
o 강의 개요: 

운영체제의 설계를 실제의 운영체제인 UNIX를 중심으로 소개 한다.  UNIX의 내부 설계를 주로 커널을 중심으로 소개 한다. 또한 C 언어의 사용법을 매우 압축하여 소개한다. 이어서 C 언어와 UNIX 운영체제와의 관계, 또한 UNIX 운영체제가 왜 소프트웨어의 개발에  최적인가를 논의 한다. 또한 UNIX를 다른 운영체제와 비교함으로써 UNIX의 필연적인  향후 발전 방향을 토의 한다.   강의는 충분한 실습을 (UNIX 및 C) 함께 하는 것을  전제로 한다. 실습에 많은 시간을 할애하여야  함. 본 강의의 수강자는 아래 과목을 이수한 것을 원칙으로 함:

        운영체제론
        Computer Architecture

        Programming Language

o 교재:

        1. 전체 개념:    고건, UNIX 개념과 실습, 정익사
        2. C shell:     The UNIX C Shell Field Guide 

        3. Commands:    UNIX Power Tools

        4. Admin:       E. Nemeth, UNIX Administration Handbook, Prentice-hall PTR.

        5. C:           W. R. Stevens, Advanced Programming in the UNIX 

                        Environment, Addison Wesley

o 강의 계획:

1. UNIX의 개관
2. 프로세스 관리 I

3. 프로세스 관리 II

4. 파일 관리  I

5. 파일 관리  II

6. 파일 관리  III

7. 입출력 관리
9. C 언어와 UNIX

        Preprocessor Directives

        Object Module, Library

        Command Line Arguments

10. UNIX에서의 소프트웨어 개발 I:  

        make, sccs, grep, find, vi, ctags, nm, shell, awk, sdb, 

11. Debugging 

12.  운영체제의 향후 발전 방향
UNIX 운영체제
(1) 목표: Program development, Multi-user system 

           (Text Processing, Office Automation)

(2) 특징:

   - 최초의 "Portable"  OS

          "SW X is Portable" ===> few man-month for other HW run

   - 최초 UNIX 는 10 men  yr. (360 OS : ∼ 1000 men yr.)

   - Timesharing용 

(3) 역사
          AT&T,              anti-trust law,              source-code distribution

          break-up,          system V                     UNIX variants (Xenix, SCO, BSD  )

          경쟁(OSF/USL,)     표준화(POSIX,X/Open)         Linux

 UNIX 의 사용법
        1) command  (utility)

        2) shell      (Job control language)

        3) 기타
  - UNIX에서는 대/소문자가 구분됨
  - login, password 

          multiuser system

          prompt 

                   --> ready to accept commands

                   --> home directory

  - In UNIX

         "Kernel" : memory resident part of UNIX OS

                    Protection, 시급한 일 

         "utility" : disk resident part of UNIX OS

                     fetched on-demand -- 덜시급 

UNIX FILE SYSTEM (user 측면)
 "File" :     named collection of info.

              no other restriction

              no concept of record

              simply a sequence of byte

  Three types of files

    1)  Ordinary Files (regular files)

            owned by user

         no restriction on internal structure

    2)  Directory Files

             owned by system

         used for grouping files

         content:  (file_name,  pointer)

    3) Special Files
           I/O devices are treated as files

         R/W to special files <--> I/O to peripheral

         frees users from I/O device details

Hierarchical File System

( full path name  root로부터 시작   

   상대 경로 : current directory로부터 시작
( 파일 이름: 14 까지 ----  (알파벳/수  . _)

   (DOS처럼 period 전과 후의 두 부분이 불필요)

   그러나 관행:    

                   .c        .h        .f       .p      .s     .o   . . .

                   c 언어   header   FORTRAN   PASCAL   ASM   object 

( frequently used directories

          /bin :   command files (/usr/bin)

          /dev :   special files

          /unix :  kernel code files

          /etc:    super user의 admin 용
          erase char:        gtty, stty erase ^h

          kill  char:        gtty, stty kill  ^U

          stop output:       ^S

          stop running:      ^C

          EOF:               ^D

( Manual 보는 법
          1. Manual

                   volume 1: (1) Commands

                               (2) System Call

                               (3) Library subroutines

                               (4) special files ...

          2. on-line: man command

                   Synopsis: 사용법 (옵션, 인수..)

                             굵은 것: 있는 그대로
                             []:      option,

                             ...:     repeat,

                   file:    file 이름
                   Description: 명령어가 하는 일
                   예        rm [-fri] file ...
                             rm -rf file5 file6    (o)

                             rm -i -f              (x)

                   예:       mail [-r] [-q] [-p] [-f file]
( Table of Contents
          모든 명령어를 알파벳 순으로 열거
          rm .............. remove (unlink) files

( Permuted Index
      파일을 지우기 위해 어느 명령어를 써야할지를 알고자할 경우
      KWIC(Key-Word-In-Context), 즉 모든 명령어에 대하여 그 명령어의 document 

      중에서 NAME 부분에 나오는 한줄짜리 설명을 붙이고, 이 설명들을
      키워드 별로  소팅 함  -----    * ptx command 참조
( whatis command

          one line command summary

( apropos command

          원하는 작업 기술 ---> command 이름 (not always successful)

          equivalent to 'man -k'

          apropos의 simulation (UNIX Power Tools)      

          eg       $apropos string

                   gets, fgets (3S)  -get a string from a stream

                   grep, fgrep (1)    -search a file for a string

ar: archive and library maintainer  ...........................   ar(1)

<돌아가며 선택>

        ar: archive and library         maintainer
        ar: archive and library         maintainer

        ar: archive and library         maintainer

        ar: archive and library         maintainer

<위아래로 정렬>

           ar: archive and library            maintainer

                   ar: archive and            library maintainer

                                ar:           archive and library maintainer

     archive and library maintainer           ar:

<sort>

     archive and library maintainer           ar:   ...........................ar(1) 

                                 ar:          archive and library maintainer ..ar(1)

                    ar: archive and           library maintainer ..............ar(1)  

            ar: archive and library           maintainer ......................ar(1) 

<merge>

          permuted index

UNIX file system과 관련된 command들
        cd,   mkdir,  rmdir 

        pwd: print present working directory

        ls : print all files in the directory

             -l , -a, -R (long, all, recursive)

         예)  ls      --> pwd 밑의 모든 file (without path name)

              ls /usr --> /usr 밑의 file

                         -l , -a, -R (long, all, recursive)

UNIX File Protection   

$ ls  -l

            protection bit :

              -xrw    xrw    xrw     3           1234 

             owner   group   전체  link수        byte수
                                  (파일 별명)

(-:ordinary, d:directory)

$chmod : protection bit를 바꿈
        예) chmod  777  book

$ln original  new_name

       $ls -l ===>      set-user-id on execution bit (4000 2000 octal)

                        setuid() system call

       o useful when set on the executable file (p 62 Admin)

       상황:    

        o koh executes /bin/passwd to change password

        o /bin/passwd process is created (fork/exec) by user koh 

        o but this process (owner is koh) does not have write permission on /etc/passwd file

        o Solution:

                1. Following scenario is possible only if the system have allowed 

                      the executable file (/bin/passwd) to be "set-user-ID on execution" before

                2. When /bin/passwd runs, it invokes setuid() system call first.

                3. Then kernel changes its UID to the owner of the file before execution begins 

                   In this case, the owner of file /bin/passwd was super-user.

