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Subj ect: PreIL-:rl.nax"JlRelease oJ'
UNIX Implementation Document

Date: 6/20/72

. T"ne contents of' thisdocmuent are incomplete and subject to rapid
change both in subject matte.r- end organization. The purpose (;f this
release is to make the information it t,ontaiI13 available to persons
who have an irmnedie"te and pressin.g need. The sections that are
included here con-tlaL.1 the following information:

Section-----
E.O - E.IO

II'
G

H.O - lL9

Contents

Commented listing of illZIX operating
system

, Commented listing of UNIX shell
Com:rnented listing of UNIX

initializs.tion proera.m
System Overview
D&ta Base Item Descriptions
V~rb[d dE.script-ions of U"l:nx

rout:ine~· .

listings in E.O - E~9. HG'\'ie"'ler~ the routiEe~) ere 1:1s-ced in o."~.phebetj;c2J.

order in the li :.::.:;ect1.c::~g, rather t}l'3.!:l in the orde):, they aI>C c:ar in the
listir~gs.

. J'4 DeJ?eli ce



modificc~tions to UNIX to accomodate the T4002A graphic console

uo

uo

Page 1 add

gks = 177 / gr~phic input status,
gkb = 177 / graphic input buffer
gps = 177 / graphic output status
gpb = 177 / graphic output buffer

Page 2 add somewhere

dspi; 240 / graphic input interrupt vector

uo Page 3 add at end of " "set up time out routines

mov $ wakdsp, (rO) / time out subroutine for display

uo Page 4 add at end of device directory

23.
<dsp\O\O\O\O) / T4002A

u7 Page 4,5

odsp / T4002A

add to end of iopen list

add program odsp below

odsp: / open
mov
mov
jsr
mov
jsr
mov
jsr
br

T4002A for reading or writing
$100,*$gks / set interrupt enable on input
$14,r1 / put "np" in r1 (erase, home)
rO,chout / ou~put"the char
$21,r1 / put dc1 in r1 (turn on joystock)
rO,chout / output char
$37,r1 / put "us" in r1 (alpha mode)
rO,chout / output char

sret

/Note: a graphic block and buffer like the tty's are not used. May
neCL"l them when more than 1 disply is added.

u6 Page 1 add at end of read! list

rdsp / T4002A

add the routine rdsp



mov
jsr
mov
br

r5,-(sp) / save r5
rO,sleep; 22 / put input process to sleep
(sp)+,r5 / r~store r5

rdsp / try again

dspi: /

/Note:
/
/

, add somewhere dspi ";
\ ...---_.... _.. ' ._""•...._.-

graphic display input interrupt routine
jsr rO,setisp / save r1, r2, r3
mov *$gkb,r1 / put char in r1
inc *$,gks / set reader enable bit
bie $1177,r1 / strip char to 7 bits
jar rO,putc; 22 / put char on the c11st

br 1f / if full return
char 1s not echoed and gUit
(fs) and interrupt (del) char are
not proc~ssed

cmp r1,$4/ char = eot
beq 1f
crop r1,$12 / char =.If
beq if
cmpb ec+22, $15 / are thert:' less than 15 char on the clist?
blo retisp / yes, return

1: jsr rO,wakeup;runq; 22 / wakeup the process that's inputting
br retisp I return

u6 Page 3 add to bottom of writei list

wdsp. / T4002A '.
<.~~d routines wdsp, ehout, and wakdsp

/ write routine for the T4002A graphics console
/ a character at a time is taken out of the graphic
/ instruction buffer and sent over to the T4002A

wdsp: / write
jar

tst
beq
jar
br

on the graphic display
rO,cpass / set next char from user buffer area

/ if none, return to syswrite
r1 / is the character null
wdsp / yes, get the next character
rO,chout / output the character
wdsp / get next character

chout: / do the actual output of the character
tstb *$gps / check for output ready
bge chout / wait for ready

1 :
tstb
bne
movb
cmpb
beq
cmpb
beq
cmpb

toutt+12 / check time out
1b / wait for it to be 0
r1,*$gpb / output the character
r1,$14 / is char ff (erase, home?)
1f
r1,$30 / is char "can" (erase)?
1f
r1,$5 / is char enq (digitize joystock)?



beq 2f
rts rO

1 :

2:

movb
jsr
rts

movb
rts

$30,toutt+12 / put 500 ms delay for erase
rO,sleep; 23 / put output process to sleep
rO

$2,toutt+12 / put in 20 ms delay for joystick
rO

/ time out subroutine for display

wakdsp: / wakeup the output process
jsr rO, wakeup; runq+2; 23
rts rO



UNIX IMPLEMENTATION

•

/ uO - unix

cold =0
orig ::I 0 I orig = O. relocatable

rkda =177412
rkds = 177400
rkcs =177404
resr = 174000
rcbr = 174002
tesr II: 174004
tebr = 174006
test = 177340
teem = 177342
tcwc = 177344
tcba = 177346
tcdt = 177350
dcs = 177460
dae ::I 177470
lks :: 177546
prs = 177550
prb = 177552
pps :: 177554
ppb = 177556
Ilps = 177514
Ilpb = 177516
tks = 177560
t:kb == 177562
tps :II: 177564
tpb :: 177566
ps == 177776

halt = 0
wait:: 1
rti • 2

/ disk address reg
/ drivstatus reg
I control status reg
I reeeiver.s~atus reg
/ receiver buffer reg
/ xmtr status reg
/ xmtr buffer reg
/ dec tape control status
/ dec tape command reg
/ word count
/ bus addr
/ data reg
/ drum control status
/ drum address extension
/ clock status reg
/ papertape reader status
/ buffer
/ punch status
/ punch buffer

lineprinter status
line printer buffer

/ console read status
/ read buffer
/ punch status
/ punch buffer
/ processor status

rk03/rk11
rk03/rk11
rk03/rk11
dc-11
dc-11
dc-11
de-11
tC11/tu56
tC11/tu56
tC11/tu56
tc11/tu56
tc11/tu56
rf11/rs11
rf11/rs11
kw11-1
pc11
pc11
pc11
pc11
(future)
(future)
asr-33
asr-33
asr-33
asr-33

nproc :: 16. / number of processes
nfiles = 50.
ntty = 8+1
nbuf :: 6
.if cold / ignored 1f cold II: 0

nbuf == 2
.endif

Section E.O Page 1ID IMO.1-1

core. orig+40000 / specifies beginning of user's core
ecore =core+20000 / specifies end of user's core (4096 words)

