lic . Drocessors

/80386 80486 Pentium, Pentium Pro
ﬁnﬂ Corez with 64-bit Extenslons

{
' ::l .
| | 1)
l:

| A ll

I JJ.M)I)J.;B.J\.
|
|

EIGHTH EDITION

N

Barry B. Brey

¥ PEARSON

1TLTERERNNY : Y —
s -

ect Memory Access
d DMA-Controlled 1/O



Introduction

 The DMA 1I/O technique provides direct access
to the memory while the microprocessor Is
temporarily disabled.

* This chapter also explains the operation of
disk memory systems and video systems that
are often DMA-processed.

* Disk memory includes floppy, fixed, and
optical disk storage. Video systems include
digital and analog monitors.
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Chapter Objectives

Upon completion of this chapter, you will be able to:

 Describe a DMA transfer.

* Explain the operation of the HOLD and HLDA
direct memory access control signals.

» Explain the function of the 8237 DMA
controller when used for DMA transfers.

* Program the 8237 to accomplish DMA
transfers.
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Chapter Objectives (cont.)

Upon completion of this chapter, you will be able to:

* Describe the disk standards found In
personal computer systems.

* Describe the various video interface
standards found in the personal computer.
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13-1 BASIC DMA OPERATION

* Two control signals are used to request and
acknowledge a direct memory access (DMA)
transfer in the microprocessor-based system.

—the HOLD pin is an input used to request a
DMA action

—the HLDA pin is an output that acknowledges
the DMA action

* Figure 13—-1 shows the timing that is typically
found on these two DMA control pins.
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Figure 13-1 HOLD and HLDA timing for the microprocessor.
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— HOLD is sampled in any clocking cycle

—when the processor recognizes the hold, it stops
executing software and enters hold cycles

— HOLD input has higher priority than INTR or NMI

— the only microprocessor pin that has a higher
priority than a HOLD is the RESET pin
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 HLDA becomes active to indicate the
processor has placed its buses at high-
Impedance state.

— as can be seen Iin the timing diagram, there are
a few clock cycles between the time that HOLD
changes and until HLDA changes

 HLDA output Is a signal to the requesting
device that the processor has relinquished
control of its memory and I/O space.

— one could call HOLD input a DMA request
Input and HLDA output a DMA grant signal
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Basic DMA Definitions

* Direct memory accesses normally occur
between an |I/O device and memory without
the use of the microprocessor.

—a DMA read transfers data from the memory
to the 1/O device

— A DMA write transfers data from an |/O device
to memory

 Memory & I/O are controlled simultaneously:.

— which is why the system contains separate
memory and I/O control signals
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A DMA read causes the MRDC and IOWC
signals to activate simultaneously.

— transferring data from memory to the I/O device

« A DMA write causes the MWTC and IORC
signals to both activate.

» 8086/8088 require a controller or circuit such
as shown in Fig 13-2 for control bus signal
generation.

« The DMA controller provides memory with its
address, and controller signal (DACK) selects
the 1/O device during the transfer.
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Figure 13-2 A circuit that generates system control signals in a DMA environment.
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» Data transfer speed Is determined by speed
of the memory device or a DMA controller.

— If memory speed is 50 ns, DMA transfers occur
at rates up to 1/50 ns or 20 M bytes per second

— If the DMA controller functions at a maximum
rate of 15 MHz with 50 ns memory, maximum
transfer rate is 15 MHz because the DMA
controller is slower than the memory

* In many cases, the DMA controller slows the
speed of the system when transfers occur.
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 The switch to serial data transfers in modern
systems has made DMA is less important.

* The serial PCIl Express bus transfers data at
rates exceeding DMA transfers.

* The SATA (serial ATA) interface for disk drives
uses serial transfers at the rate of 300 Mbps
—and has replaced DMA transfers for hard disks

» Serial transfers on main-boards between

components using can approach 20 Gbps
for the PCI Express connection.
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13-2 THE 8237 DMA CONTROLLER

* The 8237 supplies memory & I/O with control
signals and memory address information
during the DMA transfer.