                4. User (koh) now can run and modify the file

                5. When the user process terminates, real ID is resumed.

         o security에 악용 조심
Other Text File Commands
cat  filename                   : type file on CRT  

           cat /usr/pub/ascii   : ascii file을 screen에
           cat Enter            : EOF까지의 입력을 screen에
pr   options  filename          : title, multi-column,

                                   pagination

        pr  -2  filename

              -->      file is sectioned to pages

                       each page 2 col

                       each page numbered

                       each page titled

wc  filename          : print # of char, word, lines

diff  fileA  fileB    : show different lines

sort  file            : rearrange lines in file

                        sort field는 option으로 바꿀 수 있음
cut                cut vertical section from a file

paste :            merge several vertical sections into one file

crypt file :        encode the file content

                encode용 password는 user가 provide

                           ↓
                  super user로 읽을 수 없음
tee       : output을 CRT에, 그리고 또 다른 file에 저장
tail      : file의 끝부분 print

spell     : file 내 단어 check

grep  string-pattern  filename

          : searches for text patterns in file

rm  file: remove file

          rm -f -i -r (force, interactive, recursive)               

mv   fileA   fileB

      원래이름  새이름
cp   fileA   fileB

       ↓
     원래 file    새로 복제된 file

date
who
ps      : list processes  -a -l (all long)

kill    : abort background processes   kill -9 PID (정상적으로 kill 이 안될 경우)

time    : time processes

man     : print mannual page

passwd  : change password

find    : search for a file

telnet    telnet, ftp, rlogin  get mget put mput binary  rn  

mail
write      상대방 화면에 write  user-id  ..... ^D

stty     예) erase=#, kill=@, ...

gtty
du    : disk usage

lex : lexical analysis를 자동화
         (command line interpreter)

          input to lex : token 구성의 rule들
          output : lexical analysis routine

yacc : parsing의 자동화
          input : 각 statement와 program 구조
          output : parser

vi editor
          1. command mode   text                 i a u cw r . j(join lines) 

                                del             dw dd x ndd

                                mov             w b e ^f ^b 

                                ctrl            Q

          2. input mode

          3. colon mode         q quit! q! w n nvi   

             (last-line)

SHELL
( 정의: UNIX job control language

        command line interpreter

( 종류:   

        Bourne Sh:      최초, Smallest, fastest, ATT

        Korn Sh:

        C-Sh:           powerful, big, UCB

        기타
( 용어
              "standard input file"  : keyboard

              "standard output file" : CRT

            By default, OS opens these two files for you when you log in.

( sh is just another a.out (user program)!!

( sh의 사용법
   ; : multiple command per line

   & : multitasking

       예) 보통은 한 cmd가 끝난 후 prompt($)가 나와야 새 cmd 입력 

              따라서 한개의 cmd만 수행.

           그러나, cmd& 로 입력하면 OS는 이 cmd를 수행시킨 채로 

             곧 새로운 prompt를 낸다. 따라서 한 CRT로부터 여러 cmd를 

             동시에 수행시킬 수 있다. (for long, unattended jobs)

          nohup cmd& : run programs while logged off 

          nice cmd&  : run programs at low priority

pipe : an open file connecting two processes

          1KB file (circular)

          예) cmd1 | cmd2

              앞 Process의 standard output --> 뒤 Process의 standard input

          예)   cat xx | more

                who | grep | Koh

                prep | sort | uniq | comm

filter : a program that processes 

                                                a single input stream

                                                                         to produce

                                               a single output stream

I/O redirection
          >  : 

                   cmd > file A   : cmd 의 std-output --> file A

          <  :

                   cmd < file B   : cmd의 std-input <-- file B

       I/O may be redirected to/from other files  (or I/O devices )

        without having to modify program internally.

Metacharacters
        * : any char string          ch* ==>  ch1 ch2 ... ch123 ch45678

        ? : single char    ch? ==>  ch1 ch2 ... ch9 

        []: group of char ch[3-5] ==>        ch3 ch4 ch5 

Control Statements
          for, case, switch, while 등
Shell Variables
     - user defined variables

         : user can define, read & write

          ( assignment:

                   $book=/usr/kernkoh/src/i386 (B shell)

                   $set book=/usr/kernkoh/src/i386  (c chell)

          ( 사용                     

                   $cd $book                    '$' means 'value of'

                   $cd ${book}one              {} for 경계 -- concatenate

                   $echo $book        

     - system defined variables -----> env or printenv command

         (special char or upper case char)

        예) PATH :                   cmd search path

            HOME :                   name of home directory

            SHELL:                   /bin/csh (default)

            TERM :                   brand name of terminal

            MASK = 644 :             default value for file creation

            ARGV ARGC              (아래의 script 참조)

        o No Magic! (다음 참조)

----------------------------------Shell Variables in Shell -----------------------------------

	sh:      main()

          {

                   array name[];      /*for storing sh var names*/

                   array value[];     /*for storing sh var values*/

                   scanf( ); /*  We type there=/bin/date  */

                   if (2nd word is '=')

                             { name[]  <= 1st word;               /*i.e. there */

                               value[] <= 3rd word;               /*i.e. /bin/date  */

                              }

                   if ('$' is input)                 /* We type $there */

                             {associative search name[];

                              fetch value from value[];

                              return value;

                              }

          }




- positional shell variable:   1, 2, 3, ...

             1. use vi to create the file 'copy' whose content is following:

                   cp  $1  $2

             2. chmod 777 copy

             3. use copy as local command

                   positional var,  script, personalized command

                   $0: sh procedure name

                   $#: 인자의 갯수
Customised Command
         "PATH" variable

                 :/bin  :/usr/bin:./bin :

       - executable file (예 binary file)을 생성
       - chmod to be executable

       - 현재 path를 위의 PATH var에 등록 시킴
         set command, .login, .cshrc, ...

