13-1 BASIC DMA OPERATION
	What is DMA?
	回忆：复用信息类型的选择有不止一个主控器
	回忆：最小模式  总线请求和总线授予
	Request/Ack a DMA Transfer
	Data Transfer
	启动DMA传送的典型程序段
	§13-2 THE 8237PROGRAMMABLEDMA CONTROLLER
	Features
	Other Features
	pp.499-501 Pin Definition (1/10)
	Pin Definition (2/10)
	Pin Definition (3/10)
	Pin Definition (4/10)
	Pin Definition (5/10)
	Pin Definition (6/10)
	Pin Definition (7/10)
	Pin Definition (8/10)
	Pin Definition (9/10)
	Pin Definition (10/10)
	pp.501-504  Internal Registers
	Command Register
	Mode Register
	8237 Modes
	Request Register
	Mask Register Set / Reset
	Mask Register
	Status Register
	Definition of Register Codes
	p.504 Software Commands
	p.504 FIGURE 13-10 8237A-5 Command and Control Port Assignments
	pp.504-505 Programming the Address and Count Register
	Coding DMA Transfers
	Page Register
	Find the Page and Page Offset
	Coding DMA Transfers (Cont’d)
	Coding DMA Transfers (Cont’d)
	DMA Hardware on PC
	DMA Hardware on PC (Cont’d)
	Personal Computer I/O Map
	DMA Hardware on PC (Cont’d)
	DMA Hardware on PC (Cont’d)
	DMA-Processed Printer Interface
	Homework


<<
  /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
  /SyntheticBoldness 1.00
  /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


