I/0 or input and output

* In addition to memory, data transfer needs to occur
between CPU and Input output devices

198:211

Computer Architecture * When reading from memory, a byte or several bytes can be

transferred from memory to register using
* mov address, %eax or mov %eax, address

* |/0 devices also are sources or destinations for bytes of data

® 1/0 devices can be viewed just as memory
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Topics: ® |/0 devices can be viewed as separate from memory
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* System1/O

* Buses

I/0 programming Memory mapped I/0

* There are two ways of addressing 1/0 devices

| Memory - 1/0 Bus

H < — .
o I e g

* Send or receive data to /from 1/0O device is a memory transfer instruction (mov)
with the right address

* Memory mapped I/O

* The address space is divided between memory and I/O devices

142y Jaindwo) upeg 0T0Z®

* Higher order addresses can refer to device

* Lower order addresses can refer to memory

* mov %eax, address will fetch data from I/O or memory based on the
address

* E.g., memory range to from 0000 to BFFF * Main memory not selected when address is in 1/O range
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1l Alquiassy aiiss:

. 1/0 range from C000 to CFFF o Adv
¢ Device or memory selection based on address range *  Uniformity of programming, same mov works for I/O and memory
¢ Disadv

* Different devices can have different addresses in the 1/0 range - ad s reduced
emory address space Is reduce




I/0 mapped 1/0

* Memory and |/O devices use distinct address spaces
* |solated I/O
* Two separate instructions to address 1/0 devices

* A separate code or control signal based on the op code will
select memory or I/0

* IN for input
® QUT for output MEM
* mov for memory access

o [T

® Less flexible for programming

OUT—Output to Port

Opcode Instruction Description

E6 ib OUT imm8, AL Output byte in AL to /O port address imma

ET ib OUT imm8, AX Output word in AX to IfO port address imm8

ETib OUT imm8, EAX Output doubleword in EAX to I/O port address imm&

EE OUT DX, AL Output byte in AL to I/O port address in DX

EF QUT DX, AX Qutput word in AX to 1/O port address in DX

EF OUT DX, EAX Output doubleword in EAX fo I/0 port address in DX
Description

This instruction copies the value from the second operand (source operand) to the I/O port spec-
ified with the destination operand (first operand). The source operand can be register AL, AX,
or EAX, depending on the size of the port being accessed (8, 16, or 32 bits, respectively): the
destinarion operand can be a byte-immediate or the DX register. Using a byte immediate allows
1/0 port addresses 0 to 255 to be accessed; using the DX register as a source operand allows 'O
ports from 0 to 65,535 to be accessed.

The size of the /O port being accessed is determined by the opcode for an 8-bit IO port or by
the operand-size attribute of the instruction for a 16- or 32-bit /O port.

At the machine code level, IO instructions are shorter when accessing 8-bit /O ports. Here. the
upver eight bits of the port address will be 0.
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IN—Input from Port

Opcode Instruction Description

E4ib IN AL immg Input byte from imm& O port address into AL

E5 it IN AX,imm3 Input byte from imm& /O port address into AX

E5ib IN EAX,imm8 Input byte from imma /O port address into EAX

EC IN ALDX Input byte from /O port in DX inta AL

ED IN AX, DX Input word from I/O port in DX into AX

ED IN EAX,DX Input doubleword from /0 port in DX into EAX
Description

This instruction copies the value from the /O port specified with the second eperand (source
operand) to the destination operand (first operand). The source operand can be a byte-immediate
or the DX register: the destination operand can be register AL AX, or EAX. depending on the
size of the port being accessed (8. 16, or 32 bits. respectively). Using the DX register as a source
operand allows I/O port addresses from 0 to 65.535 to be accessed: using a byte immediate
allows IO port addresses 0 to 255 to be accessed.

When accessing an 8-bit IO port. the opcode determines the port size: when accessing a 16- and
32-bit IO port. the operand-size attribute determines the port size.

At the machine code level, /O instructions are shorter when accessing 8-bit /O ports. Here. the
upper eight bits of the port address will be 0.

Interfacing with I/0

* Many devices, with varying speeds, complexity
® CPU/bus shared among all peripherals and memory

® CPU should be able to select a device and transfer data to
the device

* Interpretation of data left to each device

* Unlike memory, device need to be ready before initiating
transfer

* All of this handed by I/0 module
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I/0 module

Data
lines

Address
Control

* CPU selects device by means of address
* Data corresponds to instructions for device
* Each device has its own set of commands

* Status of device can be checked by reading status registers

Programmed I/0

* Programmed I/O can be further classified as
® Synchronous transfer
® Asynchronous transfer

® Interrupt driven transfer

* All of the above can be used to interface with different I/O

devices

® Require special hardware features in the CPU
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Data transfer schemes

® There are two schemes
® Programmed data transfers
* CPU transfers data from 1/O devices onto registers
¢ Useful for small data transfers
* Direct memory access or DMA
* Device or /0 module directly transfers data to memory

* Useful or large block transfers

Synchronous transfer

* Simplest among three
* CPU and I/O speed match
* Transfer a byte, word, or double word
* Memory mapped
*  mov %eax, 2
® Address of device port is 2
* 1/0 mapped
*  mov $2, %edx
* out %eax, %edx
* Similarly for Input device,
* Memory mapped: mov 3, %eax or
* |/Omapped mov $3, %edx
. in %edx, %eax