       - it becomes my own command

-----------------------------------< 예제 : script의 개념 >-----------------------------------

	      <file>             <content>                              <what it is>

1.        f_c:             main()                                #a.out

                            {printf("I am c  \n");}

2.        f_sh:            echo "I am shell"                     #shell script

                           who

3.        run f_c, 

4.        run f_sh,

5.        f_all:           f_c                                   #a.out

                           f_sh                                  #shell script file

                           date                                  #command

6.       run f_all                                               #shell script file




<C  Shell Script>
An executable file containing UNIX commands

C sh script starts with a comment (i.e. 1st char of file is #)

        $$              Current process number

        $argv[1]        1st command line argument

        $argv[2]        2nd ...

"Environment Variables" (p 100 power tools)   

Many Programmers need to know about you & what you are doing.

   예: kind of terminal you are using   

        path    --------   "   "      "

        favorite editor ----- automatically invoked (by mail, more,) 

해결방안 #1

   mail -editor=vi   -term=vt100  ...  everytime you mail!

해결방안 #2

  한번 결정해 놓으면 다른 모든 프로그램 (child)에게 알려서(export) 그들도 이 정보를 

  사용하도록  ===>  "environment variable"

"environment var"과 "shell var" 과 다른점:

1. 사용하는 명령어가 다르다
        이 경우 setenv,  env (or printenv) commands 사용
                % setenv  NAME  value                   ------  env var

               % set book=/usr/kernkoh/src/i386         ------ sh  var 

2. part of user environment
3. 대문자를 쓰는 것이 관행
% setenv  NAME  value   ------  csh

   printenv

   echo $NAME

$NAME=value; export NAME  ----- Bourne sh, Korn sh

  env

  echo $NAME

sh var are accessible only within the shell
env var are (automatically) available both to sh and subsequent programs
        such as vi, script, ...

UNIX can pass (export) these to programs executed from sh.
user can add env variables

Predefined env var:

        TERM     terminal type (vi, more 등이 사용)

        HOME     home dir path name

                   C sh var "home"  is copied from $HOME

        PATH     same as "path"

                  path가 바뀌면  PATH 도 자동으로 바뀜
                  따라서 export 가능
       USER      user's login name

       SHELL     path name of your shell (sh 이 여럿일 경우)

       EXINIT    ex나 vi용 initialization 용 options

       TERMCAP   name of database (default is /etc/termcap)

                 vi 등이 사용하는 terminal description database

                 주로 tty control char

main(argc, argv, char  * envp[])

        /*getenv(), putenv(), setenv() 등을 호출하여 사용*/

        /text/data/bss/heap/stack/argv/env/

주의: pass-by-value not pass-by-ref

        parent's copy is not modified       283

C shell은  아래의 database들로 부터 이들  Predefined var과 env var을  initialize 한다
/etc 아래에             /group, /ttytype, /termcap

/etc/passwd      per user info

                        passwd, user-id, home dir, default shell, ...

/etc/cshrc              systemwide startup file for all users who run C shell

                        C shell executes this file before executing user's .cshrc

                        default umask, time, user's home directory , ...     354

-environment setting:    .profile  or .login ...

                            ('script' file)

	command
	file name
	BCD Version

	csh
	.login
	terminal type, env var,

	
	.cshrc
	alias, path, umask, prompt, history

	
	.logout
	clear screen, prints “to do”,

	sh
	.profile
	

	vi
	exrc
	vi options

	mail
	mailrc
	mail reader

	startx
	xinitrc
	X11 enviorment


< 장점 >

       multitasking

       pipe, filter, I/O redirection

          can create big programs from already  existing small ones.

       UNIX supports only minimal amount of  functions.

UNIX KERNEL
     - small part of total UNIX OS

     - memory resident

     - 최초의 UNIX는 약 10K steps:

                     10000 - C

                     1000  - ASM     200 : efficiency

                                     800 : machine dependent part

        ('95 현재는 UNIX kernel: 370,000 lines of c & asm code)

          - 3 elements:     process management

                      file system

                      I/O system

          - Kernel : 모든 user process에게 resource를 allocate 

                     I/O, file 등의 service 를  제공
                      --> " system call "

-Multi-user System

          Process가 타 process의 Memory 영역 침범?

                                   File

          ==> illegal memory/file access를 사전봉쇄해야
          ==> HW (CPU) 차원에서 차단해야
          ==> 어떤경우에는 CPU가 access할수 있는 address 영역을 제한해야
                              수행할수 있는   instruction (예:I/O) 제한해야
- 2 modes of machine (CPU) operations ----- for protection 

                     kernel mode 

                                    ⇒      memory space access

                     user mode              privileged instruction 등
- changing the mode

          user's   c code :

                   . . . .

             " read next word from file X into var Y "

             . . . .

          user's   a.out :

             prepare all parameter for system call

             execute trap instruction ( or svc, chmodk, ... )

At run time
             CPU HW:

                   executes trap (or svc, chmodk, ...)

                   saves state vector

                   CPU mode <-- Kernel mode

                   jump to trap service routine

                OS : ( trap handler is part of UNIX kernel )

                  inspect the cause of trap

                  ( sys call, illegal code, address fault ....)

                  jump to appropriate kernel procedure

                       :

                   system call service

                       :

                   OS set CPU mode <-- user mode

                   restore state vector

                   back to user program.

           < Subroutine Call >                       < System Call >


UNIX Scheduling
-Elements of Queueing System

          jobs               finite/infinite

          arrival           random/bulky, inter-arrival time

          queue              finite/infinite

          scheduling        FCFS/LCFS... preemtible?

          server             service time

-Three Performance Indices:

          Throughput        jobs/sec           sys

          Utilization       % busy             sys

          Response          sec                user

-For system efficiency --- batch mode로
      user  response   --- 도착즉시 그때마다 처리
                           (즉 preemption이 필요)

-Response time = execution time (service time)

                             +

                 delay time   (queueing delay)

-FIFO scheduling  ----     no preemption

                           unfair to small, interactive jobs

-RR (round-robin) scheduling

          time quantum (time slice)

          preemption

          Most UNIX commands are short

          RR에서의 queueing delay는 각 job의 길이에 비례
          small job은 항상 수초내에 response

-High CPU priority to 

          I/O bound jobs

          small jobs

 반대로 long, compute bound job 들은 low priority

-Penalty scheme :

        - I/O 를 많이 할수록, 빠른 device 와 할수록  priority가 높아진다.