— actually a special-purpose microprocessor

whose job Is high-speed data transfer between
memory and I/O

* Figure 13—-3 shows the pin-out and block
diagram of the 8237 programmable DMA
controller.
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Figure 13-3 The 8237A-5 programmable DMA controller. (a) Block diagram and (b)
pin-out. (Courtesy of Intel Corporation.)
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« 8237 Is not a discrete component in modern
microprocessor-based systems.

— It appears within many system controller chip sets

« 8237 is a four-channel device compatible
with 8086/8088, adequate for small systems.

— expandable to any number of DMA channel inputs

» 8237 Is capable of DMA transfers at rates up

to 1.6M bytes per second.
— each channel is capable of addressing a full

64K-byte section of memory and transfer up to
64K bytes with a single programming
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8237 Pin Definitions
CLK

* Clock input Is connected to the system clock
signal as long as that signal is 5 MHz or less.

—In the 8086/8088 system, the clock must be
Inverted for the proper operation of the 8237
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8237 Pin Definitions
CS
* Chip select enables 8237 for programming.

 The CS pin is normally connected to the
output of a decoder.

* The decoder does not use the 8086/8088
control signal IO/M(M/10) because it

contains the new memory and I/O control
signals (MEMR, MEMW, IOR and IOW).
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8237 Pin Definitions
RESET

* The reset pin clears the command, status,
request, and temporary registers.

* |t also clears the first/last flip-flop and sets
the mask register.

— this input primes the 8237 so it is disabled
until programmed otherwise

The Intel Microprocessors: 8086/8088, 80186/80188, 80286, 80386, 80486 Pentium,

PEARSON Pentium Pro Processor, Pentium I, Pentium, 4, and Core2 with 64-bit Extensions Copyright ©2009 by Pearson Education, Inc.
.

Sl Architecture, Programming, and Interfacing, Eighth Edition Upper Saddle River, New Jersey 07458 « Al rights reserved.
Barry B. Brey



8237 Pin Definitions
READY

* Alogic 0 on the ready input causes the
8237 to enter wait states for slower
memory components.

HLDA

* Ahold acknowledge signals 8237 that the
microprocessor has relinquished control of
the address, data, and control buses.
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8237 Pin Definitions
DREQ,-DREQ,

« DMA request inputs are used to request a
transfer for each of the four DMA channels.

— the polarity of these inputs is programmable, so
they are either active-high or active-low inputs

DB.~DB,

» Data bus pins are connected to the processor
data bus connections and used during the
programming of the DMA controller.
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8237 Pin Definitions
IOR

 |/O read Is a bidirectional pin used during
programming and during a DMA write cycle.

IOW

* |/O write Is a bidirectional pin used during
programming and during a DMA read cycle.
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8237 Pin Definitions
EOP

* End-of-process is a bidirectional signal
used as an input to terminate a DMA
process or as an output to signal the
end of the DMA transfer.

— often used to interrupt a DMA transfer at
the end of a DMA cycle
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8237 Pin Definitions
AO_AB

* These address pins select an internal
register during programming and provide
part of the DMA transfer address during a
DMA action.

— address pins are outputs that provide part of
the DMA transfer address during a DMA action
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8237 Pin Definitions
HRQ

* Hold request Is an output that connects to
the HOLD input of the microprocessor Iin
order to request a DMA transfer.
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8237 Pin Definitions
DACK,-DACK,

 DMA channel acknowledge outputs
acknowledge a channel DMA request.

* These outputs are programmable as either
active-high or active-low signals.

— DACK outputs are often used to select the
DMA- controlled I/O device during the DMA
transfer.
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8237 Pin Definitions
AEN

 Address enable signal enables the DMA
address latch connected to the DB,—-DB,
pins on the 8237.

— also used to disable any buffers in the
system connected to the microprocessor
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8237 Pin Definitions
ADSTB

* Address strobe functions as ALE, except
it Is used by the DMA controller to latch
address bits A, .—Ag during the DMA transfer.

MEMR

 Memory read Is an output that causes
memory to read data during a DMA read cycle.
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8237 Pin Definitions
MEMW

Memory write Is an output that causes

memory to write data during a DMA write
cycle.
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8237 Internal Registers
CAR

* The current address register holds a 16-bit
memory address used for the DMA transfer.

