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. |/O Structure

m Synchronous: After 1/0O starts, control returns to user
program only upon I/0 completion

e Wait instruction idles the CPU until the next interrupt
e Wait loop (contention for memory access)

e At most one I/0 request is outstanding at a time, no
simultaneous 1/0 processing

m Asynchronous: After 1/0 starts, control returns to user
program without waiting for /0 completion

e System call — request to the OS to allow user to wait for 170
completion

e Device-status table contains entry for each 1/0 device
indicating its type, address, and state

e OS indexes into I/0 device table to determine device status
and to modify table entry to include interrupt
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iﬂ.‘!f“
abasl> alisee Folaw o)l W
Level 1 2 3 4
Name registers cache main memory disk storage
Typical size <1KB > 16 MB > 16 GB > 100 GB
Implementation custom memory with | on-chip or off-chip| CMOS DRAM magnetic disk
technology multiple ports, CMOS | CMOS SRAM
Access time (ns) 025-05 0.5-25 80 - 250 5,000.000
Bandwidth (MB/sec) | 20,000 - 100,000 5000 - 10,000 1000 - 5000 20-150
Managed by compiler hardware operating system | operating system
Backed by cache main memory disk CD or tape
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Example of Standard API

g Sl sy ol i 5o b6 ol sl APl b S, W
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return value

l

BOOL ReadFile c (HANDLE file,
LPVOID buffer,
T DWORD bytes To Read, | parameters
LPDWORD bytes Read,

7 POVERL. D ~vl) ;
function name LPOVERLAPPED ovl};

& oy s W
HANDLE file—the file to be read e

LPVOID buffer—a buffer where the data will be read into and wriftten °
rom

DWORD bytesToRead—the number of bytes to be read into the buffer e
LPDWORD bytesRead—the number of bytes read during the last read o
LPOVERLAPPED ovl—indicates if overlapped 1/0 is being used e
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API — System Call — OS Relationship

Operating System Concepts — 8™ Edition 2.19 Silberschatz, Galvin and Gagne ©2009

Standard C Library Example
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#include <stdio.h>
int main ()

-
-
— printf ("Greetings");

.
-
-
r

eturn O;

user

node
H standard C library }7
ernel

node
erite () >
T N
Q\ write ( } ™
system call J
/_/
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MS-DOS execution

]

free memory

(a) At system startup (b) running a program
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FreeBSD Running Multiple Programs

process D

process B

kernel
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Layered Operating System
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Solaris Modular Approach
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Virtual Machines (Cont)

processes

Non-virtual Machine Virtual Machine

(a) Nonvirtual machine (b) virtual machine
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The Java Virtual Machine
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55 Process Control Block (PCB)
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7 CPU Switch from Process to Process
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5 Schedulers (Cont)
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End of Chapter 3
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