        - CPU bound 일수록 priority가 낮아진다.

           --> short job 에 유리
< NOTE >

      " switcher "  : CPU scheduler in UNIX

      " scheduler " : memory swapper in UNIX

Critical Section Problem
      1) base level vs. interrupt level

        - overlapping asynchronous concurrent processes

          - mutual exclusion 


         - disable interrupt   before critical section

                        &

           enable  interrupt   after  critical section


    ( by setting CPU priority level by S/W  )

      2) round-robin scheduling 으로 인한  race condition
multiprogramming with RR
- user processes in user mode do not have critical section.

- user processes in kernel mode include critical section. (kernel data structure)

- simple cure :  if time quantum expires while process is in kernel mode,

                   do   not   preempt  CPU   immediately.  (preempt   later   when  that   process      

returns  to user mode after finishing kernel mode action )

Why this method ?
          appropriate for time sharing (low overhead, tolerable delay )

QUESTION:  Is this method appropriate if UNIX is run as

                   -Multiprocessor Operating System?   

                   -Realtime  Operating System?  

--------------- 운영체제 코드의 이해    p 53 --------------

OS 

  == Software 

   == {data, operation}

PROCESS MANAGEMENT
 PCB(process control block)
    Process에 관한 일체의 정보
	process id, status, priority, waiting event,

location of "image",  open files descriptor

directory (current, root),  tty id, 

state vector save area,

execution times,  parent process id .... 


( 크기가 매우 큼
( UNIX에서는 많은 프로세스들이 사람을 상대 (sh, vi, ...)

          대부분의 시간을 idle --- swapped out

          따라서 swap out 기간중 overhead를 최소화 하는 것이 필요
          100 users, 100 shells, 50 vi's, ....

( 프로세스를 swap out 시킨동안 PCB도 함께 swap out 시키면?

( 이를위해 UNIX는 PCB를 두부분으로 나눔:  

        PCB ==> (U block, proc table)


   PCB 중 프로세스와 함께 swap out 해도 되는 부분 --- u block

     "      "    "    "      "   되선 안되는 부분 --- proc table

  1) proc Table

      - one entry per process

      - memory resident (not swapped) during process lifetime

      - allocated when process is created

        freed     when process is terminated

      - 내용:     those part of PCB which should  remain in memory

                  even when process is swapped out into disk

            process id,

            status,

            priority,

            waiting event, (schedule)

            location of "image" (text segment, data seg)

      - all data needed by system when the process is not active

      - kernel address space

   2) user (or "u")  block (1024 bytes  and up)

     - all data about process that system needs ONLY WHEN the process is active

     - may be swapped out to disk with process

     - always addressed by fixed virtual address

       (remember, only one process is active within kernel at one time)

     - UNIX has low overhead for suspended process

            (only proc table entry, which is few words!)

    CONTENTS OF U block :

      open files descriptor

      directory (current, root)

      command argument

      state vector save area

      offset

      execution times  ( for scheduling )

      signal

      parent process id

      internal i/o parameters ( u-base, u-count )

      pointer to proc table entry

      others

   3) TEXT TABLE  --- code의 sharing을 위하여
      - CONTENT :

             disk (swap) address

             memory address

             size

             counter

             etc.

   proc --------- not swappable, in kernel address space

   u ---------------  swappable, in kernel address space

   process image ---  swappable, in user address space

   (user text, data)

PROCESS CREATION & EXCUTION
1) fork() system call

      - only way to increase the number of processes

      - create a copy* of itself (*: logical copy. 즉 copy-on-access or ...)


      - all environment (u) are shared (exact copy)

      - only process id differs

      - no sharing of memory between two processes

2) exec() system call

      - exchange current text & data segments of the process for new text & data 

            segments  (overlay)

      - exec does not change process but execute different code

         (in that u & proc are not changed )

      - analogous to goto


* wait() system call

       foreground : parent executes wait() &

                    waits for termination of child

       background : omit wait()  sys call

                   (multitasking)

    ex)  $  cmd1& 

---------------------- More on exec()  ---------------------------------

-kernel has only one exece() system call (in system V)     p 258 Garden

 all other exec family functions are implemented as library functions 

<Algorithm of exec()>

-Opens the file and read the first few bytes --- magic number.

  It indicates either COFF, ELF or executable text file (such as shell script)

  Depending on the magic number, invoke the appropriate exec handling function.

        If it is #!     then it is executable text file 

                        and following string is full path name of the interpreter

-Load, deallocating old program's text, data & stack.

        When exece overlays, it overlays only text, data and stack

        all the original process' internel execution environment remains intact.

-Build new execution stack

        system call arguments and env variables are pushed into new stack

        they are passed to new program as  argc argv envp

-If the executable object file is "setuid on execution",  set user-id of the process

-------------------------------------< Example: fork()  >-------------------------------------

	#include <unistd.h>

main()

{int  pid;

   pid = fork(); 

   if (pid == 0)             /* This is child process */

       printf("\n Hey, I'm child!.  \n");

   else                      /* This is parent process */

       printf("\nHey, I'm parent!  \n");

}




-------------------------------------< Example: exec()  >-------------------------------------

	#include  <unistd.h>

main()

{ int pid;

   pid = fork(); 

   if (pid == 0)  /* This is child process */

            {printf("\n Hey, I'm child!. Now I'll run date! See below ..\n");

            execlp("/bin/date", "/bin/date", (char *) 0);

            }

    else          /* This is parent process  */

    if (pid > 0)

            {printf("\nBut I'm parent process!\n\n");

}




EXAMPLE (BOOTING)
- cpu locates & loads the loader program from disk (bootstraping)

- loader looks for /unix in disk ( UNIX Kernel Binary)

- Kernel runs  --  initialization

          H/W   --  memory management registers, clock reg ...

          S/W   --  buffer area,   file system init ...

- Kernel "handcrafts" process 0 ( cannot use fork now ),

       process 0 is "root process"

       special type (no code,,    just u & proc)

                    ↙
       used by kernel for subsequent scheduling

- process 1 created:

  process 0 forks process 1

       expand memory space

       exec /etc/init

       이후로 "init" process라 불리움
       주 임무 : set up process structure

- kernel init complete

- init process fork/exec sh process for console (single user mode)

  sh process asks operator for "system init"--- Operator initiates:

- data, time, messages, file system check,...

- init process creates "getty" for every active terminal lines

- GETTY  prints  "login"

  waits  for  login  ----> later, user types in ....

