Input-Output

Input-Output is v ery m uc h arc hitecture dep enden t.

I/O requires co op eration b et w een

� Pro cessor that issues the I/O command

� Buses that pro vide the in terconnection b et w een pro cessor, mem-

ory and I/O devices

� I/O con trollers that handle the sp eci�cs of con trol of eac h device

and in terfacing

� Devices that store data or signal ev en ts

Basic Input-Output Arc hitecture

This is a sligh t o v ersimpli�cation

CPU cache Bus

M.C.

memory

disk

D.C N.C.

Network

T yp es of I/O Input devices: eyb oard, Output devices: screen, line Input/output devices: disks, tap es, connections to 3

An imp ortan t I/O device:the

Disk surface sector track cylinder read/write heads platters

4

Disk comp onen

A disk is comp osed of one or more platters (to y 10 to 20). platters rotate (3600 to 5400 rpm and en 7200 h platter (diameter of 1 to 10 hes) is comp osed of tr acks (500 to 3000 ks p er surface; 2 surfaces/platter)

T ks are divided to se ctors (32 to 128 k). The is the smallest unit that can b e read/written y read/write A cylinder is the set of ks under the read/write Some ypical b ers for a small disk (2.5 h diameter): 10 surfaces, 2 GB A larger disk (5.25 in diameter) 28 disk surfaces, 23 GB 5

Disk op eration and T o p erform a disk transfer (read or � The heads ust b e placed er the t k: se ek op � Then ait til t sector is under the head: r otational � T ransfer the b er of sectors dictated y the op eration: tr fer The erall time to p erform a disk op seek time + r otation time + tr ansf er h of these three \times" es a few � erage seek time 10-20 � erage rotation time (1/2 disk rotation. t 3600 rpm this 0.5/60 = 8.3 � External transfer rates are of the order of 20 us the transfer time for a 4KB page is 0.2 Also one ust add the O.S. and disk troller erhead to the I/O op eration (ab out 1 6

Bus: shared unication link used to hange data and information b een Example of � Pro cessor-memory (in general sp eci�c to an � I/O buses (standardized so that eral I/O devices of v arious

ufacturers can b e connected to the bus; example SCSI � kplane buses to w pro cessor, memory and I/O devices co exist on a single bus (example PCI Standard buses (I/O and kplane) ust b e erned y a proto The proto col can b e synchr onous erned y a clo k). Only go o for short buses and when an er is exp ected in a short b er Or the proto col is asynchr onous requiring handshaking, i.e., t b een sender and er (cf. CSE 7

T ypical Pro cessor-memory and I/O

Cache

Processor BusAdapter Mem.Contr.Main memory Processor-Memory Bus

I/O Bus

I/O contr. I/O contr. I/O contr. I/O contr.

String of disks String of disks Graphics Network

8

Bus op A bus is set of wires There � address � data � trol (address and data lines can b e A bus transaction consists of arbitration (who is getting trol of bus) and commands (e.g., read request, t, transfer 9

Bus Since eral devices are connected to the bus, there t b e t requests to use the bus. Requesting devices are called mastersThe pro cessor is ys a If more than one master (e.g., some I/O trollers on the I/O there is a need for arbitr ationArbitration can b e y y h device has a predetermined y) or round-robin h device in turn has highest Arbitration can b e hardwired (e.g., hain), tralized (a tral y decides who wins; the problem is that the arbiter t b come the b k) or tralized (arbitration is done in h device monitors the requests and determines its wn 10

Async hronous bus proto Hand-shaking Pr oto c F or example: Master requests data from e. When Master trol of the bus (after 1. Master transmitsa read request trol lines) and address data/address 2. e recognizes the request. Grabs address and raises the trol 3. Master sees the k line high. Releases the Read request data 4. e sees Read request is w. Releases the k 5. e is ready to transmit data. Places data on data lines raises Data ready trol 6. Master sees data ready high. Grabs data and raises 7. e sees k high. Releases Data ready and data 8. Master sees Data ready w. Releases A new transaction can b In split-tr ansaction buses, the e acts as Master after step 4 the bus do es not need to b e held during the whole 11

I/O. Hardw are-soft are in terface

I/O is b est left to the O.S. (for protection and heduling in O.S. vides routines that handles devices (or device But since O.S. is a program there ust b e instructions to I/O us the CPU ust b e able � tell a device what it ts done (e.g., read, write, � start the op eration on the � �nd out when the op eration is � �nd out if the op eration as completed without There is no unique y to do all these things. Dep end s on the and the I/O 12

CPU-I/O Devicein

There are o basic ys for the CPU to trol I/O � sp eci�c I/O � memory mapp ed F or sp eci�c I/O instructions, an I/O instruction sp eci�es b oth device b er and a command (or an address where the I/O can �nd a series of F or memory mapp ed, I/O device trollers app ear to b e memory addresses. When data is t to a memory address sp onding to a device troller, it is ignored y the real memory

. data that is t is terpreted y the I/O troller as a In b oth cases, only the O.S. can execute I/O instructions or data to memory mapp ed 13

I/O There are o hniques to w when an I/O op eration is � � In p olling, the CPU rep eatedly ks whether a device has pleted (used often for the mouse, an input-only device and for most other devices in to ys pro cessors). Time consuming if device has to b e p olled With terrupts, the CPU initiates the I/O op eration and then hes. When the op eration is completed, the I/O device rupts the Up on termination, there is ys a k for p ossible errors. device troller has a status register to indicate p tial 14

I/O in

An terrupt is e an exception (e.g., page fault, divide y except that the ulus for the terrupt is outside the tly e for an exception, up on an terrupt the O.S. es er h, ving of the state There are o hemes for handling � ve ctor interrupts where the O.S. is told where to go for a sp � c ause r e gister where the O.S. terrupt handler) can the cause of the terrupt and transfer to the appropriate from 15

Data Data can b e transferred one of o � Use the pro cessor to transfer data from the device to memory k: w op eration. Can b e done with either p olling (pr gr amme d I/O op er ations) or � Direct-memory access In DMA, op erations are initiated y the CPU but data is directly to/from memory

. Up on completion, CPU is F or a DMA transfer, e.g., from memory to disk, the CPU ust the address in memory of where the data comes from, the b er ytes, and the address on the output 16