— each channel has its own current address
register for this purpose

* When a byte of data Is transferred during a
DMA operation, CAR is either incremented
or decremented.

— depending on how it Is programmed
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8237 Internal Registers
CWCR

 The current word count register programs
a channel for the number of bytes (up to 64K)
transferred during a DMA action.

* The number loaded into this register is one
less than the number of bytes transferred.

— for example, if a 10 is loaded to CWCR, then
11 bytes are transferred during the DMA action
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8237 Internal Registers
BA and BWC

 The base address (BA) and base word
count (BWC) registers are used when
auto-initialization is selected for a channel.

* In auto-initialization mode, these registers
are used to reload the CAR and CWCR
after the DMA action is completed.

— allows the same count and address to be used
to transfer data from the same memory area
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8237 Internal Registers
CR

 The command register programs the
operation of the 8237 DMA controller.

* The register uses bit position 0 to select the
memory-to-memory DMA transfer mode.

— memory-to-memory DMA transfers use DMA
channel O to hold the source address

— DMA channel 1 holds the destination address
« Similar to operation of a MOVSB Instruction.
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Figure 13-4 8237A-5 command register. (Courtesy of Intel Corporation.)

7 6 5 4 3 2 1 0«<—Bit Number

E

O -0 X0 =0 X0 -0 X-<-0O 0O

— e
—

Memory-to memory disable
Memory-to-memory enable

Channel 0 address hold disable
Channel 0 address hold enable

lfbit0=0

Controller enable
Controller disable

Normal timing
Compressed timing
Ifbit0 =1

Fixed priority
Rotating priority
Late write selection

Extended write selection
Ifbit3 =1

DREQ sense active high
DREQ sense active low

DACK sense active low
DACK sense active high
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8237 Internal Registers
MR

 The mode register programs the mode of
operation for a channel.

* Each channel has its own mode register as
selected by bit positions 1 and O.

— remaining bits of the mode register
select operation, auto-initialization,
Increment/decrement, and mode for
the channel
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Figure 13-5 8237A-5 mode register. (Courtesy of Intel Corporation.)

7 6 5 4 3 2 1 0<«<—Bit Number

i J L JL J

[ 00 Channel 0 select
01 Channel 1 select
10 Channel 2 select
| 11 Channel 3 select

[ 00 Verify transfer

01 Write transfer

10 Read transfer

11 lllegal

XX Ifbits6and 7 = 11

[ 0 Autoinitialization disable
L 1 Autoinitialization enable

" 0 Address increment select
| 1 Address decrement select

" 00 Demand mode select
01 Single mode select
10 Block mode select

| 11 Cascade mode select
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8237 Internal Registers
BR

 The bus request register Is used to request
a DMA transfer via software.

— very useful in memory-to-memory transfers,
where an external signal is not available to
begin the DMA transfer
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Figure 13—6 8237A-5 request register. (Courtesy of Intel Corporation.)

7 6 5 4 3 2 1 0<«<—Bit Number

I_I_I
Don't Care 00 Select channe

01 Select channe
10 Select channe
11 Select channe

0 Reset request bit
1 Set request bit

W =0
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8237 Internal Registers
MRSR

 The mask register set/reset sets or clears
the channel mask.

— If the mask is set, the channel is disabled

— the RESET signal sets all channel masks
to disable them
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Figure 13—7 8237A-5 mask register set/reset mode. (Courtesy of Intel Corporation.)

7 6 5 4 3 2 1 0<«<—Bit Number

Don't Care "00 Select channel 0 mask bit
01 Select channel 1 mask bit
10 Select channel 2 mask bit
.11 Select channel 3 mask bit

[ O Clear mask bit
|l 1 Set mask bit
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8237 Internal Registers
MSR

 The mask register clears or sets all of
the masks with one command instead of
Individual channels, as with the MRSR.
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Figure 13—-8 8237A-5 mask register. (Courtesy of Intel Corporation.)