- getty execs "login" process

  login process... prints  "passwords".... waits

  user types, login checks user right

- login execs "shell" process

  shell prints  prompt, sleeps until command is typed

- command typed --> sh process waken up, later dispatched,

  interpretes commands

  looks for appropriate file using PATH

-  create child process (fork and exec)


QUESTION:(연구)

    If UNIX is used for parallel system, fork() is too heavy-weight 

    Cure:         PROCESS ----> THREAD

example:       .........

          for i = 1 to 10 do                     /* 10 CPU's in system */

                   for j = 1 to 1000 do    /* Assign one loop per CPU */

                     { Statements ...}

	process id,[     ], priority, waiting event,

location of "image",  open files descriptor

directory (current, root),  tty id, 

[                    ],

execution times,  parent process id .... 


UNIX 장점...

큰 task를 기존의 small, tiny program을 조합하여  쓰기 편리하게 함.

          pipe : 프로그램간에 무한히 큰 file을 주고 받게 함.

          i/o redirection : i/o를 어느 곳에서 받도록 (보내도록) 허용.

          fork, exec : process들간에 parameter, environment,..., passing

               fork : inherit environment

               exec : run new code  

PROCESS TERMINATION
     voluntary  --  "exit()" system call

     involuntary  --  by "signal"

                  (user kills, quit, break등...)

                   ↙
              kernel sets signal bit in proc u

              if process is running in user mode, immediate action

              if process is running in kernel mode, wait until exit from kernel

                (What if the process is sleeping when signal arrives?)

         swappable image (text, data segment, ) is  deallocated immediately

              (proc table entry could remain  ---> becomes "zombie" process)

         parent가 wait 중이면 parent 에게 signal이 감
         추후 parent가 wakeup, run하면 proc table entry를  remove

                                            (analogous to return call)

         이때 parent가 이미 terminate 되었으면 (eg nohup 상태) process 1 이
         inherit (step parent, orphan process)

   "exit()" system call:

          set all signals to ignore

          close files

          deallocate swappable image

          notify parent

          p_stat <-- SZOMB

          switch to new process

* Kernel is a collection of small procedures

   Several important kernel procedures for process management :

        sleep(), wakeup(), swtch(), setrun(), ...

   sleep()
             Change process state to SSLEEP (proc table)

             State the reason

             Call swtch()

   swtch()
        called        voluntary      - eg.  i/o를 request 할때
                      involantarily  - eg. Intrp routine 에서
                                        현재  process를 sleep 시키기 위해
        - a process calling swthc() routine switches itself out

        - swtch() selects next process to run:

                swtch() 를 invoke 한  process 의 state vector 를  save

                scan proc table for ready process

                choose highest priority process

                dispatch

           eg.        Pa :

                            I/O  initiate

                            sleep()

                            statement after sleep

                                  :

  wakeup()
     input para.  - event indentifier

     search proc table  - 그 event 를 기다리며 sleep  중인 모든 process 를
        ready state 로
      runrun flag set

------------------------------------------

Process:  a.out (독립된 address space)

          main()

          domain (자신만의 file, paging table, ...)        

          protection 단위
          resource allocation 대상 

          schedule 단위 

/unix도 (즉 kernel) a.out 임. 단 trap으로 보호되어 있는, kernel mode에서 run하는
"kernel process" 임. (user process와 대비)

o process context:  책 p 76

     1. user:    text/data/bss/heap/stack/(argv, env)       

                    data : initialized part  --  space in a.out file

                      bss:   uninitialized part -  no space in a.out

     2. kernel:  stack/u/proc/text/  

                   user process가 kernel mode에서 run 중 일때 사용하는 stack

                     --- system call 진행 중일 때 이목적으로  kernel 내  procedure call 등)

     3. HW:      state vector

( a.out file format의 예
          410.a.out  -  shared  -  C  &  D  &  Stack

          407.a.out  -  CD  &  Stack

( Growth of data area
      Not automatic, done at user's request

( Growth of stack area
     Segmentation violation (trap) 에 의해 자동적으로
Daemon Process (p 84 교과서)

          일반 a.out 임
          but no standard file, no shell

          시스템의 일을 도움 (mail, printing, ....)

                   command:  ps -lf

          Question:          Why not put this into kernel?

                   daemon process들의 예 ---  p 705 (admin)

                   daemon process의 coding guideline --- Stevens 책 chapter 13.

IPC (Inter-Process-Communication)
-(Kernel과 HW) ==> 상이한 프로세스간에는 access를 못하도록 함 

          no read from other Process's memory

          no write to   "         "          "

-그러나 상이한 프로세스 간 협력이 필요한 경우엔?

          need to write to other process's memory

          need to read  from   "           "        "

====>  Kernel/HW의 허락과 도움이 필요  

====>  IPC System Call

            두 프로세스간 데이터 송수신  장소 제공
            "      "           신호 송수신  방법 제공
                                       (synchronization)

-여러가지 방법 (p 126) 

          pipe 

          message queue

          socket

          stream

          ....

-여러 가지 목적에 따라
          송수신 what?

             data     ----   양, 횟수, 속도
             signal   ----   lock/unlock, sleep/wakeup, P/V,

FILE SYSTEM   -   Kernel 내부
     - File Accessing

     - File System in Disk

     - File Loaded into Memory 

1.FILE Accessing
First, D/S for file accessing ....

    file을 위한 table에 들어가야할 정보는?

     file id

     physical device info.

     offset

     file 과 process 의 관계  (protection info  등)

     device driver routine ( read / writer )

     기타.

In UNIX, file information is also partitioned into 3 tables.

 ( Why? for efficiency, memory save .... )

예) 3 processes accessing file X


   If PA updates file ---> update all D/S for file X  

            ====>   Memory 낭비, 

                             Update시 작업량
                             update의 즉시성이 필요한 경우 

    D/S for file
(eg.  parent & child --- tty file)

(eg.  cmd1   cmd2)

       +------+

          ↓
  share same file (pipe)

   but different offset.