~/ ~.~ 4;4 lnit by copy
/ 4~~ unkni;O bus error
/ fo;1t fpsym;O " illg in tr

1"'f;t~ unkni;O / trace and trap (see Sec. B.1 page )
~~~~unkni;O / trap
11; ~~panic;o / pwr .
r~O)J},rt.ssym;O / emt
"';3~ syse~t;0 I eye
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UNIX IMPLEMENTATION

level 7

; processor level 5

-; processor level 5 (future)

; processor level 6

/ dc11 inputjoutput interrupt vectors240
240
240
240
240
240
240
240

O*4+txmt·,
1*4+txmt;
2*4+txmt;
3*4+txmt·,
4*4+txmt;
S*4+txmt;
6*4+txmt;
7*4+txmt;

/ drum interrupt

/ dec tape interrupt
/ rk03 interrupt

• • orlq+60
(,o.,z tty! ;240 / interrupt vector tty in
c+~ it' ttyo; 240 / interrupt vector tty' out
70 j) l ppti ; 240 / punch papertape in
,4; ?'-ppto; 240 / punch papertape out
/(1I',tclock; 340 / clock interrupt vector ; processor

• = orig+200
/ lpto; 240 line printer interrupt
• = orlg+204

drum; 300
• =orlg+214

tape;300
d1sk;300

• = orlg+300
0*4+trcv; 240 ;
1*4+trcv; 240;
2*4+trcv; 240;
3*4~tr~v; 240;
4*4+trcv; 240;
S*4+trcv; 240;
6*4+trcv; 240;
7*4+trcv; 240;

• a oriq+400
/ copy in transfer vectors

file system; user has

$ecore,sp / put pointer to ecore in the stack pointer
rO,copyz; 0; 14 / clear locations 0 to 14 in core
$4,rO
r1
rO,(r1)+ / put value of 4 into location 0
rO,(r1)+ / put value of 4' into location 2
$unkni,(r1)+ / put value of unkni into location 4;

/ time out, bus error
(r1)+ / put value of 0 into location 6
$fpsym,(r1)+ / put value of fpsym into location 10
(r1)+ / put value of 0 into location 12

clr
mov
clr
core
.if cold / iqnored if cold = 0
halt / halt before ini~l~lizing rf

/ last chance to reconsider
.endif

mov
jar
mov
clr
mov
mov
mov

/ clear

jsr
mov

/ allocate tty
mov
mov

1 :

rO,copyz; systm; ecore / clear locations
$s.chrqt+2,cloCkp / intialize clockp
buffers; see H.O for description
$buffer,rO
$tty+6,r1

systm to ecore

mov rO, (r1 )
add $140.,rO / tty buffers are 140. bytes long
add $8,r1
crop r1,$tty+[ntty*8] / has a buffer been assigned for each tty
blo 1b

/ allocate disk buffers; see H.O for description

Issue D Date 3/17/72 ID IMO.1-1 Section E.O Page 2



UNIX IMPLEMENTATION

/ bus address
/ word count
/ buffer space

$bufp,r1mov
1 :

mov
add
mov
mov
add
crop
blo
mov
mov
mov
mov

mov
mov
mov
mov

rO, (r1 )+
$8,rO
rO,-2(rO)
$-256.,-4{rO)
$S12.,rO
r1,$bufp+nbuf+nbuf
1b .
$sbO,(r1)+ _ / I/O queue
$sb1,(r1)+ / I/O queue entry disk
$swp,(r1)+ / I/O queue entry cor~
$[systm-1node]\/2,sbO+4 / sets up

/ format
$systm,sbO+6 / memory map
$-512.,sb1+4
$mount,sb1+6
$user,swp+6

entry drum
(mounted device)
image being swapped
initial buffers per
given 1n

/ set devices to interrupt

mev $100,*$lks / put 100 into clock status register;
/ enables clock interrupt

/ set up time out subroutines

mov $xmtto,(rO)+ / if toutt+2 thru toutt+2+ntty=O call xmtto
dec r1
bne 1b

1 :

mov
mov
mov
tat
mov

$touts,ro .
$startty,(ro)+ / if toutt = 0 call startty
$pptlto,~rO)+ / if toutt+1 = 0 call pptito
(ro)+ / add 2 to rO
$.ntty-1 ,r1.

/ free all character blocks; see R.O for description

mov $51C. ,r2
mov $-1,r1

1:
jsr rO,put
sub $2,r2
bgt 1b

/ set up drum swap addresses; see B.O for description

1 :

mov $1024.-64.,r1 / highest drum address; high 64 blks allocated
/ to UNIX

mov $p.dska,r2 / p.dska contains d1s~addresses· for processes

sub $17.,r1 / 17 blocks per process
mov r1, (r2)+
cmp r2,$p.dska+nproc+nproc
bne 1b
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UNIX IMPLEMENTATION

rO I ro = 33., ••• ;1
rO,clear I zero block 'r1' on fixed head dis:'
r1
1b I if blocks 33, ••• ,1 have all been zeroed, done.

r1 / r1=687., ••• ,34.
rO,free I free block 'r,', i.e., set bit 'r1' in free

/ storage map in core
r1,$34. I first drum address not in 1 list
1b I if block 34 has been freed, zero 1 list

mov

1 I
dec
jsr

cmp
bqt

/ zero i list

1:
dec
jsr
tst
bqt
.endif

.'

/ free rest of drum

.if cold
mov $128.,systm / initialize word 1 of drum superblock image;

/ number of bytes in free storage map=128.
$64.,systm+2+12S. / inlt. wd 66. of superblock image; # of
, / bytes in i-node map=64.

I mak~ current proqram a user

.if cold

mov
moV
mov
mov
movb
mov
mov
movb

$41.,rO / rootdir set to 41 and'never changea
rO,rootdir I rootdir 1s i-number of root directory
rO,u.cdi.r / u.cdir 1s i-number of process current di~ectory

$1,rO ,
ro,u.uno / set process table index for this' process to 1
rO,mpid / initialize mpid to 1
rO,p.pid I·p.pid identifies process
rO,p.stat I process status = 1 i.e., active

/ = 0 free
I c 2 waiting for a child to die
I = 3 terminated but not yet waited
I .for

/ initialize inodes for special files (inodes 1 to 40.)

i-node 'r1' from disk tnto inode area of
and write modified inode out (if any)
I set flags in core image of inode to1ndi­
I cate allocated, read (owner, non-owner),
I write (owner, non-owner)

$1,1.~lks / set no•. of links = 1
$1,i.uid / set user id of owner = 1
rO,setimod I set imod=1 to indicate i-node modified, also

I stuft t~me of modification into i-node
r1 I next i-node no. =present i-node no.-1
1b / has i-node 1 been in~tialized; no, branch

$40.,r1 / set r1:i-node-number 40.

rO,iqet I read
/ cere

$100017,i.flgs

mov
1 :

jsr

mov

movb
movb
jsr

dec
bqt

II initialize i-nodes r1., ••• ,47. and write the root deviee, binary, etc.,
directories onto fixed head disk. user temporary, initialization prog.
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UNIX IMPLEMENTATION

mov
mov

1 :
mov

beq
jar
bisb

jsr

mov

movb
movb
jar

mov

mov
clr
add
jsr
br
.endif

$idata,rO / rO=base addr. of assembled directories.
$u.off,u.fofp / pointer to u.off in u.fofp (holds file

/ offset)

(ro)+,r1/r1=41., ••• ,47; "0" in the assembled directory
/ header signals last

1f / assembled directory has been written onto drum
rO,imap I locate the inode map bit for i-node 'r1~
mq,(r2) / set the bit to indicate the i-node is not

/ available
rO,iget I read inode 'r1' from disk into inode area of

/ core and write modified i-node on drum (if any)
(rO)+,i.flgs I set flags in core image of inode from

I assembled directories header
(rO)+.i.nlks / set no. of links from'header
(rO)+,i.uid / set user id of owner from header
rO,setimod / set imod=1 to indicate inode modified: also,

I stuff time ofmodif1cation into i-node
(rO)+,u.count I set byte count for write call equal to

. / size of directory
rO,u.base / set buffer address for write to top of directory
u.off / clear file offset used in 'seek' and ~tell' .
u.count,rO / rO points to the header of the next directory
rO,writei I write the directory and i-node onto drum
1b / do next directory

sbO+1 I has I/O request been honored (for drum)?
1b I no, continue to idle.

jar

tstb
bne

1 :

/ next 2 instructions not executed'during cold boot.
bis $2000,sbO /sbO I/O queue entry for sUperblock on drum;

/ set bit 10 to 1
rO,ppoke / read drum superblock

by nul\O

sysflg / mormally sysflaq=O, indicates executing in system
exec; 2f; if / generates trap interrupt; trap vector =

/ sysent; 0
panic / execute file/etc/intt

CtJ,l~
.,.--rLu l:t-#1'7U'~ [Ole{ ~ f~/()

./ t "
</etc/init\O) / UNIX looks for strings term, noted

br

2f;0

decb
ays

2:

1 :

1 :

panic:
clr ps

1 :
dec $0
bne 1b
dec $5
bne 1b
jmp *$173700 / rom loader address
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UNIX IMPLEMENTATION

rtssym:
rO,-(sp)mov

mov r1 ,-(sp)
mov 4(sp) ,rO
mov -(rO) ,rO
hie $17,rO
asl rO
jmp *1f(rO)

1 :
Of-1f·2f-3f·4f-Sf-badrts-7f, , , , " ,

0:
mov 2(sp),rO
br 1f

2:
mov r2,r1
br 1£

3:
mov r3,r1
br 1f

4:
mov r4,r1
br 1£

5:
mov rS,r1
br 1£

7:
mov B.(sp),r1

1 :
cmp r1,$core
blo badrts
cmp r1 ,$e.~ore

bhis badrts
bit· $1,r1
bne badrts
tst (r1 )
beq badrts
add $1f,rO
mov rO,4( sp)
mov (sp)+,r1
mov (sp)+,rO
rti

1 :
rts rO
rts r1
rts r2
rts r3
rts r4
rts rS
its sp
·rts pc

badrts:
mov (sp)+,r1
mov (sp)+,rO

rpsym:

Issue D Date 3/17/72 ID IMO.1-1 Section E.O Page 6



UNIX IMPLEMENTATION

jmp unkni

.if cold

ldata:

/ root

41 •
140016
.byte 7,1
9f-.-2
41 •
( •• \0\0\0\0\0\0)
41.
(.\0\0\0\0\0\0\0)
42.
(dev\O\O\O\O\O)
43.
(b1n\0\0\0\O\0)
44.
(etc\O\O\O\O\O)
45.
(usr\O\O\O\O\O)
46.
(tmp\O\O\O\O\O)

9:

/ device directory

42.
140016·
.byte 2,1
9£-.-2
41.
( ••\0\0\0\0\0\0)
42.
(.\0\0\0\0\0\0\0)
01.
(tty\O\0\0\0\0)
02.
(ppt\O\0\0\0\0)
03.
(mem\O\O\O\O\O)
04.
(rfO\O\O\O\O\O)
05.
(rkO\O\O\O\O\O)
06.
(tapO\O\O\O\O)
07.
(tap1 \0\0\0\0)
08.
(tap2\0\O\O\0)
09.
(tap3\O\O\O\O>
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UNIX IMPLEMENTATION

10.
<tap4\O\O\O\O)
11.
(tapS\O\O\O\O>
12.
(tap6\O\O\O\O>
13.
<tap7\0\0\0\0)
14.
(ttyO\O\O\O\O>
1s.
<tty1\O\0\O\0>
16.
(tty2\O\O\0\O>
17.
<tty3\O\0\0\0>
18.
<tty4\0\0\0\O>
19.
<ttyS\O\O\O\O>
20.
(tty6\O\O\O\0>
21 •
<tty7\0\O\O\O)
22.
<lpr\O\O\O\O\O>
01.
<tty8\O\0\0\O> / really tty

9:

/ binary directory

43.
140016
.byte 2,3
9£-.-2
41.
( •• \0\0\0\0\0\0)
43.
(.\0\0\0\0\0\0\0>

9:

/ etcetra directory

91

44.
140016
.byte 2,3
9f-.-2
41.
<•• \0\0\0\0\0\0>
44.
(.\0\0\0\0\0\0\0)
47.
(in1 t\O\O\O\O)
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UNIX IMPLEMENTATION

/ user directory

45.
140016
.byte 2,1
9£-.-2
41.
( •• \O\O\O\O\O\O)
45.
(.\O\O\O\O\O\O\O)

9:

/ temporary directory

46.
140017
.byte 2,1
9f-.-2
41.
( •• \O\O\O\O\O\O)
46.
(.\O\O\O\O\O\O\O)

9:

/ ini t1aliza tion program

47.
10003·6
.byte 1,3
9f-.-2

8:
sys break; 0
sys open; 6f-8b+core; 0
mov rO,r1
sye seek; 65.; 0

1 :
mov r1 ~rO
sys read; 9f-8b+core; 512.
mav 9f,r5 / size
beq 1f
eys creat; 9f-8b+core+4; 0
mov rO,r2
movb 9£+2,Of
eys chmod; 9f-8b+core+4; 0: ••
movb 9£+3,0£
sye chown; 9f-Bb+core+4; 0: ••

2:
tst rS
beq 2£
mav r1,rO
sys read; 9f-8b+core; 512.
mav $512.,0£
crop rS,$512.
bhl 3£
mov rS,Of

3:
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mov r2,rO
sys write; 9f-8b+core; 0: ••
sub rO,rS
br 2b

2:

9:

/ end of initialization data

mov r2,rO
sys close
br 1b

Sf-8b+core; 0 .'p

</:!:t/~-~ fvt 1,'7

</dev/tapO\O)
.even

Sf-8b+core; 4f-8b+core

r1,rO
close
~xec;

exit

mov
sye
eye
sys

5:

1 :

6:

4:

o

.endlf
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UNIX IMPLEMENTATION

/ u1 - unix

Page 1Section E.1

regfsters
bottom of users stack in u.rO

ID IMO.1 -t--

mq,-(sp)

sc,-(sp)

sysflq / indicate a system routine is
if / in progress
p~nic / called if trap inside system

$s.syst+2,clockp
ro,-(sp) / save user
sp,u.rO / pointer to
r1,-(sp)
r2,-(sp)
r3,-(sp)
r4,-(sp)
rS,-(sp)
ac,-(sp) /

/
/

~

• •accumulator register for extended
arithmetic unitn .•
. multiplier quotient register for the
extended arithmetic unit
n n
step count register for the extended

/ arithmetic unit
sp,u.s~ / u.sp points to top of users stack
18. (sp) ,rO / store pc in rO .
-(ro),rO / sys inst in rO 10400xxx
$sys,rO / qet xxx code
rO / mUltiply by 2 to jump indirect in bytes
rO,$2f-1f / limit of table (35) exceeded
badsys I yes, bad system call
$341,20.(sp) / set users processor priority to 0 and clear

/ carry bit
*1f(rO) / jump indirect thru table of addresses

/ to proper system routine.
jmp

mov
mov
mov
mov
mov
mov
mov
mov
mov

mov

mov

incb
beq
jmp

mov
mev
mov
sub
asl
crop
bhis
bie

1 :

1 :

unkni: / used for all system calls
sysent:

sysrele / 0
sysexit / 1
sys;,': ark / 2
sys"'ead / 3
syswrite / 4
sysopen / 5
sysclose / 6
syswait / 7
syscreat / 8
syslink / 9
sysunlink / 10
sysexec / 11
syschdir / 12
systime / 13
8ysmkdi r / 14
syschmod / 15
sysehown / 16
sysbreak / 17
sysst.at. / 18
sy.seek / 19
systell / 20
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sysmount / 21
sysumount / 22
syssetuid / 23
sysgetuid / 24
sysst1me / 25
sysquit / 26
sysintr / 27
sysfstat / 28
sysemt / 29
sysmdate / 30
sysstty / 31
sysqtty / 32
sysilgins /·33

2:

error:
mov u.sp,r1
bis $1,20.(r1) / set c bit in processor status word below

/ users stack

sysret:

1 :

1 :

tstb
bne
mov
clr
jsr

tstb
beq
clrb
bis

jar

tstb

beq
clrb
movb
bis
jsr

tstb
bne

u.bsys / is a process about to be terminated because
sysexit / of an error? yes, go to sysexit
u.sp,sp / no point stack to users stack
r1 / zero r1 to check last mentioned i-node
rO,iqet / i£ last mentioned i-node has been modified

/ it is written out
smod / has the super block ~en modified
1 f / no, 1£
srood / yes, clear smod
tioee,sbO / set write bit in I/O queue for super block

'/ output
rO,ppoke / write' out modified super block to d~sk

mmod / has the' super blQCk for the dismountable file
/ system

1£ / been modified? no, 1f
mmod I yes, clear mmod
mntd,sb1 / set the I/O queue
$1000,sb1 / set write bit in I/O queue for detached sb
rO,ppoke I write it out to its device

uquant / is the time quantum O?
if / no, don#t swap it out

sysrele:
jsr

1 :
mov
mov
mov
fttOV
mev
mov
mov
mov

rO,tswap / yes, swap it out

(sp)+,sc I'restore user registers
(sp)+,mq
(sp)+,ac
(sp)+,rS
(Sp~+,r4
(sp +,r3
(sp +,r2
(sp)+,r1
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UNIX IMPLEMENTATION

(sp)+,rO
$s.chrgt+2,clockp
sysflq / turn system flag off
rO,is1ntr / is there an interrupt from the user
br intraet / yes, output gets flushed, take interrupt

/ action
/ no return from interrupt

u.bsys / turn on the user's bad system flag
$3f,u.namep / point u.namep to "core\O\O"
rO,namei / get the i-number for the core image file
br 1f / error .
r1 / negate the i-number to open the core image file

/ for. writing
rO,iopen / open the core image file
rO,itrunc / free all associated blocks
2f

$17,r1 / put i-node mode (17) in r1
rO,maknod / make an i-node
u.dirbuf,r1 / put i-nodes number in r1

$core,u.base / move address core to u.base
$ecore-core,u.count / put the byte count in u.count
$u.off,u.fofp / more user offset to u.fofp
u.off / clear user offset
rO,writei / write out the core image to the user
$user,u.base / pt. u.base to ,user
$64.,u.count / u.count = 64
rO,write1 / write out all the user parameters
r1 / make i-number positive
rO,iclose / close the core image file
sysexit /

<core\O\O)

sysexi t: / terminate process
clr u.intr / clear interrupt control word
clr r1 / clear r1

1: / r1 has file descriptor (index to u.fp list) Search the whole list
jsr rO,fclose / close all files the process opened

br .+2 / ignore error return
inc r1 / increment file descriptor
cmpr1,$10. I end of u.fp list?
blt 1b / no, go back
movb u.uno,r1 / yes, move dying process's number to r1

'clrb p.stat-1(r1) / free the process
asl r1 / use r1 for index into the below tables
mov P.pid-2(r1)tr3 / move'dying process's name to r3
mov p.ppid-2(r1},r4 / move its parents name to r4
clr r2
clr r5 / initialize reg

1: / find children of this dyinq process, if they are 'zombies, free them
add $2,r2 / search parent process table for dying process's name
crop p.ppld-2(r2),r3 / found it?
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3f / no
r2 / yes, it is a parent
p.stat-1 (r2) ,$3 / if, the child of this dying procesr; a

/ zombie
2f I no
p.stat-1(r2) I yes, free the child process

bne
clrb

bne
asr
cmpb

r2
the process name table for the dying process·s parent

p.pid-2(r2),r4/ found it?
3f I no
r2,rS I yes, put index to p.p1d table (parents

I process # x2) in rS .

crop r2,$nproc+nproc I'has whole table been searched?
blt 1b I no, go back .
mov rS,r1 I yes, r1 now has parents process # x2
beq 2f / no parent has been found. The process just dies
asr r1 I set up index to p.stat
movb p.stat-1(r1),r2 / move status of parent to r2
beq 2f / if its been freed, 2f
crop r2,$3 / is parent a zombie?
beq 2f / yes, 2f
movb u.uno,r3 / move dying process's number to r3
movb $3,p.stat-1(r3) / make the process. a zombie
cmp r2,$2 / is the parent waiting for this child to die
bne 2£ / yes notify parent not to wait any more
decb p.stat-1lri) / awaken it by putting it (parent)
mov $runq+4,r2 / on the runq
jsr rO, putlu

2: / the process dies
clrb u.uno / put zero as the process number, so "swap" will
jsr rO,swap /overwrite process with another process
o / and thereby kill it; halt?

2:
as!

3: I search
cmp

·bne
mov

3:

intract:·/ interrupt action
crop *(sp),$rt1 / are you in a clock interrupt?
bne if / no, 1f
cmp (sp)+,(sp)+ / pop clock pointer

1: / now in user area
mov r1,-(sp) / save r1
mov u.ttyp,r1 / pointer to tty buffer in control to ri.
cmpb 6(r1J,$177 / is the interrupt char equal to "del"
beq 1f / yes, 1£
clrb 6(r1) / no,' clear the byte (must be a quit character)
mov (sp)+,r1 / restore r1
clr u.quit / clear quit flag
bis $20,2(sp) / set trace for quit (sets t bit of ps-trace trap)
rt1 / return from interrupt

1: / interrupt char = del
clrb 6(r1) / clear the interrupt byte 1n the buffer
mov (sp)+,r1 / restore r1
crop u.1ntr,$core / should control be transferred to loe core?
blo 1f
jmp *u.1ntr / user to do rti yes, transfer to loe core

1 :
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eys 1 / exit

syswait: / wait for a process to die
movb u.uno,r1 / put parents process number in r1
asl r1/ x2 to qet index into p.pid table
mov p.pid-2(r1),r1 / qet the name of this process
clr r2
clr r3 / initialize reg 3

$2,r2 / use r2 for index into p.ppid table / search table
/ of parent processes for this process name

p.ppid-2{r2),r1 / r2 will contain the childs process number
3f / branch if no match of parent process name
r3 / yes, a match, r3 indicates number, of children
r2 / r2/2 to qet index to p.stat table
~.stat-1(r2),$3 / is the child process a zombie?
2f / no, skip it
p.stat-1(r2) / yes, free it
r2 / r2X2 to get index into p.pid table
p.pid-2(r2),*u.rO / put childs process name in (u.rO)
sysret1 / return cause child is dead

r2 / r2x2 to qet index into p.ppid table

r2~$nproc+nproc / have all processes been checked?
1b / no, continue search
r3 / one gets here 1f there are no children or children

/ that are still active .
error1 / there are no children, error
u.uno,r1 / there are children so put parent process number
. / in r1 . .
p.stat-1(r1) / it is waiting for other children to die
rO~sw.p / swap it out, ~ecause it's waiting
syswa.£-t / wait on next process

error / see 'error' routine

sysret / see 'sysret' routine

sysfork: / create a new process
clr r1

1: / search p.stat table for unused process number
inc r1
tstb p.stat-1(r1) / 1s process active, unused, dead
beq if / it's unused so branch
crop r1,$nproc / all processes checked
blt 1b / no, branch back .
add $2,18.(sp) / add 2 to pc when trap occured, points

/ to old process return
br error1 / no room for Q. new process

1 :
movb u.uno,-(sp) / save parent process number
movb r1.u.uno I set child process number to r1
incb p.stat-1(r1) / set p.stat entry for child process to

/ active status

Issue D Date 3/17/72 ID IMO.1-1 Section E.1 Page 5



2:

mov

beq
clrb

UNIX IMPLEMENTATION

u.ttyp,r2 / put pointer to parent process' control tty
/ buffer in r2

2f / branch, 1f no such tty assigned
6(r2) / clear interrupt character in tty buffer

mov $runq+4,r2
jar rO,putlu / put child process on lowest priority run queue
asl r1 / multiply r1 by 2 to get index into p.pid table
inc mpid / increment m.pidj get a new process ,name
mov, mpid,p.pid-2(r1) / put new process name in child process'

/ name slot
movb (sp},r2 / put parent process 'number in r2
asl r2 / multiply by'2 to qet index into below tables
mov p.pid-2(r2),r2 / get process name of parent 'process
mov r2,appid-2(r1) / put parent process name in parent

/ process slot for child
mov r2,*u.rO / put parent 'process name on stack at location

/ where rO was saved
mov $sysret1;(sp} /
mov sp,u.usp / contents of sp at the time when user is

/ swapped out '
mov $sstack,sp / point sp to swapping stack space
jsr rO,wswap / put child procef:s out on drum
jsr rO,unpack / unpack user stack
mov u.usp,sp / restore user stack pointer
tst (sp)+ / bump stack pointer
movb (sp)+,u.uno / put parent process number in u.uno
mov mpid,*u.rO / put child process name on stack where rO

/ was saved
add $2,18.(sp) / add 2 to pc on stack; gives parent

/ process return ,
clr r1

1: / search u.£p list to find the files opened by'the parent process
movb u.fp(r1),r2 / get an open file for this process
beg 2£ / file has not been opened by parent, so branch
asl r2 / multiply by 8
asl r2 / to qet index into fsp table
asl r2
incb fsp-2(r2) / increment number of processes using file,

I because child will now be using this file

inc ~i /' ~:tet next open file
crop r1,$10. / 10. files is the maximum number which can be

/ opened
blt 1b / check next entry
br sysret1

sysread:
jsr
tst
ble
jsr
br

syswr1te:
jsr

rO,rw1 / qet i-number of file to be read into r1
r1 / .neqative i-number?
error1 / yes', error 1 to, read it should be positive
rOtreadi 7 read data into core
1f

rO,rw1 / qet i-number in r1 of file to write
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1 :

tat r1 / positive' i-number ?
bge error1 / yes, error 1 negative i-number means write
neg r1 / make it positive
jsr rO,writei / write data

mov u.r-,read,*u.rO / put' no. of bytes transferred into (u.rO)
br sysret1

rw1 :
jsr rO,arg; u.base / qet buffer pointer'
jar rO,arg; u.count / get no. of characters
mov *u.rO,r1 / put file descriptor (index to u.fp table) in r1
jsr rO,getf / get i-number'of the file in r1
rts rO

sysopen:
. jsr

jsr
br
tst
beq
neg

rO,arg2 / qet eye args into u.namep and on stack
rO,namei / i-number of file in r1
error2 / file not found
(sp) / is mode = 0 (2nd arq of call; 0 means, open for read)
if / yes, leave i-number positive
r1 / open for writing so make i-number negative

1 :
jsr rO,iopen / open file whose i-number is in r1
tat (sp)+ / pop the stack and test the mode
beq op1 / is open for read op1

opO:
r1 / make i-number positive if open for writing

r2 / clear registers
r3

list of entries in fap table
u.fp(r2) /'test the entry in the·u.fp list
if / if byte in list is 0 branch
r2 / bump r2 so next byte.can be checked
r2,$10. / reached end.of list?
1'b / no, go'back
error2 I yes; error (no files open)

fsp(r3) / scan fsp entries
1£ / if 0 branch
$8.,r3 / add 8 to r3 to bump it to next entry ~sp table
r3,$[nfiles*8.] / done scanning
1b / no, back
error2 / yes, error

index to u.fp list; r3, has index to fsp table
r1,fsp(r3) / ~ut i-number of open file into next available
cdev,fsp+2(r3} / entry in fsp table, put I of device in

/ next word

neg

tat
beq
add
crop
bIt
br
has
mov
mov

1 :

op1:

1: / r2

clr
clr

1: / scan the
tstb
beq
inc
crop
blt
br

clr fsp+4(r3)
elr fsp+6(r3) / clear the next two words
asr r3
asr r3 / divide by B to qet number of the fsp ,entry-1
asr r3
inc r3 / add 1 to qet fsp entry number
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rnovb °r3,ti.fp{r2) / move entry number into next available slot
/ in u.fp list

mov. r2,*u.rO / move index to u.fp list into rO lac on stack
br sysret2

error2:
jmp

sysret2:
jmp

error / see 'error' routine

sysret / see 'sysret' routine

br
tstb
bne
mev
bic
bis
jsr
br

syscreat: / name; mode
jar rO,arg2 / put ·file name in u.namep put mode on stack
jsr rO,namei / qet the i-number

br 2f / if file doesn't exist ·2f
neg r1 / 1f file already exists make i-number negative

/ (open for writing)
jsr rO,iopen /
jsr rO,itrunc / truncate to 0 length
br opO

2: / file doesn't exist
mov (sp)+,r1 / put the mode in r1
bic $1377,r1 / clear upper byte
jsr rO,maknod / make an i-node for this file
mov u.dirbuf,r1 / put i~number for this new file in r1
pr opO / open the file

sysrnkd1r: / make a directory
jsr rO,arg2 / point u.namep to the file name
jsr rO,namei / get the i-number

br .+4 / if file not found branch around error
error2 / directory already exists (error)
u.uid / 1s user the super user
error2 I no, not allowed
(sp)+,r1 / put the mode in r1
$!317,r1 / all but.su and ex
$40000,r1 / direct.ory flag
rO,maknod / make the i-node for the directory
sysret2 I

sysclose: /
mov
jsr

br

close the file
*u.rO,r1 / move index to u.fp list into r1
rO,fclose / close the file

°br error2 / unknown file descriptor
sysret2

sysemt:
jar rO,arg; 30 / put the argwnent of the sysemt call in loc 30
cmp 30,$core I' was t.he argument a lower address than core
blo 1 f / yes, rtssym

30,$~core / Un, wa! it higher than
.. ..

and less thancmp core
/ ecore

blo 2f / yes, sysret2
1 :

mov .rtssyIn,30
2:

br sysret2
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sysilgins: /
jsr

cmp
blo
crop
blo

calculate proper illegal instruction trap address
rO,arg; 10 / take address from sysilgins call , put

/ it in loc 8.,
10,$core / making it the illegal instruction trap address
1£ / is the address a user core address? yes, go to 2f
10,$ecore
2f

1 :

2:

mev $fpsym,10 / no, make 'fpsum' the illegal instruction trap
/ address for the system

br sysret2 / return to the caller via 'sysret'

1 :

sysmdate: /
jsr
jsr

jsr
cmpb
bet}
tstb
bne

change the modification time of a file
rO,arg; u.namep / point.u.namep to the file
rO,namei / get its i-number
br error2 / no, such file
rO,iget / get i-node into core
u.uid,i.uid / is user same as owner
1 f / yes
u.uid / no, 1s user the super user
error2 / no, error

name

jsr rO,setimod / fill in modification data, time etc.
mov 4(sp),i.mtim / move present time to
mov 2(sp),i.mtim+2 / modification time
br sysret2

br
mov
inc
tstb
beq
mov
jar
br

mov
mov
mov
beq
mov

1 :

sysstty: / set mode of typewriter; 3 consequtive word arquments .
jsr rO,gtty / r1 will have offset to tty block, r2 has source
mov r2,-(sp)
mov r1,-(sp) / put r1 and r2 on the stack

1: / flush the clist wait till typewriter 1s quiescent
mov (sp),r1 / restore r1 to tty block offset
movb tty+3(r1),Of / put cc offset into getc argument
mev $240,*$ps / set processor priority to 5
jsr rO,getc; 0: •• / put character from clist in r1

br .+4 I list empty, skip branch
1b / get another character until list is empty
Ob,r1 / move cc offset to r1
r1 / bump it for output cllst
cc(r1) / is it 0
1 f / yes, no characters to output
r1,Of / no, put offset in sleep arg
rO,sleep; 0: •• / put tty output process to sleep
1b / try to calm it down aqain

(sp)+,r1
(sp)+,r2 / restore reqisters
(r2)+,r3 / put reader control status in r3
1f / 1f 0,1£
r3,rcsr(r1) / move r.c. status to reader control status

/ register
1 :

mov (r2)+,r3 / move pointer control status to r3
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beq
mov

1 :
meN
jmp

sysqtty: '/ get
jar

mov

mov

mov
jmp

UNIX IMPLEMENTATION

1f / if 0 1f
r3,tcsr(r1) / move p.c. status to printer control status reg

(r2)+,tty+4(r1) / move to flag byte of tty block
sysret2 / return to user

status of typewriter; 3 consequtive word arguments
rO,gtty / r1 will have 'offset to tty block, r2 has

/ destination'
rcsr(r1),(r2)+ / put reader control status in 1st word

/ of dest
tcsr(r1),(r2)+ / put printer control status in 2nd word

/ of dest
tty+4(r1 ),(r2)+ / put mode in 3rd word
sysret2 / return to user

gtty:

1 :

jar
mov
jsr
tst
bgt
neg

sub
crop
bhis
asl
asl
asl
mov
rts

rO,arg; u.off / put first arg in u.off
*u.rO,r1 / put file descriptor in r1
rO,getf / qet the i-number of the file
r1 I is it open for reading
1f / yes '
r1 / no, :I.-number is negative, so make it positive

$14.,r1 / qet i-number 'of ttyO
r1,$ntty-1 / is there such a typewriter
error9 / no, error
r1 / 0%2
r1 / 0%4 / yes
r1 / 0%8 I multiply by 8 so r1 points to tty block
u.off,r2 / put argument in r2
rO / return
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/ u2 -- unix

mov
jsr
jsr

br
jsr
mov
mov

br
cmp
bne
mov
jsr

mov
jsr
incb
jsr

syslink: / name1, name2
jsr rO,arg2 / u.namep has 1st arg u.off has 2nd
jsr rO,namei / find the i-number associated with the 1st

/ path name
error9 / cannot be found
rO,1get / get the i-node into core
(sp)+,u.namep / u.namep points to 2nd name
r1,-(sp) / put i-number of name1 on the stack (a link

/ to this file is to be created)
cdev,-(sp) / put i-nodes device on the stack
rO,isdir / is it a directory
rO,namei / no, get i-number of name2
br .+4 / not found so r1-i-number of current directory

/ 1i = i-number of current directory
error9 / file already exists., error
(sp)+,cdev / u.dirp now points to end of current dir
error9
(sp),u.dirbuf / i-number of name1 into u.dirbuf
rO,mkdir / make directory entry for name2 1n current

/ directory
(sp)+,r1 / r1 has i-number of name1
rO,iget / qet i-node into core
i.nlks"/ add 1 to its number of links
rn,setimod / set the i-node modified flag

sysret9:
jmp

error9:
sysret / see 'sysret' routine

jmp error / see 'error' routine

isdir: / if the i-node whose i-number is in r1 is a directory there is an
/ error unless super user 'made the call
tstb u.uid / super user
beq 1f / yes, don't care
mov ii,-(sp) / put current i-number on stack
jsr rO,iget / get i-node into core (i-number in r1)
bit $40000,i.f1gs / is it a directory

.bne error9 / yes, error
mov (sp)+,r1 / no, put current i-number in r1 (ii)
jsr rO,iget / get it back in

1 :
rts rO

sysunllnk: /
jsr
jsr

mov
jsr
clr

sub
jsr

name - remo~e link name
rO,arg; u.namep / u.namep points to name
rO,namei / find the i-number associated with the path name
br error9 / not found
r1,-(sp) / put its i-number on the stack
rO,isdir / is it a directory
u.dirbuf / no, clear the location that will get written

/ into the i-number portion of the entry
$10.,u.off / move u.off back 1 directory entry
rO,wdir / free the directory entry
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mov
jsr
jsr
decb
bgt
jsr

UNIX IMPLLMENTATION

(sp)+,r1 / get i-number back
rO,iget / get i-node
rO,setimod / set modified flag
i.nlks / decrement the number of links
sysret9 / if this was not the last link to file return
rO,anyi / 1f it was, see if anyone has it open. Then

/ free contents of file and destroy it.

1 :

br sysret9

mkdir:
jar rO,copyz; u.dirbuf+2; u.dirbuf+10. / clear this
mov u.namep,r2 / r2 points to name of directory entry
mov $u.dirbuf+2,r3 / r3 points to u.d1rbuf+2

1: / put characters 1n the directory name in u.dirbuf+2 - u.dlrbuf+10
movb (r2)+,r1 / move character in name to r1
beq 1f / 1f null, don! "
cmp r1,$-/ / is it a /?
beq error9 / yes, error
crop r3,$u.dirbuf+10. / have we reached the last slot for

/ a cha.r?
beq 1b / yes, go back
movb r1,(r3)+ / no, put the char 1n the u.dirbuf
br 1b / get next char

mov u.dirp,u.off / pointer to empty current directory slot to
. / u.off

wdir:
mo"
mo'"
mo\
jsr
jsr
rts

$u.dlrbuf,u.base / u.base points to created file name
$10.,u.count / u.count = 10
ii,r1 / r1 has i-number of current directory
rO,access; 1 / get i-node and set its f1le up for writing
rO,wrltei / write into directory
rO

sysexec:
jsr
jsr

jar
bit
beq
jsr

bit
beq
tstb
beq
movb

1 :

rO,arg2 / argO in u.namep,arq1 on top of stack
rO,namei / name! returns i-number of file named in

/ sysexec call in r1
br error9
rO,iqet / get i-node for file to be executed
$20,1.flgs / is file executable
error9
rO,iopen / gets i-node for file.with i-number given in

/ r1 (opens f1le)
$40,1.flg8 / test user id on execution bit
1f
u.u1d / test user id
1f\/ super user
i.uid,u.uid / put user 1d of owner of'file as process

/ user id

mov (sp)+,rS / rS now contains address of list of pointers to
/ arguments to be passed

mov $1,u.qu1t / u.quit determines handling of quits;
I u.qult = 1 t~ke quit
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mov

mav
mov

mov
mov
mav
mov
mov
mov

1 :

$1,u.intr / u.intr determines handling of interrupts;
/ u.intr = 1 take interrupt

$rtssym,*30 / emt trap vector set to take system routine
$fpsyro,*10 / reserved instruction trap vector set to take

/ system routine
$sstack,sp / stack space used during swapping
r5,-(sp) / save arguments pointer on stack
$ecore,rS / rS has end of core
$cor~.r4 / r4 has start of users core
r4,u.base / u.base has start of users core
(sp),r2 / move arguments list pointer into r2

tst
bne
tat

( ) / " 1"r2 + argument char = nu
1b
-(r2) / decrement r2 by 2; r2 has addr of end of argument

/ pointer list
move arguments to bottom of users core

mov -(r2),r3 / (r3) last non zero argument ptr
crop r2,(sp) / is r2 = beginning of argument ptr list
blo 1f / branch to 1f when all arguments are moved

1: /

2:
tstb (r3)+
bne 2b / scan argument for \0 (nul)

2:
movb -(r3},-(r5) / wove a_gument char by char starting at

. / ecore
crop r3,(r2) / moved all characters in this a~gument

bhi 2b / branch 2b if not
mov rS,(r4}+ / move rS into top of users core; rS has

/ pointer to nth arg
br 1b / string

1 :
clrb
bic

1: /

-(r5)
$1,rS / make rS even, r5 points to last word of argument

/ strings
mov $core,r2

move argument pointers into core following argument strings
crop r2,r4
bhis 1f / branch to 1f when all pointers are moved
mov (r2)1-(rS)
br 1b
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skip 8 words
assign user stack pointer value, effectively
zeroes all regs when sysrele 1s executed
core; 0:0 / zero user's core

3/17/72

rS,Of /
-(rS) /
rS,u.rO
$16. ,rS
r5,u.Ap

$core,r4'/ gives number of arguments *2
r4 / divide r4 by 2 to calculate the number of args stored
r4,-(rS) / save number of arguments ahead of the argument

/ pointers
-(rS) / popped into ps when rti 1n sysrele is executed
$core,-(rS) / popped into pc when rti 1n sysre1e

/ is executed
load second copyz argument
decrement r5
/
/
/
I

rO,copyz;

1 :
sub
asr
mov

clr
mov

mov
tst
mov
sub
mov

jar
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clr
mov
mov
mov
clr
jar

mov
sub

mov
crop

bne
mov

sub
crop
bgt
mov
jsr
add
br

1 :
jsr

2:
mov

add
jsr
br

u. break
rS,sp / point sp to user's stacK
$14,u.count
$u.off,u.fofp
u.off / set offset in file .to be read to zero
rO,read1 / read in first six words of user's file, starting

- / at $core
sp,r5 / put users stacK address in rS
$core+40.,rS / subtract $core +40, from rS (leaves

/ number of words less 26 available for
/ program in user core

rS,u.count /
core,$40S / br .+14 is first instruction if file is

/ standard a.out format
1£ / branch, if not standard format
core+2,r5 / put 2nd word of users program in r5; number of

/ bytes in program text
$14,r5 / subtract 12
r5,u.count /
1f / branch if rS greater than u.count
r5,u.count
rO,readi / read in rest of user's program text
core+10,u.nread / add size of user data area to u.nread
2f

rO,readi / read in rest-of file

u.nread,u.break / set users program break to end of
/ user code

$core+14,u.break / plus data area
rO,iclose / does nothing
sysret3 / return to core image at $core

sysfstat: /
jsr
mav
mov
jsr
tst
beq
bgt
neg
br

set status of open file
rO,arg; u.off / put buffer address in u.off
u.off,-(sp)-/ put buffer address on the stack
*u.rO,r1 / put file descriptor in r1
rO,getf / get the files i-number
r1 / is it O?
error3 / yes, error
1f / if i-number is negative (open for writing)
r1 / make it positive, then branch
1f / to 1f
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1 :
jsr
mov
mov
mov

1 :
mov
crop

Issue D Date

sysstat: / ; name of file; buffer - get files status
jsr rO,arg2 / qet the 2 arguments
jsr rO,namei / get the i-number for the file

br error3 / no such file, error

rO,iqet I-get the i-node into core
(sp)+,r3 / move u.off to r3 (points to buffer)
r1,(r3)+ / put i-number in 1st word of buffer
$1node,r2 / r2 points to i-node

(r2)+,(r3)+ / move rest of i-node to buffer
r2,$inode+32 / done?



UNIX IMPLEMENTATION

1b / no, go back
sysret3 / return through sysret

error / see 'error' routine

sysret / see 'sysret' routine

the device number and the i-number of an open file
r1,$10. / user limited to 10 open files
error3 / u.fp is table of users open files, index in

/ fsp·table
u.fp(r1),r1 / r1 contains number of entry in fsp table
1f / if i ts zer~ return
r1
r1 / multiply by 8 to get index into fap table entry
r1
$fsp-4,r1 / r1 is pointing at the 3rd word in the fsp entry
r1,u.fofp / save address of 3rd word in fsp entry in u.fofp
-(r1 ),cdev / remove the device numbe".- cdev
-(r1),r1 / ar1d the i-number r1

rO

.. ..
nig

u.cdir,r1 / put the 1-number of current directory in r1
u.cdev,cdev / device number for users directory into cdev
*u.namep,$I/ / 1s first char in file name a /
if
u.namep / go to next char
rootdir,r1 / put i-number of rootdirectory in r1
cdev / clear ~evice number

*u.namep / is the character in file name a nul
niq / yes, end of file name reached; branch to

Section E.2 Paqe 5ID IMO.1-13/17/72

u.nread
nib / gives error return
u.dirbuf /
3f / branch when active directory entry (i-node word in

/ entry non zero) "
u.off,u.dirp
$10. t u.dirp

rO,access; 2 / get i-node with i-number r1
$40000,1.f1gs / directory i-node?
error3 / no, got an error .
i.s1ze,u.dlrp / put size of directory 1n u.dirp
u.off / u.off is file offset used by user
$u.off,u.fofp / u.fofp 1s a pointer to the offset portion

/ of fsp entry

$u.dirbuf,u.base / u.dirbuf holds a file name copied from
/ a directory

$10.,u.count / u.count is byte count for reads and writes
rO,read! / read 10. bytes of file with i-number (r1);

I 1.e. read a directory entry

2:
mov

mov
jsr

tst
ble
tst
bne

mov
sub
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br 2b
3:

mov u.namep,r2 / u.namep points into a file name string
mov $u.dirbuf+2,r3 / points to file name of directory entry

mov r2,u.namep / u.namep points to char following i?\ / or nul
mov u.dirbuf,r1 / move i-node number in directory entry to r1
tst r4 / if r4 = 0 the end of file name reached, if r4 = <I>

/ then go to next directory

3:

3:

3:

movb
beq

crop
beq
crop
beq
cmpb

beq
br

crop
beq
tstb
bne

(r2)+,r4 / move a character from u.namep string into r4
3f / if char is nul, then the last char in string has been

/ moved
r4,$'/ / is char a <I>
3f
r3,$u.dirbuf+10. / have I checked all 8 bytes of file name
3b .
(r3)+,r4 / cornpare char 1n u.namep string to fi.e name

/ char read from
3b / directory; branch if chars match
2b / file names do not match go to next directory entry

r3,$u.dirbuf+10. / if equal all 8 bytes were matched
3£
(r3)+ /
2b

bne 1b

tst (rO)+ / gives non-error return
nig:

nib:
rts rO

syschdir: /
/

jsr
jar

jar
bit
beq
mov
mov
br

makes the directory specified in the argument the current
directory

rO,arg; u.na',1ep / u.namep points to path name
rO,namei / find its i-number .
br error3
rO,access; 2 / get i-node into core
$40000,i.flgs / is it a directory?
error3 / no error
r1,u.cdir / move i-number to users current directory
cdev,u.cdev / move its device to users current device
sysret3

rO,arg2 / u.namep points to file name
rO,namei / get its i-number
br error3
rO.iget / get i-noje into core
u.uid / super user?
1f / yes, branch
i.u1d.u.u1d / no, is this the owner of the file
1f / yes
error3 / no, error

. iFJown:
jar
jsr

jsr
tstb
beq
cmpb
beq
jmp

1 :
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jsr
mov

rts

rO,setlmod / indicates i-node has be0n modified
(sp)+,r2 / mode is put in r2 (u.off put on 6tack with

/ 2nd arg)
rO

movb
br

syschmod: /
jar
bit
beq
bie

2:

name; mode
rO,isown / get the i-node and check user status
$40000,i.flgs / directory?
2f / no
$60,r2 / su & ex / yes, clear set user 1d and

/ executable modes

r2,1.flgs / move remaining moae to i.flgs
1.f

2:
movb r2,i.uid

1 s
jl11P sysret4

3:
jmp error

syschown: / name; owner