7 6 5 4 3 2 1 0<«<—Bit Number

Don't Care 0 Clear channel 0 mask bit
1 Set channel 0 mask bit

0 Clear channel 1 mask bit
1 Set channel 1 mask bit

[ O Clear channel 2 mask bit
|l 1 Setchannel 2 mask bit

[ 0 Clear channel 3 mask bit
1 Set channel 3 mask bit
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8237 Internal Registers
SR

* The status register shows status of each
DMA channel. The TC bits indicate if the
channel has reached its terminal count
(transferred all its bytes).

 When the terminal count is reached, the
DMA transfer is terminated for most modes

of operation.

— the request bits indicate whether the DREQ
iInput for a given channel is active
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Figure 13-9 8237A-5 status register. (Courtesy of Intel Corporation.)

7 6 5 4 3 2 1 0<«<—Bit Number

Channel 0 has reached TC
Channel 1 has reached TC
Channel 2 has reached TC
Channel 3 has reached TC

Channel 0 request
Channel 1 request
Channel 2 request
Channel 3 request
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Software Commands

 Three software commands are used to
control the operation of the 8237.

 These commands do not have a binary bit
pattern, as do various control registers
within the 8237.

— a simple output to the correct port number
enables the software command
* Fig 13—-10 shows I/O port assignments that
access all registers and the software
commands.
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Figure 13-10 8237A-5 command and control port assignments. (Courtesy of Intel
Corporation.)

Signals ,
A3] A2 | A1 | A0 J[IOR]iOW Operation
1 0] O 0] O | 1 | ReadStatus Register
11 0] 0] 0] 1] 0 | Write CommandRegister
1 01 0] 1 0 | 1 |lllegal
1 0] 0} 1 1 0 | Write Request Register
11 0] 110107 1]]llegal
1101 1]10] 1 0_| Write Single Mask Register Bit
11 0] 1 11 0] 1 |lllegal
11 0] 1 1 1 | 0 | Write Mode Reqister
1 1 0101 O 1 | lllegal
11 11 0] 0] 1] 0 |ClearByte Pointer Flip/Flop
i1 110 1] 0] 1 |ReadTemporaryRegister
1 1 0| 1 1 0 | Master Clear
1] 1 1101 0] 1 [llegal
1 1 ¥l 0.1 0 | Clear Mask Register
1 1 1 1 0 1 | lllegal
111 1] 1] 1| 0 |WriteAllMaskRegister Bits
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8237 Software Commands
Master clear

 Acts exactly the same as the RESET signal
to the 8237.

— as with the RESET signal, this command
disables all channels

Clear mask register

 Enables all four DMA channels.
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8237 Software Commands
Clear the first/last flip-flop

 Clears the first/last (F/L) flip-flop within 8237.

* The F/L flip-flop selects which byte (low or
high order) is read/written in the current
address and current count registers.

—If F/L = 0, the low-order byte Is selected
—If F/L = 1, the high-order byte Is selected

* Any read or write to the address or count
register automatically toggles the F/L flip-flop.
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Programming the Address and
Count Registers

* Figure 13-11 shows I/O port locations for
programming the count and address
registers for each channel.

* The state of the F/L flip-flop determines
whether the LSB or MSB Is programmed.
— If the state Is unknown, count and address
could be programmed incorrectly
* |t Is important to disable the DMA channel
before address and count are programmed.
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Figure 13-11 8237A-5 DMA channel I/O port addresses. (Courtesy of Intel
Corporation.)