                    File Table              Inode Table
                    (Offset)                (반영구 정보)

( PA, PB, PC all share same file

  PA & PB  share same file and same offset

  PC shares the file but needs its own offset

(3) Device Switch Table (2-dim array)

     - (physical device, access mode) ==> (device driver routine  entry point)

     - devswtab:

                disk    tty    lpt   ....

       open                                           

      close                                          

       read                                           

          - @ : tty_read()

          - device independence

          -이보다 위는 모두 "file"개념으로 abstraction

           이보다 아래는 physical device dependent

   ( U-block 내의 (4)  Open file table  ( or  File Descriptor Table )

     - user program 이 file 을 open 하는 순서에 따라 file 에 integer 를 assign 

                   ----> called "file  descriptor"

                   ( 0,1,2 - assigned for terminal )

     - file descriptor is used subsequently by system calls to access 

          "open file table", which contains pointer to "system file table"

    -file descriptor is returned by open(), create()  system call

Process/U-block/File Table/inode table/dev sw table/ i/o driver (p 89)

   * U-block 내 File Descriptor Table
        -indexed by file descriptor

        -pointer to sys file table

        -file descriptor  0,   1,   2    for

                         standard   input, output &   diagnostic

   * (System) File Table
     - One entry for each open/create/pipe file

     - may be shared (as long as offset is shared)

       eg) sh & child process share same offset to tty file

     - 내용  :

           R/W/P flag

           offset (next byte to read or write)

           counter (# of processes using this offset)

           pointer to inode table

   * Inode  --- file에  대한  반영구적인 정보
     - in disk

           protection mode

           owner (user, group)

           size

           array of pointers to disk block where data  are stored

           time (last time of R, W, inode change)

     - When loaded into memory
           above

             +

           # of references to this entry

           device name (major/minor device number)

           Inumber of inode

           status of inode---mounted-on

                            locked ....

Addressing Data Blocks in DISK (참조)


          즉      array in inode                         Notation

              ↙      ↓ ↓  ↘   ↘                       □ : disk blk with ptr

            ○  . . . ○                                   ○ : disk blk with data

                        □ 

                       ↙ ↘   □          □ 

                      ○… ○ ↙ ↘       ↙ ↘ 

                            □ … □    □ … □ 

                           ↙↘   ↙↘   ↓     ↘
                          ○…○ ○…○  □  …  □
                                        ↙         ↘
                                       ○  …    …  ○
Disk Space Management

1) Contiguous      vs        Scattered
   (Segment)                 (Paging)

  장점: Sequentail Access    Random Access

  단점: Fragmentation                  Disk Space 관리
          Space Compaction

  용도: Swapping, Disk copy ..         일반 File Accessing 

2) 파일별로 disk data block의 기억방법
   -Linear Linked List

   -Array of Pointers to all disk data blocks

   -위 두가지의 타협안
3) 예: 114 시스템
   정보량:

          1000 만대
          이름(20)  주소(100) 번호(10)  --->  100 Bytes/번호
                   ===> 약 10 ** 9 Bytes 

                   ===> 10 ** 6 blocks

 access 방법:

          sequential search??

          index: (이름(20);  주소(30); block pointer (4)) ==> 55 bytes

          한 disk block당 (1024 bytes)  20개의 index

          .......

          m-ary tree: Balanced m-ary tree  ===> B-tree of order m  

WHY ?

        B tree (Balanced m-ary tree)

           v.s.

        Skewed B-tree

   *  Inumber

      Inode is usually disk resident

      Disk 내의 일정 영역을 inode 저장용으로 구분 

      Inode are allocated consecutive area within disk


Inumber - ordinal number of inode in disk

  예)  " Open /a/b "  system call (done by kernel)

    1.  Get root directory file

         then its content,

             which  maps symbolic file name "a" to inode of "a"

    2.  Get inode of a ( from disk if 1st open )

        then its content,

       which maps  symbolic file name b to inode of b

    3.  Get inode of b ( now it is data file )

        b's inode

maps offset to data block number & displacement within it.
II. File System in Disk
   - Disk space - block 단위 ( 512, 1024 )

   -     Block 0            :  Boot block

         Block 1            :  Super block

         Block 2 - M        :  Inode list

         나머지             :  Data block

   - Super block
        내용 :       Misc --      size of inode list, entire

                                                        vol.

                                  Read only flag

                                  ....

                     Free inode & free data block info

      superblock is copied into main memory

   - Free inode space Management
       s_inode: array of pointers to free inode space in this disk

       If this array runs out,

            simply search inode list & fill this array again

   - Free data block management
      s_free: array of pointers to free data blocks in this disk.

      Let array size is N. the N-1 are direct pointers to free data block.

          the last pointer points to same type of array in disk.

i.e.    super blk


Question: What is "File System"?

Formatting disk -------------------------- p 140 Admin

        Write address information and timing marks on the platters to delineate each            sector

        

        Also identifies bad blocks

        SCSI disks are usuallypre-formatted

        Modern systems have at least three partitions

                root

                swap

                user

 When file is loaded into memory
     - DMA용 buffer들  --- 512, 1024 bytes 크기 (10 - 100  of them)

     - 전체 공동 pool로 사용 (per process, file, disk ... 대신)

         - called "buffer cache"

         - allows read-ahead, delayed write.

              dwrite : buf 에 write 시 dirty bit 만 set.

                       추후 전당한 때에 (예: replace) buf 를 disk 에 write.

              reada : offset 가 순차적으로 변하는 경우 next block 을 prefetch.

        장점 - efficiency

        단점 - reliability

o  inconsistency when system  crashes

          -crash --> data block, inode table, super block, mount table 

          -시스템을 끌때 조심
          -sync(2) commit buf to disk

          -(p 143 Admin) Several copies of super blocks are maintained in scattered 

            locations.

         -update daemon: calls sync() system call on every 30 seconds

           sync does not guarantee that all flushing operations have been completed by 

           the time it returns, but a second sync will not start until the previous sync 

           has finished. That's why people run sync twice

          -fsck 

             o Very time-consuming task

 o cure: if   /fastboot   exists, system   was   shut down   cleanly   and no

     need for fsck else fsck all files systems specified in /etc/fstab

             o lost & found

Buffer header 의 내용
     - "Buffer header" & "Buffer"

        - pointer to buffer

        - 4 link fields

        - device number

        - disk block number

        - status         contains valid data

                         disk 와 I/O 진행중
                         dirty bit

                         ....

        - number of bytes successfully transferred

        - error field

   - 4 link fields  --> can be contained in 2 lists (doubly linked)

          - list 의 종류
                       device 에 할당된 buf

                   dev에서  I/O 를 대기중인 buf

                    free 인 buf 의 list

      1, 2, 3, 4 : Buffers allocated to devA

      1, 4, 5    : dev  에 할당된 buf 중 I/O 를 기다리는 blocked list.

      2          : devA 에 할당 되었고 사용중이나 언제나 free 될수 있는 buf

      3,6        : 완전히 free 인 buf

     If any process is blocked because there is no   buffer,

     then b_flag field is set. -->  When new buf is released, all proceses

                                           sleeping for buf are waken up.