jsr rO,isown / get the i-node and check user status
tstb u.uid / super user
beq 2f / yes, 2f
bit $40,i.flgs / no, ~et user id on execution?
bne 3f I yes error, could create Trojan Horses

/ no, put the new owners ld in the i-node

u.sp,r1
*18.(r1),*(rO)+ / put argument of system call into

/ argument of· arg2 """ rill'
$2,18.(r1) / point pc on stack to next system argument
rO

arg:
mov
mov

add
rts

arg2:
jsr

jsr

mov
mov
mov
jmp

rO,arg; u.namep / u.namep contains value of first arg 1n
/ sys call

rO,arq; u.off / u.off contains value of second arg in
/ sys call'

rO,r1 / rO points to calling routine
(sp},rO / put operation code back in rO
u.off,(sp) / put pointer to second argument on stack
(r1) / return to calling routine

systime: / get time of year
mov s.time,4{sp}
mov s.time+2,2(sp) / put the present time on the stack
br sysret4

sysstime: / set time
tstb u.u1d / is user the super user
bne error4 / no, error
mov 4(sp),s.time
mov 2(sp),s.time+2 / set the system time
br sysret4
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sysbreak: / set the program break
mov u.break,r1 / move users break point to r1
cmp r1,$core / is it the same or lower than core?
blos 1f / yes, if
cmp r1,sp / is it the same or higher than the stack?
bhis 1f / yes, if
bit $1,r1 / is it an odd address
beq 2f / no, its even
clrb (r1 )+ / yes, make it even

2: / clear area between the break point and the stack
crop r1,sp / is it higher or same than the stack
bhis 1f / yes, quit
clr (r1 )+ / clear word
br 2b / go back

1 :
jsr

br

"" (rO,arg; u.break / put the address· in u.break set new
/ break point)

sysret4 / br sysret

maknod: / r1
bis
mov
mov
jsr
mov
mov

1: / scan for
inc
jsr

bltb
bne
bisb
jsr
tst
blt
mov
mov
jsr
jsr
mov
jar
jsr
mov
movb
movb
mov
mov
jsr
rts

contains the mode
$100000,r1 / allocate flag set
r1,-(sp) / put mode on stack
ii,r1 / move current i-number to r1
rO,access; 1 / get its i-node into core
r1,-(sp) / put i-number on stack
$40.,r1 / r1 = 40

a free i-node (next 4 instructions)
r1 / r1 = r1 +1
rO,imap / get byte address and bit position in inode map in

/ r2 & m
mq,(r2) / is the i-node active
1b / vcr;, try the next one
mq,(r ) / no, make it actiVe':' (put a 1 in the bit map)
rO,iget / get i-node into core
i.flgs / is i-node already allocated
1b / yes, look for another one
r1,u.dirbuf / no, put i-number in u.dirbuf
(sp)+,r1 / get current i-number back
rO,iget / get i-node in core
rO,mkdir / make a directory entry in current directory
u.dlrbuf,r1 / r1 = new inode number
rO,iqet / get it into core
rO,copyz; 1node; inode+32. / ° it out
(sp)+,i.flgs / fill flags
u.uid,i.uid / user .1d
$1,i.nlks / 1 link
s.time,i.ctim / time created
s.time+2,i.ctlm+2 / time modified
rO,setlmod / set modified flag
rO / return

sysseek: / moves read write pointer in an fsp entry
jsr rO,seektell / get proper value in u.count
add u.base,u.count / add u.base to it
mov u.count.*u.fofp I put result into r/w pointer
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br sysret4

systeII: / get the r/w pointer
jsr rO,seektell
br error4

seektell:
jsr
jar
mov
jsr
mov
beq
bgt
neg

jsr
cmp
bIt
beq
mov
br

1: / ptr name
mov

2: / ptrname
mov
rts

error4 :
jmp

sysret4:
jmp

error / see 'error' routine

sysret / see 'sysret' routine

rO,arg; u.base / puts offset in u.base
rO,arg;.u.count / put ptr name 1n u.count
*u.rO,r1 / file descriptor in r1 (index 1n u.fp list)
rO,getf / u.fofp points to 3rd word in fsp entry
r1,-(sp) / r1 has i-number of file, put' it on the stack

·error4/ if i-number is O,not active so error
.+4 / if its positive jump
r1 / if not make it positive

rO,iget / get its i-node into core
u.count,$1 / is ptr name =1
2£ / no its zero
1£ / yes its 1
i.size,u.count / put number of bytes 1n file in u.count
2f

=1
*u.fofp,u.count / put offset 1n u.count

=0
(sp)+,r1 / i-number on stack r1
rO

sysintr: / set interrupt handling
jsr rO,arg; u.1ntr / put the argument in u.intr
br 1f / go into qUit routine

S'l>9/1.lt: jsr rO, arg; u.qui t / put argument in u.qult
1 :

mov
beq
.clrb
br

syssetuld: /
movb
cmpb
beq
tstb
bne

1 :
movb
movb
br

sysgetuld:
movb
br

u.ttyp,r1 / move pointer to control tty buffer to r1
sysret4 / return to user
6(r1) / clear the interrupt character in the tty buffer
sysret4 ./ return to user

set process id
*u.rO,r1 / move process 1d (number) to r1
r1,u.ru1d / is it equal to the real user id number
1£ / yes
u.uld / no, is current user the super user?
error4 / no, error

r1,u.uid / put process 1d in u.uld
r1,u.ruld / put process id in u.ruid

sysret4 / system return

u.ruid,*u.rO / move the real user id to (u.rO)
sysret4 / system return, sysret
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fclose:
mov

jsr

tat
beg
tat
mov
mov

clrb
mov
decb

bge
mov
clr
tstb
beq
mov
jsr

2:

r1,-(sp) / put r1 on the stack (it contc)ins tl-le index
/ to u.fp list)

rO,getf / r1 contains i-number, cdev has device =, u.fofp
/ points to 3rd word of fsp entry

r1 / iB 1nu~ber O?
1£ / yes, i-node not active so return
(rO)"+ / no, jump over- error return
r1,r2 / move i-number to r2
(sp), r1 / restore value of r1 from the stacK whicl~ is

/ index to u.fp
u.fp(r1) / clear that entry in the u.fp list
u.fofp,r1 / r1 points to 3rd word in fap entry
2(r1) / decrement the number of processes that have opened

/ the file
1f / if all processes haven't closed the file, return
r2,-(sp) / put r2 on the stacK (i-number)
-4(r1) / clear 1st word of fsp entry
3(r1) / has this file been deleted
2f / no, branch
r2,r1 / yes, put i-number back into r1
rO,anyi / free all blocks relat~d to i-number

/ cheCK if file appears in fsp again

mov (sp) +, r1 / put i-number back into r1
jsr rO,iclose / check to see 1f its a special file

1 :
mov (sp) +, r1 / put index to u.fp back into r1
rts rO

anyi: I r1 contains an i-number
mov $fsp,r2 / move·start of fsp table to r2

1 :
crop
beq
neg
crop
beq

add
crop
blt
tst
bge
neg
jsr
bieb
jsr
clr
rts

1: / i-numbers
inch
rts

r1,(r2) / do i-numbers match?
if / yes, if
r1 / no complement r1
r1,(r2) / do they match now?
if / yes, transfer

/ i-numbers do not match
$8,r2 / no, bump to next entry 1n fsptable
r2,$fsp+[nfiles*a] / are we at last entry in the table
1b / no, check next entries i-number
r1 / yes, no match
.+4
r1 / -make i-number positive
rO,imap / qet address of allocation bit in the i-reap 1n r2
mq,(r2) / clear bit for i-node in the imap
rO,itrunc / free all blocks related to i-node
i.flqs / clear all flags 1n the i-node
rO / return
match
7(r2) / increment upper byte of the 4th word
rO / 1n that fsp entry (deleted flag of fsp entry)
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/ u3 -- unix

tswap:
movb
mav
jar

u.uno,r1 / move users process' number to r1
$runq+4,r2 / move lowest priority queue address to r2
rO,putlu / create link from last user on Q. to u.uno's user

swap:

1: /

. mov
mov

search
tst
bne
crop
bne
jsr

$300., *$ps / processor priori ty = 6
$runq,r2 / r2 points to runq table

runq table for highest priority process
(r2)+ / are there any processes to run 1n this Q entry
1f / yes, process 1f
r2,$runq+6 / if zero compare address to end of table
1b / if not at end, go back
rO,ldl~; s.idlet+2 / wait for interrupt; all queues

/ are empty
br swap

1 :
tst
mov
movb
cmpb
beq
tst
movD

-(r2) / 'restore pointer to right Q entry
r2,u.pri / set present user to this run queue
(r2)+,r1 / move 1st process in queue to r1
r1,(r2)+ / is there only 1 process in this 0 to be run
1f / yes
-(r2) / no, pt r2 back to this Q entry
p.link-1(r1),(r2) / move next process in line into

/ run queue
2f

-(r2) / zero the entry; no processes on the Q
core to appropriate disk area and read in new process if

*$ps / clear processor status
r1,u.uno / is this process the same as the process in core?
2f / yes, don't have to swap
rO,-Csp) / no, write out core;· save rO (address in routi

/ that called swap)
sp,u.usp / save stack pointer
$sstack,sp / move swap stack pointer to the stack pointer
r1,-(sp) / put r1 (new process #) on the stack
u.uno / is the process # =°
1f / yes, kill process by overwriting
rO,wswap / write out core to disk

(sp)+,r1 / restore r1 to new process number
rO,rswap / read new process into core
rO,unpack / unpack the users stack from next to his program

/ to its normal
u.usp,sp / location; restore stack pointer to new process

/ stack
{sp)+,rO / put address of where the process that just got

/ swapped in, left off., i.e., transfer control
/ to new process

$30.,uquant / initialize process time quantum
rO / return
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mov $ecore,r2 / put end of core in r2

roov . (r3)+,(r2)+ / no, pack stack next to users program
crop r3,$ecore / has stack reached end of core
bne' 1b / no, keep packing
br 1f / yes

ws~ P:

1 :

2:

1 :

1 :

rswap:

1 :

roov
mov
mov
inc
bic
mov
mov
cmp
bloB
cmp
bhis

sub

neg
asr
mov
movb
asl
mov

mov

mov

bis
jsr

tstb
bne
rts

asl
mov
mov
bis
jsr

tstb
bne
mov
mov
rts

*$30,u.emt / determines handling of errts
*$10,u.ilgins / determines handling of illegal instructions
u.break,r2 / put process program break address in r2
r2 / add 1 to it
$1,r2 / make it even
r2,u.break / set break to an even location
u. usp ,r3 / put users stack pte;" at moment of swap in r3
r2,$core / is u.break less than $core
2f / yes
r2,r3 / no, is (u.break) greater than stack pointer
2f / yes

$user,r2 / get number of bytes to write out (user up
/ to end of stack gets written out)

r2 / make it negative
r2 / c~ ~nge bytes to words (divide by 2)
r2,swpt~ 1 word count
u.unO,rt / move user process number to r1
r1 / x2 for index
r2,p.break-2(r1) / put negative of word count into the

/ p.break table
p.dska-2(r1),r1 / move disk address of swap area for

. / process to r1
r1,swp+2 / put processes dska address in swp +2 (block

/ number)
$1000,swp / set it up to write (set bit 9)
rO,ppoke / write process out on swap area of disk

swp+1 / is it done writing?
1b / no, wait
rO / yes, return to swap

r1 / process number x2 for index
p.break-2(r1), swp+4 / word count
p.dska-2(r1),swp+2 / disk address
$2000,swp / read
rO,ppoke / read it in

swp+1 / done
1b / no, wait for bit 15 to clear (inhibit bit)
u.emt,*$30 / yes move these
u.ilgins,*$10 / back
rO / return

unpack: / move stack back to its normal place
mov u.break,r2 / r2 points to end of user program
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cmp
blos
crop

bhis
mov
add
sub

1 :
mov
crop
bne

2:
rts

putlu: / r1 =
tstb
beq
movb
movb
br

1 :
movb

2:
movb

dee
rts

eopyz:
mov
mov
mov
mov

1 :
eIr
crop
blo
mov
mov
rts

UNIX IMPL:P~1ENTATION

r2,$core / at beginning of user program yet?
2f / yes, return "
r2,u.usp / ls break above the stack pointer before

/swapping"
2f / yes, return
$ecore,r3 / r3 points to end of core
r3,r2
u.usp,r2/ end of users.stack is in r2

-(r2),-(r3) / move stack back to its normal place
r2,u.break / in core
1b

rO

user process no.; r2 points to lowest priority queue
(r2)+ / 1s queue empty?
if / yes, branch . .
(r2),r3 / no, save the "last user" process' number in r3
r1,p.link-1(r3) / put pointer to user on "last users~ link
2f / .

r1 ,-1 (r2) / user is only user; put proc('ss no. at beginning
/ and at end .

r1,(r2) / user process in r1 is now the last entry on
/ the queue

r2 / restore r2
rO

r1,-(sp) / put r1 on stack
r2,-(sp) / put r2 o~ stacK
(rO)+,r1
(rO)+,r2

(r1)+ / clear all locations between r1 and r2
r1,r2
ib
(sp)+,r2 / restore r2
(sp)+,r1 / restore r1
rO

idle:
mov
clr
mov
mov
1 /
mov
mov
rts

clear:
jar

*$ps,-(sp) / save ps on stack
*$ps / clear ps
clockp,-(sp) / save clockp on stack
(rO)+,clockp / arg to idle in clockp

wait for interrupt
(sp)+,clockp / restore clockp, ps
(sp)+,*$ps
rO

rO,wslot / qet an I/O buffer set ·bits 9 and 15 in first
/ word of I/O queue r5 point~ to f1rRt data word
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mov
1 :

clr
dec
bgt
jsr

rts

UNIX IMPLEMENTATION

/ 1n buffer
$256. ,r3

(r5)+ / zero data word in buffer
r3
1b / branch until all data words in buffer are zero
rO,dskwr / write zeroed buffer area out onto physical

/ block specified
rO / in r1
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/ u4 -- ~"'lix

setisp:
mev
mev
mev
mev
mov
jmp

r1,-(sp)
r2,-(sp)
r3,-(sp)
clockp,-(sp)
$s.syst+2,clockp
(rO)

clock: / interrupt from 60 cycle clock
mov rO,-{sp) / save rO
tst *$lk8 / restart clock?
mov $s.time+2,rO / increment the time of day
inc (rO)
bne if
inc -(rO)

1 :
mov clockp,rO / increment appropriate ti!\''le categoI"'.l
inc (rO)
bne if
inc -(rO)

is high so just decrement time out counts
$toutt,rO I rO points to beginning of time out table

(rO) I is the time out?
3f I yes, 3f (get next entry)
(rO) I no, decrement the time
3f Ilsit zero now?
(rO) / yes, increment the time

rO / next entry
rO,$touts I end of toutt table?
2b I no, check this entry
(sp)+,rO I yes, restore rO
/ return from interrupt
time out counts; if 0 call subroutine
(sp)+,rO / restore rO
$240,*$ps / set processor priority to 5
rO,set1sp / save registers

1 :
mov
decb
bge
clrb

1: / decrement
crop
bge
tstb
bnc
cmpb
bne
mov
sys
rtl

2: / priority
mov

2:
tstb
beq
decb
bne
incb

3:
inc
cmp
blo
mov
rti

1: / decrement
mov
mov
jar

$uquant,rO / decrement user tiTJ~ quantum
(rO)
1f / if less than 0
(rO) / make it 0
time' out counts return now if priority was not 0
4(sp},$200 / ps greater than or equal to 200
2f / yes, check time outs
(ro) 7 no, user timed out?
1f I no
sysflg,$-1 I yes, are we outside the system?
1f I no, 1f .
(sp)+,rO I yes, put users rO in rO
o I sysrele
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UNIX IMPLEMENTATION

mov $touts-toutt-1,rO / set. up rO as index to decrement thru
/ the table

dec rO / set up rO for next entry
bge 1b / finished? , no, go bCl_ck
br retisp / yes, restore registers and do a rti

1 :

2:

tstb
b('·',-I
decb
bne
asl
jar
asr

toutt(rO) / is the time out for this entry
2f / yes
touttCrO) / no, decrement the time
2f / is the time 0, now
rO / yes, 2 x rO to get word index for tout entry
rO,*touts(rO) / go to appropriatp routine specified in this
rO / touts entry; set rO back to toutt index

crop

bqt
add

bIt
Crrtp

crop
beq
crop
beq
jsr

/ "}"? ( )r1,$175 char = Note: may be quit char fs
2f / yes 2f
r1,$177 / char = "del"?
2f / yes, 2f
rO,putc; 0 / put char in r1 on clist entry·
br if
r1,ttyoch / put char in ttyoch
rO,startty / load char in tty output data buffer

/ ""r1,$4 r1 = eot
1f / yes, if " "
r1,$12 / r1 = lf
1f / yes if
cc+O,$1S. / are there less than 15 chars on the input list
retisp / yes, return

rO,wakeup; runq; 0 / no, wakeup the input process
retisp / return

" "or delete to get here
tty+[ntty*S]-8+6,r2 / move console tty-buffer address to r2

2f 7 if 0, wakeall
r1,6(r2) / move "}" or del into "interrupt char"

/ byte of buffer

jsr rO,wakeall / wakeup all sleeping processes
br retisp / return

console tt~, input interrupt routine
jar rO,set1sp / save reg r1, r2, r3
mov *$tkb,r1 / r1 = char in tty reader buffer
inc *$tks / set the reader enable bit
bie $J177,r1 / clear upper 9 bits of thE: character (strip off

18th bit of char)
r1,$'a-40 / 1s character upper case A•••• , upper case Z.

/ note ~hat
if / lower case a is represented by 141, upper case by
r1,$'z-40 / 101; and lower case z by 172, upper

/ case Z by 132.
if / if not upper case, branch
$40,r1 / if upper case, calculate the representation of its

/ lower case counter part

movb
jsr
crop
beq
crop
beq
cmpb
blo

jsr
br
= "}"
mov
beq
movb

1 :

2: / r1

2:

1 :

ttyi: /
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wakeal1:
mov

1 :

UNIX IMPLEMENTATION

$39.,Of / fill arg2 of wakeup call with 39

1 :

jar rO,wakeup; runq+4; 0: •• / wakeup the processes in the
dec Ob / wait list; decrement arg2
bge 1b / if not done, go back
rts rO

ttyo: / console typewriter output interrupt,rout1ne
jsr rO ,setisp / save registers ye~ufey
jsr rO, startty / put a charert''''the console tty Ol.tput b\iffe~
br retisp / restore registers

retisp:
mov (sp)+,clockp / pop values before interrupt off the stacK
mov (sp)+,r3
mov (sp) +,r2
mov (sp )+,r1
mov (sp)+,rO
rti / return from interrupt

ppti: / paper tape input interrupt routine
jsr rO,setisp / save re~isters H

movb pptiflg,r1 / place pptiflg· in r1 ""
jmp *1f(r1) / jump to location specified by value of pptiflg

retisp / file not open
if / file just opened
2f / file normal
ret1sp / file not closed

is error bit set in 'prs

/ place 10 in toutt entry for ppt input

1: /

1 :

2:

1 :

file just
tstb
bge
jsr
br

movb

jsr

tstb
bIt
mov
jsr

cmpb

bhis
inc
br

movb
br

opened
*$prs+1 /
.1f / no
rO,pptito
retisp

$4,ppt1flg / change "ppt1flg" to indicate file "normal"

rO,wakeup; runq+2; 2 / wakeup process for ppt input entry
/ in w11st

*$prs+1 / is error bit set
if / yes
*$prb,r1 / place contents ppt read buffer 1n r1 .
rO,putc; 2 / place character in clist area for ppt input
br .+2 I temp / if no space in cl1st character lost
cc+2,$SO. / character count in cI1st area for ppt input

/ greater than or equal to 50
retisp / yes
*$prs / no, set reader enable bit in prs
retisp

$6,ppt1flg / set pptiflg to 6 to indicate error bit set
ret1sp

/lpto:
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/
/
/

jsr
jsr
br

rO,setisp
rOtstarlpt
retisp

ppto: / paper
jsr
jar

br

tape output in ·errupt routine
rO, setisp / r-;d.ve registers
rO,starppt / get next character from clist, and output

/ if possible
ret1sp / pop register values from stack

/ sta ·:.'lpt :
/ cmpb cc+5.,$100.
/ bhi 1f
/ jsr rOtwakeup; runq+2; 5
/1:
/ tstb *$lps
/ bge 1f
/ jsr rO,getc; 5
/ br 1f
/ mov r1,*$lpb
/ br starlpt
/1:
/ rts rO

startty: / start or restart console tty output
cmpb cc+1,$S.
bhi 1 f / branch to 1f when character count on tty (? input,

/ output) list is greater than 5.
jsr rO,wakeup; runq+2; 1

rts rO

in r1

/ if char 1s nul, get a char from console
/ output list

br 2f / if console output list is empty, branch to 2f

ttyoch
r1,*$tpb / put character in console output register
r1 t $12 / is char a line feed
1f
$15,ttyoch / put a cr in ttyoch

r1,$11 / char =ht
1f
$1S.,toutt+O / set time out to 15 clock tics

r1,$15/ char = cr
2f
$1S.,toutt+O / set time out to 15 clock ticks

*$tps / test console output ready bit
2f / branch if ready bit is clear
toutt+o / is toutt for console a zero
2f / if not; branch to 2f
ttyoch, r1 / put character to be output
1f
rO ,getc; 1

crop
bne
movb

cmp
bne
movb

clfb
mov
crop
bne
movb

tstb
bge
tstb
bne
movb
bne
jsr

1 :

1 :

1 :

1 :

2:
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ppti to:

1 :

/ paper tape input touts subrouting
cmpb pptiflg,$2 / does "PPtlflg" indicate file just opened
bne 1f / no, do nothing pff
movb $10.,toutt+1 I yes, place 10 in tout entry for ~t±y input
tstb *$prs+1 / is error bit set
bit 1f / yes, return
inc *$prs / no, set read enable bit

rts rO

*$pps / is ready bit set in punch status word
1f / no, branch
rO,getc; 3 / yes, get next char in clist for pptout and

/ place in r1
br 1f / if none, branch
r1,*$ppb / place character in ppt buffer

bhi
jsr

mov

tstb
bge
jsr

rts rO

1 :

1 :

starppt: / start ppt output
cmpb cc+3,$10. / 1s character count for ppt output greater

/ than 10.
if / yes, branch

rO ,wakeup; runq+2; 3 / no, wakeup process in wli~t.

/ entry for ppt input

wakeup: / wakeup processes waiting for an event by linking them to the
/ queue
mov r1,-(sp) / put char on stack
mov (rO)+,r2 / r2 points to a queue
mov (rO)+,r3 / r3 = wait channel number
movb wlist(r3),r1 / r1 contains process number in that wait

/ channel that was sleeping
beq 2f / if 0 return, nothing to wakeup
cmp r2,u.pri / is runq greater than or equal to users process

/ priority
bhls if / yes, don't set time quantum to zero
clrb uquant / time quantum = 0

1 :
clrb
jar

2:
mov
rts

wlist(r3) / zero wait channel entry
rO,putlu / create a link from the last user on the Q

/ to this process number that got woken

(sp)+,r1 / restore r1
rO

sleep: / wa.it
jsr

mov
movb

movb

mov

for event
rO,1s1ntr / check to see if interrupt or quit from user
br 2f / something happened / yes, his interrupt RO return

/ to user
(rO)+,r1 / put number of wait channel in r1
wlist(r1),-(sp) / put old process number in there, on

/ the stnck
u.llno,wlist(r1) / put process number of process to put

/ to sleep in there
cdev,-{sp) / nothing happened in isintr so
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sysret / return to user

rO,swap / swap out process that needs to sleep
(sp)+,cdev / restore device
rO,isintr / check for interrupt of new process
br 2f / yes, return to new user
(sp)+,r1 / no, r1 = old process number that was originally

/ on the wait channel
1f / if 0 branch
$runq+4,r2 / r2 points to lowest priority queue
$300,*$ps / processor priority = 6 .
rO,putlu / create link to old process number
*$ps / clear the status; process priority =0

rO / return

jar
mov
jar

movb

beq
mov
mov
jsr
clr

1 :
rts

2:
jrnp

isintr:
mov
mov
mov

beq
movb
beq
crop
bne
tat

bne
1 :

r1,-(sp) I put number of wait channel on the stack
r2,-(sp) / save r2
u.ttyp,r1 / r1 = pointer to buffer or process control

/ typewriter
1f / if 0, do nothing except skip return
6(r1),r1 / put interrupt char in the tty buffer in r1
1f / 1f its 0 do nothing except skip return
r1,$117 / 1s interrup"t char = delete?
3f / no, so it must be a quit (fs)
u.1ntr / yes, value of u.intr determines handling

/ of interrupts
2f / if not 0, 2f. If zero do nothing.

tst (rO)+ / bump rO past system return (skip)

mov (sp)+,r2 / restore r1 and r2
mov (sp )+,r1
rts rO

3: / interrupt char = quit (fs)
tst u.quit / value of u.quit determines handling of quits
beq 1b / u.quit = 0 means do nothing

2: / get here because either u.intr .~ 0 or u.quit ~ 0
mov $tty+6,r1 / move pointer to tty block into r1

1: / find process control tty entry in tty block
crop (r1),u.ttyp / is this the process control tty burfer?
beq 1f / block found go to 1f
add $8,r1 / look at next tty block
cmp r1,$tty+[ntty*S]+6 / are we at end of tty blocks
blo 1b / no
br 4b / no process control tty found so go to 4b

4:

1 :
mov
movb

inc
1 :

jar

$240,*$ps / set processor priority to 5
-3(r1),Of / load getc call argument; character list

/ identifier
Of / increment

rO,getc; 0: •• / erase output char list for control
br 4b/ process tty. This prevents a line of' stuff

/ being typed out after you hit the interrupt
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/ key
br 1b
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*u.fofp,mq / file offset in mq
ac / later to be high sig
$-8,lsh I divide ac/mq by 256.
mq,r2
$10000,i.flgs / 19/sm is this a large Or small file
4f / branch for. large file
$117 ,r2 r~.
3f / branch if;P2 greater than or equal to 16
$116,r2 / clear all bits but bits 1,2,3
i.dskp(r2),r1 / r1 has physical block number
2f / if physical block num is zero then need a new block

/ for file
rO,alloc / allocate a new block
r1,i.dskp(r2) / physical block number stored in i-node
rO,setimod / set inode modified byte (imod)
rO,clear / zero out disk/drum block ~ust allocated

/ uS - unix

mget:
mov
clr
mov
mov
bit
bne
bit
bne
bic
mov
bne

jsr
mov
jsr
jsr

2:
rts

3: / adding on
jsr

jar

mov

mov
1 :

mov
clr
dec
bgt
mov

1 :

rO
block which changes small file to a large file
rO,alloc / allocate a new block for this file; block number

/ in r1
rO,wslot / set up I/O buffer for write, rS points to first

/ data word in buffer
$8.,r3 / next 6 instructions transfer old physical block

/ pointers
$i.dskp,r2 / into new indirect block for the new large file

(r2),(r5)+
(r2)+
r3
1b
$256.-8.,r3 / clear rest of data buffer

clr (r5)+
dec. r3
bgt 1b
jsr rO,dskwr / write new indirect block on disk
mov r1,i.dskp / put pointer to indirect block in i-node
bis $10000,i.flgs / set large file bit 1n i.flgs word of i-node
jsr rO,setimod / set i-node modified flag
br mget

4: / large file
mov $-8,lsh / divide byte number by 256.
bic $1776,r2/ zero all bits but 1,2,3,4,5,6,7,8; gives offset

./ in indirect block
mov r2,-(sp) / save on stack
mov mq,r2 / calculate offset in i-node for pointer to proper

/ indirect block
bic $116~r2

mov ~.dskp(r2),r1
bne 2f / if no indirect block exists
jsr ro,alloc / allocate a new block
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tst (sp)+ / bump stack pointer
rts rO

mov r1,i.dskp(r2) / put blocK number of new block in i-node
jsr rO,setimod / set i-node modified byte
jsr rO,clear / clear new block

2:

2:

jsr
mov
mov
add

mov

bne
jsr
mov

mov
mov
jsr
jsr

mov
jsr

rO,dskrd / read in indirect block
(sp)+,r2 / get offset
r1,-(sp)'/ save blocK number of indirect block on stack
r5,r2 / rS points to first word in indirect block, r2

/ points to location of inter
(r2),r1 / put physical block no of blocK in file

/ sought in r1
2f / if no block exists
rO,alloc / allocate a new block
r1,(r2) / put new block number into proper location in

/ indirect block
(sp)+,r1 / get bloCK number of indirect bloCK
(r2),-(sP) I save blocK number of new block
rO,wslot
rO,dskwr / write newly modified indirect block back out

/ on disk
(sp),r1 / restore block number of new block
rO,clear / clear new block

alloc:

1 :

1 :

1 :

1 :

mov r2,-(sp) / save r2, r3 on stack
mov r3 ,-( sp)
mov $systm,r2 / start of inode and free storage map for drum
tat cdev
beq if / drum is device
mov $mount,r2 / disk or tape is device, start of inode and free

/ storage map

mov (r2)+,r1 / first word contains number of bytes in free
/ storage map

asl r1 / multiply °r1 by eight gives, number of blocks in device
asl r1
asl r1
mov r1,-(sp) / save H of blocks in device on stack
clr r1 / r1 contains bit count of free storage map

mov (r2)+,r3 / word of free storage map in r3
bne if / branch if any free blocks in this word
add $16., r1
cmp r1,(sp) / have we examined all free storage bytes
blo 1b
jmp panic / found no free storage

asr r3 / find a free block
bcs 1f / branch when free block found; bit for block k is in

/ byte k/8 / in bit k (mod 8)
inc r1 / increment bit count in bit k (modS)
br 1b

Issue D Date 3/17/72 ID IMO.1-1 Section E.5 Page 2



UNIX IMPLEMENTATION

tst (sp)+ I bump sp
jsr rO,3f I have found a free block
bie r3,(r2) I set bit for this block i.e. assignhlocK
br 2f

free:

2:

1 :

mov
mov
jsr

bis

mov
mov
tst

bne
incb
rts

incb
rts

r2 ,-( sp) ·1 save r2, r3
r3,-(sp)
rO,3f I set up bit mask and word no. in free storage map

I for block
r3,(r2) I set free storage block bit; indicates free block

(sp)+,r3 I restore r2, r3
(sp)+,r2
cdev / cdev =0, block structured, drum; cdev = 1

/ mountable device
1f
smod / set super block modified for drum
rO

mmod I set super blOCk modified for mountable device
rO

asl r2 / multlpJy block number by 2; r2 = k/8
add $systm+2,r2 7 address of word of free storage map for drum

/ with block bit in it

r3 corresponding to

r2 = (k) mod (8)

/
1 branch if bit 3 in r1 was 0 i.e., bit for block is in

lower half of word
r3 / swap bytes in r3; bit in upper half of word in free

/ storage map

r1,r2
r2
r2
r2
r2
1£

r1,r2 I block number, k, = 1
$17,r2 / clear all bits but 0,1,2;
r3
2f(r2),r3 I use mask to set bit in

/ (k) mod 8
I divide block number by 16

swab

mov
asr
asr
asr
asr
bcc

mov
bic
clr
bisb

1 :

3:

tst cdev
beq 1f / cdev = 0 indicates device is drum
add $mount-systm,r2 / address of word of free storage map for

/ mountable device with bit of block to be
/ freed

rO / return to 'free'

1,2,4,10,20,40,100.200 I masks for bits 0, ••• ,7

rO,iget / read in i-node for current directory (i-number
/ passed in r1)

i.flgs,r2

1 :
rts

2:
.byte

access:
jar

mov
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cmpb
bne
asrb

asrb

1.l1io,u. 1.l1.d / is user same as owner of file
1f / no, then branch
r2 / shift owner read write bits into non owner

/ read/write bits
r2

1 :
bit r2,(rO)+"/ test read-write flags against argument in

/ access call
bne 1f
tstb u.uid
beq if
jmp error

1 :
rts rO

setimod:
movb
mov
mov
rts

$1,imod / set curr~nt i-node modified bytes
s.tlme,l.mtim / put present time into file modified time

s.time+2,i.mtim+2
rO

the bit position
8 positions to the left

put 1 in the mq
r2 now has i-number \-:hose byte in ~e map we
must find

I. r2 has (1-41) base 8 of the byte no. from the start of
I the map

r2,-{sp) / put (1-41) base 8 on the stack
$systm,r2 / r2 points to the in-core image of the super

/ block for drum
cdev / is the device the disk
if / yes
$mount-systm,r2 / for mounted device, r2 points to 1st word

/ of its super block

$1,mq /
r1,r2 /

/
$41.,r2/ r2 has i-41
r2,r3 / r3 has i-41
$!7,r3 / r3 has (1-41) mod 8 to get
r3,lsh / move the 1 over (i-41)" mod

/ to mask the correct bit
r2
r2
r2

(r2)+,(sp) / get byte address of allocation bit
(sp ) .,;. , r 2 / ?
$2,r2 / ?
rO

mov
mav

Bub
mov
bic
mov

asr
asr
asr

add
add
add
rts

tst
beq
add

1 :

imap: / get the byte that has the allocation bit for ~le i-number contained
/ in r1

mov
mov

iget:

1 :

cmp
bne
cmp
beq

tstb

r1,ii / r1 = i-number of current file
1£
idev,cdev / 1s device number of i-node = current device
2£

imod / has i-node of current file been modified i.e.,
I imod set
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1 :

1 :

beq
clrb
mov
mov
mov
mov
jsr
mov
mov

tst
beq
tst

bne
cmp

bne
mov
mov

if
imod / 1f it has, we must write the new i-node out on disk
r1 ,- (sp)
cdev,-(sp)
ii,r1
1dev,cdev
rO,icalc; 1
(sp)+,cdev
(sp) +, r1

r1 / is new i-number non zero
2f / branch if r1=O
cdev / is the current device number non zero (i.e., device

/ {: drum)
if / branch if cdev ~ 0
r1,mnti / mnti is the i-number of the cross device

/ file (root directory of mounted device)
if
mntd,cdev / make mounted device the current device
rootdir,r1

Section E.5 Page 5ID IMO.1-13/17/72

$117,(sp) / zero all but last 4 bits; gives (1+31.) mod 16
(sp)+,mq / calculate offset 1n data buffer; 32.*(i+31.)mod16
$S,lsh / for i-node i. . .
mq,rS / rS points to first word in i-node i.
$inode,r1 / inode 1s address of first word of current i-node
$16. ,r3 .
(rO)+ / branch to 2f when argument 1n icalc ~all = 0
2f / rO now contains proper return address for rts rO

(r1)+,(r5)+ / over write old i-node
r3
1b
rO,dskwr / write inode out on device

jsr
tst
beq
jsr

1 :
bic
mov
mov
add
mov
mov
tst
beq

1 :
mov
dec
bgt
jar

Issue D Date

mOv r1,ii
mov cdev,idev
jar rO,icalc; 0 / read in i-node ii

mov ii,r1
rts rO

lcalc: / i-node i is located in block (i+31.)/16. and begins 32.*
/ (1+31)mod16 bytes from its start

add $31.,r1 / add 31. to i-number
mov r1,-{sp) / save i+31. on stack
asr r1 / divide by 16.
asr r1
asr r1
asr r1 / r1 contains block number of block in which

/ i-node exists
rO,dskrd / read in block containing i-node i.
(rO)
1f / branch to wslot when argu:':ent in icalc call = 1
rO,wslot / set up data buffer for write (will be same buffer

/ as dskrd got)

2:



rts
2:

mov
dec
bgt
rts

itrunc:
jar
mov

1 :
mov
beq
mov
bit
beq
mov
jsr
mov

2:
mov
beq
mov
mov
jsr
mov
mov

3:
dec
bqt
mov

4:
jsr
mov

5:
cmp
bne
bic
clr
jsr
jsr
mov
rts

UNIX IMPLEMENTATION

rO

(r5)+,(r1)+ / read new 1-node into "inode" area of core
r3
2b
rO

rO,iget
$i.dskp,r2 / address of block pointers in r2

(r2)+,r1 / move physical block number into r1
5f
r2 ,-( sp)
$10000,1.flgs / test large file bit?
4f / 1f clear, branch
r1,-(sp) / save block number of indirect block
rO,dskrd / read in block, 1st data word pointed to by rS
$256.,r3 / move word count into r3

(rS)+,r1 / put. 1st data word 1n r1; physical block number
3f / branch if zero
r3,-(sp) / save r3, rS on stack
r5,-(sp)
rOtfree / free block in free storage map
(sp)+,rS
(sp)+,r3

r3 / decrement word count
2b / branch if positive
(sp)+,r1 / put physical block number of indirect block

rO,free / free indirect block
(sp )+,r2

r2,$i.dskp+16.
1b / branch until all i.dskp entries chec::'"
$10000,i.flgs / clear large file bit
i.size / zero file size
rO,copyz; i.dskp; i.dskp+16. / zero block pointers
rO,set1mod / set i-node modified flag
ii,r1
rO
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/ u6 -- unix

readi:
clr
tst
bgt
rts

1 :
mov
cmp

ble
jmp

1 :
asl
jmp

1 :

UNIX IMPLEMENTATION

u.nread / accumulates number of bytes transmitt~d

u.count / is number of bytes to be read greater ~lan 0
if / yes, branch
rO / ~o, nothing to read; return to caller

r1,-(sp) / save i-number on stack
r1,$40. / want to read a special file (i-nodes 1, ••• sA0 ~~e

/ for special files)
1£ / yes, branch
dskr / no, jmp to dskr; read file with i-node number (r1)

/ starting at byte «u.fofp», read in u.count bytes

r1 / multiply inode number by 2
*1 f-2( r1 )

rtty / tty; r1 =2
rppt / ppt; r1=4
rmem / mem; r1 =6
rrfO / rfO
rrkO / rkO
rtap / tapO
rtap / tap1
rtap / tap2
rtap / tap3
rtap / tap4
rtap / taps
rtap / tap6
rtap / tap7
rcvt / ttyO
rcvt / tty1
rcvt / tty2
rcvt / tty3
rcvt / tty4
rcvt / tty5
rcvt / tty6
rcvt / tty7
rcrd/ crd

rtty: / read
mov

tst

bne

jsr

1 :
tst
beq
movb
inc

from console tty
tty+[8*ntty]-8+6,r5 / rS is the address of the 4th word of

/ of the control and status block
2(r5) / for the console tty; this word points to the console

/ tty buffer
if / 2nd word of console tty buffer contains number

/ of chars. Is this number non-zero?
rO,canon; ttych / if 0, call 'canon' to get a line

. / (120 chars.)

2(rS) / is the number of characters zero
ret1 / yes, return to caller via 'ret1'
*4(rS),r1 / no, put character 1n r1
4(r5) / 3rd word of console tty buffer points to byte which

/ eontains the next eh?r.
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UNIX IMPLEMENTATION

dec 2(r5) / decrement the character count
jsr rO,passc / move the character to core (user)
br 1b / get next character

ret1 :
jmp ret / return to caller via 'ret'

rppt: / read paper tape
jsr rO ,pptic. / gets next character in clist for ppt input and

/ places
br ret / it in r1;if there is no problem with rpader, it

/ also enables read bit in prs
jsr rO,passc / place character in users buffer area
br rppt

rmem: / transfer characters from memory to a user area of core
mov *u.fofp,r1 / save file offset which points to the char to

/ be transferred to user
inc *u.fofp / increment file offset to point to 'next' char in

/ memory file
movb (r1 ) ,r1 / qet character from memory file, put it in r1
jsr rO,passc / move this character to the next byte of the

/ users core area
br rmem / continue

1 :
rcrd:

jmp error / see 'error' routine

dskr:

1 :

2:

mov
jsr
mov
sub
bIos
crop
bhis
mov

jsr

jsr

jsr

movb

{sp),r1 / i-number in r1
rO,iget / qet i-node (r1) into i-node section of core
1.s1ze,r2 / file size in bytes in r2
*u.fofp,r2 / subtract file offset .
ret
r2,u.count / are enough bytes left in file to carry out read
if
r2,u.count / no, just read to end of file

rO,mget / returns physical block number of block in file
/ where offset points

rO,dskrd / read 1n block, r5 points to 1st word of data in
/ buffer

rO,sioreg

(r2)+,(r1)+ / move data from buffer into working core
/ starting at u.base

dec r3
bne 2b / branch until proper number of bytes ,are transferred
tst u.count I all bytes read off disk
bne dskr
br ret

passc:
movb

inc

r1,*u.base / move a character to the next byte of the
/ users buffer

u.base / increment the pointer to point to the next byte
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clr
rts

writei:
clr

tst
bgt
rts

1 :
mov
crop
bgt
asl
jmp

1 :

ret:

1 :

/

UNIX IMPLEMENTATION

/ in users buffer
inc u.nread / increment the number of bytes read
dec u.count / decrement the number of bytes to be read
bne if / any more bytes to read?; yes, branch
mov (sp)+,rO / no, do a non-local return to the caller of
~ .._ I •readi' ~

/ (1) pop the' return address off the stack into rO
mov (sp)+,r1 I (2) pop the i-number off the stack into r1

*$ps / clear processor status
rO / return to address currently on top of stack

u.nread / clear the number of bytes transmitted during
/ read or write calls

u.count / test the byte count specified by the user
if / any bytes to output; yes, branch
rO / no, return - no writing to do

r1,-(sp) / save the i-node number on the stack
r1,$40. / does the i-node number indicate a special file?
dskw / no, branch to standard file output
r1 / yes, calculate the index into the special file
*1f-2(r1) / jump table and jump to the appropriate routine

wtty / tty
wppt / ppt
wmem / mem
wrfO / rfO
wrkO / rkO
wtap / tapO
wtap / tap1
wtap / tap2
wtap / tap3
wtap / tap4
wtap / tapS
wtap / tap6
wtap / tap7
xmtt / ttyO
xmtt / tty1
xmtt / tty2
srott / tty3
xmtt / tty4
xmtt / ttyS
xmtt / tty6
xmtt / tty7
wlpr / Ipr

mov $240,*$ps / no, set processor priority to five

wtty:

1 :

jsr

tst
beq

rO,cpass / get next character from user buffer area; if
/ none go to return address in syswrite

r1 / is character = null
wtty / yes, get next character
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cmpb

bhis
jsr

jsr
br

2:
mov
jsr
mov
br

wppt:
jsr

jsr
br

UNIX IMPLEMENTATION

cC+1,$:O. / is character count for console tty greater
/ than 20

2£ / yes; branch to put process to sleep
rO,putc; 1 / find place 1n freelist to assign to console

/ tty and
br 2f / place character in list; 1f none available

/ branch to put process to sleep
rO,startty / attempt to output character on tty
wtty

r1,-(sp) / place character on stack
rO,sleep; 1 / put process to sleep
(sp)+,r1 / remove character from stack
1b / try again to place character 1n clist and output

rO,cpass / get next character from user buffer area,
/ if none return to writei's calling routine

rO,pptoc / output character on ppt
wppt

/wlpr:
/
/
/
/
/
/
/1 :
/
/

jsr
crop
blo
crop
bhi
sub

jsr
br

rO,c~ass

rO,$ a
if
r1 , $' z
if
$40,r1

rO,lptoc
wlpr

wmem: / transfer characters from a user area of core to memory file
jsr rO,cpass / get next character from users area of core and

/ put it in r1
mov r1,-(sp) / put character ,on the stack
mov *u.fofp,r1 / save file offset in r1
inc *u.fofp / increment file offset to point to next available

/ location in file
movb (sp)+,(r1) / pop char off stack, put in memory loc assigned

/ to it
br wmem / continue

1 :
jmp error / ?

dskw: / write
mov
jsr

mov

add

crop

bIos

routine for non-special files
(sp),r1 / get an i-node number from the stack into r1
rO,iget / write i-node out (if modified), read i-node 'r1'

/ into i-node area of core
*u.fofp,r2 / put the file offset [(u.off) or the offset in

/ the fsp entry for this file] in r2
u.count,r2 / no. of bytes to be written + file offset is

/ put in r2
r2,i.size / is this greater than the present size of

/ the file?
1f / no, branch
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UNIX IMPLEMENTATION

no, must retain old info •• Hence, read block 'r1'
into an I/O buffer

r2,i.size / yes, increase the file size to file offnct +
/ no. of data bytes

rO,setimod / set imod=1 (i.e., core inode has been
/ modified), stuff time of modificat:ton into
/ core image of i-node

/
/

rO,wslot / set write and inhibit bits in I/O queue, proc.
/ status=O, rS points to 1st word of data

rO,sioreg / r3 = no. of bytes of data, r1 = address of data,