Sirals
Channgd 100 aen S ——— Imemal Fi Data 8us DBO-DB7
- Pl o ow o2 a w wiia
0 Base and Current Address Wirite 0 1 0 0 0 0 0 0 AD-AT
0 1 0 0 0 0 0 1 AB-AlS
Current Addross Read 0 0 1 0 0 0 0 0 ADAT
0 0 1 0 0 0 0 1 AB-ALS
Base and Current Word Count Write 0 1 0 0 0 0 1 0 WO-W7
0 1 0 0 0 0 1 1 WB-W15
Current Word Count Resd 0 0 1 0 0 0 1 0 Wo-w7
0 0 1 0 0 0 1 1 WB-W15
1 Base angd Current Address Write 0 1 0 0 0 1 0 0 AD-AT
0 1 0 0 0 1 0 1 AB-AYS
Current Addross Read 0 0 1 0 0 1 0 0 AD-AT
0 0 1 0 0 1 Q 1 AB-A1S
Base and Current Word Court Write 0 1 0 0 0 1 1 0 Wo-w7
0 1 0 0 0 1 1 1 WB-W15
Current Word Count Raad 0 0 1 0 0 1 1 0 Wo-w7
0 0 1 0 0 1 1 1 wa-w15
2 Base and Current Address Wiite 0 1 0 0 1 0 0 0 AD-AT
0 1 ] 0 1 0 0 1 AB-A1S
Curront Address Reoad 0 0 1 0 1 0 0 0 AD-AT
0 0 1 0 1 0 0 1 AB-AtS
Base and Current Word Court Write 0 1 0 0 1 0 1 0 WOo-w7
0 1 0 0 1 0 1 1 WB-W15
Current Word Count Read 0 0 1 0 1 0 1 0 Wo-w7
0 0 1 0 1 0 1 1 We-w1s
3 Base and Current Address Wite 0 1 0 0 1 1 0 0 AD-AT
0 1 0 0 1 1 0 1 AB-A15
Current Address Reaad 0 0 1 0 1 1 0 0 AD-AT
0 0 1 0 1 1 0 1 AB-ALS
Basa and Current Word Court Wite 0 1 0 0 1 1 1 0 WOo-W7
0 1 0 0 1 1 1 1 We-w1s
Curront Word Count Read 0 0 1 0 1 1 1 0 Wo-w7
0 0 1 0 1 1 1 1 WB-W15
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* Four steps are required to program the 8237

— (1) The F/L flip-flop is cleared using a clear F/L
command

— (2) the channel is disabled
—(3) LSB & MSB of the address are programmed
—(4) LSB & MSB of the count are programmed

* Once these four operations are performed,
the channel is programmed and ready to use.
— additional programming Is required to select

the mode of operation before the channel is
enabled and started
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The 8237 Connected to the 80X86

* The address enable (AEN) output of 8237
controls the output pins of the latches and
outputs of the 74LS257 (E).

— during normal operation (AEN=0), latches
A & C and the multiplexer (E) provide address
bus bits A ;A and A_—A,

« See Figure 13-12.
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Figure 13-12 Complete 8088 minimum mode DMA system.
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* The multiplexer provides the system control
sighals as long as the 80X86 is in control of
the system.

— during a DMA action (AEN=1), latches A& C
are disabled along with the multiplexer (E)

— latches D and B now provide address bits
A A and A —Ag
* Address bus bits A—A, are provided directly
by the 8237 and contain part of the DMA
transfer address.

 The DMA controller provides conntrol signals.
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Memory-to-Memory Transfer with
the 8237

* Memory-to-memory transfer is much more
powerful than the automatically repeated
MOVSB instruction.

— most modern chip sets do not support the
memory-to-memory feature

« 8237 requires only 2.0 us per byte, which is
over twice as fast as a software data transfer.

 This is not true If an 80386, 80846, or Pentium
IS In use In the system.
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Sample Memory-to-Memory DMA
Transfer

* Suppose contents of memory locations
10000H-13FFFH are to be transferred to
locations 14000H-17FFFH.

— accomplished with a repeated string move
Instruction or with the DMA controller
« Example 13-1 shows the software required
to initialize the 8237 and program latch B In
Figure 13-12 for this DMA transfer.
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Sample Memory Fill Using the 8237

 To fill an area of memory with the same data,
the channel O source register Is programmed
to point to the same address throughout the
transfer.

— accomplished with the channel 0 hold mode

* The controller copies the contents of this
single memory location to an entire block
of memory addressed by channel 1.

* This has many useful applications.
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DMA-Processed Printer Interface

* Fig 13-13 illustrates the hardware added
to Figl3-12 for a DMA-controlled printer
Interface.

— software to control this interface is simple as
only the address of the data and number of
characters to be printed are programmed

* Once programmed, the channel is enabled,

and the DMA action transfers a byte at a

time to the printer interface.