N
(=]
=
(S)
@
QD
=
(@]
<}
=)
°
=
@
=
Q
@
el
c
@
>
73
3
®
=
=3
<

11 Alqwiassy aimoanyaay Jemndwod upesg 0T0z®




Asynchronous transfer

* |/O devices slower

* Instruct device to be ready

* Wait until device ready

* Device has status flag/register
* Busy waiting

* Waste of CPU resources

Request device to get ready
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DMA or direct memory

¢ Bulk data transfers

* Direct device to memory
transfer

* Memory bus is contention
between CPU and DMA unit

¢ During DMA

® Either CPU is in hold state
e Or

* Cycle stealing

* CPUand DMA access in
interleaved

Request DMA device

11 Alqwiassy a1moaiyaly Jendwod upes 0T0z®

Send RIW command
Starting address, #bytes

DMA interrupt

Interrupt driven I/0

* Processor need not wait for slow
device

* Processor continues with other
instructions
* Device interrupts processor
when ready
* Interrupt Service Routine
® CPU transfers word from device
to register

* CPU writes word from register
to memory

Fetch next instruction

Call Interrupt Service routine

System bus

| Memory - 1/0 Bus

H < — .
o I e g

* Abusis a shared communication link
* Contains address bus, data bus

* Each bus is a set of wires

* Bus can transfer several bits between devices connected by bus

* Bus width determines the number of bits transferred in a cycle

1l Alqwiassy ai1moanyly JaIndwod Lpeg 0T0z®
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Characteristics of bus

* Several devices can be connected
* Single bus for all devices — cost sharing

* Added/removed without affecting others

* |/O devices can be connected to other devices following the

same bus standard
* Disadvantages:
® Bus contention
* Speed of I/0 devices determined by bus speed
* Bus speed determined by number of devices

* Slower devices impact others

Computer buses

* Modern computers have several I/0 devices
® Varying speeds

* Asimple linear bus will not suffice

* Modern computers have hierarchical buses
® Busis splitinto different segments

* CPU-Memory one bus

® CPU-I/O devices another bus

® CPU-cache —another bus
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Bus architecture

Master issues command

Bus . Bus
Master Data can go either way Slave

* Any interaction consists of two steps

* 1.lIssue command 2. transfer data
* Master Initiates

* Issues command, starting address, #bytes
* Slave Responds

* Sends or receives data as per command from master

Backplane bus

‘ System bus- Memory and 1/0

* Single bus for memory and I/O
* Cheap

¢ Slow and bus becomes bottleneck
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Two-bus systems

Bus Bridge

* Processor-memory traffic on one bus

* 1/0 devices connected by a bridge

* Bridge can connect to different kinds of buses
¢ Trafficis isolated

* /0O buses can provided expansion slots for devices

Examples of buses

® |SA bus — Industry Standard bus
* 0Old technology
* 8 Mhgz, <1 byte transfer/cycle, bus B/W 5.3 MB/sec
® EISA bus — Extended ISA
* 0Old technology
* 8 Mhgz, 4 byte transfer, bus B/W 32 Mb/sec
® PCl bus- Peripheral Component Interconnect
* Speeds up to 132 MB/s
* Bus speed of 33mhgz, 4 Bytes/transfer
* PCl popularized Plug and Play
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hierarchical-bus systems

Backside cache

L2 cache Bus Bridge

* Asingle bus bridge connects to the processor-|
* Other I/O buses connected to this bus bridge (tree)
* CPU-memory sees little contention

* Costly

Examples of buses

* PCI-X extended PCI
® 133 MHz, 8 bytes/transfer, 1064 MB/sec or 1 GB/sec
* Used to connect gigabit ethernet, high speed disks
® SCSI (Small Computer System Interface)
* Capable of handling internal/external peripherals
* Speed anywhere from 80 — 640 Mb/s
* Many types of SCSI
* Fast SCSI
* Ultra SCSI
* Ultra wide SCSI
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Parallel vs serial (point-to-point) bus

CPI/IO

Bus Bridge

* Parallel bus
*  Bus shared among devices
*  Bus arbitration is slow
*  Example: PCI, SCSI
* Serial I/O
*  Point to pint links connected directly to CPU
*  Requires lots of additional high speed hardware
*  Examples: SATA, USB, firewire

Firewire (apple)

* High speed serial port

* 400 mbps transfer rate

® 30 times faster than USB 1.0
¢ plug-and-play

11 Alqwiassy a1moaiyaly Jendwod upes 0T0z®

USB

plug-and-play

Full speed USB devices signal at
12Mb/s

* Low speed devices use a
1.5Mb/s subchannel.

® Up to 127 devices chained
together

* 20

* data rate of 480 mega bits per
second

Intel Bus

2 Gars| om

DDRZ or DD
6.4 GB/s or 8.5 GB/s

12 Hi-Speed USB 2.0 Ports,
Dual EHCI; USB port diable

PCl Express” x1

Intel® Integrated
10/100/1000 MAC

BIOS Support

Intel” Gigabit

Quiet System
echnology

6 Serial ATA Por
Port Disable

Intel* Matrix
Storage Technology
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B T Comgee Langnn G

Dual channel
RORAM

North bridge and South bridge bus

mamory sists
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