/ r2 points to location in"buffer 1n which to
/ start writing data

*u.fofp,r2 / file offset (in bytes) is moved to r2
r2,r3 / and also to r3
$177000,r3 / set bits 9, ••• ,15. of file offset in r3
$1777,r2 / calculate file offset mod 512.
r5,r2 / r2 now points to 1st byte in system buffer where

/ data is to be placed

(r1}+,(r2)+ / transfer a byte of data to the I/O buffer
r3 / decrement no. of bytes to be written
2b / have all bytes been transferred? No, branch
rO,dskwr / yes, write the block and the i-node
u.count / any more data to write?
1b / yes, branch
ret / no, return to t,he caller via ' ret'

next character from user area of core and put it in r1
u.count / have all the characters been transferred (i.e.,

/ u.count, # of chars. left
1f / to be transferred = O?) yes, branch
u.count / no, decrement u.count
*u.base,r1 / take the character pointed to by u.base and

/ put it in r1
u.nread / increment no. of bytes transferred
u.base / increment the buffer address to point to the
rO / next byte

(sp}+,rO / put return address of calling routine into rO
(sp)+,r1 / i-number in r1
rO / non-local return

jsr

jsr

mav

bhis

bit
bne

crop

3:
jsr

jsr

2:
movb
dec
bne
jsr
tst
bne
jmp

cpass: / get
tst

beq
dec
movb

inc
ine
rts

1 :
mov
mov
rts

sioreg:
mov
mov
bis
bie
add

1 :
rO,mget / get the block no. in which to write the next data

I byte
*u.fofp,$777 / test the lower 9 bits of the file offset
2f / if its non-zero, branch; if zero, file offset = 0,

/ 512, 1024, ••• (i.e., start of new block)
u.count,$512. / if zero, is there enough data to fill an

/ entire block? (i.e., no. of
3f / bytes to be written greater than 512.1 Yes, branch.

/ Don't have to read block
2: / in as no past info. is to be saved (the entire block will be

/ overwri tten) •
jsr rO ,dskrd
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mov
neg

crop

bIos

moV

2:
add

sub

add

add

rts

u.base,r1 / address of data is in r1
r3 / 512 - file offset (mod512.) in r3 (i.e., the number

/ of free bytes in the file block
r3,u.count / compare this with the number of data bytes to

/ be written to the file
2f / if less than branch. Us~ the number of free bytes

/ in the file bloCK as the number to be written
u.count,r3 / if greater than t use the number of data bytes

/ as the number to be written

r3,u.nread / r3 + number of bytes xmitted during write is
/ put into u.nread

r3,u.count / u.count = no. of bytes that still must be
/ written or read

r3,u.base / u.base points to the 1st of the remaining data
/ bytes

r3,*u.fofp / new file offset = number of bytes done + old
/ file offset

rO
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UNIX IMFLEMENTATION

I u7 -- unix

canon:
mov
add
mov

clr
1 :

jsr

jar

jsr

crop
beq
roovb

inc
inc
crop
beq
cmp
bhis
br

1 : I .get here
I has been

mov
add
mov
tst
rts

rS,r1 / move tty buffer address to r1
$10.,r1 I add 10 to ~et start of data
r1 ,4 (rS) 'I canp = 10 (rS) I move buffer a'1dr + 10 to 3rd

I word in buffer (char. pointer)
2(r5) I ncan I clear 2nd word in buffer, 0 char. count

rO,*(rO} I jump to arg get char off Q of characters, sleep
I if none

rO,cesc; 100 I test for,@ (kill line)
br canon I character was ,@ so start over
rO,cesc; 43 I test for # (erase last char. typed)
br 1b / character was I, go bacJ~.

d,$4 / is char eot?
if / '¥es reset'and return
r1,*4{rS) I no, move char to address in 3rd word of buffer

I (char. pointer)
2(rS) / increment 2nd word (char. count)
4(r5) I increment 3rd word (char. pointer)
r1,$'\n I is char = newline
1f I yes, 1f
2(rS),$120. / is byte count greater than or equal to 120
1f I yes, 1f
1b / no, get another char off the Q

if line is full, a new line has been received or an eot
received
rS,r1 I move buffer address to r1
$10.,r1 I add 1'0
r1,4(r5) I canp = 10(rS) I reset char pointer
(rO)+ I skip, over argument
rO I return

in r1

Section E.7 Page 1ID IMO.1-13/17/72

rO I 'return

for erase or kill char
r1,(rO)+ I char in r1 = erase or kill character?
if / no, skip return
2(rS) / yes, is char. count = 0
2f / yes, don't skip return
2(rS) I no, decrement char count
4(r5) / decrement character pointer
*4(rS),$'\\1 was previous character a "\"
'2f I no, don't skip

(rO)+ I yes, skip

f(~

characters from Q of characters inputted~ tty
$240,*$ps I set processor priority to 5
rO,getc; 0 I takes char. off clist and puts it
br if I list is empty, go to sleep
*$ps / clear process priority
rO / return

empty

cesc: I test
crop
bne
tat
beq
dec
dec
cmpb
bne

1 :
tst

2:
rts

ttych: I get
mov
jsr

clr
rts

1 : I list 1s
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mov
jsr
mov
br

pptic: / paper
mov
cmpb

bhis
bit

bne
inc

1 :
jsr

tst

2:
clr
rts

1 :
cmpb
beq

jar

br

pptoc: / paper
mov
cmpb

bh1s
jsr

jsr
clt
rts

1 :
mov
jar
mov
br

/lptoc: / line
/ mov
/ cmpb

/ bhis
/ jar

UNIX IMPLEMENTATION

r5,-(sp) / save rS
rO,sleep; 0 / put process to sleep in input wait channel
(sp)+,r5 / restore r5
ttych / try again

tape input control
$240,*$ps / set processor priority to five
cc+2,$30. / is character count for paper tape input in

/ clist greater than or equal "to 30
1f / yes, branch "
*$prs,$104200 / is there either an error, an unread char

/ in buffer, or reader bUsy
1f / yes, don't enable reader
*$prs / set reader enable bit

rO,getc; 2 / get next character in clist for ppt input and
br 1f / place in r1; if no char in clist for ppt input

/ branch
(rO)+ / pop stack so that return will be four locations past

/ subrout~ne call

*$ps / set process priority equal to zero
rO / return

pptiflq,$6 / does pptiflg indicate file "not closed"
2b / yes, return to calling routine at instruction

/ immediately following jar
rO,sleep; 2 / no, all characters to be read in not yet in

/ clist, put process to sleep
pptic

tape output control
$240,*$ps / set processor priority .to five.
cc+3,$SO. / is character count for paper tape output in

/ clist greater than or equal to 50
1£ / yes
rO,putc; 3 / find place in freellst to assign ppt output

/ and place
br 1f / character in list; if none available branch to put

/ process to sleep
rO,starppt / try to output character
*$ps / clear processor priority
rO / return

r1,-(sp) / place character on stack
rO,sleep; 3 / put.process to sleep
(sp)+,r1 / place character in r1
pptoc / try again to place character in clist and output

printer output control
$240,*$ps / set processor priority to five
cc+S,$200. I is character count for printer greater than or

/ equal to 200
1£ / yes
rO,putc; 5 1/ find place in freel1st to assign to printer

and place
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UNIX IMPLEMENTATION

tst (rO)+
mov (sp)+,r1
rts rO

r1 ,- (sp) / save char on stack ,
$-1,r1 / put free list list id in r1
rO,get / take char off free list / clist slot taken

'/ identified by r2
br 1f / branch when no chars in free list
(rO)+,r1 / put pute call arg in r1 (i.e., list identifier)
cc(r1) / increment character count for list (r1)
rO,put / put clist entry on list
(sp),clist-2(r2) / put character in new entry

a character off character list
(rO)+,r1 / put argument 1n getc call in r1 (char list id)
rO,get '
br 1f / empty char list re~urn
cc(r1) / decrement number of char in char list
$-1,r1 / load minus 1 in r1
rO,put / put char back on free list
clist-2(r2),r1 / put char in r1
(rO)+ / bump rO for non blank char list return

rO

br 1f / char in list, if none available branch to put
/ process to sleep

rO,starlpt / try to output character
*$ps / set processor priority = 0
rO / return

r1,~{sp)'/ place character on stack
rO,sleep; 5 / put process to sleep
(sp}+,r1 / place character on stack
lptoc

mov
incb
jsr
movb

1 :

/ jsr
/ clr
/ rts
/1 :
/ mov
/ jsr
/ mov
/ br

getc: / get
mov
jsr

decb
mov
jsr
movb
tst

1 :
rts

putc:
mov
mov
jsr

qet:
movb
beq
tst
cmpb
beq
bie
asl
movb

cf+1(r1),r2 / move current first char offset to r2
2f / no characters in char list
(rO)+ / bump rO, second return
r2,cl+1(r1) / r2 equal to last char offset
1 f / yes, (i .e.,· entire char list scanned), branch to 1 f
$1377,r2 / clear bits 8-15 in r2
r2 / multiply' r2 by 2 to get offset in clist
clist-1(r2),cf+1(r1) / move next char in list pointer to

/ first char offset ptr

1 :

2:

br 2f

clrb cf+1(r1) / clear first char clist offset
clrb cl+1(r1) / clear last char clist offset
bie $1377,r2 / zero top half of r2'
asl r2 / mt::ltiply r2 by 2

rts rO
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put:
asr
mov
movb
beq
bic
asl
movb

UNIX IMPLEMENTATI(:"~

~ / divide r2 by 2; r2 is offset in clist
r2,-(sp) / save r2 on stack
cl+1(r1),r2 / move offset of last char in list (r1) into r2
if / offset = 0 then go to if (i.e., start a new list)
$!377,r2 / zero top half of r2
r2 / multiply offset by 2, r2 now has offset in clist
(sp),clist-1(r2) / link new list entry to current last

/ entry 1n list (r1)

1 :

2:

br 2f

movb (sp),cf+1(r1) / put new list entry offset into first char
/ offset of list (r1)

mov (sp)+,r2 / pop stack into r2; offset of new list
/ entry in r2

movb r2,cl+1(r1) / make new list entry the last entry 1n list
/ (r1)

asl r2 / multiply r2 by 2; r2 has clist offset for new
/ list entry

rts rO

iopen:

1 :

/ open
tst
blt
jsr
crop
bgt
mov
asl
jmp

otty
oppt
sret
sret
sret
sret
sret
sret
sret
sret
sret
sret
sret
ocvt
ocvt
ocvt
ocvt
ocvt
ocvt
ocvt
ocvt
error

file whose i-number is in r1
ri / write or read access?
2f / write, go to 2f
rO,access; 2 / get inode into core with read access
r1,$40. / is it a special file
3f / no 3£ '
r1,-(sp) / yes, figure out
r1
*1f-2(r1) / which one and transfer to it

/ tty
/ ppt
/ mem

/ rfO
I rkO
/ tapO
I tap1
/ tap2
I tap3
/ tap4
/ tapS
/ tap6
/ tap7
/ ttyO
/ tty1
/ tty2
I tty3
/ tty4
I ttyS
/ tty6
/ tty7

/ crd
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UNIX IMPLEMENTATION

2: / check open write access
neg r1 / make inode number positive
jsr rO.,access; 1 / get inode 1n 0 core
bit $40000,i.flgs / is it a directory?
bne 2f / yes, transfer (error)
crop r1,$40. / no, 1s it a special file?
bgt 3f / no, .return
mov r1 ,-( sp) / yes
asl r1
jmp *1f-2(r1) / figure out which speci~l file it is

/ and transfer

otty
leadr
sret
sret
sret
sret
sret
sret
sret
sret
sret
sret
sret
ocvt
ocvt
ocvt
ocvt
ocvt
ocvt
ocvt
ocvt
ejec

1 :

/

/ tty
/ ppt
/ mem
/ rfO

/ rkO
/ tapO
/ tap1
/ tap2
/ tap3
/ tap4
/ tapS
/ tap6
/ tap7
/ ttyO
/ tty1
/ tty2
/ tty3
/ tty4
/ ttyS
/ tty6
/ tty7

/lpr

otty: / open
mov

mov

mov

incb

tst

bne
mov

br

sret:

console tty for reading or writing
$100,*$tks / set"interrupt enable bit (zero others) in

/ reader status reg
$100,*$tps /. set interrupt enable bit (zero others) in

/ punch status reg
tty+[ntty*S]-S+6,rS / r5 points to the header of the

/ console tty buffer
(rS) / increment the count of processes that opened the

/ console tty
u.ttyp / is there a process control tty (i.e., has a tty

/ buffer header
sret / address been loaded into u.ttyp yet)? Yes, branch
r5,u.ttyp / no, make the console tty the process control

/ tty
sret / ?

clr *$ps / set processor priority to zero
mov (sp)+,r1 / pop stack to r1

3:
rts rO
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UNIX IMPLEMENTATION

paper tape for reading or writing
$100,*$prs / set reader interrupt enable bit
pptiflg / is file already open
2f / yes, branch

$240,*$ps / no, set processor priority to S
rO,getc; 2 / remove all entries in clist
br .+4 / for paper tape input and place in free list
1b
$2,pptiflg / set pptiflg to indicate file just open
$10.,toutt+1 / place 10 in paper tape input tout entry
sret

oppt: / open
mov
tstb
bne

1 :
mov
jar

br
movb
movb
br

2:
jmp error / file already open

iclose: / close file whose i-number is in r1
tst r1 / test i-number
bIt 2f / if neg., branch
cmp r1,$40. / is it a special file
bgt 3b / no, return
mov r1,-(sp) / yes, save r1 on stack
asl r1
jmp *1f-2(r1) / compute jump address and transfer

1 :
ctty / tty
cppt / ppt
sret / roem
sret / rfO
sret / rkO
sret

~
tapO

sret tap1
sret / tap2
sret / tap3
sret / tap4
sret / tapS
sret / tap6
sret / tap7
ccvt / ttyO
ccvt / tty1
ccvt / tty2
ccvt / tty3
ccvt / tty4
ccvt / ttyS
ccvt / tty6
ccvt / tty7
error / crd

2: / negative i-number
neg r1 / make it positive
cmp r1,$40. / is it a special file
bgt 3b / no~ return
mov r1,-(sp
asl r1 / 1es~ compute jump address and transfer
jmp *1 £-2 r1

1 :
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ctty
leadr
sret
sret
sret
sret
sret
sret
sret
sret
sret
sret
sret
ccvt
ccvt
ccvt
ccvt
ccvt
ccvt
ccvt
ccvt
ejecI

I
I tty

ppt
I roem
I rfO
I rkO
I tapa
I tap1
I tap2
I tap3
I tap4
I tapS
I tap6
I tap?
I ttyO
I tty1
I tty2
I tty3
I tty4
I ttyS
I tty6
I tty?

I Ipr

UNIX IMPLEMENTATION

ctty: / close console tty
mov tty+[ntty*a]-8+6,rS I point rS to the console tty buffer
decb (r5) / dec number of processes using console tt~/

br sret / return via sret

cppt: / close paper tape
clrb pptiflg / set pptiflg to indicate file not open

1 :

/ejec:
I
I
/
/

mov
jar

br

mov
mov
jsr
br

$240.*$ps / set process or priority to 5
·rO,getc; 2 / remove all ppt input entries from clist

/ and assign to free list
br sret
1b

$100,*$lps / set line printer interrupt enable bit
$14,r1 / 'form feed' character in r1 (new page).
rO,lptoc / space the printer to a new page
sret / return to caller via 'sret'

leadr: / produce paper tape leader
mov $100,*$pps / set paper tape punch interrupt enable
mov $100.,-(sp) / 101. characters of 'nul' will be output as

I leader
1 :

clr r1 / r1 contains a 'nul' character
jar rO,pptoc I output the 'nul' character
dec (sp)
bqe 1b / last leade~ character output? no, branch
tst (sp)+ / bump stack pointer
br sret / return to .caller via 'sret'

sysmount: / mount file system; args special; name
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UNIX IMPLEHENTATION

jsr rO,arg2 / get arguments special and name
tst moti / is the i-number of the cross device file zero?
bne crrora / no, error
jar rO,~etspl / get special files device number in r1
mov (sp)+,u.namep / put the name of file to be placed on the

/ device
mov r1,-(sp)·/ save the device number
jsr rO,namei / get the i-number of the file

br errora
mov r1,mnti /.put it in mnti

1 :

tstb

tstb

1 :
sb1+1 / yes, 1s the device still doing I/O (inhibit

/ bit set)?
1b / yes, wait
mntd 7 no, clear "these
mnti
sysreta / return

sb1+1 / is 15th bit of I/O queue entry for dismountable
/ device set?

1b / (inhibit bit) yes, skip writing
(sp},mntd / no, put the device number in mntd
(sp),sb1 / put the device number in the lower byte of the

/ I/O queue entry
(sp)+,cdev / put device number 1n cdev
$2000,sb1 / set the read bit
rO ,ppoke / read in entire file system .5o/Htlocl

sb1+1 / done reading?
1b / no, wait
sysrc... ta / yes

special dismount file system
rO,arg; u.namep / point u.n~mep to special
rO,getspl / get the device number 1n r1
r1,mntd / is it equal to the last device mounted?
errora / no error

bne
mov
movb

mov
bis
jsr

tstb
bne
br

bne
clr
clr
br

1 :

sysumount: /
jsr
jsr
cmp
bne

getspl: / get
jsr

sub
ble
crop
bgt
rts

device number from a special file name
,rO,namei / get the i-number of the special file
br errora / no such file
$4,r1 / i-number-4 rk=1,tRp=2+n
errora / less than O? yes, error
r1,$9. I greater than 9 tap 7
errora / yes, error
rO / return with device number 1n r1

errora:
jmp error / see 'error' routine

sysreta:
jmp sysret / see 'sysret' routine
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/ uS -- unix

rtap: / read
asr
sub
mov
jar

wtap:
asr
sub
mov
jsr

rrkO:
mov
jsr

UNIX IMPLEMENTATION

from the dec tape
r1 I divide the i-number by 2
$4.,r1 / (i-number/2)-4 r1
r1,cdev I cdev now has device number
rO,bread; 578. / read 1n block thats in *u.fofp

r1 / divide i-number by 2
$4.,r1 / r1 = i-number minus 4
r1,cdev / this 1s used as the device number
rO,bwrite; 578. / write block (u.fofp) on dec tape

/ Maximum

$1,cdev / set current device to 1., disk
rO,bread; 4872. / read block from disk (maximum block

/ number allowed on 'evice is 4872.)
/ - (u.fofp) contains block number

wrkO:
mov $1,cdev / set current device to 1; disk
jsr rO,bwrite; 4872. / write block (u.fofp) on disk

rrfO:
clr cdev / set current device to 0., fixed head disk
jsr rO,bread; 1024. / read block (u.fofp) from fixed head

/ disk (max. block number allowed on
/ device 1s 1024.)

wrfO:
clr
jsr

bread: / read
jsr

mov
mov

1 :
crop

bhis
mov
jsr
mov
inc
dec
bgt

1 :
tst
mov

cdev / set current device to 0., fixed head disk
rO,bwrite; 1024. / write block '(u.fofp)' on fixed head

/ disk

a block from a block structured device
ro,tstdeve / error on special file I/O (only works on

/ tape)
·u.fofp,r1 / move block number to r1
$2.-cold,-(sp) / ~2-cold" to stack

r1,(rO) / is this block # greater than or equal to
/ maximum block H allowed on device

1£ / yes, 1f (error)
r1,-(sp) / no, put bloCK # on stack
rO,preread / read in the block into an I/O buffer
(sp)+,r1·/ return blocK # to r1
r1 / bump block # to next consecutive block
(sp) / "2-1-eold" on stack
1b / 2-1-cold = O? No, go back and read in next blocK

(sp)+ / yes, pop stack to clear off cold calculation
*u.fofp,r1 / restore r1 to initial value of the

/ block ,
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UNIX IMPLEMENTATION

r1,(rO)+ / block # greater than or equal to maximum
/ block number allowed

error10 / yes, error
*u.fofp / no, *u.fofp ha:~ next block number
rO,preread / read in the block whose number is in ~

$40000,(r5) / set bit 14 of the 1st word of the I/O
/ buffer

/ are 10th and 13th bits set (read bits)

bhls
inc
jsr
bis

cmp

1 :
bit $22000,(r5)
beq if / no
crop cdev,$1 / disk or drum?
ble 2f / yes
tstb uquant / is the time quan-t ',.lm = O?
bne 2f / no, 2f
mov r5,-(sp) / yes, save r5 (buffer address)
jsr rO,sleep; 31. / put process to sleep in channel 31 (tape)
mov (sp)+,r5 / restore r5
br 1b / go back

2: / drum or disk
jsr rO,ldle; a.wait+2 / wait
br 1b

1: / 10th and 13th bits not set
bic $40000,(rS) / clear bit 14
jar rO,tstdeve / test device for error (tape)
add $8,r5 / rS points to data in I/O buffer
jsr rO,dioreg / do bookkeeping on u.count etc.

1: / r5 points to beginning of data in I/O buffer, r2 points to beginning
/ of users data

movb (rS)+,(r2)+ / move data from the I/O buffer
dec r3 / to the user's area in core starting at u.base
tst u.count / done
beq if / yes, return
tst -(rO) / no, point rO to the argument again
br bread / read some more

1 :

bwrite:

1: / r2

1 :

mov (sp)+,rO / jump to routine that called readi
jmp ret

/ write on block structured device
jsr rO,tstdeve / test the device for an error
mov *u.fofp,r1 / put the block number in r1
cmp r1,(rO)+ / does block number exceed maximum allowable #
bhis error10 / yes, error
inc *u.fofp / no, increment block number
jsr rO,wslot / get an I/O buffer to write into
jsr rO,dioreg / do the necessarY bookkeeping
points tO,the users data; r5' points to the I/O buffers data area
movb (r2)+,(r5)+ / ; r3, has the byte count
dcc r3 / area to the I/O buffer
bne 1b
jsr rO,dskwr / write it out on the device
tst u.count / done
beq 1f / yes, 1f
tst -(rO) / no, point rO to the argument of the call
br bwrite / go back and write next block
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UNIX IMPLEMEr~rATION

mov (sp)+,rO / return to routine that called write!
jmp ret

cdev,r1 / only works on tape; r1 has device #
deverr(r1.) / test error bit of device
1 f / error
rO / device okay

tstdeve: / check whether permanent error has occured on
/ I/O

mov
tstb
bne
rts

special file

1 :
clrbdeverr(r1) / clear error

error1 0:
jmp error / see 'error' routine

dioreg:
mov
crop
bIos
mov

1 :
mov
add
sub
add
rts

preread:
jar

bis
jar

1 :

u.count,r3 / move char count to r3
r3,$S12. / more than 512. char?
1 f / no, branch
$S12.,r3 / yes, just take 512.

u.base,r2 / put users base in r2
r3,u.nread / add the number to be read to u.nread
r3,u.count / update count
r3,uobase / update base
rO / return

rO,bufaloc / get a free I/O buffer (r1 has block number)
br 1f / branch if block already in a I/O buffer
$2000,(r5) / set read bit (bit 100 in I/O buffer)
rO,poke./ perform the read

clr *$ps / ps = 0
rts rO

dskrd:

1 :

1 :

jsr rO,bufaloc / shuffle off to bufaloc; get a free I/O buffer
br 1f

bis $2000,{rS) / set bit 10 of word 1 of I/O queue entry
/ for buffer

jsr rO,poke / just assigned 1n bufaloc; bit 10=1 says read

clr *$ps
bit $22000,{rS) / if either bits 10, or 13 are 1; jump to idle
beq 1f
jsr rO,idle; s.wait+2
br 1b

add $8,rS / rS points to first word of data in block just read
/ in

rts rO

wslot:
jsr rO,bufaloc / get a free I/O buffer; pointer to first

br 1f / word in buffer in rS
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UNIX IMPLEMENTATION

bis $101000,(rS) / set bits 9, 15 in 1st word of I/O queue
/ (write, inhibit bits)

clr *$ps / clear processor status
add $8,r5 / r5 points to first word in data area for this

/ block

1 :

1 :

bit

beq

jsr

br

$22000,(r5) / check bits 10, 13 (read, waiting to read)
/ of I/O queue entry

1f / branch if 10, 13 zero (i.e., not reading, or waiting
/ to read)

rO,idle; s.wait+2 / if buffer is reading or writing to read,
/ idle

1b / till finished

dskwr:

ppoke:

rt: ..·~ rO

bic $100000,*bufp / clear bit 15 of I/O queue entry at
/ bottom of queue

mov $340,*$ps
jsr rO ,poke
clr *$ps
rts rO

mov r1 t - ( sp )
mov r2,-(sp)
mov r3 ,~( sp) °

mov $bufp+nbuf+
o

nbuf+6,r2 / r2 points to highest priority I/O
/ queue pointer

poke:

1 :

3:

mov
bit

beq
bit
bne
movb
tstb
beq
mov
clrb
br

cmpb
bIt
bgt

bit
bne
bis
mov
mov
mov

-(r2),r1 / r1 points to an I/O queue entry
$3000,(r1) / test bits 9 and 10 of word 1 of I/O queue

/ entry
2f / branch to 2f if both are clear
$130000,(r1) / test bits 12, 13, and 15
2f / branch if any are set
(r1),r3 / get device id
deverr(r3) / test for errors on this device
3f / branch if no errors
$-1,2{r1) / destroy associativity
1(r1) / do not do I/O
2f

r3,$1 / device id = 1; device is disk
prf / device id = 0; device 1s drum
pte / device id greater than or equal to 1; device is

/ dec tape
$2,active / test disk busy bit
2f / branch if bit is set
$2,active / set disk busy bit
r1,rkap / rkap points to current I/O queue entry for disk
2{r1),mq / put physical blocK number in mq
$12.,div / dlvide physical block number by 12.
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UNIX IMPLEMENTATION

mov
mov

mov

bis
br

prf:, / drum
bit
bne
bis
mov
mov
clr
movb

clr
movb

mov

3:
mov
mov
mov
mov

. bit

beq
mov

3:
mov
br

ptc: / tape
bit
bne
mov
swab
bie
add
cmpb
beq
movb

3:

$rkda+2,r3 /
ac,-(sp) / put remainder from divide on stacK; gives

/ sector numl;er
$4,1sh / shift quotient 4 bits, to align with cyl and surf

/ bi ts in rkda
mq,(sp) / or mq with sector; gives total disk address
3f

$1,active / test drum busy bit
2f / branch if bit is set
$1,active / set drum busy bit
r1,rfap / rfap points to current I/O queue entry for drum
$dae+2,r3
-(sp)
2(r1 ),1(sp) / move low byte of physical bloCK number into

/ high byte of stack
-(sp) / word
3(r1),(sp) / move high byte of physical block number into

, / low byte of stacK
(sp)+,-(r3) / load daewlth high byt . of physical block

/ number

(sp)+,-(r3) / load rkda register; load dar register
6(r1),-{r3) / load bus address register
4(r1),-(r3) / load word count register
$103,-(sp) / 103 indicates write operation when loaded

/ in csr
$2000,(r1) / if bit 10 of word 1 of I/O queue entry is

/ a one .
3f / then read operation is indicated
$105,(sP) / 105 indicates read operation

(sp)+,-(r3) / load csr with interrupt enabled, command, go
seta

I/O
$4,active
2f
tccm,r3
r3
$17,r3
$2,r3
r3, (r1 )
3f
$1,tccm / stop transport if not same unit

bis $4,active
mov r1,tcap
mov $20.,tcerrc
mov $ta~e1,testate

movb (r1),r3 / device
sub $2,r3 / now unit
swab r3
bis $103,r3 / now rbn,for,unit,ie
mov r3,tccm

seta: / I/O queue bookkeeping; set read/write waiting bits.
mov (r1 ),r3 / move word 1 of I/O queue entry into r3
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bie
bie
rol
rol
rel
bis

2:
cmp

bhi
mov
mov
mov
rts

bufaloe:
mov
mov

1 :
clr
mov

2:
mov

bit
bne

mov

3:
cmpb

bne
cmp

bne
tst
br

3:
crop
blo

mov

bne

jsr
br

2:
tst

1 :
mov
movb
mov

UNIX IMPLEMENTATION

$J3000,r3 / clear all bits except 9 and 10
$3000,(r1) / clear only bits 9 and 10
r3
r3
r3
r3,(r1) / or old value of bits 9 and 10 with bits 12

I and 13

r2,$bufp / test to see if entire·I/O queue has been
/ scanned

1b .
(sp)+,r3
(sp) +,r2
(sp) +,r1
rO

r2,-(sp) / save r2 on stack
$340,*$ps / set processor priority to 7

-(sp) / vacant buffer
$bufp,r2 / bufp contains pointers to I/O queue entrys

./ in buffer area

(r2)+,rS / move pointer to word 1 of an I/O queue entry
/ into rS

$173000,(rS) / lock+keep+aetive+outstanding
3f / branch when any of bits 9,10,12,13,14,15 are set

/ (i.e., buffer busy)
r2,(sp) / save pointer to last non-busy buffer. found

/ points to word 2. of I/O queue entry)

(rS),cdev / is device in I/O queue entry same as current
/ device

3£
2(rS),r1 / is block number in I/O queue entry, same as

/ current block number
3f .
(sp)+ / bump stack pointer
1£ / use this buffer

r2,$bufp+nbuf+nbuf
2b / go to 2b if r2 less than bufp+nbuf+nbuf (all

/ buffers not checked)
(sp)+,r2 / once all bufs are examined move pointer to

/ last free block
2£ / 1f (sp) is non zero, i.e., if a free buffer is

/ found branch to 2f
rO,idle; ·s.wait+2 / idle if no free buffers
1b

erO)+ / skip if warmed over buffer

-(r2),r5 / put pointer to word 1 of I/O queue entry in r5
edev,(rS) / put current device number in I/O queue entry
r1,2\rS) / move block number into word 2 of I/O queue
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UNIX IMPL~ENTATION

/ entry

r2,$bufp / bump all entrys in bUfp and put latest assigned
if / buffer on the top (this makes if the lowest priority)
-(r2),2(r2) / job for a particular device
1b

rS, (r2)
(sp)+,r2 / restore r2
rO

1 :
crop
bIos
mov
br

1 :
mov
mov
rts

tape: / dec
jsr
mov
jsr

tape interrupt
rO,setisp / save registers and clockp on stack
tcstate,r3 / put state of dec tape in r3
rO,trapt; tecm; tcap; 4 / busy bit
mov r3,pc / device control status register

/ if no errors, go to device state (an address)

$4,active / check active bit of tape
$103,(r2) / set read function and interrupt enable
4f / go to retisp

bn forward
$tcdt,rO / move address of data register to rO
(rO),2(r1) / compare block addresses
Ob / if 1t. keep moving
taper / if qt, reverse
6(r1 ),-(rO) / put bus address in tcba
4(r1),-{rO) / put word count in tcwc
$115,-{sp) / put end interrupt enable
$20000,(r1) / is "waiting to read bit" of I/O queue set?
if / no 1f

$105,(sP) / yes, put and interrupt enable

(sp)+,(r2) / move function into command register (teem)
$4,active / set active bit
$tape3,tcstate / get ready for I/O transfer
4£ / go to retisp (rti)

tape error
tcerrc / decrement the number of errors
if / if more than 1 branch
1{r2),r3/ r2+1 points to command register upper byte
$!7,r3 / clear all but bits 8-10 (Unit Selection)
deverr+2(r3) / set error bit for this tape unit
tape3
1 error
$4000,(r2) / direction of tape
if / if forward go to if
$4000,{r2) / reverse, set to forward
$tape1,tcstate / put tape 1 in the state
Of

in reverse
$4000,(r2) / set tape to reverse direction
$tape2,tcstate / put tape 2 as the state

movb
bis
mov
br

bis
movb
br

/ read
mov
cmp
bIt
bgt
mov
mov
mov
bit
beq
mov

1 :

tape1:

taper: / dec
dec
bne
movb
bic
incb
br

1: / more than
bit
beq
bic
mov
br

1: / put tape
bis
mov

0:

tape2: / read bn bakasswards
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UNIX IMPLEMENTATION

mov tCdt,rO / rO has contents of data register
add $3,rO / overshoot
cmp rO,2(r1)
bgt Ob / if gt keep reading
br taper / else reverse

jsr rO,waJeeup; runq; 31. / wait up
br 4f / retisp

tape3:

1 :

/ I/O
bie
jsr
bit
bne
movb

transfer
$30000,(r1) / clear bits 12 and 13 of I/O queue entry
rO,poke / do the I/O
$4,aetlve / still 1: sy see if pick up r-ahead, w-behind
1 f / yes .
$1,(r2) / no, indicate too bad

drum: / interrupt handler
jsr rO,setisp / save r1,r2,r3, and cloekp on the stack
jsr rO,trapt; des; rfap; 1 / check for stray interrupt or

/ error
br 3f / no, error

br 2f / error

disk:
jsr rO,setisp / save r1,r2,r3, and clockp on the stack
jmp *$Of

0:
jsr rO,trapt; rkcs; rkap; 2

br 3f / no, errors
mov $115,(r2) / drive reset, errbit was set
mov $1f,0b-2 / next time jrnp *$Of is executed jmp will be

/ to. 1 f
br 4f

1 :
bit $20000,rkcs
beq 4f / wait for seek complete
mov $Ob,Ob-2
mov rkap,r1

2:
bit $3000,(r1) / are bits 9 or 10 set in the 1st word of

/ the disk buffer
bne 3f / no, branch ignore error if outstanding
inc r1
asr (r1 )
asr (r1 )
asr (r1) / reissue request
dec r1

3:
bie $30000,(r1) / clear bits 12 and 13 1n 1st word of buffp.r
mov ac,-(sp)
mov mq,-(sp) / put these on the stack
mov sc,-(sp)
jar rO,poke
mov (sp)+,sc
mov (sp) +,mq / pop them off stack
mov (sp) +,ac
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UNIX IMPLEMENTATION

4:
jmp retisp / u4-3

trapt:

2:

mov
mov
tst
tstb
bge
bit
beq
bie
tst
bge
tst

jmp

/ r2 points to the
(rO)+,r2 / device control register
*(rO)+,r1 / transaction pointer points to buffer
(sp) +
(r2) / is ready bit of des set?
4b / device still active so branch
(rO),active / was device bUsy?
4b / no, stray interrupt
(rO)+,active / yes, set active to zero
(r2) / test the err (bit is) of des
2f / if no error jump to 2f
(rO)+ / skip on error

(rO)
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UNIX IMPLEMENTATION

/ u9 -- unix

mov tty+6(rO),rO
beq 2f
movb r1,6(rO) / interrupt or quit.
jsr rO,wakeall
br 2f

cmp r1,$15/ or
bne 3f
bit $20,tty+4(rO)
beq 3f
mav $12,r1

~411tty+4(rO)

rO,1 f
rO, 1f
rO, 1f
rO,1 f
rO,1 f
rO ,1f
rO, 1 f
rO,1f

r1,-(sp)
r2,-(sp)
r3,-(sp)
clockp,-(sp)
$s.syst+2,clockp
$trcv+4,rO / 0%4 / calculate offset for tty causing
rO / 0%8 / this interrupt
rcsr(rO),r2
rcbr(rO),r1
r2
1f / error
t.ty+6(rO)
1f
$40,r2 / parity
3f / branch if set
tty+4(rO)
4f / 37 parity not allowed
2f

$100,tty+4(rO)
2f / non-37 pari ty not all(YJled

$~ 7. ,//77
$40,tty+4(rO)
3f / raw
r1,$177
5f
r1,$34
3f

jar
jsr
jsr
jsr
jsr
jsr
jsr
jsr

bltb
beq

bith

bie
bit
bne
crop
beq
crop
bne

mov
mov
mov
mov
mov
sub
asl
mov
mov
tst
bIt
t.st
beq
bit.
bne
t.stb
bIt
br

3:

1 :

5:

3:

3:

trey:

4:
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UNIX IMPLEMENTATION

beq 3f
cmp r1,$'A
blo 3'f
cmp r1,$'Z
bhi 3f
add $40,r1

3:

4:

3:

movb
jsr

b1tb
bne
cmp'
bne
bitb
beq

cmp
beq
mov
movb
inc
jsr

jsr
mov

bitb
bne
cmp
beq
movb
cmpb
blo

tty+3 (rO) ,Of
rO,putc; 0: •• / put char on input clist
br 2f
$10,tty+4(rO) / echo
4f / branch echo bit set
r1,$12
3f
$20,tty+4(rO) / cr
3f

ri,$4 / 1s char input an eot
1f
r1,-(sp) / put char on stack
tty+3 (rO) ,Of
Of
rO,putc; 0: •• / put char just input on output clist
br .+2
rO,starxmt
(sp)+,r1

$40,tty+4(rO) / raw
1f / branch if raw bit set
r1,$12
if
tty+3(rO) , r1
cc(r1),$15.
2f

movb tty+3(rO),Of
jsr rO,wakeup; runq; 0: •• / call wakeup for process

mov r1,-(sp)
mov r2,-(sp)
mov r3 ,-( sp)
mov clockp,-(sp)
mov $s.syst+2,clockp
sub $txmt+4,rO / 0%4 / offset in cc

1 :

2:

txmt:

1 :

jmp

jsr
jsr
jsr
jsr
jsr
jsr
jsr
jsr

retisp

rO,1f
rO ,if
rO,1f
rO,if
rO,1f
rO, if
rO, if
rO, if
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UNIX IMPLENENTP.TION

asl rO / 0%8
jsr rO,starxmt
jmp retisp

xmtto:
mQv rO,-(sp)
mov 2(sp),rO./ 0%2+6
sub $6,rO
asl rO
asl rO / 0%8
jsr rO,starxmt
mov (sp) +)1'0
rts rO

.. "tty

greater

$!177,r1 / zero out bits 7-15 of r1
partab(r1 ),r3 / move "partab" entry (identified by

/ r1) into r3
3f / if entry is greater than or equal to 0 (digit

/ 2, far left digit = 0) branch
200,r1 / if entry is less than 0 add 128 to ASC11

/ code for char to be output

jsr

bge
movb

bisb

bie
movb

bge

clrb
tst
bne
movb
inc

bhi
mov
inc
jsr .

cmpb

(sp),r1 / 0%8 r1 contains 8xtty number
tty+3(r1),r1 / place contents of 4th byte of

/ buf in r1 (cc,cf,cl offset)
cC+1(r1),$10. / is char count for tty output

/ than or equal to 10
1 f / yes " II

r1,Of / no, make offset an arg of wakeup
Of / increment arg of wakeup
rO,wakeup; runq+2; 0: •• / wakeup process identified

. / by wlist
entry specified by argument in 0:

mov (sp),r1 / 0%8 / r1 contains 8xtty number
asr r1
asr r1
asr r1 / 0%1 r1 contains tty number
tstb toutt+3 (r1) / is t'jut entry for tty output = 0
bne 1f / no, return to calling routine
mov (sp),r2 / yes, place (8xtty'number) into r2
tstb tcsr(r2) / does tt¥'s tcsr register = 0 (is ready

/ bit = 0)
1f / yes, return to calling routine .. ..
tty+2(r2),r1 / no, place third byte of tty buf

/ into r1 (char left over after If)
tty+2(r2) / clear third byte
r1 / is third byte = 0
3f / no, r1 contains a non nul character; II

tty+3(r2),Of / yes, make byte 4 arg of getc .
Of / increment arg to make it tty output list of

/ clist
rO,getc; 0: •• / obtain next character in clist for tty

/ out and place in r1
br 1f / if no entry in cllst. to be output, return to

/ calling routine
3:

starxmt:
mov
movb

1: /
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UNIX Il1PLEMENTATION

bie $1177,r3 / to make it teletype code and then clear
/ bits 7-15 of r3

bi tb $2,3 (r2) / is bit 1 of 5th byte of "tty" area. = 1
/ (tab to space bit set)

" "tty

3:

3:

I:

1 :

2:

2:

3:

mov
bit
beq
mov
crop
bne
bitb

beq
mov

mov

add
jmp

incb

rts
br
br
br
br
br

decb

bge
clrb
br

bit
bne
bitb

beq
movb

movb
beq
clrb
asr
asr
asr
asr
add
br

(sp),r2 / r2 contains 8xtty number
$4,rcsr(r2) / 1s carrier present for tty
starxmt / no carrier flush
r1,-(sp)./ yes, place ~ha~acter to be output on stacK
r1,$11 / is character ht
3f / no
$2,tty+4(r2) / is tab to space flag"for"tty set

/ (bit 1 of byte 5 in tty buffer area)
3f / no
$240 t ( sp) / yes, change cliaracter to space

(sp)+,tcbr(r2) / place char to be output in tty output
/ buffer

$tty+1,r2 / place addr of 2nd byte of "tty" buf
1f-2{r3) / area in r2 (which is the column count) and

/ then
(r2) / normal / jmp to location determined by digits

/ 0 and 1 of character's entry in "partab" which
/ 1s now in r3

rO / non-printing
if / bs
2f / nl (line feed)
3f / tab (horizontal tab)
4f / vert (vertical tab)
Sf / cr

(r2) / col decrement column count in byte 2 of
/ area

if / if count ~O return to calling routine
(r2) / col set column count = 0
if

$1,r1 / is bit 0 of ASC11 char = 1 (char = If)
2f / yes
$20,3(r2) / cr flag is bit 4 of 5th byte of "tty"

/ area = 1
2f / no (only If to be handled)
$1s,1(r2) / place ncr" in 3rd byte of :ttX" area

/ (character leftover after If)

(r2),r3 / place present column count in r3
if / return to calling routine if count = 0
(r2) / col clear column count
r3
r3
r3
r3 / delay = col/16
$3,r3 / start to determine tout entry for tty output
2f
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rnov $176.,r3 / delay = lots start to determine tout entry
br 2f

3:

4:

5:

2:

1 :

beg
incb
b1tb
beq
rnovh
br

rnovb
bisb
incb
bis
neg

br

rnov

clrb

add

rnov
asr
asr
asr
movb

UNIX IMPLEMENTATION

3f / no
(r2) / increment column count
$7,(r2) / are bits 0, 1 and 2 set at col 0%8
1f / no
$11,1(r2) / yes, place ht in another tab next time
1f / 3rd byte of tty area (character left over after

/ "If'~)

(r2),r3 / place column count in r3
$7,(r2) / make bits 0, 1 and 2 of column count = 1
(r2) / increment column count
$!7,r3 / clear bits 3-15 of r3
r3 / delay = dcol start to determine tout entry for

/ tty out
2f / by neg r3

$10.,r3 / cr delay 160ms for tn300 start to determine
/ tout

(r2) / set column count = 0 entry

$5,r3 / time for this cha7 increment value for tout
/ entry by 5

(sp),r2 / 0%8 r2 contains 8xtty number
r2
r2
r2 / 0%1 r2 contains tty number
r3,toutt+3(r2) / place value for tout entry into tout

/ table

rts rO / return

partab: / contains 3 digits for each character; digit 2. is used
/ to determine if 200 1s to added to ASC11 code digits 0
/ and 1 are used to de~ermine valu~ for jump table •
•byte 002,202,202,002,002,002,002,202
.byte 204,010,006,212,012,214,202,002 ..7 EoT
.b~rte 202,002,002,202,002,002, 202,002 !~ ~~<~ fJ A\(,
.byte 002,202}202,002,202,002,002,202
.byte 200,000,000,200,000,200,200,000
.b~~e 000,200,200,000,200,000,000,200
.byte 000,200,200,000,200,000,000,200
.byte 200,000,000,200,000,200,200,000
.byte 200,000,000,200,000,200,200,000
.byt~ 000,200,200,000,200,000,000,200
.byte 000,200,200,000,200,000,000,200
.byte 200,: JO,OOO,200,000,200,200,000
•byte 000, :~OO, 200 ,000,200,000,000,200
.byte 200,000,000,200,000,200,200,000
.byte 200,000,000,200,000,200,200,000
.byte 000,200,200,000,200,000,000,202

Xmtt:
jar rO,cpass / get next character from user buffer arl~a
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UNIX IMPLEf1ENTATION

ret

r1 / is char':icter nul
xmtt / yes, get next char~cter

rO,canon; rcvch / process a line of characters in
/ clist and place results in tty buffer

$240,*$ps / set processor priority equal to 5
(sp),r2 / r2 contains 1 node number of file
r2 / 0%2+28 / multiply inode number by 2
$21 ., r2 I 0%2-'-7 / subtract 21 from 2x inumber to

/ get ec, cf, cl offset
r2,Of / make offset arg of putc
cc(r2),$SO. / is char count for dev1·ce greater than

/ or equal to 50
2f / yes
rO,putc; 0: •• / find location in freelist to assign to

. / device and
br 2f / place char in list, if none available branch

/ to put process to sleep
rO,-(sp) / place calling routines return address on

/ stack
Ob,rO / place offset into cc, cl and cf tables in rO
$7,rO / subtract seven from offset
rO / multiply by 2
rO / 0%8 / multiply by 2 (rO contains 8xtty number)
rO,starxmt / attempt to output character
(sp)+,rO / pop stack
xmtt / get next character

r1,-(sp) / place character on stack
Ob,Of / make offset into cc, cf, cl table arg of

/ sleep (identifies location in wlist)
rO,sleepj 0: •• / put process to sleep
(sp)+,r1 / remove character from stack
1b / try again

tty
$28.,r1 / 0%2 r1 contains 2xtty number
r1
r1 / r1 contains 8xtty number
r1,-(sp)
tty+6(r1),rS / rS contains address of 4th word in

/ tty area
2(rS) / is char count = 0
1f / no
$40,tty+4(r1) / raw flag set?
2f / no
-(sp) / yes, decrement sp
rO,rcvch / get character from clist
(sp)+ / increment sp
(sp)+;r2 / r2 contains 8xtty number
$4,rcsr(r2) / 1s carrier detect bit on
3f / no
rO,pas8c / yes, place character in users buffer area

tst
beq

1 :
mav
mov
asl
sub

mov
cmpb

bhis
jsr

mov

mov
sub
asl
asl
jsr
mav
br

2:
mov
mov

jsr
mov
br

rcvt: / read
sub
asl
as!
mov
mov

tst
bne
bitb
beq
tst
jsr
tst
mov
bltb
beq
jsr

3:
jmp

2:
jsr
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jmp ret

1 :

1 :

1 :

tst

tst
beq
movb
inc
dec
jsr

br

UNIX IHPLEHENTA'l'ION

/ area

(sp)+ / increment sp

2(r5) / is char count for tty buffer = 0
1f / yes
*4 (r5) ,r1 / no, move character pointer to r1
4(rS) / increment character pointer
2(r5) / decrement character count
rO,passc / place character, whose address is in

/ r1, in