READ
   access file descriptor table 

   access system file table (offset)

     "    inode table  (inode)  

                   ---> check file access permission 

                   ---> get major/minor device number

                   ---> map offset to  disk block address

   if ( block in buffer cache )

        then return byte

        else { find free buf & done. Otherwise,

               find oldest buf, if dirty, write to  disk

               associate oldest buf with new disk block

               initiate disk read at once, or insert buf into blocked list

               (initiate prefetch if offset changes sequentially)

               return byte }

   WRITE
      if ( block in cache )

         then put byte into buf, mark it dirty

         else { first, read (위와 같음)

                put byte into buf, mark it dirty }

    xxstrategy()  : put buf on active i/o queue

                    and possibly initiates i/o

                      ( i.e. call start() routine )

    get blk()  : allocation of buf

    brelse()  : deallocation of buf

  Mounting file system
  system call :

        mount(pathname              ,   pathname      ,   option)

                ↓                          ↓              ↓
        dev special file                  mount pt.        read

        containing the file               (eg. /usr)       only 등
        system to be mounted

        (예 /dev/dsk1)

예)    root file system


- After mounting is completed , /dev/dsk  file system is accessed by /usr.

   purpose of mount table

        resolve pathname

        locate super block

   D/S  after mount.


Crossing th mount points
    예 :  cd /

            mount /dev/dsk1       /usr

            cd    /usr/src/uts  ... Downward

            cd    ../../..      ... Upward

Upward: find inode corresponding to "usr"

           check if inode is marked  "mounted-on"

           if yes, access Mount table

           finds root (inode) of the mounted file system


Upward:  kernel checks if inumber is  root inode of file system

vnode:   many file systems, remote, diff file system object oriented approach

TERMINAL 경우의 I/O
2 modes

  1. raw mode                -------    vi, game ...

  2. canon(cooked) mode       -----     sh 등                                           

                                        (erase, kill)


- write :       + proc fills list, goes to sleep

                + i/o empties list, wake up process

  read :        + i/o fills list, wake up process

                + process empties list, goes to sleep

   struct tty{

              t_flags : echo, tab, ...

              struct clist  t_rawq

                            t_canq

                            t_outq

              t_erase

              t_kill

             }

Data Structure for Storing Characters for tty

          1. sequential allocation (array)

                                      =======>  linked list of N char blocks

          2. linked list

CFREELIST

CHAR QUEUES

Termcap
        terminal capability 

        refers to    the text file /etc/termcap

                     & a set of routines to read this file

        describes terminals

                        lines, rows, backspace, cls, move cursor, ...

        written by Berkeley for vi editor

        this part was extractd from vi and placed into "curses" library

        o  termcap이 점차 커지면서 문제 발생 

                slow search time ===> terminfo로 해결
Terminfo
        compiled version of textual terminal description

        located faster at run time

        appeared with SVR2

o  SVR4 uses terminfo,   4.3+BSD uses termcap

File      

  1. ordinary file

  2. directory file

   -------------------------------------------

  3. special file  

                   per each dev  (1:1)

                   not used by end users

                   but by os & maintenance programs

          major/minor dev # for each special file

                   they are under /dev/...

  IO Drivers are invoked via "Device Switch Table"

  두 가지 종류의 Device switch table

          1. block special IO (thru buffer cache)

                   supports ordinary file system

          2. character special IO (not thru buf cache)

                   2.1  DMA type 

                             매우 자주, 급한 작업에
                   swapping

                             real time 용
                             실제 disk 에 contiguous 하게 store

                   2.2  True char type

                             clist라는 buffer 사용, 

                             slow devices like lp, tty    

<device switch table의 예>

For character device switch table:

          struct cdevsw cdevsw[]=                                 

                { ttyopen, ttyclose, ttyread, ttywrite, ttyioctl,   

                  lpopen,  lpclose,  lpread,  lpwrite,  lpioctl,    

                  sysopen, sysclose, sysread, syswrite, sysioctl,   

                 };                                                

For block device switch table:

          struct bdevsw bdevsw[]=                                

                { fdopen, fdclose,   fdstrategy, ...                 

                  hdopen,  hdclose,  hdstrategy,  ...                

                 };                                   

Writing IO Driver Routines
( 순서:

1. 루틴: I/O 드라이버 루틴들을 짠다.

2. IH:  새 I/O 장치의 interrupt handler 를 Interrupt Handler List에 등록.

3. devsw: 새 드라이버 루틴들을  device switch table 에 등록시킨다.

4. link:  드라이버 루틴들의 object module 들을 커널과 link 시키고 

          새 커널을 reboot 시킨다.

5. /dev:  이  I/O 장치의 logical name을 /dev에 등록 시킨다. 

            (/etc/mknod 명령어 사용)

( I/O driver의 Coding시 유의 사항 

Address Spaces: I/O driver는 다양한 address space들을  access 하지 

않으면 안된다.

        -커널의 address space (즉 I/O 드라이버 자신의 address space)

        -user 프로세스들의 address space

                -현재 수행 중인 user 프로세스의 address space

                -현재 수행을 쉬고있는 user 프로세스의 address space

통상적으로는 커널이 하드웨어의 여러 가지 기능을 동원하여 이와 같이 

domain을 가로 지르는 것을 탐지해 내고 막아야만 한다. 

그러나 커널이 여기서는 그와는 정반대의 역할을 하지않으면 안된다. 

즉 커널은 I/O 드라이버가 데이터를 서로 다른 address space로
이동시킬 수 있도록  도와주어야만 한다. 

  커널이 도움을 주어야 하는 문제의 예:

                main()

                int i,j;

                {    ....

                     i = j;

                     ....

                 }

  /* j 와 i 가 서로 상이한 address space에 속한다면?*/

  /* i나 j  중 한 프로그램의  image나 page  table 이 (sleep  등의 이유로) 현재 main memory에서 

available 하지 않다면? */

  <I/O driver들을 위한 커널의 세가지 루틴들>

  (그룹 1)

  I/O 관련 데이타 이동에  U block을 사용할 수 있는 상황이라면 

  (u_base, u_count, u_offset etc)

  주로 character mode device를 위한 r/w 시에 사용.

        - iomove(): 여러 바이트를  U<->K 로 (U:user K:kernel)

        - cpass() : 한 바이트를    U->K 로
        - passc():  한 바이트를    K->U 로
  (그룹 2)

  active 프로세스라고 해도 항상 u block을 쓸수 있는 것은 아니다. 

  이러한 경우엔 u block을 안 쓰고 대신 그 시스템 콜의 argument를 

  virtual address를 지정하는데 사용. 