— each time a printer ACK signal Is received
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Figure 13-13 DMA-processed printer interface.
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13-3 SHARED BUS OPERATION

« Current computer systems have so many
tasks to perform that some systems use more
than one processor to accomplish the work.

— called a multiprocessing or a distributed system

— a system that performs more than one task
IS called a multitasking system

* In systems that contain more than one
processor, some method of control must
ne developed and employed.
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* In a distributed, multiprocessing, multitasking
environment, each microprocessor accesses

two buses.
— (1) the local bus
— (2) the remote or shared bus

80286 uses the 82289 bus arbiter for shared
bus operation.
— 80386/80486 uses the 82389

* The Pentium—Pentium 4 directly support a
multiuser environment.

The Intel Microprocessors: 8086/8088, 80186/80188, 80286, 80386, 80486 Pentium,

PEARSON Pentium Pro Processor, Pentium I, Pentium, 4, and Core2 with 64-bit Extensions Copyright ©2009 by Pearson Education. Inc.
el Architecture, Programming, and Interfacing, Eighth Edition Upper Saddle River, New Jersey 07458 + All rights reserved.

Barry B. Brey



* The local bus Is connected to memory and I/O
directly accessed by a single processor with
no special protocol or access rules.

* The remote (shared) bus contains memory
and I/O that are accessed by any processor
In the system.
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* The bus master is the main microprocessor
In the PC.

— what we call the local bus in the PC is the
shared bus in this illustration

* The ISA bus Is operated as a slave to the
PC’s microprocessor.

— as well as any other devices attached to the
shared bus

 The PCI bus can operate as a slave or a
master.
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Figure 13-14 A block diagram illustrating the shared and local buses.

Local Local Local Local Local Local
memory Vo memory 1o memory IO
Local Bus Local Bus Local Bus
Bus slave Bus slave Bus slave
MiCroprocessor MICroprocessor microprocessor
] Bus master
................ Shared Bus /| microprocessor

Shared Shared
memory o
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Types of Buses Defined

* The local bus is resident to the processor.
— contains the resident or local memory and I/O
 All microprocessors studied thus far in this
text are considered to be local bus systems.

— local memory and I/O are accessed by the
microprocessor directly connected to them

A shared bus Is one that Is connected to all
microprocessors in the system.

* The shared bus Is used to exchange data
between microprocessors in the system.
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* FIig 13-15 shows an 8088 is connected as a
remote bus master.

— bus master applies to any device that can
control a bus containing memory and 1/O

— the 8237 DMA controller is an example of
a remote bus master

« The 8088 has an interface to both a local,
resident bus and the shared bus.

* This allows 8088 to access memory & 1/O.
— or, via the bus arbiter and buffers, the shared bus

The Intel Microprocessors: 8086/8088, 80186/80188, 80286, 80386, 80486 Pentium,

PEARSON Pentium Pro Processor, Pentium I, Pentium, 4, and Core2 with 64-bit Extensions Copyright ©2009 by Pearson Education. Inc.
el Architecture, Programming, and Interfacing, Eighth Edition Upper Saddle River, New Jersey 07458 + All rights reserved.

Barry B. Brey



Figure 13-15 The 8088 operated in the remote mode, illustrating the local and
shared bus connections.
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The Bus Arbiter

 The 8289 bus arbiter controls interface of a
bus master to a shared bus.

« Each bus master or microprocessor requires
an arbiter for the interface to the shared bus.
— which Intel calls the Multibus
— and IBM calls the Micro Channel

* Processors connected In this kind of system
are often called parallel or distributed
processors because they can execute
software and perform tasks in parallel.
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8289 Architecture

* Fig 13-16 shows pin-outs and block diagram
of the 8289 bus arbiter.