1b / user buffer area. Then get next character.

rcvch:
mov 4(sp),r2 / 0%8 r2 contains 8xtty number
mov $4,r1
bit r1,rcsr(r2) / 1s carrier detection bit on
bne 1f / yes
bic $1,rcsr(r2) / no, clear data terminal ready bit
rts rO

tty+3 (r2) ,Of / ma}<:e cc offset arg for "getc"
$240,*$ps / set processor priority = 5
rO,getc; 0: •• / get next character off clist
br 2f / clist empty
*$ps / set processor priority = °
rO

1 :

2:

movb
mov
jsr

clr
rts

mov
mov
jsr
mov
br

/
" IfOb,Of make getc

r5,-(sp) / save tty
rO, sleep; 0: ••
(sp)+,rS
rcvch

" narg an arg for sleep
buffer address on stack

ocvt:

1 :

1 :

sub
mov
asl
asl
mov
add
movb

mov
bit
bne
mov

movb
jsr
br

mov
tstb

$28.,r1 / 0%2 calculate tty table offset
r1,r2
r1 / 0%4
r1 / 0%8
r1,-(sp)
$6,r2 / calculate clist id clist offset
r2,tty+3(r1) / put clist id in tty table

(sp) , r 1
$4,rcsr(r1} / carrier detect bit set
1f / if so, branch
$S11,rcsr(r1) / set ready, speed, interrupt enable,

/ supervisor transmit
tty+3(r1),Of / put clist id in sleep argument
rO,sleep; 0: ••
1b

tty+6(r1),rS / put tty buffer address in rS
(rS) / first byte of tty buffer = 0
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1 :

bne
mov
mov
movb

incb
tst
tst
bne
mov
br

UNIX IHPLEt,L:NT ATION

1f / if not, branch
$S11,rcsr(r1) / set control bits for receiver
$511,tcsr(r1) / set control bits for transmitter
$210,tty+4(r1) / put 210 in tty table word 3 / set flags

(rS) / inc first byte of tty buffer
(sp)+
u.ttyp / '1s there a process control tty
1f / yes, then branch
rS,u.ttyp / no, make this tty the process control tty
1f / return

ccvt:
sub $28. ,r1
asl r1 / 0%4
asl r1
mov tty+6 (r1 ) ,rS
decb (rS)

1 :
jmp sret
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UNIX IMPLEI-iENT AT ION

/ ux -- unix

systm:

.=.+2

.=.+128 •
• =.+2
.=.+64.
a.time: .=.+4
s.syst: .=.+4
s.wait: .=.+4
s.1dlet:.=.+4
s.chrgt:.=.+4
s.drerr: .=.+2

p.pid: .=.+[2*nproc]
p.dska: .=.+[2*nproc]
p.ppid: .=.+[2*nproc]
p.break:.=.+[2*nproc]
p.link: .=.+nproc
p.stat; .~.+nproc

i.fIgs: .=.+2
i. n1ks : • = • +1
i.uid: .=.+1
i.size: .=.+2
1.dskp: .~.+16.

1.ctim: .=.+4
1.mtim: .=.+4
• = inode+32 •
• =.+1024.

tty:

mount:
proc:

inode:

• = .+ [ntty*S.]
fsp: .=.+[nf11es*a.]
bufp: _=.+[nbuf*2]+6
sbO: .=.+B
sb1: .=.+8
swp: _=.+8
11: .=.+2
idev: .=.+2
cdev: .=.+2
deverr: .=.+12.
act i ve : • = •+2
rfap: .=.+2
rkap: .=.+2
tcap: .=.+2
tcstate:.=.+2
tcerrc: .=.+2
mnt1: .=.+2
mntd: .=.+2
mpld: .=.+2
c 10ckp : • :-.: •+ '.2
rootdlr: .~.:.+2

toutt: .=.+16.; touts: .=.+32.
runq: .=.+6
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UNIX IMPLEMEN1'ATION

wlist: • =. +40.
cc: .=.+30.
cf: .=.+31.
cl: .=.+31 •
clist: .=.+510.
imod: .=.+1
srood: .=.+1
mmod: .=.+1
uquant: • =. +1
sysflg: • =.+1
pptiflg:.=.+1
ttyoch: • =.+1

• even
.=.+10~.; sstack:

buffer: .=.+[ntty*140.]
.=.+ [nbuf*S20.]

• ::: cor~-fi4.

user:
U.F;p: .=.+2
u.usp: .=.+2
u.rO: .=.+2
u. cdir: • =. +2
u.fp: .=.+10.
u.fofp: .=.+2
u.dirp: .=.+2
u.namep: .=.+2
u.off: .=.+2
u.b~se: .=.+2
u. count: .=.+2
u.nread: .=.+2
u.break: .=.+2
u.ttyp: .=.+2
u.dirbuf: .=.+10 •

.u.pri: .=.+2
u.intr: .=.+2
u.quit: .=.+2
u. e rot : • := • +2
u.ilgins:.=.+2
u.cdev: .=.+2
u.uid: .=.+1
u.ruid: .=.+1
u. b sys : • =•+1
U.1.1TlO: .=.+1

• = core
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UNIX IMPLEMGNIAIION

crop (r5),Sl / tty input?
ble newline / yes, call with '-(or with no command

I file name)
clr rO I no, set tty
sys close I close it
mov 4(r5),Of I g~t new file name
sys open; 0: •• ; 0 I open it
bec If I branch if no error
jsr r5,error I error in file name

/<Input not found\n\O>; .even
sys exit

newcom:

newline:
tst
beq
mov
sys

21

1 I

rnov
rnov
cdpb
bne
sys
svs

sys
tst
bnp
movb

clr

sp,r5
r:..> • sh (~ 1 1a r q / 5 a ve 0 r i q 5 pin 5 he 1 1a r C1
B(r0),$'- I was this sh calleZd by init or loqinx-
2f / no
intr; 0 / yes, turn off interrupts
qUit; 0

getuid / who is user
rO / is it superuser
2f / no
S'#,at / yes, set new prompt symbol

at / clear prompt character, if readin0 non-tty
/ input fi Ie

at / is there a prompt symbol
nev.,tcom / no
Sl,rO / yes
write; at; 2. / print prompt

mov shellarg,so /
moy $parbuf,r3 / initialize command list area
may $oarp,r4 / initialize con~and list pointers
clr infile / initialize alternate input
,clr outfile / initialize alternate outDut
clr glflag / initialize global flag

newarg:
jsr pc,blank / squeeze out leading blanks
jsr r5,delim / is new character a ; \n or &

br 2f / yes
mov r3,-(sp) / no, push arq pointer onto stack
cmp rO,S'< / new input file?
bne If / no
may (sp),infile / yes, save arg pointer
clr (sp) / clear pointer
br 3f

1I

cmp rO,S'> / new output file?
bne newchar I no
mav (sp),outfile / Yes, save ar9 pointer
clr (sp) I clear pointer
br 3f
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newchar:
cmp
bpq
emp
beq
Jsr

$' ,rO / is character a blank
If / branch it it is <blank as arq separntor)
$'\n+200,rO / treat \n Dreceded by \
If / as blank
pc,nutc / put this character in parbuf list

jsr pc,getc / get next character
jsr r5,delim / 1s char a ; \n or &

br 1f / ves
br newchar / no, start new character tests

jsr r5,delim / is char a ; \n or &
br 2f / yes

br newarg I no, start newarg processing

sys wait I no, wait for new process to terminate
/ command executed)

bcs 2f I.no, children not previously waited for
cmp rOtrl / is this my child
bne Ib

1 I

I I

2:

1 I

clrb

moy
bne
tst

clr

moy
jsr
cmpb
beq
tst

beq

(r3)+ / end name with \0 when read blank, or
/ delim

(sp)+,(r4)+ / move arq ~pt~ to par' location
If / if (sp)=O, in file or out file points to arG
-(r4) / 50 ignore dummy (0), in pointer list

(r4) / \n, &, or ; takes to her~(end of arq list)
/ after Jdelim' call

rO,-(sP) I save delimter in stack
pC,docom / go to exec command in parbuf
(sp),$'& / get a new command without wait?
newcom / yes
rl / was chdir just executed or line ended with

/ ampersand?
2f / yes

docom:

1 I

crop (sp),$'\n I was delimiter a new line
beq newline / yes
br newcom / .no, pick uo next command

sub $ parp, r4 I pu t arg coun t in r4
bne If / any arguments?
clr rt I no, line ended with amoersand
rts pc / return from call

Jsr r5,chcorn, qchdir I is command chdir?
br 2f I command not chdir

cmp r4,S4 I prepare to exec chdir, 4=arg count x 2
bCQ 3f
jsr r5 g error I GO to print error

<Ar0 count\n\O>; .even
br 4f
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mov
sys
bee
jsr

4=
elr
rts

2=
Jsr

sys
sys

2: / no error
sys

bee
jsr

Jmp
1:

moy
rts

error:
moyb
beq
mov
sys
br

I I

inc
bie
clr
sys

chcoml / has
mov
may

1·1
moyb
cmpb

bne
tst
bne
tst

1I

rts

putc I

cmp
beq
cmp
bee,

Issue D Date

UNIX IMi-'LEJ.!;;,.: CIU;\

par p+2 • 0 f I I'D 0 red i. l~ eeL. Cl X· Y na !nc' t 0 5 V S C l: 11
ch d 1r; 0: 0 / ex pee hd 5. l'

4f / no error exit
r5.crror / 00 to print p,rror
<Bad directory\n\O>; .even / this diagnostic

rl / set rl to zero to dkio wait
pc / and return

r5,chcom; qlogin / is command loqin?
br 2f / not login, qo to fork
exec; parbuf; parp I exec login
exec; binpb; paro / or /bin/login

return??
fork / generate sh child process for command
br newpro c / exec cornmand wi th new oroe ess
If / no error exit. old process
r5,error / go to print error
<Trv aga1n\n\0>; .even / this diaqnostic
newline / and return tor next try

rO,rl / save id of child sh
pc / return to IIjsr pc, JocomlJ call in parent sh

(r5)'+,och / pick up diagnostic -character
It / a is end of line
Sl,rO / set for tty output
write; och; 1 / print it
error / continue to get characters

r5 / inc r5 to point to return
$1,r5 / make it even
rO / set for input
seek;.O; 2 / exit from runcom. skip to end of

/ input file
no effect if tty inout

(r5)+,rl / qlogin achdir rl, bump r5
Sparbuf,r2 / command address r2 Jlogin'

(rl)+,rO / is this command 'chdirJ
(r2)+,rO / comoare command name byte with Jlogin'

/ or ' chdir1

If / doesn't comoare
rO I is this
Ib / end of names
(r5)+ / yes. burna r5 again to execute login

/ chdir

r5 / no, return to exec command

rO,S" / sinqle quote?
\ f / yes
rO, ~;"~ /I / double quote
I t= / yes
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u. j)

mov rO,-(sp) I push qtiote mark ontu ,':;tac;.;.

jsr pC,netc / <:;1ct a quoted charnclJ'I
CffiP rO.$'\n I is it end of line
bne 2f / no
Jsr r5,error / yes, indicate missinq quote merk

<If' imbalunce\n\O>; .,even
jmo newline / ask for new line

I :

1 I

11

hie
rnovb
rts

cmp
beq
bic
movb
br

tst
, rts

$! 177,rO / rIo 'I rcrT'C) ?C,u\\ ;";[ (::.:;('1,1'

rO t (:c 3 ) -+ / s tor e ell (j r i:t c t (,'.r- J i ;-1 ,i 1- t.'J U i

pc

rO,(sp) I is this closing quote mark
If I yes
$! 177,rO / no, strip off 200 if present
rO,(r3)+ / store quoted character in parbuf
Ib I continue

(sp)+ / pop quote mark off stack
pc', return

I thp'e new process

newproc l

mov
beq
tstb
beq
clr
sys
sys
bcc

3:

infile,Of / move pointer to new file name
If / branch if no alternate read file given
*Of
3f I branch if no file name given
rO I set tty innut file name
close I close it
open; 0: •• ; ° / open new input file for reading
If / branch if input file ok

jsr r5,error I file not ok, print error
<Input file\n\O>; .even / this diaanostic

sys exit I terminate this process and make parent sh
1 I

mov
beo
empb
bne
inc
mav
svs
bee

outfile,r2 I more pointer to new file name
1f I 'branch if no alternate write file
(r2),$'> / is > at beginning of tile name?
4f I branch if it isn't
r2 / yes, increment pointer
r2,Of
open; 0: •• ; 1 / open fi Ie for wri ting
3f / if no error

3a

mov r2,Of
sys creat; 01 •• ; 17 / create new file with this name
bec 3f / branch if no error

jsr r5,error
<Outout file\n\O>; .even

sys exit

sys close / close the new write file
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UNIX IMPLEMENTATION

r2,Of I move new name to open
$l,rO I set tty file name
close I close it
oP0 n; 0 I •• ; 1 lop en ne \'1 0 u t pu t f i 1e , i t now ita 5

I file descriptor 1
seek; 0; 2 I set pointer to current end of file

glflaq 1 was *, ? or ( encountered?
If I yes
exec; parbuf; parp 1 no, execute this command
exec; binpb; parp / or Ibin/this command

stat; binpb; inbuf / if can't execute does it
/ exist?

2f 1 branch if it doesn't
$shell,parp-2 1 does exist, not executable
$binpb,parp / so it must be
exec; shell; parp-2 / a command file, get it with

/ sh Ibin/x (if x name of file)

r5,error / a return for exec 1s the diagnostic
<No command\n\O>; .even
exit

$glob,parp-2 I prepare to process *,?
exec; glob; paro-2 / execute modified command
2b

rO,$~\n 1 is character a newline
If
rO, $' & lis 1 t &
1f 1 yes
rO,$~; I is it ;
Jf 1 yes
rO,$/? 1 Is it ?
3f
rO,$~[ 1 Is it beginning of character string

1 (for glob)
2f.

glflag 1 ? or * or [ set flag

(rS)+ 1 bump to process all except \n,;,&

r5

pc,getc 1 get next character
$' ,rO / leading blanks
blank 1 yes~ ~squeeze out'
rO,$200+'\n 1 new-line preceded by \ is translated
blank 1 into blank
pc
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par iJ m / a r" e Vi e sub s t j t ~; tinq for t;; n
2t ,I yes
inbufp,rl I no, mov(: normal inp\lt pointer to rl
rl,einbuf / end of input line?
1t / no
pc,qetbuf I yes, put next console line in buffer
getc

(rl)+,rO / move byte from inout buffer to rO
r 1 ,lnbufp / increment }-outi ne
escap,rO / it last character was \ this adds

/ 200 to current char8cter
escap / clear, so escap normally zero
rO,SJ\\ / note that \\ is equal \ in as
1f
rO , $ J' $ / is i t $
3f / yes
pc / no

$200,escap / mark presence of \ in command line
getc / get next character

*param,rO / pick up substitution character put in
/ rO

If / it end of substitution arg, branch
param I it not end, set for next character
pc / r~turn as though character in ro is nor~al

/ input

param / unset substitution pointer
getc / get next char in normal input

pc,getc / get digit after $
$J'O,rO / strip off zone bits
rO,$9~ / compare with digit 9
If / less than or equal 9
$9.,rO / if larger than 9, force 9

shellarg,rl / get pointer to stack for
/ this call of shell

rO / digit +1
rO,(rl) / is it less than # of args in this call
getc / no, ignore it, so this $n is not replaced
rO / yes, multiply by 2 (to skip words)
rOl,rO / form pointer to arg pointer (-2)
2(rO),param / more arg pointer to param
getc / go to get substitution arg for $n

Sinbuf,rO / move inout buffer address
rO,inbufp / to input buffer pointer
rO,einbuf / and initialize pointer to end of

/ character strinq
rO I decrement pointer so can utilize normal

/ lOOp starting at If
rOtOr / initialize address for readinalst char
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Of / this routine filles inbuf with lirH? from
/ console - if there is one

rO I set fat" tty inout
read; 0:0; 1 I read next char into inbuf
xiti I error exit
rO / a zero input is end of file
xitl / exit
einbuf I eventually einbuf noints to \0

/ (+1) of this line
Ob,$inbuf+256. / have we exceeded input butfer size
xitl / if so, exit assume some sort of binary
*Ob,$~\n I end of line?
Ib / no, go to get next char
DC / yes, return

exit

.even
param I .=. +2
glflaga .=.+2
infile: .=.+2
outfilel.=.+2

.=.+2 / room for glob
parpa .=.+200.
inbuf I • =. +256.
escap' .=.+2
in bu f 0 I • = • .+2
einbufl .=.+2
och' .=.+2
shellarg l .=.+2
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/ 1nit -- process control initialization

mount = 21.

mov $'O,r1 I prepare to change

sys intr; 0 / turn off interrupts
sye quit; 0
crop csw,$73700 / single user?
b:1C 1 f / no

help:

1 :

1 :

clr
sys
mov
sys
sys
sys
sys
br

movb
sys
inc
crop
ble
eys

sys
sys
movb
jar
mov

rO / yes'
close / close current read
$1,rO / and write
close / files
open; ctty; 0 I open control tty
open; ctty; 1 I for read and write
exec; shell; shellp I execute shell
help I keep trying

r1,tapx+B / mode of dec tape drive x, where
chmod; tapx; 17 I x=O to 7,· to read/wri te by Ot-7ner or
r1 I non-owner mode
r1,$'8 I finished?
1b I no
mount; rkO; usr I yes, root file on mounted rk05

I disk. is lusr
creat; utmp; 16 I truncate Itmpjfutmp
close / close it
$'x,zero+B. I put identifier in output buffer
pc .\vtmprec I go to wri te accting info
$itab,r1 I address of table to r1

I create shell processes

1: .
mov
beq
movb
jsr
mov
br

(r1)+,rO I 'x, x:O, 1 ••• to rO
1f I branch if table end
rO,ttyx+8 I put symbol in~
pc,dfork / go to make new init for this ttyx
rO,(r1)+ I save child id in word offer '0, '1, •••etc.
1b I set up next child

I wait for process to die

1 :
sys wait I wait for user to terminate process
mov $itab,r1 / initialize for search

I search for process id

2:
tst (r1 )+ / bump r1 to child id location
bcq 1b I ? sorrH~thin9 silly .
crop rO,(r1)+ / which process has terminated
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-;,;-;<:: 2b / not thi s one

"";':; out of: utmp

;:_:~"b f!A '} r1 / process is found, point x' to ' x
/ for it

~ov r1,-(sp) I save address on stack
f::'.JV (r1 ) , r1 / move ' x to r1
Gub $~O,r1 / remove zone bits from character
asl r1 / generate proper
asl r1 / offset
2);';;1 r1 / for
a.sl r1 / seek
mov r1,Of / move it to offset lac for seek
r:,ov $ zc:;ro, r 1

2:
clr
Cfl:'P
blo
sys
bes
mov
sys
mov
sys
rnov
sys

(r1)+ / ccear-
r1,$zero+16. / output buffer
2b / area
open; utmp; 1 / open file for writing
2f / if can't open, create user anyway
rO,r1 / save file desc
seek; 0: •• ; 0 / move to proper pointer position
r1,rO / not required
write; zero; 16. / zero this position in
r1,rO / restore file descriptor
close / close file

/ re-crEate user process

sys qUit; a / new init tnrns off
sys intr; 0 / interrupts
sys ChOl.-ln; ttyx; 0 / change owner to super user
sys crlnlod; ttyx; 1 5 / change!node to read/wri te owner,

/ write non-owner .

2:

dforl<:

1 :

mov
mov
movb
movb
jsr
jsr
mov
br

mov
sub
asl
asl
mov
sys

bes
rts

(sp)+,r1 / restore 'x to r1
(r1)+,rO / move it to rO
rO,ttyx+8 /. get correct ttyx
rO,zero+8 / move identifier to output buffer
pc,wtmprec / go to write accting into
pc,dfork / fork
rO,(r1)+ / save id of child
1b / go to wait for next process end

r1,r2
$itab+2,r2 / left over
r2 / from previous
r2 / version of code
r2,offset
fork
br 1f / to new copy of init·
dfork / try again
pc / return
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sys

bes
sys

bes
sys

open;

help1
open;

help1
exec;

UNIX IMPLE~mNTATIO!:

ttyx; 0 I open this ttyx for reading
I and wait until someone calls

I branch if trouble
ttyx; 1 I open this ttyh for vJri t-tng after

I user call
I branch if trouble
getty; gettyp I getty types (login) and

/ executes login which logs user
/ in and executes sh-

sys exit I HELP!

help1:
jmp help / trouble

wtrnprec:
ays
mov
mov
sys
bes
mov
sys
mov
sys
mov
sys

2:

time / get time
aC,zero+10. / more to output
mq t zero+ 1 2.' / buffer
open; wtmp; 1 / open accounting file
2f
rO,r2 / save file descriptor
seek; 0; 2 / move pointer to end of file
r2,rO / not required
write; zero; 16. / write accting info
r2,rO / restore file descriptor
close / close file

ctty:
shell:
shellm:
tapx:
rkO:
utmp:
wtmp:
ttyx:
getty:
usr:

rts pc

</dev/tty\O)
</bin/sh\O)
<-\0)
</dev/tapx\O)
</dev/rkO\O)
</tmp/utmp\O)
</tmp!wtmp\O)
</dev/ttyx\O)
</etc /getty\O)
</usr\O)
.even

shellp: shellm
o

gettyp: getty
o

itah:
-0-
- ' ..1; ••
'2-, , ..
3- ••- '4-, , ..
5· ••

- '6 - ••- '7; ••
o
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off i3 et : • :=:. +2
z(~ro: .=.+8.;, .:::.+G; 0=.+2
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1. Ove rv i (:-,.;

The code of UNIX is divid into 11 files, named uO through u9
and ux. ux cc.mt.ain::: t£'11:' defiu i tions of the !~yst(~m tabl(!::: i=t.nd
da ta ar(-~d[;; the 2tctL1(~.1 co:} 0:.; is in the other sections. These
fil(js are clL:.::c7:rT1bled tC':lE~ther in trlc or'c1c~r uO •• c u9 ux. The boot
procedur.r:~s sE:c:-tion of- the UP1\1 explains bow to test and install a
newly a ssernbl ed syst.ern.

'rhere are tJll.·f~e maJ'or port-ions of UNIX: the file system, the
It "process controlsyst~m, and the rest. The rest refers mostly

to the coJe implementing several miscellaneous system calls which
do not. fit neatly into any cC!tegory. Unfortunately the various
parts of UNIX are fairly well strewn about its constituent source
files. The following is a rough key:

uO initialization
u1 system entry; some system calls
u2 most remaining system calls
u3 process switching, swapping
u4 character-oriented device interrupt time routines, except

DC-11
uS basic file system routines
u6 more file system routines
u7 more file syst~m. character-oriented device non-interrupt

time rou·tines
uS interrupt and non-interiupttime routines for block structured

devices (diskS, tape)
u9 almost all code for DC-11 asynchronous communications interfaces

It has been mentioned parenthetically that UNIX is not very modu­
lar. Its lact of modulari tv is reflected inthi~ {ioC'ument.
Therefore (to paraphrase F'enichel and McIlroy referrlng to their
description of TMGL) no single order of reading can be
recommended; instead a chimneying technique is sllggested t climb­
ing not one wall at a time", but all simultaneously.

2. Overview of the data base.

A description of each item in the data base is given in Section
F. In core data is defined in ux

3. System entry and exit

The systew can legitimately be entered only by some sort of trap.
The tr~.p caused by the tr~.p lnstruction (tha tis. sys) and '-'1.11
otherwise unkncwn traps art} dlrectE~d to one .of the synonyrnous
labels unkni or Rysent. TheI'? t.he rf~9i~ters are saved in thE!
following order:

rO
•••

r5
ac
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mq
sc

1\ pointcl~ to tl)f_:~ st:ack (("lft(~r the save) is rl~talned. Then the
instruc:t3. c);\ helncJ t<:cecuted rlt the tirnr? of the trap 1s examined to
pee WhF_~tJ j:C 1 t l~C·pJ..(~sents a legt tlrnate system call. If -so, a
jUFiP 1s rn:1j~ to tb(~ proper routine; if not, to the label badsys.
\"henever the systc'r:l is entered by this route, a flag is set to
i.ndicate1::.hat sy::~t:.t:r[! code is being executed. No traps, including
system calls, are allowed within the system.

To exit from a system call, a call handler juwps eith~r to sysret
to error. The only difference is that in the latter case the
error bit (c-bit) is set in the word from which the processor
status will be restored.

At sysret, a check is made to determine the last-mentioned i-node
the super-block, or the dismountable super block have been
modified; if so, the I/O to write out the appropriate area is
started via ppoke. Then a check is made to determine if the
user's time quantum ran out during his execution in the system.
If so, tswap is called to give another user a chance to run. The
registers are restored and an rti is executed to return to the
user's program.

Labelbadsys is reached either because the user executed an ille­
gal trap-type instruction or because a t-bit trap occurred. (The
t-bit is used to implement the quit function.) badsys colIs the
appropriate internal routines to write out a core image file in
the user's current directory, then jumps to the sysexit routine
to terminate the process.

4. Fork, EXit, Wait

Fork and exit implement the creation and destruction respectively
of processes.

There is a fixed maximum number of processes. Each possible pro­
cess has a slot in the process tables and a swap area on the RF
disk associated with it.

Label sysfork implements the fork primitive. It searches the
p.stat portion of the process table to find an idle process slot,
and gives an error if none is found. An entry for the new pro­
cess is placed on the run queue and wswap is called to swap out a
copy of the current process' core image onto the new process'
disk area. The fsp entry for each file open in the process is
incremented to indicate that each such file is open in another
process.

sysexit implements process destruction. It is more complicated
than one might think. First each open file is closed by fclose.
The process' statUG is set to unused. Then the process table is
searched to find any children of the process. Any of t.'hese t.hat
have died but not wa.i tf~d for are marked free.
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1,'}1)('n the Da rent of the dying process is found, 1 t 1s awakened (by
putlu) if it is waiting. Then the dying process enters a zombie
state in Wllich it will never be run again. but stays around until
a. ~'Jalt is completed by its parent process. If the parent 1s not
found, the process just dies.

sv~;wa1t implements the process wail faCility. It searches the
process table for a child procesQ.. If none is found, and error
ls returned. If a child is found in the zombie state (terminated
but not buried by wait) its process ID is returned and its pro­
cess slot is freed.

If all children are still active, syswait calls swap to give up
the processor.

The possible states of a process (p.stat values) are:

o fr'ee, i.e., no process associatedwlth this slot number
1 active
2 waiting for a child to die
3 terminated, but not yet waited for (zombie).

5. Process swapping

The important routine is swap.. When swap is called, the run
queues are searched for the highest priority process. It is not
the same as the process in core, core is written out to the ap­
propriate disk area, the image of the new process 1s read in, and
swap returns to the point in which it was called in the new pro­
cess.

If there is no process in the queues, idle is called. idle con­
sists essentially of a wait instruction; the effect of wait is
such that idle returns a~ter every interrupt. swap searches the
queues again 1n the hopes of findinq'a process.entered on a queue
by the interrupt routine.

The I/O to write out a core image is done by wswap. It must
operate on a stack internal to the system. wswap uses the pro­
gram break u.break to determine how much to write out. Usually,
the process' stack area1scopied down to the· top of the program
area to speed up I/O. The I/O queue entry reserved for swapping
1s set up and ppoke is called to initiate the I/O.

The core image reading routine 1s rswap; it also uses the system
stack. The core image 1s unpacked by unpack.

It 1s important to realize that running processes are not on the
run queues. Therefore, processes which call swap must already
have arranged to be put back on the run queues in some way.

The tswap entry to swap 1s used for timer runouts; it puts the
process on the lowest priority queue before flowing into swap.
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;., d,;;tailed description of thf;:' file system is given in the UPM
under Format of File System and Format of Directories. The dl­
ngr~m;3 on tlH:~ fol10~;Jjn; pages S'IJ.pport that write up.

FORMAtr OF FILE SYSTEM

Block
Number

o
I-.....--v...-.-,J...-----------~..... _ ....._ .... __.._._....... ... _ .._ ...._.I
I number of bytes in free storage map I
---~--~~--~-~--~~~--------~~-~~~---~~,

o

•
•

free storage
map

See page 2

•

number.of bytes 1n i-node map

•
• See page 3

See page 4

e.

e

•
•

•

•

•

•

inode 33

Inode 32

1node 17

Inode map
1
I
II . ,
I--------------~------~---------------II I
I---------~--------------~------------II inode 1 I
I • I
I • I
I • I
f 1node 16 I
......_------~-----~--_ ...._--_..._...._~--·~ ...-·I

I

I
II

-~---~~---~-----~-----~----~-----~---I
I
f
I
11e

•
•

•

2

4

3

•
I I
I I
I-------~-~·.._--------------------------.:..I
I files I See page 6
I I

Notes: There are 256 words/block.
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Notes:
1. There is 1 bi t for each hlock on t.he; devt C:'':4

2. If the bit ic d 1, the block is 2.
3. The bit for block k of trh~ device 1~~ in l'Y')ltc:? k/8

ofthe rnap ; i tis of f F ;2 t Ie ( med g) L1. t s f r (Xi"; the
right ex. Find the bit for block 100

100

8

block numbers

= byte 12

f.8. map

of:Es''9t = 4

byte

I-..---------...-·..-,--·---I--·-------"--... ,~--------I
115 81 . 2 1 0 0
I-·.....- .....,...--....._~_ ......_...............--I--......----...--.._.._.... ..,. ..............·.... ·_ .... ...-.
131 I 16 2
1-...............-------......-----..... r,---....------~ ......~·.-- ..-~ .....-~
I I. 32 41_ ~ ,., _ _~__ I __-- ,;,i- _ .....

1 I 48 6

I--------------------I------------~----~~-1 1 64 8

1--------------------1---------------------I 1 80 10

I -------------~------I-----------~--------1 1 4 13 12 11 10
I 1 1--- :- ..-1·..- : -- ,-- 1 2
I I 1100199198197196
1--------------------1----1---:--1--1--1--,
I r
I A I
I I
I bit 4 of the 12thlbyte

I I
I I
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INODE MAP

Notes I
1. The map begins with inode 41.
2. There is 1 bit for each i-node.
3. If the bit 1s a 0, the"inode 1s free.
4. The byte number for i-node 1 is byte number

= (i-41 )/S
The offset or bit position = (i-41) modS
Ex. i = 100
byte number = 100-41

------ = byte 7
8

offset = (100-41) modS =bit 3

i-node number byte

3

3

7

I----------------------~I-----------------------156 I 41

I-----------------------I-------------~---------

I-----------------------l---------------------:~I I 73
I~~-~-~~~-~~----~-~--I-~-~-----~---~-~---~~-
I I 3 12 11 10 I
I 1---1--1--1--1
t 1100199198197196 89
I----------I---I--I--I--f-----------------------
1 ~ I
I~--~-~~--~ ~~~-~~-----r---~~----~--~~~~-~--I bit 3 of the 7th byte

I I
I I
I I

o

2

4

6

8
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I-NODES

Notes:
1. Each i-node represents 1 file.
2. I-numbers start at 1.
3. Storage begins in bloCK 2.

"4. i-nodes are 32 bytes long.
16 inodes fit in 1 block.

5. The block number for i-node i is found by:
block number = (1+31)/16

The byte number from the start at the blocK is
found by:

byte number = 32 «i+31)(mod16»

Ex. Find where i-node 50 is.
block number = (50+31)/16 = 5
it begins at byte number 32. «81)mod16»
~ 32 (1) = 32

block number

32 bytes/i-node

32 bytes

_ block 5. byte 32

•
•

•

•

•
•

•

50

49

17

•
32

48

33

5

2

4

3

I..-----~~--.-._ ..-I
I i-node 1 I
1-..---.....-------..1
I • I
I • I
I • I
I i-node 16 I
1-----....-~---- ......

I
I
I
I
I....----..~.._-_-...-
II .
I
I
1
I------......-_.....~-
I
I~--...-.-----~ ......-..
I
l· ..--..--~--------
1
I
I
I •

l .....--...----------~
I
I
I

below 41 are for special files.i-nodes
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AN I-NODE IN DETAIL

8

•
•

2nd indirect or contents block

byte. byte
J _ ..·_..........._ ........~.._-'_..... --...... ·)_...........~--..............._------.........-I
; flags (see below) I 0
t- ---....... _-.....-- ....- ..-.................. : ........._---_..........- ....--......--1

3 I user id of I number of I 2
: owner r links I
:------~-~--~-~~~~l~--~~----~~~-~----I
, size in bytes r 4
I--~--~~--~~-~--~~-~~-~~--~~-~-~~~--r
11st indirect block or contents block' 6
r~-~----~~~--~~-~--~-~------------~
I
,~--~~~-----~~~------~-~-~~---~-~---
I
I

•
•

. 8th indirect or contents block' 20

creation f 22
--~--~~--~~-- ~--~--~~--~-I

25 time 24
..------......._---.-.....-----_.......-_..__..__...------

modification 26
---_-..._--~- _........... -.. .......~--~..

29 time

. unused
~----~~-~--~~---~-~-~---~--~~--~--

28

30

The flags are as follows:

100000
040000·
020000
010000
000040
000020
000010
000004
000002
000001

i-node 1s allocated
directory
file has been modified (always on)
large file
set user ID on execution
executable
read, owner
write, owner
read, non-owner
wr1 te , non-O'#lne r

I8sue' D Date '3/17/72 Section F Page 8



UNIX I 1"1PLE HEN1'}\T-I ON

FILES

1) A small file is a file less than 8 blocks long. 2' A largeI, If

filp. i~~ C]X'<:'Cit~r i;han 8 blocks long. 3) Byte number n of a
file is addressed as follows:

block number :::.n/512 = b

a) If the file is small (see flags)

physical block = bth entry 1n address
portion ofl-node

ex. 11 = 1500

1500
b = = 2

512

physical blocK = 2nd contents block in bytes
8 and 9 of the lnode

b) If the file is large (greater than 8 blocks)
then

indirect block # = b/256

byte offset in
indirect block = 2 (b (mod256»

word found in this byte is the address of the
block corresponding to b

ex. b = 1000 -
indirect block. number = 1000/256 = 3
byte offset = 2- (1000 mod256) = 2.232=464

I-~~------~--~~-~--~---~~I
I • I

I----~-------------~~I
1node

block entry
I--~-~~~---~-~-~--~~~~--~:

1 I J 6

I~-------------------I
2 I I 8

I-~~~----~-~~-~~-----I
3 I contains block no. I 10

464

byte

start
of

block

1

indirect blocks

1

I
• 1

--~~----~~~~--~-~--~-~~~I
address of blocK b I

_ ...__Q8 .....~ ...._~---~---... •......~.....--1
. I

I

bytes
I of indirect block

1--------------------1
• I

-I
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DIRECTORIES

Notes:
1 )

2)

3)

Like a file except no user (except superuser) may
write into a directory_ •
A file is identified as a directory by a bit in
the flag word of its i-node. (See i-node flag
page 5)
Directory entries are 10 bytes long.

•

•
•
•

10 bytes

8 character fl1e name

8 character f~le name

8 character file name

-~-~~--~~----~~~-~----~~~~~~~~~~~~~~~I
i-number of directory itself (.) I-----------------_..._----_.~_ .. ~.......-------!

I

I
I

--~-~----~~-~~~~~---~~~~~~~---~-----l
i-number of parentdlrectory {•• ) I__..._.-.... ...... ..__... ~a:a~.--.-- ..;#fe..aa~.. - ~ ....",,", ....__ 1

I
1

. I
---_........_-_...__.._--.......-.&,..-;I~.....-.... - .... ~f.'........... -_1
i-number of file repreRented by entry I
- .......------~....._••---- ...-.... •.._.. ..... 1

I
1
I

-~~~~~~~~~--~~--~~-~-~~-I

I
I
I
I

•
•
•

2

3

4

.·1

Entry
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Notes:
1 )

t10n
about open f:\.1 (:~~).

2) It is 4 word::;/c:r:try.
3) The same file celt) be .opc-:n,::::o. roOt'(;> t.1'"ian once:, and ht?vc

more than one entry in the fsp table.

entry

1

2

3

15

1---1--------------------------------------1
Ir/w: i-number of open file I1-. :..._-.- ... ... ...__ ~...,.c... ........_._...... ~...._ :

I device number I
I . l
~---~-~--~---~-~-----~~---~~~~~-~--~-~--~~I

I offset pointer, i.e., r/w pointer to filet
1--~----~~-~--~-----~I~~-~-~-~-~------~-~-~1
Iflag that says file I number of processes'
f has been deleted f that have file open
I---------~----~----~I--------~-~~~--~~----I
I----~-~~-----~----~~--~-~-~-~~~----~-~~-~-
I
I--~~-~~~-~~--~~-~--------~~-~~--------

I---------------------------------~--------II I
I-~~-~--~~~-~~-~--------~~-~~--~---~-~--~I
I I
I I
I I
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UNIX IMPLEMENTl~TION

7. Process Scheduling

Processes are scheduled to run according to a priority structure
which is implemented via the runq table and the p.link table.
These two tables are described below. (diagram on page 9)

THE RUNQ TABLE

highest
priority

queue

lowest
priority

queue

process number of last process ~umber of first
process on queue process on queue

I t·
---~~~--------~-~--~---f-~~~---~-------~~~--~-

I 7 I 2
I~--~~-~-----~~~--~--I~~~---------~~----~---
I 6 I, 3

l~----~-----~-------~~-I~~-~-~~----~-----------I 10 I 4

I------------------------J---------------------~--

runq

runq+2

runq+4

To demonstrate the interaction of p.link and runq:
If the priority of process numbers was arranged as follows: 2, 8,
7, 3, 1,6,4, 5, 10, p.link would look like. So, the process 2
1s found in the 2nd slot of the p.link table. In this case pro­
cess B.

slot numbers - ()
f· --.------..- ....'--1----.-.~-------.-
I 8 (2) I 6 (1) p.link
I-~~-~---~~I--~~--~~-~-
I 5 (4) I 1 (3) p.link+2
I~-~--~~~~-:--~-~---~-~-
I 4 ( 6 ) I' 10 . (5) . p .11nk+4

1-------------1-------------I 7 (B) I 3 (7) p.link+6
I~---~--~---~-r-~--~-~---~~-
I I
I~----~-~-~l-----~-~-~--I I p.l1nk+nproc (16)
I--~~~----~-r--~~--~--~-~
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UNIX IMPLEMENTATION

8. Terminal Control

The handling of character oriented devices (tty, lineprinter,
console tty) is done via several tables and buffer~, namely:

" "The character count table cc, the first character pointer table.
..cf" , "the l~st character pointer tabl~ ."c1 tt, the character
list clist., the tty control blocks tty, the tty buffers
"buffer" and the time out tables toutt and touts.

The tables cc, cf, cl are structured
such that each entry is associated with the input or output
ofa specific tty or other device. The exact structure is shown
in the diagram for these tables. The clist contains linked
lists of characters associated with each device. See discussion in
Section F.

When an input interrupt occurs from &.specific device
the interrupt routine puts the character·received at the end of
the clist string for inputs from that device. When an output
interrupt occurs the next character on the clist string for
outputs to the device is popped off the list and is transmitted.
If the character being output generates a delay (If, cr, ht,
vt) ·the appropriate entry in the toutt table i·s set no output will
be generated while the toutt entry is non-zero. Each clock
generated input causes every non-zerotoutt entry to be
decremented. When a touttentrybecomes zero, the associated routine
named in the touts table is called. .

The tty buffers are used for editing the input clist strings
for the tty's. When a sysread on a tty is done the clist input
string for the device is scanned and put 1n buffer 28 #, @
or deletes are founqthey are stripped from the input and
appropriate action 1s taken.
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UNIX IMPLEMENTATION

TTY BLOCK AND BUFFER

I. TTY BLOCK

1---------·-------------1------------------·---'--- :
I column tty is in I I tty
1-----------------------1--..;.--------:------,--------1
I sleep queue)wakeup I char left"ov~r I tty+2
I queue, cc offset I after If ' 1
1-----------------------1-----------------------1I I flags I tty+4
I I cr, tab, SPt raw, echot1-----------------------1---------.;..-----------.... _·1
J pointer to tty buffer 1_ tty+6
I~-- ..._--_.....-._----.....- ...- ..------..._---...----..._........---,..----.... ·I

tty+4: bit 7
6
5
4
3
2
1
o

II. TTY BUFFER

pari ty 37
parity non 37
raw
cr
echo
caps to lOw4lt (4 s-P

tab to space
no delay

•
•

1----------------------1----------------------1, I number of processes I
I I using this tty I
r------'''''''~·..------------I---------------------I1 char count r
1----------------------------------------------1I .character pointer
I---.;.-------------------I--t~t;;;~;t-;;-~;;~~;;--

I-----------------------J-----------------------I
1...---...-......- ..........--......~..·5..--....-..- ....... 1....·..- ...- ...-...--...- ...--.-----........--
I char 2 I char 1
I-----·..- .......--~..._··......~-- ..·--------I---......--.-....--....-----~------~
I char 4 I char 3
1-~~~~-~~~---~~~~~~~~~--1~-~~-----~~~~---~~-~~~-
I' I
I...-. .....~- ...~..._..-.--_......-- .......--.---,.,.. r.----.....-.-.......------..-.-...,..............
I
I
I •
I--~~~~~-~~-~~·-~-~~--~--~l~~~~~~~~~~-~---~-~-~-~-
I I
r-------------...---------I----------------~ ~.~'.'---- I

I I
1-----------,-=,------------",~". -....,---...-----..·----------1

buffer

buffer+2

buffer+4

buffer+6

buffer+8

buffer+10

data
area

buffer+13'O

buffer+13B.
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UNIX I t-1PLEMEt'rr ATION

-i Cliiff [, ~ ,Ide/.

l---.-----::~::'-::~:-:::~: ..-----/ 'd:"'~":kw ~~k~~r
I ppt entry console tty entry! to\1tt lIJIt'-I hJ7 .
1----~~;O--;----·-(l;)-------------1 toutt +2 t",,!> y,JlJt~
1_________________ __....,_w....... ... ,.,. ~ ...,.•-, -··1
, tty2" tty1entry I toutt+4

I----------;~---------------;----~-I tty4 tty3 toutt+6
l--~~~~~~-~~~~~~·~-~~-~~--~-~~~~~~~~

I tty6" ttyS" . toutt+B
, __..-_.-....__ &:Aa:...,.~, ..,~,.;::311 ...... _ .. __......~f..........-_~·: ... _

"I tty7 toutt+10
I----------'------I----,·~----------- toutt+12

I-~~~~-~-~~I--~--~---------~-

I I toutt+14

I~~~~-;;;-~ht~~~~~;r~~~- touts (tout+16)
I~~-~~-------~---~-~----~-~-~

I~~-----------=----~~~---:---I ( J- it!') ?, I

1--------------~-;rr~~~~~1
1-----------------------,1 1 touts +30
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cc. CF~ CL & CLIST TABLES

I----------,~:M+--if..c.h!:! ... ------- r-----------'1+I--rr...d.tf-.--------. :
J consol~~ \\~)utl count I console in count cc

I---------------~-------------I----~------------------------1 ppt utt : ppt .. If cc+2

I-----~---------------~-------f-----------------------------1 lp It.. I cc+4
I~--~---~-~-~~~-~~~~~-~----~-~I~~~~-~~~-~~~~~-~~~~---~----~~,
I ttyO "" I '. ttyO "" I cc+6

1-----------------------------1-----------------------------1Itty 1 "" I tty1 .." \ I cc+8
I'-------~--------------------- :----------------------------- J

.·1 tty2 " •• 'I tty2 .... I cc+ll

1-----------------------------1-----------------------------11 tty3 . "" I ·tty3 .... • cc+f2
I-~~~-----~~~-~~--~----~~---I~~~--~~-~~---~-~--------~---~

I • I •, I

I • I •

I~-~--~~---~-----~-~--~---~I--~--~---~-----~-------~~--~-I tty7 .." I tty7 .." cc+m

-~~-~----------~~--------~--~I---~-~--------------~--~~--~I . cc+~