  - 한 바이트나 word를 옮길 경우:

                fubyte(), fushort(), fuword() :         U->K 로
                subyte(), sushort(), suword() :         K->U 로
  - 여러 바이트를 옮길 경우
                copyin():                               U->K 로
                copyout():                              K->U 로
  (그룹 3)

IH 와 같이 현재 active하게 수행 중인 프로세스와 무관한 context에서 임의의  프로세스로(또는 부터)

데이타를 이동시키고 싶으면
        - pcopyin() : U->K 로 여러 byte 이동
        - pcopyout(): K->U 로 여러 byte 이동
  과 같은 루틴을 쓴다. 

  buffer header로 부터 (b_proc) proc table 정보 

  그로부터 address mapping table 

  그로부터  virtual address 

  실제 데이터가 옮겨갈 장소
  (pcopyin() 등을 쓰려면 vslock 등을 써서 메모리 영역을 lock 해야 한다.)

o top-half IO drivers:
  -xx_read(), xx_ioctl() .

  -user 프로세스에 의해 I/O request시에 불리움
    call한 프로세스의 모든 context가 access 가능 

    (u block, page table, 등).  

o Bottom half IO drivers: 

  -interrupt handler로 부터  불리움
    관련 프로세스의 u block, page table 등이 access 불가능  

    (u block 대신 buffer cache 등으로 I/O 관련 정보를 주고 받음). 

  -block I/O는 read ahead, delayed write를 한다
      user 프로그램이 write() system call을 할때가 아니라
        replace 할때에야 실제 disk에 write  

        그때에도 disk queue에 insert

        궁극적으로 disk interrupt handler가 queue로부터 IO start 

        ===>

        실제 I/O 수행시 이 프로세스의 context access 불가
        대신 커널 address space내의     buffer header를  매개로
<Sleep, ...>

동일한 이유로 bottom-half  드라이버 루틴은 도중에 sleep() 불가
(sleep  당하게 되는 프로세스는 현재의 I/O와는 전혀 무관)

character I/O 드라이버 xx_write()의 예.
ttywrite(dev)

        /*    이 driver가 불릴때에는 I/O 관련 parameter들이 u block으로 

                전달됨 

                u_base  Address of next user data byte

                u_count bytes remaining

                u_offset byte offset (file or device)            */

   int dev;

   {    register int c;

        int x;

        while ((c=cpass()) >= 0)/* user space로부터 다음 char를 가져옴 */

                                        /* cpass()는 본문에서 설명 */

                                        /* no arg. 현재 context, u clock 사용 */ 

        {       

                if (tty_queue.c_cc> HIWAT)      /* clist가 너무 찼나? */

                {

                /* 너무 참. tty를 시작만 시켜놓고 쉬러감 - sleep  */

                        x = sp15(); /* cpu priority 높임. interrupt 통제 */

                        while (tty_queue.c_cc > HIWAT)

                        {       ttystart();

                                tty_flags |= SLEEPING:

                                sleep(&t ty_queue, TTYPRI);

                        }

                        splx(x);                /* cpu priority 원위치fh */

                }

                putc(c, &tty_queue);    /* user에서 가져온 char를 clist로 */

        }

        x = spl5();

        ttystart();

        splx(x);

   }

hd_strategy(bp)
struct buf *bp;

/*      Block mode r/w용 I/O 드라이버인 xx_strategy()의 한가지 예.

        이것이 불릴때에는 모든 I/O 관련 정보는 buffer cache 내의 

        buffer와 buffer header만을  통해서 함                         */

{       /*  I/O request가 valid한 것인지 검사    */         

        /* ------buf를 hd device의  I/O 대기 queue에 insert ------ */

        ip = &hd_tab;                   /*device의 struct에 대한 pointer*/

        bp->av_forw = NULL;             

       oldpri = spl6();

        if (ip->b_actf == NULL) /*queue가 비어있으면 ... */

                ip->b_actf = bp;

        else                                    /*아니면, 맨뒤에 ...    */

                ip->b_actl->av_forw = bp;

        ip->b_actl = bp;

        if (!ip->b_active)              /*hd 하드웨어 장치가 idle 이면*/

                hd_start();     /* hd 하드웨어 장치를 시작시킴 device가  

                                busy면 그냥 return. 그러면 추후 

                                interrupt handler가 자동으로  start 시킴*/ 

        splx(oldpri);

}

위 driver를 사용한 read() system call의 구현.

read()

   struct inode *ip; 

   struct buf   *bp; 

   /*   read system call의 알고리즘     

        offset, inode 를 얻은후 그로부터 device 주소를 얻음
        inode로부터 이 파일이 char/block 어느 것인지 알아냄      */

  {... if ((ip->i_mode&IFMT) == IFCHR) 

          { /*char mode? 

            (*cdevsw[ip->i_addr[0].d_major].d_read)(ip->i_addr[0]);

            /* 이때 파일이 tty라면 위의 tty_write(), tty_read()  

             인수인 ip->i_addr[0]는 그 파일이 있는 I/O 디바이스 */         

              ......    } 

        else 

        { /* block mode.

             inode로부터 device와 disk sector 주소를 얻은후 그 디스크 

             블럭을 위한 buffer cache를 할당 받음
             bp는 할당받은 buffer의 buffer header pointer*/    

                .....

           bp = getblk(dev, blkno);

           bp->b_flags =| B_READ;       /*header에 이 작업은 read용임을 명시*/

           bp- >b_wcount = -256; /* header에 기타 I/O 정보 수록 */

               .....

           (*bdevsw[dev.d_major].d_strategy)(bp); 

                .....

           /*   여기서 hd_strategy() I/O 드라이버 루틴을 호출함. 

                위의  I/O 드라이버 호출로 hd_strategy() 는 buffer를 

                큐에 insert 만 시켜놓고는 dev를 start 시켜 놓고 (또는 

                이미 busy면 그냥)  return 함. 

                return 싯점에서 이 buffer에 대한 I/O는 아직 안끝난 상태임
                따라서 아래의 while loop에서 그것이 완료되기까지 sleep 

                하며 기다리게됨 */

           while ((bp->b_flags & B_DONE) == 0)  sleep(bp, PRIBIO);

               /*추후 interrupt handler가 이 buf의 I/O 가 끝나면 이 

                프로세스를      wake-up 시켜줌. 이 프로세스는 그후 ready 

                list에 있다가 언젠가는  dispatch되어 아래 statement에 

                도달 

                최종적으로  buffer로부터 user 프로세스 address 

                 space로 처음에 요청ㄷ던 byte 수만큼의 데이터를 옮김. 

                 이때 copyin(), copyout()이나 cpass(), passc() 같은      

                 특수 커널 루틴을 사용.  */

         }

    .....  

  }
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