— the left side of the block diagram depicts the
connections to the microprocessor

— the right side denotes the 8289 connection
to the shared (remote) bus or Multibus

» 8289 controls the shared bus by causing the

READY Input to the microprocessor to

become logic 0 (not ready) If access to the
shared bus Is denied.
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Figure 13-16 The 8289 pin-out and block diagram. (Courtesy of Intel Corporation.)
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— 8289 controls the

shared bus by causing
READY input to the
microprocessor to
become a logic 0 (not
ready) If access to the
shared bus is denied

— blocking occurs when

another processor is
accessing the shared
bus

The Intel Microprocessors: 8086/8088, 80186/80188, 80286, 80386, 80486 Pentium,
PEARSDN Pentium Pro Processor, Pentium I, Pentium, 4, and Core2 with 64-bit Extensions
Architecture, Programming, and Interfacing, Eighth Edition

Barry B. Brey

Copyright ©2009 by Pearson Education, Inc.
Upper Saddle River, New Jersey 07458 « All rights reserved.



8289 Pin Definitions
AEN

 The address enable output causes the bus
drivers in a system to switch to their three-
state, high-impedance state.
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8289 Pin Definitions
ANYRQST

 The any request input Is a strapping option
that prevents a lower- priority microprocessor
from gaining access to the shared bus.

* If tied to a logic O, normal arbitration occurs
and a lower priority microprocessor can gain
access to the shared bus if CBRQ Is also a
logic O.
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8289 Pin Definitions
BCLK

* The bus clock input synchronizes all shared-
bus masters.

BPRN

* The bus priority input allows the 8289 to
acquire the shared bus on the next falling
edge of the BCLK signal.
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8289 Pin Definitions
BPRO

* The bus priority output is a signal that is
used to resolve priority In a system that
contains multiple bus masters.

BREQ

* The bus request output Is used to request
access to the shared bus.
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8289 Pin Definitions
BUSY

* The busy input/output indicates, as an
output, that an 8289 has acquired the
shared bus.

* As an input, BUSY Is used to detect that
another 8289 has acquired the shared bus.
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8289 Pin Definitions
CBRQ

 The common bus request input/output Is
used when a lower priority microprocessor
IS asking for the use of the shared bus.

* As an output, CBRQ becomes logic 0 when
the 8289 requests the shared bus and
remains low until the 8289 obtains access

to the shared bus.
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8289 Pin Definitions
CLK

* The clock input is generated by the 8284A
clock generator and provides the internal
timing source to the 82809.

CROLCK

 The common request lock input prevents
8289 from surrendering the shared bus to
any 8289 In the system. This signal functions
In conjunction with the CBRQ pin.
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8289 Pin Definitions
CLK

* The initialization input resets 8289
— normally connected to the system RESET signal

10B

* The I/O bus Input selects whether 8289
operates In a shared-bus system (if selected
by RESB) with I/O (I0OB=0) or with memory
and I/O (10B=1).
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8289 Pin Definitions
RESB

* The resident-bus input Is a strapping
connection allowing 8289 to operate In
systems that have either a shared-bus or
resident-bus system.

—If RESB Is a logic 1, 8289 is configured as a
shared-bus master

— If RESB Is a logic 0O, as a local-bus master
* As a shared-bus master, access is requested

through the SYSB/RESB input pin.
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8289 Pin Definitions
LOCK

* The lock input prevents the 8289 from
allowing any other microprocessor from
gaining access to the shared bus.

* An 8086/8088 instruction that contains a
LOCK prefix will prevent other processors
from accessing the shared bus.
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8289 Pin Definitions
Sy Sy, and S,

* The status inputs Initiate shared-bus requests
and surrenders. These pins connect to the
8288 system bus controller status pins.

SYSB/RESB

 The system bus/resident bus input selects
the shared-bus system when placed at logic 1
or resident local bus when placed at logic O.
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General 8289 Operation

« 8289 can operate In three basic modes:
— (1) I/O peripheral-bus mode
— (2) resident-bus mode
— (3) single-bus mode

* In the I/O peripheral bus mode, all local bus
devices are treated as I/O, including memory.
—and are accessed by all instructions

» All memory references access the shared bus
and all 1/0 access the resident-local bus.
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System lllustrating Single-Bus and
Resident-Bus Connections

* Single-bus operation interfaces a processor
to a shared bus with both I/O and memory
resources shared by other processors.

* Fig 13-17 illustrates three 8088 processors,
each connected to a shared bus.