~~~--~-~~~-~-~----~----~~1-~~-~-------~--------~~·-~~-

cf+8

cf+6'

cf+4

•
•

•

•
• I,

• I
-~--~---~----~-~~------~~-~- --~-~---~--~-~~~~-----~----I

1 cc+S

~~~;~l~~~;~-~h;;-~ff;;~--f;~-11;;-~;~~;;-~f~;~;---'~c~

l---;~~-~:~;-~;;;;~--------~~;~l;-~~l1;;-~~;~f;;;--~
I~~----~~--~---~~--~-~-~I~-~-~---~~--~-------~-------
I . 1 ppt outI"''1 st char offset

I-------~------------------I-----------------------------1 ttyO irl'first char offset I lp II .. •• ..

I~------~-~~-----~-~-~------I--~--~-------------~~-------Itty1" .. .. .. IttyO" .. " " '

1-----------------------------1-----------------------------II • I • I
I • 1 • I
I • I • I
1-----------------------------1-----------------------------II . 1 t ty7" .. "," I cf-fQ

1-----------------------------1-----------------------------II • I • I
I • I • I

1 I •.. I · I
· 1-----------------------------1-----------------------------I 90

cl(~+31)1 freelist last char offset I I cf+e
, 1-----------------------------1-----------------------------1
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UNIX I~'1PLEMENTAjrION

•

•

•

•

cl+1

cl+21

cl+7

cl+23

clist+508

c11st (cl+'

cl+5

cl+29

cl+3

•

I----·'----F"'~.....-~··------. ----......----I--·-------,Ar'--"f;.--------------·I
" co:v:;olc out~lf'la8t char off I consolel 'ln!&,liast char off I
I........... .-,¥".,,-_ .... ·_.......... ..,..,· ..,...._~-(·~- .......,..,-~-- ........"""' ...........-........ I...-----...~-..._...__-._~ ...._--------..-.....-..-I
I pptil.. .. " t ppt" " " n tI__--..,~ ......_...~ ·r··· ......'''·-... ·'"''" ..- I---.....------ - 1
'.. •• nit", I IIIp .I__--..,A"~'- ••--__....__..... • I------------------_----_ I

.. it n .. I .." II ..I ttyO . ttyO
I ..". -- "'~- P -~..- '----~ - 'I----~ -_-.. ---- -.~--_ --~-----

I • I, I
, • I

I • I •I--........···~~ ...--..._...__.... ,....----..._......_......._...----I--....._.-.-.....__..._.-_.-._-_.........-.,._...-...........
Itty7 "" It .. Itty7 .. " II

:-_ ~-_ --., ' -_ _~-,.,. _~ 'I-- ------.._.._-_ .- _-----_ ..-_~--~-

I 1
I~~~~~~~~~~-~··_~-~--~~------l~--~-~~--~-~~--~~~-~-~~-~~~~

I : I : I
I .,
1..·----~4.:-.~ ·V":-;:;-';"·-' ,,_,.·M' __~.-. .. I ~_.._..__ ~ _ _~..._ _
I I.
1-----------------_...._--------1-----------------------------I pointer to next char (0) I character (0)
I--~~-~-~~~----~---~-~~-~--~I~~~------~-~-----~-~---~----
I • I
I • I
t • I •
,~--~--·_~-~~~~~---~~---~-~~~~I~-------~~------~~~-~~~~~~~
1 pointer to next char (204) I character (204)
I~~~-~~~--------~--~~-~-~-~-~I------~----~~~---~--~-~---~-
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active _.
is a word whosp hits pncode thp ?ctivity st?tes of thr v~ri­

ous block-structure~ ~~vice controllers. If the FK ~i8~ bit
is on, th?t dr-vice iR running Cln~ sho111fl not b~ rrcl~r-:t.e0.

Th~ d~vices for the bits are:
bit device
o dr\;ffi
1 dir}r~

2 dr:>ct~pe

buff(:r
pt~rt of th!":: buffprs usp~ for block-structurps d~vicp I/O
(thpr~ ~r~ "nbuf" of therr) and typowritAr input (t~erp ?re
n t tv 0 f t rJ~ l" ) •

From buffpr to buff~r + 1119., are the 8 tty buffers. Fro~

buffpr + 1120. to buffer + 12SQ. i~ the consclp tty buf~pr.

E?ch of thF'~e bufferr-; i:=; 70. \;-1Cr0S long. From huffpr + 1260.
to buffAr + 4381. are the disk buffers. Thev 3re 256. wor~s

each plus 4 words which r~pre~ent an I/C queue pntry. Thu~

each block is 260. words. Point~rA to thesp 260. wor~

buffers are cont~ined in bufp. huf9 ccntAin~ pointers to thp
I/O queue entrvs of each buffer. For more inforrr~tion, see
£.0, p. 2.

bufp -
contains pointers to the block-structuren device buffers. It
is 9 WOrt1S long. The first 6 entriE'S:: point to the I/O queu('
entries of thA 6 buffers. The last 3 words contain:

sho - address of I/O queue entry for th~ super
blOCK of the PF di~k.

sbi - address of I/O queue entry for the ~l1~er

block of the dismountable device.

swp - address of I/O queue p.ntry for the core iroage
being swa9ped in or out.

cc -
is a 30. byte table. Eac~ entry cont~in~ A count of th~

number of characters in the nseoci~t€d queue for that entrv.
The charncters have either been received fro~ a char~ct~r

oriented devicA, or are waiting to be output.

CUf='V -

The current device number. It is Sl?t U9 during the SC"Cln of a
file n?me, and is an implicit argurrent to the routi~p~ which
00 I/O by device block nurrber. coev= O-drurr, 1-disk, 2 •••
dec tape. This p~r~metpr is 1 worJ.

cf -
is a 31. bvtp t?'blf? Fcch entry points tc the first C'hArr1C­

ter in an ?B~ociatE'a chi?\rncter qupu~. The first entry refer~

to the free list- of character blocks. The point~rs ~re

offsets, r1iviaec b";! 2, in thp "clist" t.1ble.
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cl -
is a 31. byte table. Each entry points to thp la~t ch~r~ct~r

in its associated cher?ct0r aueue. Th~ pointers are off~ets,
It It .•

diviae~ by 2, in thp clint table.

cliF;t -
is & 510. byte t~ble ccnt?ining linked li~ts of input or out­
put charact(-'>rs. Each e>ntry is a word; tr:c low byte cont?.in~

the character-, the high byt~ contains a ?ointAr to the next
It It

byte in the list. ThA pointer is a word offset in cli~t.

clockp -
points to one of the clock cells in the sUger block (1 wor1).

core -
addr~Rs of t~p. beginning of u~er core.

disk addrpss extension prror reg. for RF-11 disk.
tion G, pg 35)

(See S~c-

ncs -
~isK contrel 3n0 st~tu~ register. (See Section r, ~g 34)

It

It

It

....It....

deverr -
a ~evp.n word t~ble cont~ining the error status of cevice~.

The inoex into thi~ table i~ the aevicp no. 'cdev'.
word device codes

1 dru~ 0= no error., 1= error
2 disk
3 dectap~ units...
4
5
6
7

ecore -
address of the en(~ of users core.

fsp
this tRble cont~ins 8·· bytes for each currently open file. It
~ust bp k~9t on a per-sv~tA~ basis since the sa~e instancp of
an op~n filp CRn be referr~d to bv ~ore than 1 orocess. Thi~

.. .. It ....

ta'bl~ hAS 1 entry for each opAn or crp.~t cnll. Each
entry cont~ins information ~bout an open filp. Th~ fF~ table
is in~pxed by the u.fp liRt. (See Section F, pg 8 for de­
tail~.) The tRbl~ i~ 400 bytes long.

id?tt~ -
Thi~ 448. byte ar-=.'u contC\1ns assembled root, opvicE:, l)in"ry,
etcp.t.r~, us~r and te~porary airectories and the cold boot
initi~lization progr~~ 0ir~ctorv~ (Sep S€cti~n F, O?g€ 7 for
r3. (1pscriotion of dir~ct()r? ~tr\]ctur~~.) Prp.c(~~~inq porch of
thp~e a Sgprr1)1 f?'n n.irect0rir'~ est~blishi.r1'J i-noJ~s for the
directoriAs. Namely:
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urlIX I\1PLE~ENTATION

D

A
n

c

A = i-no(1p nurrbf71r
B = i-no(~e fl~gr-: (See Section F, p. 5)
c = nurrher pf linkr:
D = user id of ownpr

dlr~ctory si2P in bytes
..

E =
FollowincJ the 4 y'Yor(~ area i~ the directory associ~tpd Hith
it. These directories ~re useJ in initializing the systeM
during cold boot.

idpv -
the device number of the curren t i-no(le (1 ~.ior'1). St?P i i.

ii -
the i-number of the i-node currently in t.he • inoele' C\rPrl of
corp (1 Hord).

irno(l -
a flag spt whpn the currpnt i-no~e (ii) iF mojifi€~.

'\7h0n8vf~r th~ Cl1rr~nt inoje if:: chan]p.(l, or (olhen~ver an exi t to
a user pr()tJrf~fll t~kps placF?, thi~ f;ag Cc?U~Pf) the 1-00(1p to be
written out. Thi~ flng i~ 1 hyte.

ino(1.t:""' ...
lays out thp f;truct11re of an i-n();l(~. EAch i-no(1,~ (32 h',ft..:.es)
sr)t'-~cifip.~ a file. '·:hilp (~ pr;rticn:t~r fil~ is nn:-:pr ccn­
sid p r0.ti()n, a cony of its i-no'lt? rp.~:td~~ hpre. Thl? currpnt

" .. .. .. ..
i-node numhp.r iR kent in ii and it~ device in iopv... ...L
Lab~l~ beginning i. refer to loc~ticns in this arpa. (s~p

Section F, ?g. 5.)

i.ctil1' -
creation time of the filp..

i.oskp -
start location of an 8 word 'address' pcrtion of the 1-no~e.

Each word contains C' physical bloc}: nurrber, froIT' \-lhich a phy­
sical block address can be calculat~d. The index into thi~ e
word section of the inode c~n he consir1~rca a loo.ical blocK
number. if the file C'ssoc1ccted wi th the i-node is srrall « ('
blocks). If the file is large () 8 blocks), the phvsicnl
block num;)cr indic?tes an indirect bloc}~ ,·;hich contains ?56.
words, each of which cont~ins a physical block no. for ~

block aSEcciated with this file. A zero physical block no.
in either the address words of the i-no~~ or in ?n indirect•blocK indicate£ that the corresponding blocK has never been
allocated.
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i.flgs -
flags (1 word) for the file are cc~ed RS follows:

Bit 0
II

1
II

2
It

3
II

4..
5..
6..
7..
8

" 9..
10

" 1 1..
1 2..
1 3..
14

II

15

set indicatc~
It....

- ......................
II

- vlri te, non-~-1r.cr
read, non-owner

- vlri te, OHner
- read, O\oJner

executable
set user ID on execution
TheBe bits are not assigned..

II......
large file

- file has been ~0dified (alwav~ on)
directory
i-noae i~ ?llocatea

i.rrtirn -
modification time of the filA (2 words).

i.nlks -
number of link~ (directories) this file appears in. (1byte)

i.size -
size of file 1n bytes. (1 word)

i.uid -
id of the file C\o7ner (1 byte)

lks
C'OCK status register. (See Section G, pg 36)

mmod -
corresponding byte flag of imod above for the currently
mounted desmountable file syste~.

mntd -
is the internal oevice numher corresponding to the devic~ on
which a removable file system is mou~t€0. It 1s useo with
II ..

ron t i. (1 word)

rrnti
recoros thp i-nu~bpr of the (inique) cross oevice file. That
is, whenev~r this i-numb~r is referred to on the FF diFk, it
will be translRted inte the root directory on the ~ounte~

device. (1 v10rd)

mount -
is the in core i~age of the super block for the ni~rrcuntabl~

filp ~VEtp~ currently rrounted. It contains the i-no~e IT~P

~nd frpe mao for the device.
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p;picl -
is the source of uniqu0 i~~ntifierR (n~~PF)

It is incre~ented 2S €nCh process 1s crp-~t~d.

for ryr(')cr- ~r-: e~.

(1 Hord)

nbuf -
num'bpr of block-structured I/O huffers. Presently its n (for
cold hoot 2).

nfiles -
allcw~ble nurrber of open files in system. Presently 50.

nproc -
numb~r of nrocpsses. Pr~scntly 1tS.

nttv -
number of tty's. Presently q

erig -

part~b

128. byt~ table.

ppb
Pnpert~pe punch buffer register. (See SFction ~, p. 38)

l?PS -
paoer t~ge punch status register (See Section C, ~. 37).

optiflg .. -
indicRtes the status of the paper t~pe fil~.

o file not open
2 file just op~ned

4 file is norMal
6 filp not closetJ, error situa.tion

prb

(1 byte:')

paper tape reader buffer register. (See Section G, ~. 37).

proc -
is a table with an entry for each po~sibl~ process. Th~

number of processes is given, by'nproc'. Its length li~its

the nurrber of processes which c?n be cr~~.ted, since i t i~

always in cere. Slfutables in the process table hav~ naMes
. " "beginning with p ••

prs
paper tape render ~tatus regist~r. (See .Section G, p. 37).

ps -
prcces~or stntus register. (See Section G, p. )

p.bre?K -
a 16 word table. Each word is asscciated with a uniqu~ ~ro­

C~SA and contains the first core ~ddress not used by the ?rQ­
cess.
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n.d8k.::t -
is a tablp of dis~ au1rp~s~s for the 8W~? ar~? of the 16
procersCR. p.dska is 16 words lons. Each wor~ cont?in~ ?
bloc}~ nurrber for ea.ch procf>ss.

p.link -
is a 16 bvte tablp incleved bv orocess number. ~iv€n that 'n
process is ~n the r~n que~e, its~p.link byt~ is 0 (in which
ca.se th~ process has no successors) or it contain~ the pre­
cess nurrber of thp next ~rocess to be run aftp-r th~ proce~s

th~t owns that slot. If process nu~ber 2 W0~ runninq next on
the queue ano ?rOCFSS numher 8 was next, thp. 2nd byte of the'
p .link ti3.ble vlould contRin an P.. 'This is how the next 9ro­
cess in line is linke~ to the cne c.head of it.

p.pid -
is a 16 wore tablF th~t

narre) of n process.
nurrber) • The name of
number.

contains the uniaue identifier (or
It is indexe~ by 2 X (the proce~E

the ~roce:::;s is actu?ll:' a uniqu~

r.>.p!'>id -
is the uniCJue identifier (natre) of the parent of ":.h~· particu­
Inr ~roces~. Th~ table is 16 words lcn0 and is inopxes by '­
.X ( the chi1 ,~ ~ p roc (; 58 nu rrber) • Th i sir" \,,~rl~ r e ~ chi 1"
sC?l.rcl-_E's for its ':?arent. Process nu~ber 2 ~,:,oul'-~ 100J< in thC'
2nd \-Jord of the p. p~id table for its ?crrnt.

p.stnt -
is 16 bVtps long. Each byte represents th~ status of a pro­
cess. Ench byte is indexed by the proc~ss nUFb~r. Th~

status's are a s follo~..;s:

o indicates the process is unused or free.
1 - indicates the prcces~ i~ active .. fl'C.
2 - indicat~s the process is waiting for a process to die.
3 in1icates n zombie (the process has died but it ha. S not
been wait~d for.) -

rcbr -
receiver buffer rp.gister for the DC-11.

rcsr -
receiv~r ~t?tus register for the DC-11. (See Section G, ~.

26)

rfap -
?dnress of thp. drum buffer I/O qu(;)ue entry. It is posspn o!;"

II.. \.

an nrgu~~nt to trapt.

rk0p -
a~drpss of the disk buffer I/O qupue entry. It is u~ed a~ ?n

II II

arqurrpnt to trn.:.')t.

rKC~ -
control Btatus r~gister of thp disk. (See Section G, p. 30)
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rkun -
disk addr~ss rogi~t~r. (S~e Secti~n 0, p. 29)

disk :lrive ~tat\lr; registF~r. (See Section G, ~. 28)

rootdir
is the i-nurnber of the root directory. It ir= set to 41. by
thp. initialization co3c and is never chan~eG.

runq -
i2 ~ table of lensth 3, with one entry fer each of the thr~c

reC1~1v-to-run queu!=:;~ of ?rOCesf;es. 'I'he 10\"; byte of each p.ntry
contains the ~roceEs nurrhpr of th~ first proceFF in the
queue; the high b~'t~ cont3ins tr:e ..,rocess nurrcpr cf the l?r-t
procpe,s. ~he Antry is 0 if there are no ?roce~ses cn th~

aueu(~~. ERC'h queue i~ linked bV thp o.link. entrv i:1 the pro-
cess table (see above). .-

sbO
is the I/O aur;.up. entrv for the Slll?er block for the ?~rrranpnt

device (FF disk). It'is 4 words long.

is the I/C qupu~ ~ntry for the su?er block for the di~~ount­

able device. It is 4 words long.

smod -
is a byte fl~g that is set whenever the super block i~ modi­
fied. During an exit to ~ user program, the su~er-block is
written out if this flag is set.

is the I/O queue entry for the core ima~e being swapped. It
is 4 words long.

sysflag -
tells whether execution i~ going on insiep the sy~tern or not.
It is 0 if a system routine is executing anc-1 if n user oro­
~ram is running. Thi~ is a byte flag.

sstack
is a t~mpor~ry steck used to store the stack during swaps.

sy~tm -
is th~ in-core imagp of the super block for the RF fixed heR0
disk. It is 11pdRted onto the RF w~erevpr it is changed.
T~i8 are0 consist~ of 130. bytAs of free-ctornge rr~D

(dcscri'r,es in Section F, ,? ), 64. bytes of I-ncd~ !T'n!'
(describe~ in fection F, p. ), nnd 22. hytes of ti~~ ?c­
countinq ann error count inforrration. LabAls in thi~ nrE"n
et:=t t : th # #_, c<r W~. s.

s. chri.rqt -
is thp time charqcd to us~rs.
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s.drerr -
is the drum error count.

s.idlct
the time the systeM is idlinq.

s.syst -
is th~ overhea1 time durin~ which the proce~sor i~ executing
in the op(~rating svstf"Ir code.

s.timc
is the totz-l time since the system was In.st cold booted.

s .~"ai t -
is the 0isk I/O wait timA.

tcap -
i~ the pointer to thp. dec tape I/O ql1(?ue entry (1 to-Tor(1).

tcba -
is the bus ~dcre~s regi~ter of the DEC TAPE.
p. 32,.)

(See Sf'cticn C',

tchr -
is the tran~ITitter buffer register of the DC-11.

teem -
is the command regist~r for the DEC TAPE.
32)

(See Section r, n.

tcet -
is the cata register for the DEC TAPE.
33)

tcerre
(1 \-1ord)

(Se~ Section G, o.

tesr -
is the tran~rritter st~tl1S register of the DC-11.
t i on G, f.' • 27)

(See Sec-

test -
is the control and status register of tht:=' DEC T.n,PE.
Section C, p. 31)

tcstnte -
is the st~te of the DEC T~P?, ~.g., idli~J,se~rehing ~oing

T/0. (1 v~ord)

tC\tJC -

is th~ word count register of the DEC T~PE.

n. 32)
(See S eeti r:'n C,

touts -
is ? 16.
Doint of 2

\vord tAble.
r-u~)rcutln('\•

Fach wor~, if non-z~ro, i~

Th~ t?blp i~ usp.~ to
the r.:-nt rv
:!.!""n10mr-snt

!RRUB D Dat~ 3/17/72 ID I~·~C..1",,~1
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\t:.o~1t "Jyif" " Jtt~t.,,..IPI/ (IIf

Yfoclt PS ~l'O

the 'toutt' t~bl~intervRl tirrinrr in conjunction
describec1 be lOH.

toutt ­
is a 16. byte tablA. E?-~.yte ir, a count. ~t erch cloc~

" "interrupt pac}: ~on-zero, the corrp.s~onoin~r tout~ subrnutin0
i~ called. All ent:r;ies in tl-:cse t~bles are fixed.

tkb
is the tty readp.c buffpr register. See Section C, p. 19.

tks -
i~ the tty r~a~er st~tus register. See Section C, p. 39.

tpb -
is the tty punch buffer register. See Section G, p. 39.

iR t~~ tty ,unch status regist~r. Se~ Section G, p. 39.

ttv
cont~ins 8 byt~s for each nC-11 com~unicaticns int~rfacp con­
fi~ure~. Control and status information is kpot th~r~in.

Th~sn Are referreJ to as tty blocks. There ar~ nt~v (9) of
.t:1em. Th~ last onE' is for the consolrl tty. For their con-
tents see F, page 11.

ttyoch
is used curing output to the con~cle typewriter.

usnr -
is the start of each U~H~rs 9at?- bFlS~-::-. It ref;ides just be10''''
the users core area and is swaoped wi~h th~ user. All loca-

.~ .. "
tions in this section b~gin \flith u.

u. be.se - .. ..
holds the users buffer address in core during r~an ?na" ..write calls. Also points to u.dirbuf in ~kdir.

u.br~ak -
holds the process program break point as set by sysexcc or hv
a sysbr8ak. It is the location at the end of the user~ pro­
gram us~d in th~ swap routinps. (1 word)

u.hgys -
is set
error.

while
~. cere

a process is ~bout to be t~rminated

image is produced. (1 byte)
for SOl""'e

u.cdev -
holcis the dF.'vic~ nUMher of the users c\lrrf:~nt directory. (1
word)

cc1pv
o
1

other

devicn
drum

disk
nectC'pe
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UNIX IT1Pt,F. \1'F;NT ATl: ON

u. c(1 i 1.
i~ the i-nurnl;f?r of the :.')roceRsr;!~ Cl1rrF~nt t1irp<;~orv. (1 "..J orc1 )

U.C01Plt -

iF' the nUt~b~:r of bytes to be trri.ns r (-::-rr(~d c1uri ns r~~;-'r~ or ~·]rit~

oper~ ti ons • T'hi f~ V,l r.ial..,l t? in 1 wor~1.

u.d i t"~)uf ­
usu?ll",'
" ".~ ..."m.'<u ~r •
u. 0. i rhl.1f
try.

" "holcls t~le i-n'~rn'b~,:r cf on i-no:'zc in rna'~n('\..1
(Thr-:' i-nt:wlber of rl nevJ i-no:~e) u.1irbllf +

+ ('.f holcl thf? narre of the fill~ in thf? directory

nne
2 • • •
en-

u.c1ir-r>
iR eith~r an offs~t withi~ a 1irActory for ~ fil~ mentionA1
l';v t11':~ ..uR(~r Ot- r.t point~r to an errpty directory sl~t tiur~ng ?

creat. It alRo points to a directory entry in namei. (1
word)

u.fofp -
is a \-Jorel th?t contains a oointer to the 3rr1 we,rd of an f~n

tabl e en try. Thi s ( 3 rfl ) - ~"ord centa ins M.n offset (in hyte s ')
into the filp associated with thp- fsp tnble entr:~, Clna i~

used during read/write operations. In initi~lizing ~~~ci~l

.filcE, u.fofo ~oints to u.off. For bread and bwrite, u.faf?
contains a hlock nUP"ber.

u.fp -
is a list of, user~ open files. ~n entry is either 0, for c
non open file, or is an index into the syste~s fs~ table
(table of open files). Fach byte in the list cont~ins nn
entry. The list is 10 bytes long, because 10 is the TT"axirru!':
number of files a user cO.n open at once. The Index into this
u.fp list is called a "file ~escriotor". It has a value from
o to 9.

u. ilgins
deterMines h~naling of illegal instructions. If u.ilgin~ is
o - the normal instruction trap handling is done the proce~s

is terrinated and a core i~age is produced.

If u. i19 ins is

a location - control is pas~ed to that location when the trap
occurs. This feature is used to implement the floating ooint
instructions. (1 byte)

the handlina of interrupts. If u.intr is zero ­
(ASCII delete~ are ignored.
interrupts cause there normal result, ie, force an

u.intr ­
deterr,;ines
interrupts
i~ one
exit.
is a location
interrupt occurs.

u.na~(?p

control is pa ssec1 to that location \-Jhen an
(1, word)
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i~ ~. !Jointer to () file n.:1!"1r' """0nti.cnr-,r1 by n u;"'er to th0 ~\,rf"t.~T~

: ltll- i:l~:' s V s tern C (t 11 f-' • (1 t,,! 0 r r1 )

t:.. nr c2.c1 -
a ccumu1c. tc:?
vI r i t e call F •

tr'c nur11t~r
(1 Fore))

cf bytes ·tr?npri ttr~' ""'uring rt;.:Clo or
It is ~?ssea b~ck in rC on return.

u.off -
is either n pointer to a file offpct ropntion~~.. .. -.. "inq SF:r:}~ ~.n~? tr~·11 calls or a ncintpr to ?n

- "..-
rv slot in rrkc1ir cr f; I')ointcr to a director·".1,,' ". .

sysunc lint':. (1 wcr.':')

rmr>t u ~1recto­

entry ~s in

u.ori -
hcl'.1s t-:-lC l)roct?ss priori tv expressed rl P .~ ,?C"intpr to cne of
thp thl-0t~ rnn CH.1f:?UF'S (in one Hard). If ?noth;-,~ prcc("~s vJi tl:
hi(;hcr priori ty heco::es rC;Clc.y to run \·;h11(; this Drocpss if:
runr!inq, th(' rpH1ainii'j t.i~'c c;uantum is !iet tc zero.

u ...."1111 t -
detA'rrrines the ~2n(~linC' of ('ft'.its. If U.l.luit i. .
o - cuit signals arr i~ncr~d (ASCII FS).
1 - q'lits C\re rp-en~bl~d and C2:use execution to ce:3r-~ ?n~ ;!!

cere: irnag:: to l:H? prooucc~l.

? lcc?tion - control is tr0n~ferre'"1 to trJct locC1tion v!1-'r:n a
quit ~ignAl i2 receive4 (1 byte).

u.rO -
Doints to the locc.,tion "7h~re thr. users rO v..~2lS store~ on 0ntrv
into the S'..1stprr (and \·:ht::'re i t ~-Ji11 be re stor0d en return) •
It. is USr;:;0 to picJ.( U9 an::"" pClSS Clrqurrents. ~~ost oftr.:>n it
p0.SEes file :)e~c:::'i~.)tors. (1 "Jord)

u.ruid -
l:ol~;. s tllc
set-user
byte) •

real user id nU!':".ber. It is not chanct=?o 1:-.'''' th~
" II

i~ bit bein0 cn in ~n inode during a SYS0YCC (1

1.1. S:) -

is u2pd to S2.ve the v2.1u~ of the USE?rs s? ri?~i.ster ~ft',:,r 211
the other registers h~ve been saved. It is u~e~ to restore
thf> s;:: \-JrH:~n returnin9 to a user so th~ sustcrr need 1"'ot t~~~

care to DO:) 0vo.rvthinq off the stack beforp retnrnins (1
~·~orrl ) . - ... -
.4 _'\..

u.tt'!p -
ir a pointRr to the huffer of. the tty th~t is in control of
the nrocess. Th~ control tty (typewriter) is the cnly on~

which ~~v quit or interru~t a process.

U.ui,:1 -
no18s the uspr in nu~her used to deterrine protectien (1
;)vtc) •

u.nno -
is tl1P ~rocess number. In sysfork it is the p~rpnt ~roc~s~
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It ."
r:.ur'~:<-·:::. In SY~0X1til
proccsn. In SW~ry

SHCl~)LJ0d out.

it i!=" the ':)rocr,pf; nnr::-;("·r of A"::1 0

it is thE"' nurnr,cr af tho :;-rccC's;.
·-"''.''In ~

1-,c: :'-ns

u.usp -
is t1)(.C~) content:.s of the ~~ at tr~e r.-'o~f?nt t'hr: tH"cr is S~v(1'ln0':~

out. It rust b0'. saver] so th2.t the ?9"-):,:"o"Jri=-'\t.:: r0t'Jrn C?'~l

t2.ke r.)lC"1cC ("'fter th0. user is s~']~~P!0~ hC1Ck 5.n. (1 '\,:cr,~q

u,"U0.nt -
is t1i~ users tirre q1J.l'~ntu!""l. It ip s~:t tc 30. w'hf'n 0 !1("~."" u~nr

is p~~pne~ in. At ~v~ry clock tick it is d~crpr~nt~~. ~~pn

it reaches zero th0 usor i~ ~waDpP~ out (1 byto).

\-71iFt -
II II

is a 40. -""v'tr tnhlP of wnit ch3nn.€ls. :::;.-.ch hyt0 j.~ ccn-
sider~d ? ch~nnel. Bach entry in this t~hle is ap~8ci~t~d

~,:ith ;:'i r::?rticular evpnt. F1v?n;,,\ nrOC0f!p h7 ir::hpp to P?it for
one of' th~SA pvents, it c211s ? ~outinc (slre~) which 0nters
t:-l0 procc-:ss nUrn0i?·r in the ??~roprif-ltp ch~nne-l .( - t11is t?1Jle.
T/hE'n th~:! event occur~, ?nct:t~r rout ine (l,oJ~ksup) wc.KE:S tP") the
process.
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ID - uO; 2/C:lllcc0tc ttv buffers

r-u;':C 'T I 0:,1
Each DC-11 i~terfacc i~ assign~d 140. h,rte~ of buffpr ~~ar:CI,. ""the fir~t 140.-~)'\'tc bloc'< beginning Qt. locBtion buffrr •
Also for €c1ch intcrf(1ce a A ~·:ord h!.OCK of c0nt.rol ?.nc" ~t;"'ltu~

tvpc inforrF:tion i~ fT"lnint2inf=2c1. Th~~c ..1-~·lorc blccl~f: '~:Psin
. "" .u.t J.oc;)tic.I"~ tt~~T, trot? fourth ~J.ror'~ in 00C1i "hlcc'< i~ r

pointer to t112 hes-inning of t.he 1-10.-by·te buffrr r' r-'~iCr.n.t~ to
th?t device. This ~ection of COA0 loa~~ theSE ~ointcrF intr
the r·ro;;)f~·~r Dlace!': in the tty blockr:. Th0 rp8ultr- Cl.re ~hown

in the ~iagr~rr~ on E.O, page 3.

INPt~TS -
ntty (numbp-r of DC-11 interfac~s)

OUTPUTS -
(see diagrarrs E.O page 3), re, r1
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unI x I ~·lPLF [·t2 NT l';.TI ON

ID - uo; 3/allccat0 disk buf="ors

F:n~CTI01~

Block I/O Gpvices (drum, disc, dectape) us~ blocks of Fize
256. \o1or~1s. Thns for each of "nbuf't bioc1<: I /0 buffer~ 256.
words Must be 0. ss igned • In addi tion to the 256. wor~'~ for
data each block has four aj~itional words which r0nrCF€nt ~n

r/o queuE"': cntr". Thus each block ccnta in::: 260 Hor~ls. The!=.'e
- ./ II ..

blccks begin at locaticn buffer + 1260. • This ~cnrr~~t af
ccJe loads pointQrs to these 260 word blocks in consecutive

. "" ..".
location~ stnrting at bufp. Thusbufp contains 90inter~

to I/O queue entri~s since the first four words in e~ch

block represent t~e I/O qucu~ entry for thp block. Three
C:!.dditional I/O queue entries lcc.::!tf='''"1 ~.t locations "soC''',
"" " ..Bb1 ,and swp also exist ~n~ nointers to them ~r~ ?l~c

lc6~ed into "hufp". F1n~11y,- the l?st 2 wor~s of ~n r/o
queue entry contain a Hcr~ count ~n::,:. c !:>ns ~ddre5s, the~e

loc;)t:i.ons f:r(\ init.ic.lizp·4. Th('! rest~lts c-re sho\<ln 1:1 t1:c
~laqrarrs on R.O, ~age 3.

ChLLINC SECUEKCF

J. :::2 T}'I'S -

rO (point~ to first hlock r/o buffpr)

3) ri {int~rnal counter, r2 (int~rn~l
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ID - UO; ~/frcc all charact~r blocks

FV~CTlrn~ .
this scg~ent of C012 initj~lizps th~ cf, cl an~ clist ~loc~~

in core to the follo~·!ing stnte:

Cl'_LLIKC" SECUENCE

OUTPtJ'IS -

CALLED BY -

CALLS - PUT
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ID - uo; 3/set up c1rum sue.!? ad~r~sscr;

rUi:C r;: I O~J

The drum is divided into 1024. ,;:)lccl~~ of ?56. v7orJ~. Thi-'
highest 6~. blccks ar0 net ~Si~0 for storing UPIX its01f.
Processes sw~p~ed to and from core ere ~tor0d on t~0 ~ru~.

T'he area in core ccqinning i:l.t location p .(181<0 ccnt~ ins a
block nur,ber ~'ihic::h is the number of tl:0 fi rst block on t'hp
drum tvl:ere the proc~ss i~ ~n~apper1 to. 'There f~re 17 bloc1<~

on the ~rum assigned as swapping area for each proce~5.

This segment of cede initializes the p.dska area in core bv
. It It

su;;:plying thp block numb(;;rs for each of nprec proce~s€'s.

~he re~ultp, anpear as follows:

943.
926.

•
•
•

g60.-nproc*17.

CALLISG S!:~CUE1~'CS

INPUTS -

p.dskn

p.1ska + 2*nproc -2

OUTPUTS -
P ,dS}(8 - [p .dska + 2*nproc -2] , r1, r2
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FCl';CTlo:r
'This Dortion of corle i::: expcuten '1uri:1C1 'col'-l' boot. (See
Ul:-rX Programmprs Hanunl - ·Poot ProC()d'~lr0::: VII.) It ini tic.l­
izcs the cor~ ir-.Clqe of t1~e super block for the fixec. ~~<l'4

disk. . Systcrr: (Hhicl; r~present£ the nurn~.~r of h~rte~ in thp
free storage map) is set to 12B. Sy~te~ + 130. (w~ich

repr(-~sents the number of bytes in the i-node rrap) 1~ set to
64 •• (See Section F, pp. 1,2). Blocks 34., ••• 687. on the
druD are free~ (th~ corrssponding bits in the free storage
m~p arc ~et). These blocks are for USGr files.

Cj\LLINC SECUEtJCE

A.PGUMEN'IS

INPUTS -
r1 contnins the nurr.ber of t'he hiahe~t blccl< to be freef'.
(See inputs for 'free'; B.S, p. 2)

OU'IPUTS -
syst~, systm + 6, systm + 8, ••• , svstm + 85, systrn + 130.
(See outouts for 'free'; R.S p. 2)
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UNIX I~PLEMEr~~TION

ID -,uo; 4/zero i-list

FUNCTION -
. This portion of code is executed during 'cold' boot. (See

UNIX Programmers" Manual - Boot Procedures VII). It zeros
blocks 1, ••• , 33. on the drum. Block 1 is the 2nd block of
the superblock for the drum. (BlocK 0 1s the 1st block of
the superblock. -However, since the in core 1mag~ of the
superblocK (see UNIX Imple~entation Manual - p. 3) is updat­
ed onto the RF03 whenever it is changed (can be changed by a
call to 'free', updated bya call to"sysret' it does not
have to be zeroed.) Blocks 2, ••• , 33. are used for i-nodes 1
thru 512 (see Section F pp. 1,3,4,5.)

CALLING SEQUENCE -

ARGUME~1TS -

Il\"PUTS -
r1 contains the number of the highest block to be zeroed +
1. (See inputs for 'clear' H~3, p. 1.)

OUTPUTS
Blocks 2, ••• , 33. on disk are zeroed. (See output~ for
'clear' H.3, p. 1.)
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ID U1; 3 'bcldr;ys

FUt\C'I I o:·~ -
" "badsys is called either because the user '?XE'cutr-tj nn ille-
gal trap type instruction cr because a t-bit trap occur(\n.

• .. ..
('Ihp t-'bit is use0 to impleT"'ent thE': cuit functicn.) hM~~~"I~

firFt turns cn the ~ad svst~~ fl?Q (u.b~vs) and the cails" .. ...... "
namei with u.na~ep Dointinq to core. The core irr;g0

. - .." .
file is then oopned for writinq via iopp.n. If t~p file i5

h _ . .."

nct found, and i-nodE" y.Those mode is 17 is mode by Tr?knoa,
and the i-number forfhat nodp is put in r1. Pararn€ters to
writ~ out corp ?re~ then FAt un nnr. the cnre irnng~ i~ writ­
ten cut in t~e U5Ars dirp.ct~ry. Then the users ?r~a of cere
is written cut ~nd the filA clospd. ~ysPYit is entere~ to
terrrinat0 the orocps~.

CALLINC SECUE~CE

bhis badsv~

lJ:;CU!'lEN'IS

INPU'IS -
r1 - i-number of core imag~ filep i-no~e u.~irbuf c~ntains

" "i-number of new i-node mode by rraknod •

OUTPUTS -
u.bsys - turn on. Its t~e u~ers bad PYFt~rr flaq.
u.base - holds address of "core", and u~er dur1;g writp i-calIF.
u.count - users byte count to writ~ out.
u.fofp - ccntnin~ file offset.
u.off - set to zero.
r1 - has i-numb~r of core imag~ file.
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UNIX IMPLFHE~~ATION

ID U1;7 error 2

FUNCTION - See 'error' routine

"CALLING SECU.ENCE

"

"INPUTS -

"OUTPUTS -



ID U1; 5 error 1

FtJ~JCT I O!.·~ -

It~PUTS -

CL'TPVTS -

See
, ,

t:\rror

"

"

"

"



U~1 IX I ~'!PLE r·l E17TATI ON

IV U1;2 ~rror

FUNCTIO:': -.. ..
error ' rrcr0ly spts the error bit of the 9roc~ssor statuR

(e-bit) an~ then falls right into the ~vsrct, sv~rele return
sequence.

CP..LLI:~C SECV:'::NCE
condition?l br?nch to error.

It,:PUTS -

CUrrPlJTS -
prccesscr ~tatus - c-bit is s~t (~pan~ error).
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Ui-J1X' IMPLRH?l;T]I. 'I I C'N

1D U1;9 gttv

Fu:t~C'lIe:·; -
.... It It .. ..

gtty is callAn hy sysgtty and ~y~stty. It tnKPS the
first argu~~nt o~ the above calls an~ puts it in r2. ThiR
argurent in either the source or c~Etin?t.ion of inform:":lticn
about the tty in qwesticn. The file de~cri9tor.. is put in r1
~nd the i-nu~ber of the file is obt~ine1 via a~tf. The
nurrber of the tty is gotten by (thA i-nu~her-14): If no tty
with this nu~ber exists an error occurs. 8 x (i-numher-14)
is the tty block offset. This is outputrd in r1.

CALL1NC 2ECV£NCE ­
.1~r rOt gtty

APGUH~N'IS -

1l-~PUTS -
(u.rO) - cont?ins thp file descriptor for the tty filp
r1 - i-numb~r of file

CVTPtlTS -
r1 tty hlock offset
r2 - source or destination of inform~tion
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ID V1-4 intr?ct

FU::C'II o:~ -
" "intrnct checks to ~ee if the procpss owns n ~uit or inter-
rupt frorr the tYPc';'Jri ter. If it Oy,7n~ a qui t, the qui t flCl0
is cleared ~nd th~ T bit (trace trao) of thp nroce~sor

status is set. If'the interrupt charactp~ is ~ "dpl" (177),
u.intr is chAckea to ~ep if it i~ €ou?l to the 0roces~
" " ~ ,,"Itcore. If it i~, control is trnn~ferred to cor~. If
not, sysexit iE taken.

C~T..,LI:~~ SECUENCE
br intract

INPt;TS -
(s~) - cont~ins th~ instruction FO i~ pointin~ to

. - -
u.ttv - nointer to buffer of ttv in control of the proc@~s

(r1 ) +6 -" interrupt charRcter in' the centrol tty' F buffer
u.intr - detprrrines handlinq of interrunts (Sep Evsintr in

the tn:IX Progr~rrrr~rs ~~n.i1u;;l). . ,

OUTPUTS -

clock pointp.r is popp~d.

- If the interrupt chdr is a quit charact~r,

(r1)+6, the interrupt character in the control tty's huffer, is cleard
u.qui t is clea red
T bit of ps in set

If the interruot char is a "del" (int(:lrrupt)
(r1)+6 i~ cleare~ .. ..
control is transferred to corp if (u.intr)= corp
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FU!~C'IIO: ..j -

rw1 is callerl bV syRreuo And sv~write. It puts the huff~r

pointer (huffer) into u.basc and the nu~her of ch~racter~

(nchars) into 'J.CCU}1t. If then finds the i-r.urr.her of the
file to be rp~d by aettinq the file descriotor in *u.rO and.." -'.' ..
c2lling getf. The i-nu~her is returned in r1.

lU::CUI~E~-:'rs - ,
INPUTS -

buffrr buffer pointer
nch?r - nu~~er of characters
*u.rO - file descriptor

CC'rPUTS -
u.har:;e - buffp.r pointpr
u.count - nu~ber of char~cters

r1 - contains thf> i-nufY'ber of the file to be read

CALLINC £ECUENCE ­
jsr rO, rw1
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ID tJ1;8 sysclo8p

rUNCT I 0::\ -
II ..

sysclose , qiven a file 0escri~tor in u.rC, closp.~ th0.
associate~ filp. Th0 file de~criptor (in~~x to the u.fn.. .t - It ...

list) is put in r1 an0 fclos~ is callc~. (SeA fclcsc
B.2.)

CALLI:'JC SECUEl'<CE ­
sysclose

Ih'PU'IS -
(u.rO) - filede~criptcr

CtJ'IPUTS -
See fclosp. outputs

J
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FU~~CTI 01\" -
II II

sYBcrp2t is c2.llp'1 wit.rl t~.JO 2r:;urnentr:; na~f"\ ("P"lC rno::-1p.
u.na~ep ooint~ to thF n~~p of trA filt 2nd thp mo~e is ~ut

II II

-.... en thr sta c:<.. n"mei is crllle:~ to <J~t tr~r:' i-ntt~1;pr of tnp
filA. If the filp'alr0~Jy pxi~t~, it~ rO~0 ~nJ cwner r0rr~i~

unchano€~, but it ie truncatpd to z~ro length. If thp fil~

did nct C'xist, an i-no(~E' i~ creCJt0~ viit1-: tr.r-' nr ...! rr("":l~' viC"
II II

~aknc~ whethpr or not the filp ?lr~?dy exiFt~~, it ip o?~n

for writing. ~hp fsp table (~ee F p~~e s) i~ th~n ~p~rchp~

for a free pntrv. ~hen a frpe entry is found, thp prcper
0?ta i~ nl?cpo in it (see output~ below), ~n~ the
number of this entry is placed in th~ u.fp li~t. ~h0 index
to the u.fp (~lsc known as the fil p ~e~criptor) is out in
the ueers rOe For morp inforrn~ticn, see ~vscre~t in the
uscr~ mC\nu~.I.

Cp,LIJli~C SECUE:>JCF ­
syscreat; na~~; mode

'~F.CU:·1ENT S
n2~e - n0~e of filp to bp. Cr€ate0

II II II II II

mode - rroel P.

INPurrs -
r1 - i-numher of file if founrl
(sp) - contains the mode arqument
u.d.irbl.lf - if fil~ not found, conte ins i-number of neH fi l~
fsp - table of open file entrip.~

ourrpUTS -
if file net founa ~ new i-node is created (sep rrakncd)

r1 - contains i-number of new filp
r3 - index into =so table (file descriptor)
r2 - index into u.fp li~t

in free fsp entry - 1st word i-number of new file
2nd word device number
3rd \-lord 0
4th word C

u.fp list - Antry nurrbE?r of new fsp entry
*u. rO _. index to u. fp list (file descriptor of new file
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ID U1;7 sysent;unkni

FUKC'IIOt: -
unkni or sysent is the system entry from v~riouR tr~p~. The
trap tY0P is detprmined and ~n indirect ju~~ is r~~~ to thp
Rppropriate systen call·h~ndler. If there is a tr~p insi~p

the system? jUt:'D -to ponie is !T'~.ne. l\ll user regi~tp.rs ~rr

~?-ved an·-1 u.sp Dc>int~ to the end of the users ~t2ck. 'The
~ys (trap) in~tructcr i~ deeo~ed to get the sy~tAm co~p ?~rt

(see trap 'instruction in the PDP-11 'hanc1book) and fro!:'. thi~

the in~ ircct jUTn:? a1d rf\SS i~ ca lculC'.t~~. If a bad py~tem

call i~ IT?de. i.~., the limitb of the ju~n table ~r~ P.XCCA~-
" n°

e~, badsys is called. If thp c~ll is legiti~~te control
passes to the appropriate systAm routine.

Cl'~LLI;!C SECUEl'~CF -
through a tr~o cau~ed by any sys call outsi1~ the SYRtp~.

" ReT]1·i::T':':P S -
nrguP'ents of thp narticulClr syst~rn c~ll.

INPu'rs -
s.syst+2, rO, sp, r1., r2, r1, r4, r5, ?oc, InCj, FC

OUTPeTs -'
clockp - cont~inp, ~s.sv8t+2

u.rO point~ to the location of the us~r~ rO en the st~ck.

rO - sc saved on the stack .
u.sp points to the pnd of the users st~ck.
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ID U1;3 sysexit

FU~~C1'ION -
sysp.xit tcrrrin~tes a nroc~ss. First pach file that th0 ora-

" "CP~S has openeJ is close~ bv fclose. The proc~~n statuF
i~ thE\n spt to unur::€.d. Thl? p.P?i4 tabl~ i~ thE'n ~enr("'(iF-'~~ to
fin~ chil~ren of the dying procAss. If ?ny cf th0 chil~rpn

a re zombi cs, (d i~~1 but not \-,'~ i tAG for) th~~y a r2 set free.
The p .pid tnble i~ thpn '~earch~0 to fin(~ t'!:p oying orol:pss' s
parent. ~hen the ~arent is found,it is checked to ~pp if
it is fre~ or it is a zo~bie. If its one of these, the
dyinC)" pr()c€'~s jUf't dies. If its waiting for a chil('l tC' (~i0,

it iF notified that it nOE'~n't h~ve to t.72it an"tT'ore by ~f?t­

ting itA status fro~ 2 to 1 (waiti~g to ?ctive): It i~ then.. ..
Cl Wn}( ~ne'~ ~ nd put en the runq by put 1u.. The ~y i ng ? rocco 8

pnters ~ zambiA st~te in which it will nev~r he run ~gain" ..but ~tays arnuna until a wa.it is corr-pleten 'hy itp ~?rent

process. If thp par~nt i~ not found, the proces~ jU5t 0ie~.

This ~0anE swap i~ cRlle~ with u.uno = o. What thiR ~oe~ is
that wsw~p i~ not called to writp. out th~ process nn~ r~Wn?

r~nd~ a new process over the on~ that dies •• i.~., thp nving
proc8ss is ove~1ritt9n and de~troy~d.

CALLING ££CUEKCE -
~ysexit or conditional branch

A,RGt'THENTS

INPUTS -
u.1.1no - the prOCf~SS number of the dying 9rOcesG
p.pid - cont~ins thp na~e of th~ proce~s (See F, p~ge 10)
p.ppid contains th~ n~~e of the pRrpnt proce~s.

p.st?t - t~p stat~s of th~ pro6ess.

OUTPUT8 -
u.intr - determine~ handling of interrupts - it is set to 0
all open files of the process are clo~AJ

the procEss is freed
r3 contains the dying process·s n~me or nu~ber

r4 - contR tns i 1:5 pG rentf.~ nCil1'e
r2 - is use~ to ACRn thp procp~s tahles
chil(l.rpn of the (~yi:\g proceRs are frAed
r1 [, r5 arE: u!=:r::.1 to hold thE? parents procpss rlurrber 2
If the pFlrf~nt of thi~ dying process is \V'ctiting, it is spt to
~ct.iv(' ant1 the nying pr()c~ss ts m~.:ll~ ;~ zcmhie ~n;:' th0 :~.~.rpnt

i~ put on the runq.
U.~Hln is cle.=tre,~ .~n(l thE: pr()Ce8t~ 1~ 1<illp~
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ID U1;5 sysfork

FUl:~CTI()n -
SVsfOrK crf-~r)t ..~s a nevi procps~. Tr.i~ procp~~r, i~ r0f(~rr('tl to
as tht:~ child orocpss. Tl)i~ net,.] nrnCf:F" cor?" ilT1f'!c'!(':> i~ ~ C('l~V.. ... .. -'
of th~t cf thp c(111pr of ~ysfork. Tlie (,)l'11~" r1ir-ttncti(')n t~

thp rpturn lecnt.icn an(~ the fact that (u.rCl) i!'l the 01-9 pro­
Cp'ss (oarent) contains the nrocess i0,' 'p.pid) of the net··

'. ....\.. It ..

process (child). This i0 is used by sysw~it. ~YRfork

\1Jorks in the following manner:
1) The prOC~R~ st~tu~ t~ble (p.stat is se~rche~ to find ~

precess nurrbp.r tr:i:1t i~ unuf."p'c. If none Dre foune c:n erro:.­
occurs.
2) WhEn on~ is foun~, it b~corrp~ the child procps~ ~umber

an:J its r:tctus (p.stnt) is ~pt to C'ctive.
~) If the parpnt ha~ a control tty, the intrrrupt ct?rActer
in that tty buffF-r is clf:Clrea.
4) '11-,(; cl-;ilc1 orocess is nut on, the lc\...... est priority run.. '.. ~queue via putln.
~) A new proce~s name i~ gotten from mpid (Rctu~lly its a
unique number) and is put in the child # s uniq"~ icentifi e;.
the process id (o.pid).
6) 7he process name of th~ parent is then obtainEd and
plac~d in the unique idpntifier of the p~rent procFss of thp
child (p.ppid). The parent ~roce~s narne is then put in
(u.rO).
7) The chile process is then written out en oisk ~},1.. ..

WSW?p , i.e., the ~arent process is copipd onto disk an1
t~e child is born.
e) Th~ parent procpsp ~u~ber is then restor~~ to u.~~o.

9) T~e child proces~ name is put in (u.rO).
10) The pc on- the st?.ck sp + 18 is increrrentec1 by 2 to
create the return ?ddress for the parc~t process.
11) The u.fp list is then searched to see what file~ the
parent has opened. For each file the p~rent ha~ cpen~~, thp
corresponding Isp entry mupt be updated to indic3te th~t th~

child process also has open€~ the file. A br?nch to sysret
is then made.

CALLI~C SECUENCF
from shell?

It:purrf -
p.stat - stntu~ of a precess activ~, de?d, unu~c~.

u.uno - ~~rent process numher.
u.ttvp - pointers to ~drpnts process contrel tty buffer.
mpin - procc~~ n?me qenerntor
u.fo -list ind~x into the tsp table.
fsp - tnble of o?en fil~~.

otJrrpU7f. -
p.stat - byte for child, ~rocPsF is set to activp if control
tty for parent exi~ts buffer + 6 is cl~~rAj chil~ nrocp~~

~~u~~'~c:r i:- "·ut C'~ run;"! + ~.
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~.pic1 - ?cp;;ropriet0 entrY in thi~ t~,ble cont?inp the rClr"p of
the child Drocecs.

Tr:c cLild process is v-Jritten out on ~ru!T' ",Tith u.uno ':eing
the chi 1,,) ~: ':)rocpss number and (u. rC) cent?l ini ng t~'H? ~a rents
p rocps s' n<:t Ire.
u.uno - is restorpd tc the parents 9rcce~s nureber.
(u.rO) - contAin~ t~e childs process narrp.
sp+12 - getp 2 a~drd to it to change the return ad~r€~s of
the parent.
fsp+6 - "nu~ber of processe~ th~t h?ve opene~ this file"
byte sets incrPTrcnted in t'hc particnl?r fsp entry.
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ID U1;o sysgtty

FUr~C'IIO:i -
It It

sysgtty gets the status of the tty In r:~PY?stion. It. stcrer
in the thrc8 words ?-ddressed by itp. arguITr-ant tY0 p.tt?tl1~ of
the typ~writ~r whcsp file dpscriptor is i~ (u.rO).

CI"LLI~JC S?CUE1~CE ­
sysgttv; ore;

l\?Ccr:::UT S -
crC1 - ac1c9.ress of 3 \o1orG d0rtinn.tion of stntns

Il;Pr.,·TS -
r1 - ttv block offset
r2 - dA~tinaticn of status d~t~

rcsr+r1 - re?dp.r control statu~

tcsr+r1 - ~rint€r centrol ~t?tus register
tty+4+r1 - flng byte in tty block t-7hich ccnto ins th~ !T1C'c'P.

OUTPUTS -
(r2) - ccnt21ns the r~aner control st?tu~
(r2)+2 - cont?ins th0 print~r centrol st~tus

(r2 ),+4 - conto ins the rod~ control sto.t\H~
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ID tj1; P ~ysrr.cl? te

:r:Ul:CTIOl"; -
It " •
sys~date 18 aiven a file n?rre. It g0tS thp i-no~e cf thi~

file into cnre. ~h~ user iB checkc~ to ~00 if hp i~ thp
Ov7ner or t1-,:c' ~uo(:r u~p.r. If h~ is neithrr ~n f'rror cccur~.It It _. .

setimo~ is then called to set the i-neae ~c~ificaticn byte
and the ~o~ification ti~e, but the ~oAific?tion ti~e i~

It

ovp.rwritten l~y Hhutever get out on the st.C'1ck dnrinG'? sv~-
•• ... oJ i.

ti~e call (see systiroe). The~e calls ~re restricted to the
~uper user.

CALLI:X:- SrCVEl~CE

sY~Ir:d?te; na nH:\

l' ~.Gtn'i:'": r;'T S
naI'fie

u.uif.
i.uid
sp+4
sp+2

pointer to c filp na~e

- users id
- o~']!"le rr-- iel

time S E't 1~" sU~l=?r u~er
" It 1 It I. II It

OU'TPUTS -'
i.mti~ - newrrodification time of the file
i.mti~ +2 - new ~cdific~tion time of the file
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ID U1;P sys~k~ir

fr~\1C'Ilor: -.. ..
sysmkdir cre~tEs an empty directory ~hose n~~e is noint~d

to bv <1rc, 1. The rro~1p of thf' dir~ctor,.r is ~ra ? The! soe-. - .... .... . ~ .

cial entries • an~ •• are not Drcpc~t. Frrcr~ Rre inji-
c~ted if t~p directory alreaay e~i~ts, or t~e u~~r ip not
thp super usor. ~

cr,l.LI!'C: S?CU}:t:CE ­
sys~Kdir; na~e; moc~

.1" Fe; UI1r!~ s
nR J':·E

£r'oc: f:

points to th~ ncJTIr- of the dir€:ctorv
mode nf th0 ~ir~ctory

IhPGTS -
u. u i (~ - use r i 0; if its 0 t h F' US?; r is t 'h ~ S U'J F r lJ r. e r
(

.. ..-
sp) - ccnt?ins the ~pcond argu~~nt ~cfe

OUTPUTS -
IY":C!k E': S

sets

.. ..
~n i-node fer thG ~irectory vi~ m?knod

U~ the flaq in thp directory i-no~p

sr::'t USi':>r id on execution
exc cllt?;)l~

directory
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ID t.:1;6 sysc~en

FC~1CTI0:1 -
It It

~ysopcn opens a fiIr-: in the follOtling f'anner:
1 ) T~·.e ~0cond argu~cnt in a sysopen cC111s savs whether to
open the file to re~d (0) or write (~O).
2) 'Ihp i-ncc~c for tl.e particul?r file is ohta ined via.. ."n? rcc 1. • .. ..
3) The filp is th~n opened bv iopl?n.
4) r;ext houcekee~ing i~ ?erforITien on the fsp table and the
users open file list - u.fp.

a) u.fp ?n~ fsn are ~canne~ for the next ~vailabl~ ~lot.

b) ~n entrY for thA file is crpatp~ in thp fsp tAhle.
c) The nu~berof this pntry is put on the u.fp li~t.

d) The file dpscriptcr ind~x to the u.fo list i~ roint~d

to by n.rO.

CALLIiX" 2- F C{}EI-JCE
sy:: open; namp; mode

t· r (' '['{,iF: :n' S -
n~~Q file na~e or p~th narne
~od~ - 0 - open for reading

1 - open for writing

I:JPUTS -
r1 - cont?ins Rn I-nu~r:,!:>pr (positiv~ or ne,:itivr~ ('pp0n,11.n1

on whethAr and open for re~d or 0p0n for write iR
desired.

QU'I'PUT -
entry in fsp table an~ u.fp list
*u.rO - in~px to u.fp list (t~p file ~~scriptor) is put

into rO's location on the st?ck.
r2 - used as a countpr through t~e u.fp list.
r3 used c.S a pointer to thp b~c:inntng cf C:'n f:::::? entry.
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ID t:1;C svsre::;d

FUi1CTI01\ -
sVsrpC1.~l is qiven a ')uffer tc ro:?n intc- cr.r1 tht"' nur:'~,"")cr ('f
cLar:\ctcrs to l:·e rp('!/l. It finds the fi10 froT'" th·,? fiIt:
d~scrirtcr lcc?tcd in *u.rO (rO). T~iG file o~~crintor i~

rl~ turn('o frcn; n nuccp r::'~:; ful 00en C? 11. (s ee ~vr:o~)pn "-:.1,
, • 'It "

p2.CJE 1.) 'Ihe i-nurr1;er of tl~(; file is ohtninf':0. 'lin r T
..7 1 an(~.

n ..
the de.ta is re<1<~ into core via reedi.

Cl\LI.,I:·JC S ECUE~~CE
sysread; buffer; nchars. "'RCU~"?'::':T£-

buffer location of ccntigllcu~ byt€r" Hher~ input \-]i11 be
placed.
nchnr~ - number of bytes or c'hRract~rp to be re?d.

INPUTS -
r1 contain~ i-nur~Ar of fil~ to b~ r~~~.

OU?PUTS
*u.rO contains the number of bytt?s rea~.

,I

I~5ue D DC\te 3/17/72



It' t'1;2 sy~~rele

Ft~L\CTIor.~ -
" "Gysre18 first cClllr- t~~.'!G? it t.hp time 0112ntU!":' for ? \.1~~r

is zero (spe r',.'srot). It then rC3tore~ tr·(" t1~~rs rE';,isb=~rF

and torn~ off the ~vet~rr flag. It t~en chpckp~ to s~p if
. ""

t~1erl: is ?n interrupt fr()!TI the u~r-r by c2.11irS isintr. If
there is the onti-Jut c;cts flushed (s~e is intr) ~ no i;1tprru!lt
action is taken by a branch to intr~ct. If th0re i~ ~o

interrupt frcrr the user a rt i in rrn.:1P.

CALLI~C SECUE~CF ­
fe'.11 tr:rouqh a

P.EGG?lEN'I S

Il~Pt:TS -
stack
(s.chrgt+2) ?

" IIbne in sys=et & ?

OUTPUTS -
SC, mq, ac, r5, r4, r3, r2, r1, rO restored.
~vsflac - turned off
clockp - points to s.chrgt+2
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UNIX IMPLE'~EPT"TIOt~

ID U1 ; 2 sYf.~ret

FunCTI O~'T -
s'lfrE:t first checl(s to 8e~ if the process is ?rout to bp.
t€r~in~ted (u.bsvs). If it is ~Y8~xit i~ c?lled. If not
tlle follo~..] inc: hr. pp€'ns :
1) The users stGc% Dcintpr i~ r~5tor~n.

2) r1=O an: "iS0t" iF called to see if the last ~entioned
i-no~~ has bepn ~o~ified. If it h~s it is writt~n out.
3 ) If tlH-:l ~ur)cr bloc}~ ha s been r"od i fi P~., it i ~ '""ri ttpn out

" "-bin D;)OJ~e •
4) If the 1ir-;r--cunt?ble filt? ~ystp!"'1'S suppr blc(""'~ hare hppn
rroJified it is written out to the ~~e cifi~d 4pvice via.. "ppol:p •

\
5) ~ ch~ck is ma4p to sec if t~c userc ti~~ ~u~ntu~ (u-

) ~ " "quant' r~n out dnring hi~ ~xecution. If so, tS"1;:-~!J i~

cc_llc::1 to qivr:; ?noth:::-.r user n chanc~ to rnn.
6) svsret ncv' g00s into sysrelp. (SCf" ~~'srp It? for cane lu-
sion. )

CALLINC SECU"E'FCE
ju:no table or brsysret

INPU'IS -
u.bsy~ - user's h~d syst0m flag
u.S? user's stack pointer

- " "r1 - u~ed internally - set to 0 for iset call
Sl""\o:l - set if ~upp.r bloCK ha ~ been modifier!
mmc1 - set if oisrrountable file systerrs super blecK has bp.en Mcci~ied

u.0uant - user's time qu?ntur

OC'IPUTS -
sp - points to users stack
s~oo - cleared if it w?s set
minod - cleared if it was set
shO writ~ bit is set during execution of sysrct
sb1 - write bit is set 0uring execution of sysret
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ID U1; 5 c\'.sret 1

FUi;c 'rI017 - see
, ,
~Y8ret

CI'.LLIFC SEC'GEt:CP.

Il,PGTS -

Ot..:TPt'''IS -

"

"
..
..
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..

..

CALr...I~:C S ECUE:'iCr

,,,-RGU....!!:: t:T S

INFU'IS -

OUTPe?S -

see 'svsret' routin~

..

..
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In U1;C) sysstty

Ft"rCTI()~,~ -.. ..
f.?ysstt~l q8tS t1H:: r-t(1. t\J~ ;:>.nd !"'10c~C' ('If tIle tVDPpri te>r ~,"ho~p.. ..