* Two of the three microprocessors operate In
the resident-bus mode, while the third
operates in the single-bus mode.
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* Microprocessor A, in Figure 13-17, operates
In the single-bus mode and has no local bus.

— this processor accesses only shared memory &
I/O space and is often referred to as the system-
bus master because it is responsible for
coordinating the main memory and 1/O tasks

* The remaining two (B and C) are connected
In resident-bus mode

— which allows them access to both the shared
bus and their own local buses
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Figure 13-17 Three 8088 microprocessors that share a common bus system.
Microprocessor A is the bus master in control of the shared memory and CRT
terminal. Microprocessor B is a bus slave controlling its local telephone interface and
memory. Microprocessor C is also a slave that controls a printer, disk memory system,

and local memory. ... :

BusSaw B
Deads
Teloprore Advend B
Loced Memcey
(R i
. 1
1 ]
AN Qs AFN (00 AN oy
o o (R o ‘:,;E 1_1_
"oy
Bhered Corteol B -
Eared Aasens B
o n :r_'_
Y::"; r u: o o e :‘:j
clC =R ‘ AR o (= AN C BN Cu PO
] T T1
Cas I L
-
‘—‘—‘; oDy
g
Porter Fedtare
Db Marso Aavens M
Locad Merrory (“‘:‘ —~
Bus Savwo C
The Intel Microprocessors: 8086/8088, 80186/80188, 80286, 80386, 80486 Pentium,
PEARSON Pentium Pro Processor, Pentium I, Pentium, 4, and Core2 with 64-bit Extensions Copyright ©2009 by Pearson Education, Inc.
- Architecture, Programming, and Interfacing, Eighth Edition Upper Saddle River, New Jersey 07458 « Al rights reserved.

Barry B. Brey



* Bus master (A) allows the user to operate with
a video terminal that allows execution of
programs and generally controls the system.

* Microprocessor B handles all telephone
communications and passes this information
to the shared memory in blocks.

* Processor C is used as a print spooler. Its
only task is to print data on the printer.

—when the bus master requires printed output,
It transfers the task to microprocessor C

* These tasks all execute simultaneously.
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* There is no limit to the number of processors
connected to a system or the number of tasks
performed simultaneously using this
technique.

—the only limit is that introduced by the system
design and the designer’s ingenuity

* Lawrence Livermore Labs in California has
a system that contains 4096 Pentium
MICroprocessors.
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13-4 DISK MEMORY SYSTEMS

* Disk memory is used to store long-term data.

* Many types of disk storage systems are
available and they use magnetic media.

— except optical disk memory that stores data
on a plastic disk
* Optical disk memory Is either:

— CD-ROM (compact disk/read only memory)
which read, but never written

— WORM (write once/read mostly), read most of
the time, but can be written once by a laser
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» Optical disk memory that can be read and
written many times Is becoming available.
— there is still a limitation on the number of write

operations allowed

* The latest optical disk technology Is called
DVD (digital-versatile disk).

— also available in high-resolution versions for

video and data storage as Blu-ray (50G) or
HD-DVD (30G)
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Floppy Disk Memory

* The floppy, or flexible disk was once the most
common and basic form of disk memory.

— the floppy Is beginning to vanish and may
disappear shortly in favor of the USB pen drive

* Floppy disk magnetic recording media have
been made available in three sizes:
— 8" standard
— 51/,” mini-floppy
— 31/,” micro-floppy.
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 All disks have several things in common.
* They are all organized so that data are stored
In tracks and sectors.

—a track is a concentric ring of data stored on
the surface of a disk

— a sector Is a common subdivision of a track
designed to hold a reasonable amount of data

* In many systems, a sector holds either 512
or 1024 bytes of data.

— size of a sector can vary from 128 bytes to the
length of one entire track
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Figure 13-18 The format of a 5!/," mini-floppy disk.

—the iIndex hole Is so

o ~ the system can find
hub the start of a track
e '/// and first sector (00)

’/ — tracks are numbered
, o from track 00, the
outermost track,
toward the center
— sectors are often
we  numbered from

(00) sector 00 on the
outermost track
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