fil~ ~~8criptor is in (u.rO). Fir~t ~ttv i~ ~~JIAA, to gpt
t~0 tty bl()C1~ (111f1 the ~curcp. or tho r:t0tU~ in~()rn1rtio~.
" ".c;etc ~s called until t'-'c in;H)t cli~t i~ fll1~h~d. Thr> cut-
put ch2r~cter list is checkp~. If SOroA c~aract~r~ 2rA on
it, th~ process is put to sleeD an~ thp input li~t i~

checkeJ A(]?.in. If thf-'rt~ n,re no charcctp.Y."F, the inforr:i1.tion
in the source is put into thp. rp.ader centrol 5t.:ltU::;, printf~r

control status resiF~t.prs and the tty·s fl~<J bytp in thp tty
bloc~~.

CPo r.,LI;J~ S ;.-ce.s~~CE ­
syr-.ntt"; ~.rg.

ARGU:·1E1ITS -
Cl.re]. - i1:1dress of t:lrp~~ conpecutivp. \'1ordp t:h,~t cont.3 in t:hp
source of the ~t~tus data.

INPUTS -
r1 - offset to tty block.
r2 - noints to the sourcp c)f the stC\tUf.! inforl"1~tion. See
arg. ?bOVt~.

r1+tt~+3 - contains the cc off~~t.

r3 u~;ed to tr~.ns~f~r the source inform~tion t.O thp tt~.,

status regiRtf~rf3 ~11.~ block.

OUTI;UTS -
ps - net to 5
rcsr+r1 - cont~.il'£: nevI r(?:;:;l.t~er contr01 r;t'1tn~

tcsr+r1 - containE new printer centrol st~tu~

tty+4+r1 cont~ins new mode in t1v~ fl,:,.g bytt? of th-.:\ tty
block.
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ID U1; 4 sys';Vt:; it

FUNCTIO~,; -
syswait ~-J(=lit.p.: for ~ process to <110. 1:t HorJ':S in th~ fol1o~!]­

ing way:
1) fraIT: the pnrp·nt t~rOC0~s numb!'"'!r, tre p~.rents process naT'"'0
is foun~. The p.p~id table of parent na~es i~ then ~c2rchp~

for this prccpss name. If a rnctch occurs r2 contain~ the
childs proceSR nu~bpr. The child's st~tus i~ checke~ to se~

if its a zombie, i.e., feadbut not w?itpdfor, (p.~t~t=3).

If it is, the child nrocess is freed ?n~ its name 1~ out in
( ) ~ " " ".,<u. rO. l'~ return is thf:n m?.0 vi~ ~y~ret. If tIle chflc1
is not a zombie, not~ing h~p~ens ~nd t~e se2rch ~r~~ on
through the p.ppid tfble until all processep are checked or
a zcrrbie is found.

2) If no zO!t<bies are fOU:10, c\. check i~ Jrl::\oP. to ~ee if thE"'re
are any children at all. If ther~ ere none an ~rror return
is rn2::1c. If therp. d.re, the ?c rents st~tus is set to 2
(":a iting for child to die), the perent is S\,\12'.] 'ed out an~ a
branch to sy~wait is made to wait on th~ next ?roce~s.

CALLINC SECUEKCE ­
?

INPUTS -
u.uno - parent proces~ number (process number of proces~ in
core) p.pid - table of nam~s of proc~~ses p.ppid - t~ble of
parents n~mes of processes. p. stc.t cont~ in~ sta tus of
process

o free or unused
1 ?ctive
2 w?iting for process to die
3 zombie

OUTPU?S
r2 used as in~ex to p.pi~, 9.P?id, p.st~t tables
r3 used to kec9 track of the number of children
r1 has oarcnts oroc€~~ nurrber
If zorr.bie- found -' its stCltus p.~tat is freAn (set to 0)

- its name is put in (u.rO)
If no zombies found stntus of narent is ~et to 2

(waiting for child to die)
parentis swapped out
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In U1-G svswrito

FUI~CTIO:J -
nvs~·:rite is qiv0.n ? huffer to \OJritp, ont.0 an outpet filp 2nd
the nun~2r of char2ct0rs to writp. It fi~dG tho file fro~

th~ file ~cEcriptor loc~tcd in *u.rO (rO). Thi~ fi10
()escriotor is returned froIT a succC'::"sful o:)~n or cre?t c?ll
(see ~ysopen or syscrcat). Th€ i-nu~~er of t~e file is

-, .. "
cbtainod V13 rw1 ?n~ the buffer ip writtpn on the out~ut
.c'l ' " , ..
~~ p. v~a wr~tei.

Cl-~LLI~JC SECU~NCE -
syswritc; buffpr; nc~~r

buffr;r
ncharn

INPU'I'S
ten on

loc?tion of contigt1cu~ b),tes to be vJri tten
nurrb~r of characters to hR written

- r1 - cont~ins the i-nuMber of the fj~e to be writ-

CUTPurrs ­
~~u. rO - contains thE number of bytes writtpn
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ID U2-9 an'l!i

Fur:C?IO:·.J -
II ..

an"i is cC11lc>(1 if a fil~ ha ~ DP0n c1('lotr'(1 ~..y:-:ile 00.en.
.. ) II

anvi Chf'C}:S tc !'j00 if sorrecne Al~r h?' s Oi.jr'~0r' this filr.
It. s("arc!1ps thQ fsp t0bl~ for ?n i-nu~'bcr cont:J ines in r1.
I::: tl',C\t i-n';,r"loer .. is fcun:~ (if 8on1,?O~(" 01!:o oppnp'(1 the filp)
the file ~el~tEd fl~g in the u~per byt~ of the ~th wcr~ cf
th'o fs? entry is incrc'T'E"!nted (seE' r, png"P 8). In ether
wcrJs the feleted flag is passe~ onto t~e oth~r entr? of
this file in th('? fs';) ta:")l~. Hote: T'ht"· SnT'"0 file m?,v ?,?pe0.r
rr.cre tllc.n onc~ in the fsn table.
If the i-nurr.br:r is not' fcur.~ in trf:' fE:J tc-clp (no on0 elst­
hR~ op~ned th~ file) th0 corr~~pcnding bit in th0 i-nc~~ ~~D

is clf?re4 freeing t~~t i-nc~e and all blocks relat0d to
that i-nod€.

CALLINC SE("UF~JCr: ­
j~r rO, anyi

Il:PUTS -
r1 - cont~ins an i-number
fpp - start of tahle containing open files
r2 - points to the i-nurber in an ff"!? t?ntry

OUTPUTS -.. ..
celetc2 flag set in f~p entry of anothpr occurpnce

file and r2 points to 1 st '-lord of this fsp entry.
this

if file not found bit in i-node m~p is clerred
(i~node is free0)
all blocks related to i-nooe ar~ frepo
all flags in i-node ~re cleared
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Fu::crrION
~rg extr2cts an argument for a routi~e who~~ c~ll is of
forr:

sys

sys

• i'rout, 00 ;

or
• t' •rou l.ne ;

or. . .rOu l.nc ;

?.rg1

arg1; arc.::-2

R rg 1 ; ••• ; a rg 10

Cl,LLIEG SrCUE::C'S -
j f: r rO, a rg- ; , a ckl res s •

.r.. PGUir::.:::rr s -
'Address' - addres~ in which ~xtracte~ ?rgu~ent is stored

IUPUTS -
u.~?+12 - Contains G pointer to cne of a~g1, ••• , ?r0n. Thi~
pci~tcr's valu~ is actually the valu0 of the up~~te~ ~c at
the time th0 trnp to sysent (unkni) is Mo~E? to procf.')r;~ thp.
svs instruction.

rO - Containf' the return 2~drecs for t""E- routine thht call~8

argo. 'The f!s.ta in thA V7orr} ;?ointer to by t:-:F return ?c"'ress
is used c.s tl:e cH:d.ress in Hhich the extrF' cted ?rc:un'cnt i~

store(1.

OUTPUTS -
'address' - Contrtinf; the extr~cte0 ClrguY:"cnt
u.sn+1P - is increrented by 2.
r1 - Contains the e~{trClctcd argument
rO - Foints to the next instruction to he ex€cutef in the c~lling

routin(~ •

CALLS -

rH1, s·,;l's~:rt, syri1sins, ~ysrndate, gtty, sy'runlink,
sysch~ir, 2rS2, sysbre~k, seektell, sysintr,
E:lSU!~IOU!1t

sysfstr\t,
svsaui t, \_. \
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::-P:L7CTI c:~
'l\~}:cs first 2rg. in s?sterr: c~.ll (pcintcr to ncmp of file)
Cl.n(.~ ~Juts it in loc2tticn u.n2"'\ep; t,:tkc~ 80CO~Y~ nrg ?na pnt~

it in u. off p nc1 on tep of tl1c st? c1<.

cr.LLI::C S ECX'Er:CE ­
jEr rC, arg2

I:';PU'IS ­
u.sYJ, rO

OPTPOTf -
u. naTrep

--.;:u.or ..:
u.off pUShP0 on stack
r1
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I:) t:2-4 error 3

See • •error

..
••

It

It

routine
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I!) t72-1 error .~

Sec:
, ,
error routinp

IIIPDTS

Issue n Date 3/17/72
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I1.:' TT2-1

$(>0

"

"

"

"

routine

I ~ El.1C' n D(l. tc 3/1 7/72 Section v.2 ~?~~ 6



( ) " ..C'ivsn thf:. file ("'''.o.script:.or int3ex to th~ n.f)? li~t f("J(')~E"
" .1:" .f=first gets the i-nnmbcr 0: th~ filt' vi2. get:. I,_ thr

i-ncc1e is 2ctivc (i-nurb€:r /: 0) tr'i(? cntrv in tr;0 ~l.f~ li~t

is clPQ.re::l.. !f 'c..ll the prccesr.e~' thi'"lt op~n(1~ tr2t filr.­
clo~e it, then the fs~ entrv is freed and t~e fil~ is
closed. I If not, a' return.4 is tak~n. If' the file ha~ heen

, (" , .. )....deleted wh11c 0Den see delet~d fl~g F, page E anyi 1~

cr}ll~d to see if anyone else has it open, i.e." ~CP if it
appe~rs in another entry in t~~ fRn t?blc ~sce anvi" for
detdils 1-:.2 P?gc 0).' Upon r€t~i.rn from 'anyi" n check ir.:
~nde to see if the file is s~pcial.

CI\LLI~:~ f.ECt'~~:JCE

jsr rO, fclose

It~I;UTS -
r1 - contains the file dcscri?tor (v?~lue == 0, 1, 2 ••• • 0)
u.fp - list of entrie~ in the fsp t~ble

f8~ - table of entries (4 words/entry) of open fil~~.
( B ee F, po gc 8)

r1 contains the sarre file ne~criotor it
if all processes th~t open file close it,
is freed and the fil~ is closed." ." .. ..if C.nv~ is cFlI10c1· the outnuts in an,!.!'i" .. " .the number of nrocesses hyte in the fs:,
( C'l' f' ,,, Ti' P a ," l':'. 0)...' ._ '-" ,L;, .. ':: c.. ~,.

r2 - contains i-number.

entered 'tvith
tl:e fsp entry

occur ( II. :2, ~c?~ 0)
entry is oecrementen
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ID U2-4 qctf

::'U~~C'lIC1:
" "getf first chec}~s to SEe thCit t.hp lu:~pr ha ~ not cxcpeoec1
t'he maximu!>": nurr}::er of opf'n fj.les (10.) If 'hI.... ha f' an error
occurs." If not, the inaex into t~0 f~~ tnb10 is c?lcul~te~

fro~ the u.fp list~ u.fofp cont~in~ the adCress of thr 3r~

~'JorJ in t1';at fs~) entry. (The file offspt. s('\~ F, r2se 8)
cJev and r1 contain the device and i-number of th~ filp.

Cl\LLI::C S:::Qt~ENCE

jsr rO, getf

I~:PUTS -
r1 contains index into u.fp list

OtJ'TPUTS
u.fofp - cont~in5 address of 3rd word in that sp ent~l.

cdev - cont2ins files op.vice nUrr'b~r

r1 - contains files i-number.
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It It

In ~J2-3 isdir

::'!1l'~CTI ():;
" Itisair C}1E'CJ:S to SC--0 if. t~;~ i-no{~f'? o;',11':~r::; i-lt1r.~l-C"~ j.~ i";'1 r11,
, co ":'l -., -i r c, '0 J- 0 - ., If; t .;,.. ~ n "" r r .... r ,..,~c · reo ...... ,.., c ~ .· ,.. ~ "1' ....... ,...., l' r.1. ... '-. _.... ,-.(~._ .!.\. .1. .1.""', O. t; " 1.-" __ ' .. "', . (. ,-, J

is cG.ll~~; by s~/slink 2nc: s)"r-:unlin~( to M,?'~'(C' sure nir~ct0ri~~

c.re not: lin'·~eJ. If the u~cr is t1:e ~U~j("r user (u. n i.:! =: 0),
"is~~irlt c:ces net botrer cl~(~c;(in(J. The current i-ncc-le is nnt
c1isturb€'d.

Cl\LLIj~C ~~E('UriJCE

jsr rO, isdir

r:':PUTf. -
r1 - contains the i-number whcs~ i-n~~e is b~in7 chpck0~.

u.uir1 - u~er in
i1 - currE~nt i-nc)(1e number
i.flas - fla~ in i-node (this 1s t.p.st~~~ to se" if tnt".' i-nct~E'

is a~directo~y i-node)

CGTPDTS
r1 contC'. ins current i-nurr~)p.r upon exi t
current i-no~e b~ck in core

Issue D Date 3/17/72 SectlonP.2 Page.9



rr' P2-G isot\'n

FU:'TCfJ.~IC"~

"isc\·;n" is (jiven n fils nC!nc. It fines th0 i-nnr"~-'er 0f th~+:
It II " "file via nare! then g~t~ the i-no~c into cere vi? i~ct.

It t1:cn tE sts to sec if thl? user is t::0 p\n)f:r US0r. If net,
it cl,c'c1-':S to SG0.· if t1'!f': user is the Ol,'ner of thp filF'. If

It II

h~~ i~ not, en f:rror occurs. If US'2r is the o.\'ne.r seti.rrcd
i~ c~lle~ to indic~tp the i-nodp has benn mo~ifi~d ana the
2nd argument of the c~ll is put in r2.

Cl Lr.,II'X~ Srctn=>;CF ­
j s r r 0, i ~ 0\-,7 n

It:rUTS -
arguments of sysch~od or syschown calls

OUTPUTS -
u.ui~ - ie of user
imoJ - net to a 1
r2 - contains second argum~nt of the ~v~t~r c~11
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FU11CTIOj'·~

m()l~no::: creates ('.n 1-no(:c ?!1:::1 !Twl~es C\ dir0ct0rr t?Yltr', fo!.'
t~is i-nc~3n in tr,e current di!"ectory. It 0ptp thp rt"C~0 of
tl:e i-no(~e i~ r1 tr:~ n?m2 is nr-o<i in rn.r:s.ir for t1~~:? (-=lir(:\cto!.')'
entry (see ~akdir R.2). Th~ i-no~e is m~~e in the folln~i~~

rr.anner. First the allccfttc fIa:} iR set in the i:'lC('~. l\. ~car.

ofi-no~eG above 0 begins. The i-no~p ~~p is checked to SP~

if that 1-n00p is activp. If it is thA n0xt i-noa~ in thp
bi t nap iF; ch~.'c}~C':-1 until a frpp on~ ir-; founr]. 'If on~~ i~

foun(~ a checJc ip made to see if it ir- ()lrp;v~? Glloc~.tC'(~. If
it is, the search continues. If not th~ i-nurr:hcr i~ :-'ut in
u.air bit ?nd a dirpctory entry is tn(~.('e vL~ rnkdir. 'Then the
new i-nod0 is f0tched into core and itR p~r~meterR ar~ set
(sec output:.::).

CALIJINf: SECUB17CE ­
j [~r rO, mkno()

InpUTS -
r1 - contc~_ins mole ii - cl.lrrp.nt i-num')pr - choul., be ~t t~~

currpnt di rectory n~q, r? 1;1 t pos i ttO!1 ~{ bytf?' c'H"~ r0 S~i in
i-no._~c' ~ap

OUTPUTS -
u.e'!.1.!'but - cont?_inR i-number of fr8(':> i-nod~

i.flgs - clag in new i-nod~

i • u i 1-1 - f i 11.0d \.>7 i t ~ u. 11 i -1
i. nl'cs - 1 is put in the number of 1 i 1,JeS
i.ctim - creation time
i. c t:i. rt1+2 - medifi cati on t:i.rne
imoJ - set via call to ~~ti~e~
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ID '02-2 ml~dir

FUFC'I I Ot,:
" "m}<dir mnJ,:CS a directory entry fro!'l thr nCLr1~ \".":ointcc1 to h~"

u.un:}rnci:) into tl:e current di:t.'(~ctory. It fir~t clt':"l('lrs t1-~c.... "lccutions u.(lir~uf+~ - u.(1irh\.~f+10. m},:cir th""n mo·.."cs ('.
character .:1t a tirrr: into u.dirbuf+2 - t:. ,"i r 'l..)'lf+1 0, c::C'c~:in!~

h t · .;. r" ro ("'. r:, • r. t"\-· h':"\ '-, 't . ro It /" 'f f i . ~ ~ ~cac ~LlC __ ~-' ,,),_,- 1..L .E: C ,r,. c er 1..) c • ..I- _ ~.~ ••, .•

"/"error occurc, 1:::ecaUBl? s1~ould net 2~pf"~Clr in ~ ,:1iroct0ry
n<: me.
I point(~r to c~n erppt)' c11rE.:ctorir slot. i~ trLen
The currf:nt dirp.ctory i-node i~ 'brought intc
entry i s ~..;'ri ttpn 'into the diroctcry.

p n t in ,~ •of f •
ccrp C\ n~ Rn

I:JPC'I'f ­
r2,

r3
ii

u.n?mcp - points to a fil~ n~me t~2t is about to
become c director~ entry.

points to u.dir)uf loc?tions.
, ,

C\1rrent directory s i-nu~.ber.

OUTPUTS
u.dirbuf+2 - u.oirbuf+10 - contoins file name
u.off - points to entr~/ to b0 filled in the curr~nt dirr-ctory
u.b2se - points to stnrt of u.dirbuf
r1 - cent~ins i-number of current dirpcto~r

See wlir fer others.
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ID t72-4 namei

~t'~:crr'IC~:

" ." (nar:;c~ t2l'~<"2G 2. fi 10 p;'lth n('.me c,(l~r0. ~r; of
u.ncnncp) anel 51~2X"ch.;"s the clJ.rrcnt dircctor~r

dircctorv (if the fir2t chRr2ctcr in the ~trins. • .,. ".,
0y u.:l2.mep ~s a /) ("1':,). returr-s the i-nur-'bcr
in r1. narr.ei oj;1er2 tes in tho follov.:in:; r2!1ner:

~tri:iS' in
or t."'~c :"0 ct
~oi~tc~ to

for tnt file

A file I:':ay b(~ referenced in one of t;,rc \':2.y~; either rrlativr­
to t:le users directory or relativ(3 to the rc.·rtflir (~ir0ctorl;

in the spconC case the ~ile path name ~u~t h~gin wit~ the
char /. l ...7henevcr a / i~) enco'l,ntersCl i!1 ? 9c,th na~c it il1c1i­
catr~s that trH:: charnctpr~ pr~ceeQing it rf'0rescnt thE" pC'th
neme o~ a directcry, and the file namp following tne / is
stored in thnt dirpctory.

LirectoriAS CO:1tain 10 byte entries, t11C first 2 byte~ con­
tclin an i-nu!T1b~r, the l2.st F bytes ;; fil~ V'~r~ ?ssoci0tf"'~

h'i th t'hc i-n,,-:r.-:b~r.

"/" ,na;-nei scans thE file P?t~ n~Fe l1nt:il it rF'~che~ C'l or'n
nul it rec..cs the current r).irectory until it finnD 0 fil~ l"l?!""C

whic'h I':'.atch0.s t1"1E' scanned portion of the fi Ie ~.?,t1-] n0l1"C.

When a match is found, t~e i-nu~ber is taken fro~ t~p

mntchec1 di~2ctorv entry. If nD.mei has sc~~nce to c, nul t1~en

th0 i-nu~bcr is that for the file snccified by the filr p~th

no. me. I f no rnei sca nned to o. It /" then the i-nu!!''::er is t1:.a t_
of the next directory in the ~?th. na~ei sc?n~ th0 fi10

.. . l' . '1.... - "/" I f 1p~t~ name unt~ ~t re~C;les a or a nu ,etc. If no i e
is found. return to nefi Ie; otheI\...~i8e norm?,l.

C)\LLI:·1(" SECUZr:C~ -
jsr rO, namei; nofile; normal:

I~'JP0TS -
u.namep (points to a file path name)
u.cdir (i-nun-ber of us:-::r2 Girectory)
u.cccv (c10vice nurrber en Hhich user directory resides)
r1 cont? ins the i-nu!7'bC'r of the C\lrrc~t ("';.irc-ctory (u.ecir)

OUT~"UTS

r1 (i-nu~her of fil0. referenced by file path na~e)

c::cv
r2, r3, r4 (intprnal)
u.Oirb - points to the directory entry where a match cccur~

in the ~e~rch fer the fil~ path naMe.
If no ~?tch u.dirb points to the end of the
,~irectory anc
r1 = i-nurber of the current ~ir~ctory
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ID U2-2 c00ktell

I'U!:CTIO::
sc.o1:tt;11 puts tJ-:c arg'J;:'r.;nts froi-' a sl~r:-:.e?k ?nc sy~tell c~ll

in 'c.b:1sC un,:' u.count. It t'1Gn g0t~ thp i-nurr'ber of t1~(;

file fr6m the file ~ercrintor in *u.rO an~ hy cnlling g~tf •
'The i-node is brotlS}:t into cor~ 2:1(1 t~e:;:1 u.connt if': c1:0.ck~:/~
to sec if it is ~ 0. 1 or 2.
If it is 0 u.count stays the ~amE:

1 u.ccunt = offset (u.fofp)
2 u.count = i.size size of file

CALLIl';C fT'Ct"E:JCF ­
jsr rO, 8eektell

Il:rU'IS -
u. ;')28(; - ;Juts. offset from sysseek or ~:,rstel1 cell
u.count -.,ut pfrncH':"p fro!"!" f:'l~sE'~l( or ~,,~tel1 cAll
·:;'u.rO - co~ti:'1ins file dr:pcriptor (inrip.x" to u.f? li~t)
i.size - size of fil~ in bytep
*u.~ofp - points to 3rd word of fsp entry

OP7PUTS
" "an i-no~e in core via iget

r1 - i-number 0= file in qU0sticn
u.count - see function above

!~r't~t'"> D DC't€' 3/17/72 Section H.' 'P~ ge 14



FU::CTIO:1
"sys:")rCf-l.~~" s c: ts th("l(.~ pro(;r;v.... s '..,rc.~~~:70 tnt. It Ch0C:~~ tr~
currrnt brrak pci~t u.~ren~) to ~ee if it i~ hebT~pn cere
- ....,.:,! t'l-·t:> ... t -'. c 1·• ( C"'1 ) I.t:: i' t ; ~ ; t .; ~., r,.1~ ri r.·· .~ n t~V""~.: "". c~ ~ ,., rp_· .~..~r.:•• ~._. ..'-: ".' ';l ,,',- L·;:. _. ..&. ••.• , _ ~ .J"... ,'._ \:.~,. __

( ';f "~ ..··af"" ,-../.,.,) ~n...r, ~""e Clrr..-; ' ... ('~'l:/l,...r--'n ".',··.·,r.c.~' ..~ ~.1"(~., t'...... 0. ("'O .... -lC',..... .J- 1_ \, .. .:.,. .. •.• '. (..< \. ( ~. l.. .. co c. .' -' .:.. ~. ( <."; ,-; \., _ ~-:. _ _. I. • _ .:' ~ (' • J "

is clpc~red. The nC:v7 bror)1:point i~ th0r. rn~.t in u.br('l(l~ G~·4
" ncontrol i~ ~~E8Cd to sy~ret.

l\:Rru~l":"jiI' S
8.d.dr ?dc1ress 'of the nevi breAk ooint

It7PCTS -
u. hrc~}( - tl-:Je> current breClK point

OUTPUTS -
1J.•hrr0~: - cor:.ta ins ne~,' '):!:"CC1J-: point
;->rc2, :)ct~:'(;r:n ol(~ u.br02~< une. st?C t,: i~ clc'~~0~ i= n.11rf."'?1·: is

" " " "l·('t~:; (~('n core C'.n',' thr-~ stn c}~ sp.



s~'''f"'cL~~ir mnj:e~ the -:1ircct:ory !3:::ccifie2 in its a:-..}\17:"!!~nt thr:
curr ~= :1 t \'Jor1: inc; cl ire: ctor:r •

:::;ysc hc1 i r; n~_ !-::c

l'lr::rT);-::::rrr f- -
nurne - ac1clr0sr: of the ['>?th n(u~:p of a dir0ctory temin?tec b~;r

a nul 'nyte.

i.fIgs - i-ncd~ fl~g

r1 - contains i-number
cdcv - contains d0vic~ number of i-no~p

OUTPU?S -
r1 - cont2ins i-nu~b~r

u.ccir i-mlmber of users currpnt director{ (s~~e as r1)
u.cdev - device: nUfr\ber of current direct.or"

!SPUG D Dat r - 3/17/72 Section H.2 Page 16



ID D2-2 sy:::c;"cc

ru~·;c'II ON
syse~cc initiat~s ex~cuticn of a file whose path n~~n if.. "pcintcd to ~}y name in tre svsc:xec c011. s?se~"ec p0r:cr'''ps
the folloHin; opE'rRtions:

1 • obtains'i-nuTTib0r of fi.10 to be exeCt1tc~1 viCl " It
n:'.~ci •

obtains i-node of file to be execute~ via
It ..

iget •

3. S(~ts t#rFl~) vectors to :::y!-:'tE:'rl routines.

4. loarlS or,;;ulfc>nts to be p('l.sse~ to executing file intc
hiqhcst loc0tidn~ of uSF·r' r~ cO!'0..

5. pnts ~)ointers to 8 rguments in locCltions imT'ieaictely fol­
lO~'11:l~f arguments.

6. ~ave nusher c~ arguments in next location.

7. in1 tializcs tH~c:;r' 8 st(j.ck area so thot all
be Z(' r0E:':-; ?:l:"~ the PS cleare;:=1. r:1nl~ th'-"' PC st':?t
:'~\TC'~c"t rc"'store:-o Yc:.!gistc·rs 2.n(~ GOc,s an rti.

9. ::.eros 'J8~r'S core do~·;n to u.ro.

registE=:rs ~,]ill

te":' corp ~<r1-'e~

10. r0a~s in executahle fil? from stor~ge device into cor~
.. It

Ftarting at loc~ticn core.

11. Ects u.brcnk to ?oint to ~n~ of u~?r's

arE: () a P~.) en~~ ~:c •
A"" .... ..,
" . \. t ,_,",~.

" It .. ..
12. c~lls sysret which rcturnR control ~t loc~tic~ cor0
via rti instructicn.

continuPG on p~gc 17
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I I
I I1--------------1 corp
,--------------

zercs

•
•
•

•
•
•

zeros

(u.sp) = (sp)
o

•
•
•

<••• \0)

(v.rO)
o

co!"€'

, 0 I

--------------1
n I

--------------f
argp1 :

--------------1
•
•
•

argpn

argp1
•
•
•

-------------- argp2
•
•
•

<••• \0) •
•
•

I ---~- ...--------­

f-------------- pearp.
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CI!.LLI~~(, r:I:'QUEFCE -
svs exec; ndr"~p; 2::gp

l~:<C t;1·:D11T S -
n~·\=~-.cn (~)oint~ to file p,?'..t~·l n2r:'1e of file tC' 1;p o:-:ecutC'('
ar~n (n~drpcs of t?ble o~ argu~ent point0r~)

ar~~1 , ••• , argpn (table of nr~umcnt pointer~)
0.r'j"')1: <••• el

), 0r'~~E)2: <•••0), ••• , ~r';pn: <••• 0> (arrjument
C'-t.,..i n,-·-r< )....., .t.. _ ....; ,;..

I::PtJrrs -
na r:-:cp
2 rSL")

OU'IPUTS -

!~SUE' n Df'-tc 3/17/72 Sect1onH.2 Page 19



In U2-~ nysf~tat

rrr~cr;IC:1
" "... "" .sysfstat 18 1d0nt~c~1 to svsst~t 0XC0~t t~~t 1t 00or?tn~

en open fi.1AS instead of file!? C;iv8n by nfl.T-r.0. It !.:n~tr th~

'buf:::er c-~-'!dr:~ss on the F:tc.ck, gets the i-num'bp.r ?no chr-:C;~2 to
2 ec if thr: fi IF; is. o:)cn -:or r~~n.din; or \·~ri ti ng. If th0 f.:i.l~

is 0FH:n for \'~riting (i-nur:';sr iF: neCjitiv€) the i-num1')er is
set positive an~ a hranch into sysstat is M~~~.

C.~LJ..,IEC SECUEl'~CZ ­
s~"sf ct:R t; buf

J\'?CU~'~El1T

buf buffer addrRss

It:PUTS -
(u.rO) file descriptor

OUTPt"T0 -
buffer is loaded with file information.
gr~rr~ers ~anual under ~ys~tat (II) for form~t

S~("3 U:-TIY Pro­
cf t'hr-> 1::-tjffpr.

Issue D Date . 3/17/72 Seet10n H.2 Paq~ 20



11" 1J2-0 sYG<]otuio

~'lJI:crrIon
It It

sysgctui(1 returns t11P reG1 u~er ID of tl:e currcr.t ~r()C0r;.~.

The re~l URcr ID i~entifie~ the p~r~on w~o is lc~ge~ in, in
contrc.1Ji~t:i.~ction to the cffectj.vc n~0r In, r-Jhic'h 0cter""'ine~

hir3 aCCf~ES ncrr~iGr:ion ;::It e2ch ~or:":cnt. Tt in trns UGcf\'1 t~
- ""

progrr:u~s ,·~hich operate using the set u~pr ID moCl~, to fin']
out \-1ho i:1VO:~E':1 t:ler:h

Cl~Ll,II:G £ECULt-:CE
~Y8CJe tui(1

INPT:rTS -
u.rui~ - r0al users id

O'JTPUTS -
(u.rO) - cont(l.inr~ the real ll~Arr, ide

Issue n Date 3/17/72 I.·.,ft... ......".•.'...•uft....i'.... j·••.••~.....,...., a.A.~lr~~~~:I,.,:'.



ID U2-8 sysintr

Ft~J:CTIOi:
" ..
sYf)i~1 tr f) c'ts -t~1(~ i nt0r.r.U";."t hand 1 t ng "vc- lup.. "It !')uts t110

() r~;lL"'l :::nt o!: 1 t::~ C,- 11 In n. 5.l1 t r. s~/s i nt::r. tl'~~n hr~ nc'y~ ~.. ..
into t.:·l;~ sys(}uit: routine. u.tty is Ch0Cl:r:: tn ~('(' lC .1
control tt.y e)!.ists. If on(' 00es t'h.? interr'l~)t chBr2~t.P.r. in
tLr; tty '')uffe~ i~ clcn.r(:~1 0.nd sysret j.~ c.:'\J.J(·~:"1. If on'? C100.n
not exist sysret iR just call~~.

CJ\.LI,L~K· SEceENCE ­
sysint1.4

; arq

l-r:~C r.JT;-~l:T

art] if 0, interrupts C~SCII n1·~L1~TS) C.rp is'norl-d~.

if 1, int0rrll?ts caus~ their norP"'r'\l r0.r::ult"~,

i.~., force an exit.
if arg is a lo~~tion within the pro~r?~, control
is 9nSsed to that location Hhen nn interrupt
occurs.

I 1,:1' t'TTS -
u.tty pointer tc control tty buff~r.

OU'TPUTS -
u.intr ha~ v2.lue of arg.
(r1 )+5 (interrupt char in tty bUffer) is cleared if a
control tty exists.

::SGue D Date 3/17/72



In U2-1

syf'lin1-: if:) r'i·l(~n t:::,o 8.rsume:nts, nt'.mc 1 ~~O n~.mc 2. n2~(' 1
i;, a file t~'lat clrcG.dy existr.. nC'.:-c 2 is tl)c n2rv"' sivcn to
the ontry tLc t \-;i11 qc in tr-:r; currc:nt t4ir0cto:-y". ncm~ 2
-,jill t1-;,cn be a li:'1R to the narr.E! 1 fil~. Th~ i-nt~!""'ber in t~.c

no-me : 0ntry of t~t? current director? is the Sf1ee i-nu~b0.r

for the. n2.r.e 1 file. ,.~t the end of a syslink c?ll th(; fol­
lo\·:ing Atructure is constructed.

--------------1,

current
directory

narre 2 entry

some ot'her
cl i rc etc r~.~

name 1

C2\.LLI1:C S:SQ\;:SHC~ ­
c:n:.:lin1(; name1; name2

i-none
::or

nome 1
file

----------1
net T"":r" 1 f
file f

I
I,
I,
I,
I
I
I

----------1

li'2G UToIoENT S
:1c..... rr.c 1
name 2
name 1.

Il-~PUTS -

file name to which lirik will be created.
nu:.~o of entry in current directory thct li~k~ to

points to the arguments above.

CU'IPU'I'S -
entry in the current ~ircctory with n~me, name 2.
r1 - contnins i-number of name 1 on ~xit and i-number of
current directory intermittently during subr.
i.nlks - incremented by 1 to indicate anoth~r link ~dde~.

irroC - set by call to setiMod.

I s sue D Dnte 'S /17/1'2



":'~-'r"'''''''' r,'"f_ '.... .1. ......... _.J". ......, .....

syr:""!.ui t t urn~ off t:-.0 qui. t s is;n0.1. It put~ t'!':c a rS"n["\o~t. c:
t~··r. co.ll it: u.rjui t. u.'tt·," i~ Ch2Ck(-':~":I. to sc~c if ~ control
tt.\9 e=~i8t.~. If one (:locs, tl:c interru?t ch:,:r?cter in t:-.e tt../
buffer is clct.rcd ctnJ s'{r.;ret is cdlJ. pC;. If on~ coe~ rlot
n:·~ i s t, 8 '.n~ r 8 tis jus t c all ec~.•

Cl\LLI:;C S =C!J:~2~CI: ­
sysqui t; arg

l\ !.:'C U' :E~'iT
o.rs if.O this call di~ablcs <]uit signC'12 frorr' the tyn0\.rrit~r

(l'SC 11 FS·).
if 1, c;t1it~ c-re re-enabled ?nd CG.U~0 executicn to ce(1~("

and a co~c i~3S~ to be produced.
if en 2cc1rc:·ss in the9rograr" c quit cGuses control to
be cent tc that loc2tion.

u.tt', pointor to centrol tty buffer.

u.0uit
(r1 ) +G
trol tt~,

r.a s v2.1 ,_~ 0 of ;:-r:-r
(i:1terrupt ch(' r i~ ttv buffer)
e~{ists •

is clc~rC'c1 if 0 con-

Issue D D".tc 3/17/72



II II

fcc sysret routine

"Cl'.LLI::C S!~C:U~:JCE

It

..
I:.:1' ~JTS -

..
OL'TPUTS -

Is:~ue n Date 3/17/72



!~ V2-1 ~ysret A

.. ..
reG sysret routine

..
"

"I~:PUTS -

It

CU~PUTS -

IS~lJ(> n Date 3/17/72



11-', TJ2-1

" "Sec sysrct routin~

"

"

"IHPUr;."S -

..
OU'IPUTS -
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ID t:2-C' syssc01~

FU:~CTIO:J

CV::::r:cc),~ c11"n?"es t.hl~ r/t",'?cintGr (3rcl ~·.7crc' in ~n fc:-, c~ntr~~')
of C.n o!.)cn fi Ie ifhcs c fi Ie; dc~cri?tor :ts in 11. rO.

Th:) file
~·~ri tint~r.

follcr.·;s:

fcscriptcr rcfprs to a fil0. O~2~ fc~ re?nin~ or
r2rie r0ac~ (or pritc) pointer fer the :':i1e ir: ~0t ()~

if ptr~?~c is 0, the point~r is set to offset.

if ~trnarre i~ 1, t~c ~ointer is set to itr current loc~­

tion pl~s offsdt.

if ?trna~e is 2, the ~ointcr is s~t to th~ size of t~e

file pluG offset.

T?1e error bit (c-bit) is set for an l1joefine0 file
d ~[~c ri:)tor.

Ci,\LIJI1X' ~ECt"Er1CE -
5'l~~eeJ":; offset; ptrnarre

P?Gu.~:;,r:TS -
Of::G0t - nurl'1rJer of bytes desired to move the? r/H pointer ~y

ptrn~~e - a Gwitch in~icatce above

I:rpVTS ­
u.'!Jasc:
11.c~unt (S ec s ee}-:.tell )

CUTPPTS -
u.fof? - points to the r/V7 pointer in the fsp entry.
Tl:8 r/~·? pointer is c:1anscd according to offs(;t and ptrn?cT"'e.

Dc-.te ?/17/72



::T"t:7r, 'I J:i")I:
"t:"'"trf':''C'{---i·'' _.' ..t~ .... hi:'· c- , .... ",.. .J: ~ f~" T-4 .... t'.·",,,,,,

•.4 .... -'-< - '.; c..... _d·. ..: '. \......... 0__ •. • •. _0. • ._ ..:~... r.. :'S~.lr:p-n ~S C1 re .<.

:12 n-:c: C~:: tllc fiJ..-~ 2nd n 'buf:'::cr nd.dre;)s. The 'huf:r=..- t" :i.~ 34.
";:,,·,t~.:.::~ 'len:::- :tn:~. inforr~::.t.io~ 0~')OUt t'he fi1.s if: l')lt~~~~ jn it... --""
::~~;,;:-~~~.:: t c2'.ll~ n;:H~t'";i to cot the i-rJJ!71',,;("'r 0:: t~~y,\ filt:'. Then
".; /~ ,- -I- " oj r'" .... 1' ~,·1 t rr (' t J t'" .; c"'· · c Th h J: f j~ __ "\... ....... CC _~·.L 0 '.;;.. LG ...-n ··0 1.n ~orG. .E' JU;:-I"">r .r-
t1";c~ loo.(~ef.. 2ncl the rt2sults arp. given in the U!~IX Pro­
Src:mrrcrs !'~0nucl ~~ysst('~t (II).

C?'<LI.I~"(, [I:QT'!'E:~C:S ­
sYFrt~t; na~c; huf

nC!.!fC - ncints to t}".e nn!"1~ of the file I

b1.1f - ~dclrf?~s of (1 34. byte buffer

sp co~ta.ins the adc=eEs of the bvffer
r1 i-nurbcr of file

OUTPUTS
buf::cr is loaded t·lith file information.

I~su~ D Date 3/17/72 Section E.2 Page 29



10 U2-9 sYE~etuid

::;"JI:CT:i: C!:.-
.. ~",r.·~(;,t'\'1.·".," t t1 ' 1 l' 1 oF t'h 1- ........ 1 •.•• _J.,. SIS S ~-,c user ~:~. n.t J.C 0.... 11e curr~?n .... proccr-s .~O

the ~rOC0SS 10 (u.rO). ~oth the effnctiv0 u~er an~ u.ui~

:J.n(l t1-:C' reC'.l user u. ruic1 are set to this. Only t:-;.0. su~~r

',12(: 2.n:~ rr.".~<:.c t~'lis (:2.11.

Cl\LL I L<T~ S Z CU::i'~C ~~

sys;-:e~ui::1

INPUT~': -
(u.rC) - contains the nroccs~ 1d
u. :;-UJ.U - rca.1 user id
11. uic1 - r;ff cct.i vc. current usr-.r id

OtJTPUTS -
U.;:UJ. .. - St:?i: equo1 to tIle process id. (u.rO)
u.uid - set eq~al to the p~ocess id (u.rO)

\
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ID U2-7 sy:::r.tirf'8

IT'::C?IO:.:.. ..
S~/;::~)t:L'I~c ECtC t~~;(' tj.De. Onlo;r the s\.~~cr u~~r can usc this

c~.ll.

Cl.L:.JI::C :i'C'U=_~:;C~~

c"\7 r- c t i ~~1 r:

Il~Pt;'IS -
80+2, S?+~ time 3Y8tc~ ic to be s~t to.

Issue D Date 3/17/72 ~ection n.2 Page?1



I I:· r) '2 - 7 S· r ~ t i r-(~

::-'iJUC'rI O~~
.. • If

[;~.rst::Lr~)r;? s.:cts t,}i_C t.iF:C of t''":(; lr/?;1.r. T:'1r: n::'C~~c:~t ti.mp :i::
p·ut en J:'h('~ r: to_C~'-:.

syst~r.e

l:.FG Ul-:2E'f S

Il~Pf~7'I':; -
s.t~:-~2, s.ti~-c+2 - t')rE'·scnt tirre

OUT~;UTS -
sp+2, sp+~ - present ti~p

I~suc n Date 3/17/72



f.~'..lFunlin}~

r:_J17C f.r:c C,17
" "sy~·;unlin~·: rc~;'cv(-:,:!:" thc,-.::ntry for t110 file point("(l to ".)~~

na:~.e fr~~ its (~ircctory. If thi~ t.!~try -::7·~~ thr; last lin}". to
t ·h ..... .f':; 1 r- J-f,..t"';, c .....'"'~,., ...... tr" c.c -+''\--,n .r-;lr.- ~rn +r'"'='n(' ,'I"\'~ .L-~r> '7; 10 i;".:.",t,; _ ... _~. t '- ..... '.; 1.,J•• ,-'._:~.... J_ ..... J. ... ~ J...L t,,, c.-.:.. c; J_.C;~ .• c .• .1.... ~i.l ......... .- •. ' •

Cestrcycd. If, 11o~,;e.vE'r, the fil~ ~'7c:: C;~0n i~ en:" r'roc~ss,

the ~ctu~l ~e~truction is ~Alayed until it is ClOS0~, ~vcn

t~ough the directory e~try has ~isa?p~ar~d.

The error bit (e-bit) is set to in~icotc t~ht the file Goe~

not exist or t~at its ~irectory cannot he written. Vrit~

pcrmiosion is not rC0uircd on the file its0lf. It i~ ~1~0

illegal to unlin1( 2 directory (e;{cE':pt ::or thp Eupcr-uzcr).

Ci~LLI::G r.~C:!UE!1C~ ­
sysl~n}:; n'."t"IC

name r:2~e of dirpctory entry to be rerr'ovec1

u.na~c? - points to ncwc
r1 i-num~)c~r 2',~SCCi~ltsd Nit:: name

C~J':rrU7S

i.nlJ~s - nup:l"lcr 0= lin}:sto fil~ gets dccrcITcntef.!
u.off - gets move0 'bac~: 1 directorv entry
imod - gets set by call to setimod- .
if name W2S last link contents of file freed and file des­
troved .. ..
entry n2.r.:e in ;~irectory is free (its first \'7or(1 that u~u-

c..1ly ccntains 2.n i-number is zeroed.

Iecur; D Dctr.- 3/17/12



~'~hos c
t,?ri to

i-nu!-:":bcr
2. director:/,

is in 1i.
into thp cllrrr:nt r::ir('ctor~r

Cl~LLI~·:C [:=Ct'~::.:Cr: -
jsr re, wdir - ~~ syslink
fcllo'ds !"'1Xdir -:-1ir:-~ctly

Ii\Purrs -
u.:~ir;)u:: - ::::Jc1ress of uhcrc nar:-:8 of ('ir~ctorv is }(Apt
1i ~ont~i~s the current dircctorips i-nuMb~r

OUTPCrJ.'1S
an ~~trv in the current nirecto~'

u. ')2.Sf'~ - points to u.rJirl'nl~

u.count - = 10
r1 - contc:ins the currE:,nt c1irE:cto~r'~ i-nur:1hcr

12~ue n D~t(: 3/17/72



UNIX IMPLEMENTATION

ID U3-3 clear

FUNCTiON -
clear- zero's out a block (whose block number is in r1) on

~he current device (cdev). -clear- does this in the follow­
ing mannerz
1) 'w slot' is called, which obtains a tree I/O buffer (See
'poke' B.S, paqe 5) via 'bufaloc'.

Bits 9 and 1S of the 1st word of the I/O queue entry are set
to set up the buffer for writing_

2) The buffer 1s zeroed and wri tt.en out. on the current dev­
iee for ~he block (indicated by r1) via 'dskwr'.

CALLING SEQUENCE ­
jsr rOt clear

ARGUMENTS -

INPUTS -
r1 - contains bloek number of block ~o be zeroed
cdev - current device number
rS - points to data area of a free I/O butfer
See inputs for bufaloc, wslot. dskwr

OO'1'PUTS -
a zeroed I/O buffer onto the current device
rS - points to lsst. entry in the I/O buffer
r3 - haa 0 in it. It counts tram 256-0. It 1s used as
a word counter in ~he block.

I.sue D Date 3/17/72 ID IMO.1-t- S.e~lon B.3 Paqe 1



UNIX IMPLEMENTATION

ID U3-3 cOPyz

PUNCTION -
clears core from arq1 to arq2.

CALLING SEQUENCE
jar rO, copyz; arq1; arq2

ARGUMENTS
arq1 address of lowest location in core ~o be cleared.
arq2 - address of highest location in core to be cleared.
arg1 < arq2

INPt1l'S -
ro - return address for the routine calling copyz. It is
used to access arq1. then arq2 and, finally, set to the
actual return address of the calling routine.

Otrl'POTS -
rO - points to the next instruction to be executed in the
eall1nq routine.

ID IMO.1-1 Section H.3 Paqe 2



UNIX IMPLEMENTATION

ID U3-3 idle

FUNCTION -.
idle saves the present processor status word on the stack

then clears the processor status word.
elockp 1s saved on.the stack. It points to one ot the clock
cells in the super block. elockp is then made to point to
another set of clOCk cells specified as an arqument 1n its
call.
When an interrupt occurs clockp and the processor status
word are popped off the stack thus being reset to their
values before the call took place.

CALLING SEQUENCE ­
jsr rO, idle

ARGUMENTS -
s.wait + 2

INPUTS -
ps - process status
clockp - clock pointer

OtJTPt1l'S -
ps - restored to oriqlnal value
elockp restored to orlqinal value
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UNIX IMPLEMENTATION

ID U3-3 putlu

PUNCTION - ..
pu~lu 1. called with a process number in r1 and a pointer
~o the lowest priority Q (runq+4) 1n r2. A link 18 created
from the last process on the queue to the process in r1 by
pu~tin9 the process number in r1 into ~he last process·s
link. (The last process·. number slot 1n p.llnk.) The pro­
ceS8 number in r1 18 then put in ~he last process p~8ltlon

on ~he queue. If the last Pio~es. on the queue was Land
the process number in r1 was n then upon return from putlu
the tollow1nq would have occured:

runq+41-----;------1------------1
I---~~---~~-I--~--~~~~~~I.. ..
prev10usly held L

ARGUMENTS -

INPtn'S -
r1 user process number
r2 - points to lowest priority queue

1-----;------1 p.11nk + L-1

1------------11 byte 1n lenqth

OUTPUTS
r3 - process number ot las~ proces8 on the queue upon

enterlnq putlu
p.l1nk-1 + (r3) - process number 1n r1
r2 - points to lowest priority queue
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UNIX IMPLE~ENTATION

ID U3-2 rswap

FUNCT10N - •
rswap reads a process, whose number 18 ln' r1, from disk

into core. 2· (the process number) 1s used as an index
into p.break and- p.dska. The word count in the p.break
t.able is put in the 3rd word of the 8wp I/O queue entry.
The disk address in the p.dska table 1s put in ~he second
word. The first word of the 8Wp I/~ queuf entry 18 set up
to read. (bit 10 set to a 1) and ppoke 1s called to read
the process into core.

CALLING SEQUENCE ­
jsr rO, r8wap

ARGUMENTS

INPUTS -
r1 - contains process number of process to be read 1n
p.break - table containing the negltlve of the word count

for the process
p.dska - table conta1ninq the disk address of the process
u.emt - det.e~m1nes handlinq of emt#s
u.11q1ns - determines handl1nq of illeqal instructions

OtJ'1'PtJ'l'S -
10 • (ilq1ns)
30 • (u.emt.)
swp - bit 10 i8 set to indicate a read (bit 15.0 when reading­

is done)
8wp+2 disk block address
swp+4 - neqitive word count
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UNIX IMPLEMENTATION

ID U3-1 swap

PUNCTION -
8wap 1s ~he routine that con~rol. ~he swapping of proceS8es
in and out ot core. It works 1n the following manners

1) The processor priority 1s set to 6.

2) The runq table is searched tor the hiqhest priority pro­
cess. If none are found, idle i8 called ~o wait for an
interrupt to put something on the queue. upon returning
after an interrupt. the queues are searched again.

3) The highest priority process number 1s put in r1. If it
1s the only process on that queue the queue entry 1s zeroed.
If there are more processes on this queue the next one 1n
l1ne i8 put in the queue from p.link (see F, page 9).

4) The processor priority is set to O.

5) If the new process is the same as the process presently
1n core, nothinq happens. If it 18n#t, the proceS8 present­
ly 1n core 1s written out onto its correspondinq disk block• •and the nlw prosess is read In. wswap writes ou~ the old
process. Eswap .reeds in.th, new ODe. For more informa­
tion see wswap. rswap, unpack and p17 of Implementa­
tion Manual.

6) The new processes staek pointer 18 re.~ored. The ad­
dress where this procesl left ~ff before 1t was swapped out,
1s put 1n rOe So when rts rO 18 executed this new process
will continue where it left off.

ARGUMENTS ­

INPtn'S -
runq table - contalns processes to be run. See F.
p.11nk - contains next process in lone to be run.
u.uno - process number of process 1n core.
s.stack - swap stack used as an lnternal s~ack for

page 9.
See P, page 9.

swapplng.

OUTPUTS -
present process to 1ts disk block
new process into' core
u.quant • 30. (~ime quantum for a process)
u.pr1 - points to highest pr10rity run 0
r2 - points to the run queue
r1 - contains new process number
ps - processor status • 0
rO - polnts to place ln routine or process that called swap
all user parameters
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UNIX IMPLEMENTATION

ID 03-1 t8wap

PUNCTiON - • • •
tswap 1s the time out swap. tswap 1s called when a user

times out. The user 1s put on the low priority queue. This
1s done by makinq a link from tbe las~ user on the low
priority queue to him via a call to putlu. Then he is
8wapped out.

CALLING SEQUENCE ­
jar rO, tswap

ARGUMENTS ­

INPUTS -
u.uno - users process number
runq+4 - lowest priority queue

OUTPUTS ­
rO
r2

users process number
lowest priority queue address
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UNIX IMPLEMENTATION

ID U3-2 unpack

FUNCTiON - ..
unpack unpacks the users stack af~er swapping and puts the
8~ack in its normal place. Immediately after a process 1s.. ..
swapped 1n its staCk 1s next to the proqram break. unpack
move the stack to ~e end of core... ..
If u.break is les8 than core or qreater than u.usp nothinq
happens. If u.break 1s in between t.hese locations, t.he
stack is moved from next t.o u.break to its normal location
at the end of core.

CALLING SEQUENCE ­
jar rOt unpack

ARGUMENTS ­

INPt11'S -
u.break - users break point (end ef users proqram)

OUTPUTS -
st.ack qets moved if proper conditions stated above are met.
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UNIX IMPLEMENTATION

ID U3-1 wswap

FUNCTION - "
wswap writes out the process that 18 1n core onto its

appropriate disk area. The process stack area is copied
down to the top of· the proqram area to"speed" up I/O. The
word count ls calculated and aut In. swe+4 & The disk ad­
dress (block number) 1s ~ut in 8!fi)+2. swp 1s set up to
write by settinq bit 9 and ·ppoke" is called to initiate the
writinq. The area from user to the. en~ of the stack 1s
written out. The I/O queue entry swp 1s shown below just
before the process 1s written out by ppoke.

constant

I-b~-g-;~;-~~;-;;-;;~-l
I-~~~-~-~--~------~-~---~~~~I

I---~:~~-~:~:~-~~~~-------I
I neq. word count I
I~;:;-(;;;;;;;-;~;;:;;-----I
I writinq from) I
1... -1·- • "~-----'-"'-~--"---""'-"-""""--I

swp

swp+2

swp+4

swp+6

When the writinq i~

done, bit 15 is
cleared.

ARGUMENTS ­

INPUTS -
u.break - points to end of proqram
u.usp - st.ack pointer at. moment of swap
core - beqinnlnq of process proqram
.core - end of core
user - start of user parameter area
u.uno - user process number
p.dska - holds block number of process

OUTPUTS -
swp I/O queue (see above)
p.break - neqltlve word count of process
r1 proeesses disk address
r2 - neqltlve word count
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UNIX IMPLEME1~ATION

ID 04-1 cloek

FUNCTION ... ..
clock handles the interrupt for the 60 cycle clock.' It

increments the time of day, increments the appropriate time
category and decrements the users time quantum. It then
searches through the toutt table and does the followinq:

1) If the processor priority is h1gK <)4) and the time in
the toutt ent17"I 1s not zero (~O), the time 1n the entry is
decremented. If it turns 0 when decremented ~t 1s incre­
mented 80 that it will turn 0 next time when the priority
might be low (see 2 below).

2) If the processor priority 1s low and (1) the user 1s not
timed out or (2) we are presently lnsi~e the system and a
toutt entry gets decremented to 0, the corresponding routine
1n the tout.s table is called. If the toutt entry was 0
before decrementing nothing happens. If the user is timed
out and we are outside the system the users rO i8 restored

~t ~

to him and sysrele 1s called to swap him out and br1nq in
another process.

CALLING SEQUENCE ­
interrupt vector

l:o.RGUMENTS

INPUTS -
lk~ .... cloek t>t.2lttUSl reg:l.s·t:er
s~tlr~+2 - tiw~ of day
clockp - P01lllt,~~ to one of the elc.H~k cells in the I.Ul~~~H;:~r block
u I) r:p,t:l~~ t - U::::; ~~;c' ;" t'~irne qURTl tum
S\",:.• flq·.. e.yc:;t.',(;"j f.J.. f!\g ..... 'I l.s: outs 10u Systf!~~l:, 0 j,g i\';.::; ,::Lde
t,·y.rt~:.· ...., ta1:;.lt.;; 'byt'~::k). 1~\:.\i.ch byi:e 18 a t:~t,h) C(:;'I1T'lt

t.n,~t~ -·tabl~~ cf entry pointn of subrou~i;'lnH

ou'rpOTs .."
8." ~~; ltt'\~'!'+'2 _. i.nc r<;r(:!~ntl!::1d

elor:::kp ,- inc r ..,~nl.(?nted
U.(ltJ.(~t\t _. d~;!:::;C':;::;;1!ent(~d

td;;lU\:':t. ... et11:.!ci\-~H; d(~CrfJr~,f':;n,t.i::;,d

rO - c~onta1n.s users I'O if ccnd1tions of (2) n;:,ove are l{'l(~t
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UNIX IMPLEMENTATION

ID U4-3ppti - paper tape input interrupt routine

FUNCTION - • ..
ppti does one of following dependent on value of ppt1flg

. " ( )1. If pptlflg indicates file not open .0, nothing 18
done.

2. If "ppt1flg" indicates f1le just bpened (=2), a check 1s
wade to determine if t.he errorb1t 1n pro 1s set.. If 1t is
pptito· 18 called to place I/O in ~he toutS entry tor ppt

input. If the error bit is not set, pptiflq is changed to
indicate "normal operation- (set to 4) and ·wakeup" 1s
called to wakeup process identified 1n wlist for ppt input.
Also, the character 1n the prb buffer is placed in elist 1f
there 1s room. If there is no room, the character 1s lost.
Finally a check is made to determine if the character count
in the ppt input area of cllst has less than 50 characters.
If 1t does, the reader enable bit is set •

.3. If "pptiflg" indicates file normal (.4) the. prOCe!8 in
the ppt input entry of wlist 1s woken up (via wakeup). A
check 1s then made to determine if the error bit in prs 1s
set. If it is, the "Pptiflg" 1s set equal to 6. I~ it ~~
not the contents of prb are placed in the cli~t via putc.
If' clist 1s full, the character is lost. In add1.tion If the
character count for ppt input 1n the c11st is less than 50,

-. t.he r~-~de-r enable' bit i.~ octw

4. If ·pptlflg
N

indicates the file is not closed (.6), this
1s .!"n i~1:.11t~(\tJ .. on that th€~ error b:tt wa~; ~~(~nt when pptj.flg
equalled four .andtherefore nothinq is don€,.

CALLltlG SE~'::7:~~;<:'E' -
ppti iEl t,he l;,alpal: tape! in.put interr"pt ront..l nf;~

INPUTS -
ppt1fl~¥, - flag \wh1ch .1ndi.cr.'\tes function t\.1h~ p·er-formed
pre - paper tape read status bits '
cc+2 - c'l1l3.rac'tfLc cC)':Jnt for ppt inpu'c in clist
prb - 1.11;?ut (~llar'~lct.er

OUTPtY1'S -
pptlflg - (see above)
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UNIX IMPLEMENTATION

ID U4-4 isintr·

PUNCTION - I. "ls1ntr checks to see if an interrupt or quit from a tty
belongs to the current user. If 80, it won't skip on
return; 1f not it. will skip. When the interrupt does belonq
the output list in clist is erased via calls to qetc. This
prevents output coming out after the interrupt key 18 hit.
Nothing happens except the return 1s skipped when:

Case I
1 )
2)
3)
4)
5)

Case II
The
1 )

2)

u.tty, the tty buffer pointer • 0
interrupt charact!r in byffer =0
interruet shar = delete and u.intr • 0
char. fs and u.qu1t =0
no tty block 1s found that matches u.tty

return is not skipped end.the output qets flushed if:
interrupt character = fs u.quit ~O and the tty block in
control is found .. ..
interrupt character I: delete and u.1ntr ~O and 'the tty
block in control is found.

CALLING SEQUENCE ­
jsr rO, 1s1ntr

INPUTS -
u.ttyp - pointer to buff·r~!t· of tty ~t~;\ contrc\l of the cu:rrent prCH:ess
u. intr - detenfl1nes hand ling of tnt &ITUp1:.. 1f CI nothing ha~)p€'ng

u.qu! t - detennlnes hzu,61 i rlq of ir. t.H,;:rupt.a :If 0 - n~)tj,ing h.a ~p~;'iHj

tty+6 - pointer to }>uffst' clf fi.r3;t tt.y block

OUTPUTS -
Case I .. not.hin;r t~xcept ,!.·t.:)~'':''£.tl:'11 11~ f>J}(!pp€:d
Case II ... processor pr1(n~:lt.y :.:: 5

qets - erases output. ch~.racter list
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UNIX IMPLEMENTATION

ID 04-4 pptito - paper tape input touts.subroutine

FUNCTION - I

!f ·ppt!flg- indicates the f11e has just been opened (-2).
pptito :

1. places 10 in the toutt.~ntry for ppt input

2. checks error bit in prs and sets reader enable bit 1f
error bit not set.

For all other values
.. . ..
pptlflq pptito does nothinq.

CALLING SEQUENCE ­
jsr rO, ppt1to

INPUTS -
ppt1flq values of t.his parameter indicates to pptito the
function it is to perform
pre - status of ppt reader

OUTPUTS -
toutt+1 - contains tie count (= 10) for ppt input
prs - read enable bit
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UNIX IMPLEMENTATION

ID U4-3 ppto - paper tape output interrupt routine

FUNCTION -
Calls starppt to output next character in c118tppt output.

CALLING SEQUENCE ­
interrupt routine

INPUTS - .. ..
see inputs for starppt

OUTPUTS -
see out.puts for

.. . . ..... ..
starppt
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UNIX Il4{PLEMEN'l'ATION

ID 04-5 sleep

FUNCTION ,
sleep puts the process whose process number 1s in u.uno on
the wait list (wlist) and swaps it out of core. It works in
the following ways

1) A wait channel number is given 8S an argument to sleep.
The process number occupying that ehabnel is saved on the
stack. The process number that is gett1ng- put to sleep
(u.uno) 1s put in that wait. channel.

2) A call 1s made to "1sintr" to see if that user has any..
interrupts or quits. If he does a return to him via sys-
ret" 1s mad.e. If he doesn-t swap is called to swap out the
process so it. can sleep.

3) A check 10 made on the new user (the one who got swapped
in) to see 1f he has any interrupts or quits. If not, a
link is created to the old process number that first occu­
pied the wait channel by a call to "putlu" a normal retul~
1s then made.

CAr~ING SEQUENCE ....
jsr rO, sleep; arq

ARGUMENTS -

INPUTS -
Uo'Lu:.c.\ .,,, p:t·e:;(.~":rlrH;;; nu~·nber tl'~.nt qE:ts put. t.o sl(H~p

w.11f:;t. vlai.t: .;;~h~tn!:':lel 11,st:
rUfl9+t """ J..C\i'!::n: pt·ll:lyc:i:ty run 0

OUTPtrXS -.
ale f3·pir:.g prf;,-:::'r:';c;,.s ntl~~bE~:' cnto wl.ist
sl:;;Lf;~\':;:~':J Cl"it.() d.!\.sk
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UNIX IMPLEMENTATION

ID U4-2 tty!

FUNCTION.. ..
tty1 puts a character from the tty reader buffer in r1

sets the enable bit of the tty status register, and strips
the character to 7 bits. Dependinq on what the character is
the following things may occur:

1 • If the character is a letter 1~-Z)& It is chanqed to
lower case and put on the clist tia put~. It 18 then put
on the tty output butfer via startty. If the number of
characters on that elist (ce) exceeds 1S a call to ·wakeup·
is made to clear that list. If less tlmn 1S nothing else
happens.

2) If the character is a -}" or a "del". If also, the last
tty blocks buffer pointer 1s zero wakeall is called and all
processes are put on the low priority queue.

If the last tty blocks buffer pointer to the char (Jor del)
1s put in the 7th byte of the buffer and wakeall is called.

) .. " ..."3 If the char is an eot or nl
cc 1s not ch3cked and "-Jakeup is called.

CALLIl\"G SEQUENCE -

)\ ~~T""T.'-.,.'!m~
.,; ...... -........, ,.., ~'-6U4 -till .. ...., ..........

I!\'PUTS -
tkb - tty rOt~der l:n..lf:~c.'.r
tks - tty r~ader status register
cc number of Chtira.ct:;;;J::r: ont:tl€" chaJ.:'act.. C'0r list.

OUTPu·rs -
r1 is used to contain the character
ttyoch - ha s tlie Ch3..:r.:.:t Clt:~~:r~:

see function for othlar OU\:puts depending on what the character lsf.'
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UNIX IMPLEMENTATION

ID 04-3 ttyo

FUNCTION -. ..
ttyo is the console typewriter output interrupt routine.

It calls set1sp to save registers during the 1nt.errupt then
callsstartty to put the character in the tty output buffer
and then restores the registers and returns from the inter­
rupt.

CALLING SEQUENCE -
interrupt routine called via trap

ARGUMENTS -

INPUTS -
character in ttyoch

OUTPUTS -
see startty
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UNIX IMPLEMENTATION

1DU4-2 wakeall

FUNCTION - ... "wakeall wakes up all the processes on the wait list by
making consecutive calls to wakeup going throuqh all the
wait channels. The processes are linked to qether on the
lowest priority queue (runq+4) used to notify the world when
a quit or interrupt happens from a typewriter.

CALLING SEQUENCE ­
jsrrO, wakeall

ARGUMENTS

INPUTS -

OUTPUTS -
all sleeping processes are put on t.he lowest priority queue.
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UNIX IMPLE1-tENTATION

ID U4-5 wakeup

FUNCTION -
wakeup 1s called with two arguments: arq1 is one of the. run
queues and arg2 1s a wait channel number. wakeup wakes the
process sleep1nq in the specified wait channel by creating a
link to it from the last user process on theft run "queue
specified by arg1. This is done by, a call to putlu. If
there 1s no process to wake up, (wait channel contains a 0)
nothing ·happens.

CALLING SEQUENCE -
jsr rOt wakeup; arg1; arg2

ARGUMENTS -
arg1 - points to one of the three run queues
arg2 - is the number of the wait channel of the process to
be awakened.

INPUTS -
w11st - wait channel
u.pri - users process priority

OUTPUTS -
if u.prl > arr:l1 uquant == 0
wllst (r3) ~ 0 - entry in w~lt channel = 0
r2 is uSE:d 'f.:opoint: to one ():I: the run queues
r3 -. conea.lne tne nUt~~er 0:1: the ~1~,1t channel
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UNIX IMPLEMENTATION

ID U4-5 starppt

FUNCTION -... ..'starppt checks the character count for pet outpyt in .the
elist. If it 1s nreater than 10, starppt uses wakeup to

"';J ....

wakeup process identified in wlist entry for ppt output... ..
starppt then checks the ready bit in the punch status

word. If it 1e set, "starppt" uses qetc to fetch the next
character in the c11st and then places it in prb.

CALLING SEQUENCE ­
jar rO. starppt

INPUTS -
cc+3 - character count for ppt output in eliot
pps - contains ready bit

OUTPUTS - .. .. .. .
See outputs for gete and wakeup
ppb - pptoutput buffer
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UNIX IMPLEMENTATION

pops the stack and restores the values of rOt r1,
and clockp to what they were before the ~.nterrupt

retlsp then executes an rt1 and returns.

ID U4-3 retisp

FUNCTION•• •ret1sp
r2. r3
occured.

CALLING SEQUENCE
jmp retlsp

ARGUMENTS

INPUTS -

OUTPUTS -
rOt r1, r2, r3, clockp

CALLED BY ­
trapt

CALLS -
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UNIX IMPLEMEl-:TATION

ID U4-1 set1sp

FUNCTION -. i

set18p stores r1, r2, r3 and clockp on the stack. Puts
$s.ayBtt2 in cloekp and returns via a jump without popping
t:he stack.

CALLING SEQUENCE ­
jar rO, set1sp

ARGUMENTS -

INPUTS -

OUTPUTS -

CALLED BY ­
drum

CALLS
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UNIX IMPLEMENTATION

ID U4-4 startty

FUNCTION - .. .'startty prepares the system to output a character on the
console tty. It performs the following operationsl

1 - some fooling wi th wakeup?

2 - tests console output status register read bit, if bit
1s clear; return.

3 - if bit 18 set· check t,ime out byte for eonsole
(toutt). if non zero; return.

4 if toutt is zero, put char to be output in r1.

5 load character in console data buffer register.

6 i~ ehar • if, make next char to be output a cr.

7 if char = ht or cr, set time out to 15 clock cycles.

CALLING SEQUENCE ­
jsr rO, startty

ARGUl4Ei\lTS -

INP':rT~ ...
ttyoch (cl~raci;el.· t.o be output) t toutt

OUTPtrrs -
tpb (loads a character in tty output data buffer register),
r1 (character output.) S' tou:tt:.
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UNIX IMPLEMENTATI.ON

ID U5-3 access

FUNCTION -
d 1 • be 1 ill "in·OOe" hrea s in seet on OL core q nn n9 at ocat on t~e

i-node for file with 1-numbern. Cheeks whether user is
owner and whether user can open f~le for.reading or wr1tin<J
based on file protection bits in 1.flgs (see Section G).

#

CALLING SEQUENCE -
jar rOt access; arq.

ARGUMENrS -
argO (user, owner flaqmask)

INPUTS -
r1 (i-number of file), u.uid, i*uid

OUTPUTS -
inode, r2 (internal)
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UNIX IMPLEMENTATION

ID U5-2 allce

FUNCTiON - •
alloc scans the free storage map of the super block of a

specified device. When it finds a free block it saves the
physical block number in r1, it then sets the correspondinq
bit in the free storage map and sets the super block modi­
fied byte (smod, mmod).

CALLING SEQUENCE ­
jsr rOt alice

ARGUMENTS

INPUTS -
cdev (current devi.ce), r2, r3

OUTPUTS -
r1 (physical block number of block asslqned), smod, mmod,
systm (drum super bloCk), mount (dismountable super bloCk),
r2 (internal), r3 (internal).
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UNIX IMPLEMENTATION

ID U5-2 free

FUNC'1'ION
Given a block number for a block structured I/O device,
·free· calculates the byt:e address and bit position of its
associatedb1t 1n the free storage map of the in-core image
of the superblock for the device (rf fixed head disk or
mountable device super block). It then declares the speci­
fied block free by setting this bit. Then a flag 1s set to
indicate that:

1 ) the super bloclt for the rf-flxed head disk has been
modified (srood • smod+1).

or
2) the super block for a mountable device has been modi­
fied (mmod • nunod+1).

CALLING SEQUENCE ­
jsr rO, free

6•
..

III

..
Mask for bit 0

" lit f1f 2..
1-------1---1
t 21 1 I
r 101 41
I A~R ~n'
• '"a"" I ..v.
i 200 i 100 I
1--1--·--1

It..
Mask for bit 1

.. " .. 3.. .. ..
5., 7

ARGUMENTS

INPUTS -
byte mask table:

r1 - block number for a bloclt S''Cructured devicE!
cdev ~ current c1evic:E.:; (h~;d.rum, nun z·En:-o:1i::'ticunt.abl e de'vice

OUTPUTS .-
mount syst~+(r2) word in free storage map portion of the
in COr4-l image of th:; !ilJ t>::::;.:' blclcl\. f()r a rdountable di~v1ce. If
the device is mountahl(~ the appropriate 'bi t 1s set to free
the block. If the dev:tee!; 1s not, rnc1untclble, the bi t remains
unchanged.

systm+2+ (r2) S~rtle as a.bov~!! 'IT but fo:!~ drum with the super
block for the fixed head disk.
mmod - is incremented if the superblock for the mountable
device was modified.
smoo - is incremented if the superblock for t.he drum was
modified.
r2 saved on stack and restored on ret.urn
r3 - saved on st.ack and restored on return
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ARGU15~EN;TS -
~t"t'J'
.' <• .,i

UNIX IMPLElmNTA'1'ION

ID U5-4icalc

FUNCTION
icalc calculates the physical block number from the i-number
of an i-node. It then reads in·that block and calculates
the byte offset in the block for the i-node with the partic­
ular i-number, then depending on whether the argument in the
1calc call 1s a 0 or a 1 it reads the 1node in the data
buffer in core starting at location"1node" (argument =0).
Or it will take the 1node information currently stored at
location -lnode" and write it out on the device (arqument •
1).

The physical block number and byte offset for an lnode 18
calculated as foll~~SI

let n:l i-number, pbn II: physical block number, be • byte
offset
then pbn = (n+31)/16
and bo = 32.* ((n+31.) mod 16.) (See Section F for qen­
eral discussion of lnodes.)

CALLING SEQtJENCE -
jar rOt teale; arg

o rt;! (\ !',ft!'!t:1 !~ode

ClLg • 1 wt;'i te inode

!l'IT"Ufrs""
in,ode - r1 (i-number)
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UNIX IMPLEMENTATION

ID 05-4. 1get.

FUNCTION -.. ..
iqet gets a new i-node whose i-number 18 in r1 and whose

device is in cdev. If the new i-number and its device are
the same as the current i-number and its device (r1=11 and
cdev:1dev) no action is taken. If they do not agree, "1get"
checks to see if the current 1-node'has been chanqed (imod
~ 1). If it has been changed the current i-node 1s written
out to its device. Then if the current device is the drum.
the new i-node i-number is checked to see if it is the i­
number of the cross device file, if it is the current device
becomes the mounted device and the i-number is set to 41.
(thus the root directory for the mounted device le refer­
enced). Then the new inode 1s read into the "1node block
in core via icalc.

CALLING SEQUENCE ­
jar rO t' 1get

ARGUMENTS -

INPUTS -
11 (current i-number), rootdir
cdev (new i-node device)
idev (current 1-ncde device)
.. __ .s , _. ., '" ..-.... of _.......,.. ..... ,t A!"' " fII!' ~ .. ,
.a.h'~ \ ..... \04,t,,&.cu"" .L-uuv~ U'VO.A..L"'~U .&. ..... d.y J
mntl (cross device file i-number)
r1 (i-number of new i-node)
mntd (f;,10tUl.table device ll\.:m',1.or)

OUTPUTS - .
cdev. idev, 1mod t 1l, r1
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UNIX Il-tPLEMENTATION

ID U5-3 lmap

FUNCT10N - ..
1map finds the byte in core containing the allocat.ion bit

for an i-node whose number 1s in r1. This core area 1s a
copy of the super block and happens to be the i-node map.
The byte address 1s calculated as follows:

byte addr = addr of start of ma~ + (1-number-41)!a
The bi t pcs1 t1 on = (1-number-41) mod 8

CALLING SEQUENCE ­
jar rO, imap

ARGUMENTS

contains i-number of i-node in question

has byte address of byte with thG allocation bit
has a mask to locate the bit pos1t1on~

a 1 1s in the calculated bit position
r3 - used internally

INPUTS ­
r1

OUTPUTS ­
1."2
mq
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UNIX IMPLEMENTATION

ID U5-5 itrunc

FUNCTION -
" "itrune t.runcates a file whose i-number 1s n1ven in r1 to.. .. ':'
zero length. itrunc gets an inode via iget. It incre-
ments through the 1.dskp (list of contents or indirect
blocks in the inode) table and frees the blocks specified
there. If the tile is small. the block numbers in the
1.dskp list are freed. If the file 1s large, 1.dskp con­
tains pointers to indirect blocks. The block numbers in
these indirect. blocks· are ~hen freed and the indirect blocks
are freed.

CALLING SEQUENCE ­
jsr rO, itrunc

ARGUMENTS

INPUTS - .. "r1 - contains i-numb~r for use by iget ..
1.dskp - pointer to contents or indirect blocks in an inode
i.fiqs contalnR tiaq for larqe file. See Sect10n F, paqe 5
i.size - size of file

OUTPUTS -
i.flags - "large file" flag 1s cleared
1.;1za ...~ OQ~ to (;
1.dskp - 1dskp+16 - the entire list is clear~}d

sot.lm(K:l - set to ind1eat,3; i-node h.t:1S been l't'lodlf1ed
r1 conta ins i~~":TU1'fib(;;1' on r€.~'tu.rn f {'om th:L;c Gebr.
r3 - used in subroutine
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UNIX IlwiPLEMENTATION

IDttS-1 Jnget

FUNCTION• "" Imget takes the byte number of a byte to be read written in
a file and obtains the physl.cril. block number of the block in
which it occurs. The file offset for the byte (i.e. the
byte nunlber) :ts passed by passing a pp1nter to the offset in
:u.fofp. 'l'he block number for t.he byt~ 1s returned in r1.

Along the way several things can happen:

1. The file :i.s small (less than 8 .. 256 .. words) iU\d the
byte number extends beyond the currAnt size of the file but
does not exceed 8 ~ 512. In this ease mget assigns a new
block from the free ar(~a of the file device and updates the
i-node for the file by addi»g th~ physical block number of
t.he new bloc}~ &ritl modifying the free stora'Je map.

2. The file is sma 11 tUld the byte number exceeds 8 *' 512~

In the case the statue of the file changes from small to
large. mget sets the large file bit in i.flgs of the 1­
node'J' ttext an indirect blnck 1s assigned to thef:tle. The
bl~c~ poj.nt.e r:s ill 1-::1.Cl;f:1e artd' uH.:rved into the n{~y.! indl rect
bloc}:, and a poinl;(;:·r to t}H~~ lndi rect block is put :tn the
irtQj.~ Next a r'lf:l;·J dal'.7:.bl("'ick lr} ~Ass:;'gneu ,:/la th!e: trJa fil~'".!

h~H!Jl}"t'lg log-ie, descl:ih'2;Q ·belc,,~; ..

30 ?;'H~ fi..le ~.s l.::\r,:'f('l \~nd thf.J byte> nUf:'xber ~l){c{~etls the
elU,'r~~I~t sd.~~('; of t:h'S: file:? l'llt r::ot e.:'{(~(~l(~d. the cap.:acit~l

ot H:: h~qh,;.~~;~·t:. .tJ:,d,tr.-:.;;(... :·;;~ blc;:;}'~;" tncv~'t: {}.s~igns ~ 11~~~W file
bl()t~:;f: and. a.dds a n(~w c~rrt:··y" to the ~.rt(1irecl:. bloc}\..

4,( :~tH:i ti.lf:~ i.lS l~:L:tf]f:: &ile; t bvtt~ n!ltnh1<~'I':' ey"'p,~c1s thel
~\J: ,.'f:'t:: ';jiZ·H ()"i: th:.~ fl C~jj ,~H'V\ ;·!tl~~t:} c::.~~;,:~~;1::.t ~~:ii~) ·1:l":;'\~;~~~";t t:'~n
r.:.. :·;:';:hf. l:nj~>;·~:;(:t. blccj(~ t\ ne".; ;;.rdi:'r;:cc bl:H':'~~ iG~s:~lgT;i::!d

u, p"..~.tnt~'Z~t:· t.(} J. t. ;.,t:.:>,'. in 'thi~~ .t,·.l"H1ti.f;o
bloc)<: :t,~~ af:Jsj.q~J~·;f,~!. ;,l:f1.d ~~ poin,tor t,~) :L'c ~ltorf~C;

f: t' \ .: l' I 1;~ .I.' ~:.:.' e
eJ'}'; :~: ":"~ ,:1

(Sf~';:~ Pilli9 St.;::uc;tl~re ~;,:ti:t,·1)· t:~P :tti ch~j UNIXPx()r.",r..~mr~·cx t':e l~anu-.

al" )

Cl~LJ..ING ;2; L«,iT3ENCE
jar .t'O, mg'et

AnSUI-.{ENrS

INPUTS -
u.fofp (file ()ffset pointer), 1node, u.off (file offset)

OUTPUTS -
r1 (t)rl~l·~':d.cal block number), r2 (intern~.l) f r3 (lnterna.l). r5
( 1:n,t~.;(,nb.l )
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UNIX IMPLEl4ENTATION

ID U5-3 set1mod

FUNCTION .. .
sets byte at location imod to a 1, thus 1ndicatinq that
the i-node has been modified. Also puts the t.ime of mod1f1­
catton into the i-node.

CALLING SEQUENCE ­
jar rO, setimod

ARGUMENTS ­

INPUTS -
a.time, s.t1roe+2 (current time)

OUTPUTS -
imod, i.mt1m, 1.mtim+2
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UNIX IMPLEMENTATION

ID U6-4 cpass

FUNCTION "
cpass goets the next character from the user into r1 • A

non-local return takes place (to the caller of "write!")
when tbe users count (u.count) becomes zero.

CALLING SEQUENCE ­
jsr rOt cpass

ARGUMENl'S

iNPUTS -
u.count - users character count
u.base - points to a users character buffer

Ot11'PUTS -
if u.count " 0
u.count qets decremented
r1 contains the next character
u.nread gets incremented
u.base - gets incremented to point to next character
if u.count == 0

... tit

rO return address to program that called write!
r1 - i-number of file under consideration
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UNIX IJ.~LEMENTATION

ID U6-1 read:L

FUNCTION - .. '
readi reads from an i-node whose number is in r1. If i:he

file in i-node is special a transfer 1s made to the ap-" ..propr1ate routine. If not dskr 1s called and tbefile 1s.. . ..
read into user core. See ·dskrfor details.

CALLING SEQUENCE ­
jsr rO,read!

ARGUMENl'S ­

INPUTS 0-

u.count - byte count user desires
u.base - points to user buffer
u.foft - points to word with current f1le offset

OUTPUTS -
u.nread - accumulates total bytes passed back.. ..
see dskr
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UNIX IMPLEMENTATION

ID U6-2 dskr

FUNCTION • •
"dskr" qets an inode into core via 1qet. It then. sets
u.count according to the followinq rules. If the number of
bytes left to read 1n a file 1s qreater than the number of
bytes he wants to read u.count is unchanged. If the number
of bytes left to read 1n the file 1s less than u.count,
u.count gets set to t.hat number.

If the user offset u.fofp 1s qreater than t.he file length
there 1s nothing left to read so dskr returns. Once u.count
1s est.ablished a block address for the file 1s calculated
via mget, the file is read into system buffers and the data
1s transferred to user butfers in core. If u.count 1s not 0
the process 1s repeated unt1l u.count 1s O. Processor
status 1s then cleared.

CALLING SEQUENCE
jmp dskr

ARGUMENTS

INPUTS -
r1 - contains i-number
i.size - file size in bytes
u.ccunt - byt~ count desired
u.-fofp offset in file telling hNof rMn~, hyt~~ h~"~ ~~'" read

OUTPUTS -
data in user buffers In core
r2 internal register
ps .... {)
r3 - l,n:e::r.,a:' registe·r
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UNIX IMPLEMENTATION

ID 06-4 dskw

FUNCTION.. . 'dskw writes user speclfieddata into a file on the drum,
as follows:. ..

dskw obtains an i-node number from the stack. 'If the
i-node currently residing in the i-node area of core has
been modified, this i-node is. written# out onto the drum in
its appropriate position in the i-list. In any event, the
i-node specified in the stack by the caller is read into the
i-node area of core. A file is composed of blocks. The
caller can modify several blocks in several passes t.hru a
single call to dsk"'W~. The number of the block to be modi­
fied next is calculated by ·dskw' from t.he file offset
(relative to the start of the file in bytes) specified by
the caller in (u.fofp). 'fhe caller specifies the number of
bytes to be modified in u.eount. If the number of bytes the
user specifies plus the offset into the file is greater than
the present size of the file in bytes, i.size, then the size
of the file is increased to incorporate the data overflow by
changing t.he file size field in the i-node for the f1le
(which is currently in the i-node area of core). The time
that this file size change occurs is also inserted into the
i-node and the i-node modification flag (1mcd) is set.
*dskw' then uses (u.fofp) to calculate an offset (relative
to the start of the block) which specifies the 1st location
t·1it.hi~. t'h~ !:'!.C'ck ~~ ~'~~ich t~~ ce.l1~=-= d:l~~ ~= t:: b~ -::::,1 ~tcn.
Hote t.hat the offset det.ermines the rna.ximum number of bytes
of Ui'H~r dat.a. that.. can be written C..i.l the flle during ·~:.his
--:, ~eo t~hl""''''' 6 ..q,,~1l...~.:r # ~.~..." o(:.fl'!'!' ......fceet If th'~n'~ ., "~r 04<: '~"'!": tal"{ ...... Q J •..• II.." U;,.,.·t'1.'",' V ..) ~.e:.. ~ , I~. ~.I ,.1,,0 8' . ',.. It. ..,lm.I).... ,I.. "H:..... J

bytes the caller s'pec1f:i.. f)S is less than a bl'~(:~Ct th(~ 'block
in rtS"H1 j:rcm, {".n.1m i ..nt,n ~: ern buffer J th€'l'i 't:h',; ctpprc'f):c\.ate
bytes ,." O·;iS.:'''' r.l "G:';'$n.. 1. ~.'he n'J..1~Jt.:'1:· (,)! dat.e, ?"y'teai,s ~.,;;;ss

than l3 1'>le·c}t.:, bl1t 1~:;1eep:~1:~dt:.\ 512~,-file of:caet,\\ (;.:"\j,,::t 512,,,-i;::.le
...... f"4:.f!".~ ... "~"'"''':;''''' ~''''''':. ro·~.t;t..,·......~,..i t·f-·<>:l'" C:"'''I'"'''''''~'''''-\ -~ t"I~qit~d""""'" t·'n-J ··d· ... \J-,c~·~.lIIool-.ii;;. ..... _ - .... ~-_. " .. ~~ ... :l "'_~.._\~~_ l .... ·'t...• i?-.IIiif~ ...... irj~.,tA.t'i- JW··""'·_",t'_:~""'''''.. -:'-';t -C'" -_ .......'1'~t:-t 1.L,.\.' - ~,-~.~w

are nf:C.~;:J·; ,'L::y ~.~.() te ,;:H;,~'t~ t:bCt re:!.t. (:Ji,E tlHl,r c1;j,\;.r1 it .?\.ft~:r each
pa ss J 'tb{;l~ ltncdi}: :L1!'3:d fl1(~ block (in the SY:?1tt~l'n buffer') is
t7ri. tt.(~:n ':J,:.-r: on c~.)::-um., \tlh€ln all requ.lr(:;Hi bloc}:,s ,?tre wr:L tt:€d:l,
Ct,unt.E:t!';U i:'d'ld poi.ntera are re'tl1rned to the caller.

CALLIHG SECUJ~J~CI~ ­
jar r(J ~ dr.:lf:W

ARGOt-lENTS -
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UNIX IMPLEt'lBNTATION

INPUTS -
sp - i-node number
(u.fofp) - file offset
u.count - number of bytes of data the ealler desires to write
i.size - size (in bytes) ot file to be altered (this parameter

ap"pears in the i-node whose number is 4n sp).
• "ft_ •• " _. a. •• " •

see inputs for iget. setimod mget, dskrd, wslot, sloreg
r1 -pointer toeallers data area
(r1 ), (r1), +1 •••• , (r1) + (u .eount-1') - the callers data

OUTPUTS -
i.size - file alie (m~y bave beet! m~d1fi~d.by (d"akWl ... •
see outputs for 1get, setimod t mget dskrd," wslot, s10reg
r1 - points to th~ location succeeding the last caller data byte

transferred
r2 - points to the location (in the system bufter) succeeding the

last system buffer byte overwritten.
r3- 0
u.count .... 0
modofied drum tile
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UNIX IMPLEMENTATION

ID U6-2 passc

FUNCTION
"passc" moves a byte of information specified in . the lower
half of r1 to the byte address specified by (u.base). It
then increments u.base to point to the next byte address,
increments u.nread, the number of bytes passed, and decre­
ments u.count the number of bytes ygt to be m0Ved. !f there
are no more bytes to be moved, a non-localvreturn to the
caller of "readi" (through which control was .,v_ntually
passed to passe) is taken. The current i-number 1f popped
off the stack into r10 If there are more bytes" to be
transferred, the processor status is cleared and eont.rol is
returned to the caller.

CALLING SEQUENCE ­
jsr rO, passe

ARGUMENrS

INPUTS -
r1 - contains a data byte in the lower half
u.base - contains a pointer to the user area of core bo which

the data byte is to be transferred.
u.nread - the number of bytes transferred
u.count - the number of oJtt.es to be"itOead
(sp) - the non-Iocal return address
( )

~ M
sp+2 - t.he valueofr1 prior to calling passe

OU·I'pr·~l\S -
(u. ..bese) - 0, ••• , (u.base)-[u"eount.-1] contain t..1-le 't:.rl\flS'ffJrred
i n.'~·or-m{'l '1:,1. on
u~~ baSt1 •. points to the la~'.: byte t!'.!l.nt~ferI·(:"~d

'Ul!' n.recu:l contuir~~~t the nu:r1:'bc';c of byt:€H:J t.ran~)fc.~r:red a'r,;d ori9"jLnal
yalue of u.nread

t\.I~ount: contaj~t:L::! the rn.!rn'f:Jel: of b}·"tcE~ t:'ft;lr, st.ill If'l)J$t h(~ read
(sf') - if non-local return pc)pped t\\1'1i,ce
pa - clsared
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UNIX IMPLEMENTATION

CALLING SEQUENCE ­

ARGUMENTS -

INPUTS - ...

OUTPtn'S-

ID U6-2 rcrd

FUNCTION -
.

See
.. ..
error..

..

..

..

routine
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UNIX IMPLEMENTATION

1D 06-2 ret

FUNCTION
"ret" is a special subroutinevreturn, used by the following
subroutines:

1. ret!
2. rppt
3. dskr
4. passe
5. dskw
6. bread
7. bwrite
B. rcvt

in place of the standard rsture. In addition to performing
standard return functions. ret pops the stack and put! itl
value in r1. It also clears the program status word. ret
can be used simply to clear the proqram status word by
entering via its 2nd entry point.

CALLING SEQUENCE -
control should be passed to th1s~.rout.~ne W either a condi­
t.ional or non cox1dit1onal t.ransfer to ret (the 1st entry
point), or to ~1~. the secondary entry pointo

INPU'!'S ••
A.
B.

O;:tTPUTS
J.l••
B.

f or primary" en'try : ( ~:;p )
for secondary entry : .......-

fcr!" primar:r {''\1try : xi wpn
fer' secorJl\.1.t\J::" entry : ps
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UNIX IMPLEMENTATION

ID U6-2 rppt - read paper tape

FONCT10N -.. • •
rppt uses pptic to get a character in ppt input section

of clist and to set reader enable bi t in prs. If the ppt
input section is empty aud ppt1flg = 6 (1Ddicat1on that the
error bit was set during norma.l operation ) return is made
to "rppt

M

to 1nstructiou "br .et" which eventually.causes a
return to the caller of read!. If a character 1s ava'll-• ... a
able 1n clist, return 1s made to rppt at jsr rO, passe •

.. .... .. . .
Upon return from pptie, rppt uses passe to place the
character fetched by pptic into the users buffer area. If
the number of characters that were specifi!d by ~he user to
be read in has been read in. return from passe is made to
the caller of read!.

It is appropriate at this point to describe how all the ppt
input routines and subroutines are tied together to ~'. read
ept. F~rst of all the ppt file must ee~open•• To do this a

sysopen for reading which sets the pptiflg indicatinq­
file open. It also sets the reader interrupt enable bit in
the prs and empties the ppt inpu't portion' of clist.

Once the file 15 open, a ·sysread
N

of the ppt file is made.
A pointe:c to the location Hhere the charactel:'s are to be
n'a("t~ ~'''''"t''r "'7""'''''' hof!\!<,.." ""'l-.. ...... 04: _"'_ _4.0 ..... __ ..~ b~·ov-- .... .2 ---
~,-...' .• ,-~" ....'.. \.,~.......... -." ... _;" ",.. - .., ~.. -e;, j ~ • .-. ~ --: ft' .... ~ "M..4 '"-";. """n"" '--'* ~ l ...... e.u.~ ca. J.'i;
passed at; argurru~nts tosysread. avsrel~ld then uses rw1

,. Nfl ". . " . ...•

to set, u.cClunf: equal tc> the nt~mber of characters t:o be
read t:inc~. u"'..'!.... i:;a Sf..~tt() t'l1e lcc0iti on ~vhere tl'H~ (:~l"~;~U:llctttn:r1 c.lore

fl'iI toi' ... .;'t .~

to be placed. rf~adi. 1s then ca,lled 'Wh1(~'h jtJ.:mps t.o t'ppt
wrtt eh i. '::! t~:~;':~ r:~ }:'9d ;:\ bO'\7e I!l J:~: s'hculd be n ct' 1,:,,5 th2d:. ,., ht:~n
,...pp ct.,:' ..... ,(~ C -:.ill c>.l t.o t; ':,:~ 13. ,j.,n a r: ,:"",: l~:;' :~t: ~ r f;;: c,:\! 'Illeli st.;" t t.he
procer; ~~: 11 l:H!~ p~J't: t,Cl 13 1 'I:-H~:r) If r\c ChLllt!:-actt~::'(3 ~~r!~ 1J.1 eli st
('W'i tb~': :.: t i::1;- ~ 5) ?tnc. all C'har~i~ ..: ;:"l'"s. '':':0 ~:1~:'f~,'!d 1 n t'cl:. ve not
b(::E:n. };,~LLi) tj"I,s~ re,:,~l(:ti:~'lr f.~.f1able })i t is s\~L: .•; D;){H1 c't:rnpl€!-
tion t.he input of' thel f'lE'!xt:. c'har.acter (r€'~aCiyhj.t set) the
~pt 1nt,i::~r:cupt rc·ut':l r1$.:~ (ppt~.) i.t~ ~3t;;'(]:l:'t.{~d ~<hich uses

wakeup tt~ wa}~~:; up the pr(::)cess previously l~nlt t.o sleep.

Cl'1.LLING SEcxn::;~'JCE

jmp l:prrt:

INPUTS - .. .. .
see inputs for, pptic, passe

OUTPUTS - . . . ..
see outputs pptlc and passc
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m~IX IMPLEMENTATION

ID U6-1 rtty

FUNCTION • •essentially, rtty transfers characters from. the console
tty buffer into a user area of core, starting at byte ad­
dress (u.base), If there are no chClracters in the console
tty buffer, rtty" calls "canon", which gets IS line (120
characters) from the console tty clist and puts it in the
console tty buffer. The caller specifies the number of
characters to be transferred 1n u.count. If the number
specified is greater than the number actually in the consol$
tty buffer, a synthetic return is taken to the caller after
the characters in the buffer have been transferred. If the
number specified is less than or equal to the number actual­
ly 1n the~conso!e tty bUffer, a non-localized return to the
caller of read! (which is the routine via which control
was actually transferred to Wrtty") is made when all the
~harac~ers have been transferred to the users core area tVia
passe ).

CALLING SEQUENCE -
[conditional or unconditional branch, or jmp] rtty

ARGU1<1ENTS

2 (ttY'+70 • )

4 (ttY"'70 .)

INPUTS ­
- toLl' - COU\;.I"LtU$ poini~t'H':- \:.0 the ilt~a(ieI" of tne conS ole

tty bu:f:fer.
2nd ~~'():rd of console tty buffer hll",1.ader; conta ins
a count. c,.,f cha:c.:~:.c"t:ers i.i.'J. t::hn 'l'llfl:e1:' 4-

(:!otlt~l tt"l~g 8 po1'nt~er to· the next Cl~I~I"acter in the
'bnfff.1e. 1?o1nt~:.:1:· valuc':J C.:l;~1 f.nclu:L:: (tty+i'O .. ) +
? \~ (' t. ~:. ',/-+7 C).; t ? ~ .... ft. \ t t.l +>/0 .) .~. ?

• 'J!i ' '. It·, ~ ,. ft' . III ~1iI

t; ~:.! t C'S;~ C;21. r ort', SH~C, r!-Jt ~

OUt'IP tTl:S .-
e'~ til

r1, r5 'lH~~~\d internJl11y by rtt.5i~, (.):I~i9in:.3.1 ,n:!.l~H:II~:J der::troyed
r5 - 'p~)j,rtt~:3 t.t':> 0:1:' eC~l;sole tt<, 'bu.ffH~r

\'1& ~·f iii w~ It"

see outputs for canon t passe, ret1
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UNIX IMPLEMENTATION

1D U6-3 wppt - wr1 te paper tape

FUNCTION • w
wppt uses. cpase ~o qet a character from the users buffer
area and pptoc to output. the character on the punch.

It is appropriate at this point to describe how all the ppt
output routines and subroutines are tied together to output
data on'the ppt punch~ First.the ppt file must be open.
'!'h1s 1s done vi-a a sysopen for wri ting. This places en­
tries in the fsp table and the user's fp area.

.. . 19

Once the file 1s open a syswrite of the ppt file 1s made.
A pointer to the location where the characters are stored
along with the number of cl}'-3.racters t~ be.punched ate passe<J
as arguments to syswr1te. Then uses rw1. to set ~.count.

equal to the number of characters t.o be pucched aDd u.base
equal to the location of the characters. wri te1 1s then.. ..
called which jumps to wppt •

·WPpt" as mentioned above uses ·cpass· to qet a character
from the user~sbuffer area. rf the number of characters as

~ ... ".. ""specified in syswrlte. If not pptoc is called. pptoc
first checks to see if character count for ppt output in th~

·clist~ is 250~ If it is the process is put to sleep. If
• w '"it len t the charact.Ar it' nl;:tCM jn. th~ eljst and.

~... . ..
starppt is c~11ed.

w " ."starp,rJ'l; t1.l'5e$l ~Jetc to get a ch~racf;~~r from eli.at and
insert::: it into ·t'he ppb if there~dy b!t 1.3 set. If it
isn-t t c':fJntr<JlJ'. ~,s j;"~f:HH?-(:! back to pptoc 0-

Upon cCl"tplet.lon of 'Dl.:rt:.Pt.lt of t:h~ (~h(:tr.act;er t~.'t- ppb (rt:.:~2r;dy hi. t
set ~. t. .... t~ ;?tq:'t::-'I" upe c"~touti nt· p~::r";r;;{oo ,"-nuti ¥)e (pr-t'o) j s
sea rt c:(~ -- ~~i.,~ ,l r :t. n·::~~1·:'\~})t6 " Th:L~~·' ;<:),t.1;~1~ ;:Z~; -- f~ t.:.), i; v4 ~~~.•~:r):>pt ..
which l;i(~rfo;Uift1 t.he fc~llowing function (.~n (:in inter.ru.pt in
add.it.:ton to ,;th~:H:1"~ descr-:U:}~~d in the pre'l:llou3 pa:l:·agI·apha. It
cl'lecJ<Ei to se'(~ if t.he cllara,..ter C'QUn.'t. for f)P':;. out:put is··'less
than 1 0 ~ If :1.'1:"• .i.s it will wake \.'q;> the prOC(:.HH~ in the wlist
entry for Ppt::iUt.put~. .

As seen from ab~~o a process puts itself to sleep when it. ~ co
has 250. characters in c11st and is awakened by the paper
tape output interrupt routine (ppto) when the count becomes
less than 10. .

CALLING SEQUENCE
jmp ppt

INPt11'S-
(see inputs for ·cpa8s- and "pptoc·)

OU'l'P tr1'S -
(see outputs for'''cpass· and ·pptoc·)
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UNIX IMPLEMENTATION

It> U6-S s10req

FUNCTION
1. calculates the first byte location (1n the I/O buffer
assiqned to the caller)·1nto which the callurs data 1s to be
written.

2. calculates the nUmber of user data bytes to be
transferred into this I/O buffer.

3. performs bookkeeping functions, supplying the caller
with infot~at1on pert1nant to the data transfer.

CALLING SEQUENCE ­
jsrrO, sioreg

ARGUMENTS. ­

INPUTS -
(u.fofp) - specifies the byte in a file (relative to the start

of the file) at which the user wants to start wr1 t1nq
data.

r5 - addrc~::s of data area of I/O buffer assigned to the user.
u.base - address of 1st byte of user data.
u.count mlmber of bytes of data to be 'transferred from user

data area to I/O buffer.
u.nread rnHnber of hyt.~s oj~ nAta ",rttt-~" Otrt 011 the f:tl,=, f'.'r

t.his USGI' p1."eviously.

OUTPU'l'lS -
(u.fofp) - Spt!ciiit~f;i\ the bytt:1 1mmed,1ately fol1.011il1,g the'la.at byte

c>~~ ":'be ,r.t 1m area i, n whi ch th,:: \1tt(~c\ur~t: 11j-rtEHJ'. \.:~: user
.:::.:~ t.Z1 i.r; ::"';~' l)e· -~= ·:~:-.t~~ ~~: •

I'" "!"..J:<.t:t~ ..... {., 'l"\':;"-'l' .;: ., t2 (· .... "r. ~~ 'hv,t '~i '~''''I'~~'~ i" -;\. €, ", .... .;: ..... 1') J'Y .''''. ""'4"" '!""1....... '1.3 I::·t" b'u+ew,. .., -¥-. iW~ ..... ;~ ,.~",",- ._-, ,J..--.- "';. ... ~~-;~'... ~..' . ....;;,. ;''..l~v_., ....... ' ... ,~_\;r ... .J..i.' ..~(~ ~,,,, ,,-..-'t<,- .jot, ~:--.': , .....,;;.f.....~;:_ ..:l.,~A. ......"' -.:f 'Iw

, ~;'e :~: t,.!; t,:) t:,::';:t~:\:!:ferr i;':rl to 1:1'\ L .: In btl of:: ar ..
u.count~ ...... tS:Pk!;·C:Lf:i. Ed3 t.he rJil.:.rtibt:!l.' of by't:.ef:; of' llHI'::.r df'..ta l€~ft. to 'be

'k.r(~r!r~:to1.·r~;d C!j:t~~::r. the prE?cec;.:jing S(;t~ i.~) t.raf1Gff!:c~~ed.

u.nread -~·).L)d£;l~I;"';O(J 'to includj;:~ the CO"iJ.t:~t (;If to 1H~; "c.ralls1:erred hytes •
....2 - e>'1"'\ 1:'..J·'l·~. ';::1 i~H:r J•. 'il->.('~, '~I"'Y+' e iv' ~"·}'l~'). 1· /0 ·hu'·~··P ,','l<T ::;:;, ~;, "....1. C'7'~'L'C"I·· ........ t'\'''~:l cRI1Ar... .',l~"'-{-'·~''''''\.·!''('' ........:1/ \,..,..,. ... ' .....1\,;...... .1.1 '\.",f,Oi· ...-. 4_ J......w-\, ........ ~Ut:) .. · '::~~, ... ,~. tAr' jl:~... ~ __

at rF;h:i.,ch the t:x';:,;.nsfer of u £:;(c·r ' s 0.';1 t.:.a i IS t f,) nt,2.\1:1:. "

r3 - r\t:li!.:,L:!t!:t:' C"If:!: 't'::'lrtf~s of t'U;eJ:7 data tel hi:! tranr~:!.:j;':!r.r:ed to ':Jsers I/O
·buf:.£E~r•
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UNIX IMPLEMENTATION

ID 06-2 writei

FUNCTION.. ..
wr1 tei checks to see if there is any data to be wri tten

(on any deVice). If not, it does nothing more than"return
to the routine which called it. If there 1s data to fhe

K "wri tten, wri tei saves the i-node lUlmber of the file to be
written on the stack, so it can 'be used by the appropriate

. .. "'. ,output routine. Then write! checks to see if the output
1s to a special file (those files associated with i-nodes
1, •••40., or to a non~seec1a!file. Writes for non-special
files are routed to the dskw routine. Writes for special

jfiles are',routed to appropriate routines, as follows:

Special File Write Routine

•
•

•

..

..

....

....

x:m1'it

wtty
wppt
wmem
wrfO
wrkO
wtap..

l\l:'

n 4i

I@ 5
6• 7

..

......

Ie

..

....

..

..

..

..

..

..

ASR-33 : console tty
PC11 : paper tape punch

core
RF11/RS11 : fixed head disk (drum)
RK03/RK11 : movable head disk
TC11!TUS6 : dectape unit 1

N W

2
3
4
5
6
7

(~ny std. tty) : tty l1ni t. 1
2
3

CALLING SEQUENCE ­
n srvrO, write!

INPUTS -
u.count - contains £1 count~ of the n~lmber Clf bytes tofbe wri t.ten

vr1 - contains the nurnb(?~r (,j: tb.'e i-l"lt',}de for the output f1;le

OUTPOTS
A:

B:

c:

.. .to the calling routine if return is made to itfby wr1te1
u.nread - 1s cleared
to the wr1te,·'routlne for non-special files
u.nread - 1s cleared
Csp) - contains the i-node number
to the write routine for special files
u.nread - cleared
(sp) - contains: t.hc- L:"<'" n~x~·lb.er

r1 - contains the index l.nto the special f11evrout:1ne :'~jump table
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UNIX IMPLEMENTATION

ID U6-3 wtty

FUNCTION -.. . ..
wtty uses cpa,sa to obtain the next character inth~ user

buffer area. tf the character count for console tty is
greater than 'or equal to 20, the process is put to sleep.
1:f not, it then"l1ses puts to determine !f the~e 1s an entry
available in freelist portion o'f ellst. If there is. ..
putc places the character th~re ant;1 assigns the location

to the console tt~ portion.of clist. "If th;re is no place
available in the freelist portion of elist, the nrocess.. .. ~

is put to sleep. If there was a vacant location, start-..
ty is used to atte~pt to o~tput the character on the tty.
Upon return from startty, the next character lsobta1ned
from the use~ bUff~r. If th~ buffer ~B empty, control 1s
passed via wcpass ..back to syswr1te. When the process is
awakened by ~;takeup , it again tries to find a location
available in "freelist" and the character count for the con­
sole tty less than 20 so it can output the character.

CALLING SEQUENCE
jmp wtty

ARGUMENl'S

INPUifS -
C!c~1 - ~{~!!t~.i~::

(see inputs for
cha:-e.c'tcz: count fc:: c::':~c1.::
h '." .w' wepass t putc, startty,

OUTPt1TS
:"1 ... (character from user 'buffer)
ps "'''' "', l~cce~!'.!' Ol'" PT'~'! '~'I""i t."',. ~ i~"" to t')

! l"#. -~... ~ '. -.,;:0 .-:4 • - - 1-~ "\:,~". ";' , -J t"\f';';/ \""'.u ,'. l't

'" ri,'~e Oltputs fc~r Cpa-SH 9 p'.l"tc t
,.., fill

st,art.ty ,
., t1

slee.r;;\ *'
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UNIX IMPLEMENTATION

ID U7-1 canon

FUNCTION
canon handles the erase kill processing on the teletypewrit­
ers. (console tty). rSpolnts to th~ start of the tty
buffer. The argument following the call 1s where the char­
acters are obtained. "canon" returns only when, (1) a full
line has been gathered, (2) a new line haabeen received,
(3) an eot (004) has been received, or (4)120 characterA
(the length of the buffer) have been received.

canon works in the follCMinq way:

1) The address of th~ start of the characters is put in
buffer + 4 (4(rS».

2) buffer + 2 (2(rS}) is clear~d. This 1s the character
count.

3) a character 18 gotten off the queue. If it is
character #@' a return to the beginning lB made.
one starts over.

a kill
Actu<illy

4) If the character is an erase .'., the next crara cter
will overwrite the previous one and thereby erase it.

5) If the character is an eot (004) the byte pointer Ie
r~~fl't to the f1retcharacter ancla retu::n ie madc~

6) If Ch~LC is rl()nt~ of the cilbove, it is put: :ttl thc~ but:f:r:~'r

when the cllliracter pointer tells it to go *4(rS)s

~ f .... I.'c': ,
~';._' .iii. ,,.,... )

E: ) T: t, h cl'I4~:"" i H ~, r:, .f,t·'r.7 11.n .~~ (\n) th~ C' h0") r PC) j r: ~ rtf' t F4 1." ,~; ::' 'i'?: r...
and a !,·,:~tU.:ni Lt:; IT1e.cc: tI

9) If
pointf!:r

the buffer 13 full - (by~e count >
ls re8etand a return 1s made.

10) If t.he
queuo 1 !:~ ptrL

'hu:f. f: ~:3 t"

t ·~."1 r c> tlg'h
1 ~:!!n' t full ~ t.he next ch;,~!'.~,\ctf:n:" off: the

the aho..'\"~! t.~2~StSG

Note: canon should' only be called when the number of al­
ready treated char~cter8 ill zero, i.e., when the char count
• 0; 2 (rS) • O. If the char count 1s ~ 0 the character
pointer, 4 (r5) point.s to the first character not yet picked
up.

CALLING SEQUgNCE -
jsr rO, canon. 3rg

ARGUMENTS -
arg where characters are to be obtained from
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UNIX IMPLEMENTATION

INPUTS -
r5 - points to tty buffer add.ress
10(r5) - start of character buffer
2(rS) - character count
4(r5) - points to next character position in data area

OUTPUTS -
a full buffer, or a full line
r1 pOinters'to buffer + 10
4(r5) - character pointer reset to start of data area buffer + 10

character
storfige

area

I~~~~~-~~~----~--~~~~~~-~-
I
I

I-~-~-~~~-~--~~-~-~----I number of char in buffer
I~~----~~~~~-~-~--~~~~

I char pointer (buffer +10 to
start)

I~~~~~~~~~~~-~-~~~-~

f1__ .j • _ ..........-...............~...~.........,
II ........~.......... ..."...-.-. ,_..wa-~ .....GIIII"-..-...__...Ic:u

1 I ,
I.........~..~f!,lia .....r-_~.. I CQII104lllll~~..'IIlIJI~...,......1' ......~ ....... .ae...,~ I
I I
f f
r I

tty buffer

+2

+4

+6

+8

+10

Issue D Date 3/17/72 ID IMO.1-1 Section H.7 Paqe 2



UNIX IMPLEMENTATION

ID 07-1 cesc

FUNCTION.. .. ..
c~sc 1s called by canon to check for an erase I or kill.. ..
8 character. r1 contains the character being tested. If

the character is not an erase or kill the retOurn is skipped.
If the char 1s an erase or kill the character count and
ch~racter pointer are decremented. I~ the previous 0 charac­
ter was a "," the' or • are taken literally and the return
is not skipped.

CALLING SEQUENCE -
jsr rD, cesc; arq

ARGUMENTS -
arg 100 - @ means kill the line

43 'means erase last character

INPUTS
r1 - character to be tested
2(rS) - character count
*4(r5) - previous character

OUTPUTS -
skip return if test char 1s not erase or kill
if character was erase or kill
2(r5) character count qet.s dpcl':"ementPd
4 ( r5) - character pointor gets decrementc~d
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UNIX IMPLEMENTATION

11) U7-7 cppt - close paper tape file·

FUNCTION - ..
cppt assigns all ppt input locations in cl1st to freelist

and sets "ppt, f1g" to indicate file closed (=0).

CALLING SEQUENCE ­
Jmp cppt

INPt1rS -

OUTPUTS - .. ..
See outputs for getc 0

ps - processor priority set to 5.. "pptiflq -set to 0 to indicate file closed
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UNIX IMPLEMENTATION

ID U7-6 ctty

FUNCT,ON - ..
ctty closes the console tty. All it does 1s decrement the

number of processes that have opened t.he console tty file •..
The first byte of the console tty buffer is the numb~~' of
processes that have opened this tty byte. See P, page 11... "A return 1s made via sret.

CALLING SEQUENCE ­
jmptable 1n i-close

ARGUMENTS

INPUTS -

OUTPUTS -
rS - points to console tty's buffer
(rS) - first byte of buffer qets decremented.
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UNIX IMPLEMENTATION

ID 07-8 error a

FUNCTION -
.. .

$ee error routine
..

CALLING SEQUENCE - ..
ARGUMENTS -

INPUTS ­

OUTPUTS -

Issue D Date 3/1'7/72
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UNIX IMPLEMENTATION

ID 07-3 get.

FUNCTION - I

Removes the first clist entry from the list identified by
r1, makes the second entry the first. Puts the elist offset.. ..
of entry removed from list in r2 return to normal.

If the list identified by rl is ewpty. r2 1s returned equal
to zero, and return made to empty.

If the list has just one entry, the entry is removed and the
first and last character pointers for the list are zeroed.

CALLING SEQUENCE -
jsr rO, get; empty: ; normal:

ARGUMENTS -

r1 ),list

INPtrrs -
r1 (list identifier). ef+1(r1), cf+1(r1) (see Section G for
general description of tty I/O handling)

OUTPUTS -
r2 (offset into clist of entry just~removed from
cf+1(r1), cl+1(r1), c11st (r2)
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ID U7-2 qetc

FUNCTION •
getc removes

by arg, via
list; puts the
the character
turn. If list

UNIX Il-1PLEMENTATION

the first clist entry from a list identified
call to get; decrements character count for
clist entry removed onto the free.list; .puts
in the entry into r1 and takes normal re-. ..

1s empty take empty return.

CALLING SEQUENCE -
jsr rO, getc; arq; empty: ; normal:

ARGUMENTS -
arq - list identifier

INPUTS -
r2 (clist offset from put)

OUTPUTS
r1 (character on top of list), cc(arg), clist (r2)
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UNIX IMPLEMENTATION

10 07-8 qetspl

FUNCTION - I.. ..
qetspl gets a device number from a special file name..... .. ..
u.namep points to the name. namei is called to get the

i-number. I-number-4 is the device number. If it is less
than or equal to zero or it is greater than 9 an error oc­
curs. If not the device number 1s returned in r1 •.

CALLING SEQUENCE ­
Jsr rO, qetspl

ARGUMENTS -

INPUTS -
u.namep - polntsto the name of the special file

OUTPUTS
r1 - device number of the special file
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UNIX IMPLEMENTATION

ID 07-5 lclose

FUNCTION -.. ..
iclose checks to see if the file, whose i-number is in t"1,

1s special. If it is, a transfer 1s made to the appropriate
routine. If it isn-t a r'eturn 1s made.

CALLING SEQUENCE ­
jar rOt iclose

ARGUMENTS

INPUTS -
r1 - contains i-number of file being closed

OUTPUTS -
If special file, r1 is put on the stack, i.e., the i-number
is put on the stack.
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UNIX IMPLEMENTATION

ID .U7-4 iopen

FUNCTlON ..
lopen opens the file whose i-number is in r1. If the file.. ..

1s to be opened for readlnq access 1s called and the i-
number is cheeked to see if the file ls special. If lt ls
specia.l, a jump table of transfer addresses takes care of
transferring control to the correct .special file routine.
If non-special file a return ls made. If the file 1s to be

ft ..

opened for writing, access 1s called and a check is made
to see if the file 1s a directory. If it ls, an error oc­
curs, because users carinot write into directories. Special
files are handled in the same manner as above.

CALLING SEQUENCE ­
jsr rO, lopen

ARGUMENTS -

INPUTS -
r1 - contains I-numberof the file to be opened

OUTPUTS -
files i-node is in core
r1 if i-number was neqitive upon entry it 1s positive on
exit
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UNIX IMPLEMENTATION

ID U7-S oppt - open paper·tape file for.read or write

FUNCTION -
oppt performs the following functions:

1. Sets the reader enable bit in pre.

2. Assigns all ppt input locations lp " ..clist to freelist.

3. Sets "pptlflg"to indicate file Just open (=2) and
places 10 in toutt entry for ppt input.

CALLING SEQUENCE ­
jmp oppt

INPurs -
pptlflg - used to determine if file already open

OUTPt11'S -
pptiflg - set by oppt to indicate file just open
ps - processor priority set to 5
pre - contains reader enable bit
toutt tl - conta!ns csunt for ppt input
See outptV':' 8 for getc.
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UNIX IMPLEMENTATION

ID 07-5 otty

FUNCTION ..
otty opens the console tty for reading or writing. The

interrupt enable bits are set in the tks and the tps. If
the console is the firat tty opened in this ..proc~ss assign
its buffer a.ddress to u.ttyp return through sret.

CALLING SEQUENCE -
[eond1tlonal or uneonditional branch, or jmp] otty

ARGUMENTS

INPUTS - .. ..
see inputs for sret
u.ttyp - points to the buffer header for the process control

typewriter
(tty+70.) - lower byte of 1st word of header contains the number

of processes that opened the buffer
tty+70. - contains pointer to the header of the console tty buffer

OUTPUTS -
u.ttyp - points to the console tty buffer header if it was the

1 at tt~l opene-1 by the pr()cess.. Otherwise p,)ints to ?
r5 - points to header of console tty buffer
(r5) - lower b:~;te (nu!n'b\~r of prt.\H,~eSSeg tha t opened the buffer)

1ncrt'::;it'iCnted b:'r' one e

~"<8 - readl?t' st;:xtUF regl ~ter !:nt~rrupt enrible bi t set.. rest of
bits zeroed.

tps - punch st~t~s re~1ster

See outputs for sret
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area
made
that

If it
turn

equal

UNIX IMPLEMENTATION

ID U7-2 pptic - paper tape input control

FUNCTION.. .
pptic performs the following functions for ppt input:

1. If the e~ror, bUsy and done bits are not set in the prs
and the character count for ppt input in the c11st 1s less
than 30, pptic sets the reader enable bit.. .. ..
2. Uses getcto get char~cter tram paper tape input
of clist..If thi9.are~ of clist is empty, a check 1s
to see if ppt:tflg is set equal to six (indication
errOl" flag in prs is set during normal operation).
1s. return 1s f(tade to the calling routine which 1n

~ ..
vreturns to its calling routine. If pptlflg does not
six, the process is put to sleep.

CALLING SEQUENCE ­
jsr rO, pptic

INPUTS -
cc+2 - contalnA c11st character count for ppt input
prs - contaln~ st~ tl1B bi t:1 for ppt reader
pptiflg - indicates condit..ion of ppt file

OUTPUTS -
prs - contains reader enable bit

• '"'!' r.
see O\11.:!,ut8 for getc
ps - processor priority set to 5 and then to O.
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ID 07-2 pptoc - paper tape outp~ control

FUNCT10N ..
pptoe first checks to see if the character count for ppt

output in the cllst is greater than 50. If it is, the pro-­
cess 1s put to sleep. If it 1sn-t "putc" 1s used to place
the character which is 1n r1, 1n the clist. If the cllst 1s
full, the procees is eut to sleep. If the character is
placed 1n clist, starppt 1s called to output the next
entry in the ppt output section of clist.

CALLING SEQUENCE ­
jsr rO, pptoe

INPUTS ­
cc+3 character count for ppt input in clist

OOTPt1rS -
ps - processor priority set equal to flu!.. " " .. .. ..see outputs for starppt and sleep and putc
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ID U7-3 put"

FUNCTION -
Takes a cllst entry pointed to by r2. and makes it the last
entry in the list identified by r1.

If this 1s the first entry in a currently empty" list then
the first char pointer in cf is also updated.

CALLING SEQUENCE ­
jar rO, put

ARGUMENTS -

INPt11'S -
r1 (list identifier)
r2 (cllst offset)

Ot1l'PUTS -
cl+1(r1), clist-1(r2), cf+1(r1)
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ID 07-3 putc

FUNCTION -
Puts a character at the end of a list identified by the
argument in the putc call.

In detail it takes a clist entry from the free list via call
to "get". A~pen~s the entry to the list identified by arq
via call to put. Then fills in the new entry with a char­
acter pa ssed 1n r1.

CALLING SEQUENCE -
jar rOt putc; arg

ARGUMENTS -
.rg - 11stldentlf1er (see discussion in G on tty device
I/O)

INPtJrS -
r1 - character from device buffer.

OUTPUTS -
r2 cl1st
cllst-1(r2)

offset where character stored, cc(arq),
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ID 07-7 sysmount

FUNCTION •
sysroount announces to the syatem that a removable file

system has been mounted on a special file. The device
Dumber ..of the special file is obtained via a call to
getspl. It is put in the I/O queue entry for the

dismountable file system (sb1) and, the I/O queue entry is
set up to read. (bit to is set). "ppoke" is then called to
read the file system into core, i.e. the first block on the
mountable file system is read In. This block 1s the super
block for the file system. This call is super user ~eB­

tr1cted.

CALLING SEQUENCE
sysmount; special; nami

ARGUMENTS -
special - pointer to name of special file (device)
name - pointer to the name o! theft toot directory of the
newly mounted file system. name should alwasy be

a directory.

INPUTS .-
mnt:t records i-number of unique cross file device
sp ~ contains the name of the file
sb1 - I/O aueue entry for' the ni A".'Inu"ta'bjc~ f~:'le ~y~t.em

OUTPUTS -
mntt :f,·....rnnr.s.>en:' of spE~clal flle
mntd devici:~ n.t~rnb~!r of r~pecial file'
sb1 ,.., 1v1. ~ c!'2:\rl Ce~ nurr:l)€\,i~ 1n lew ex" b}r'ce
C'.: ~~ ~·t '~" ...~._.:~ ,:.: '\.'"", ....,i,'~ r~ !~:...,:.~:: ~::;'~

file Gy~cclm 13 read into core via ppoke
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ID U7-8 sysumount

FUNCTION -. .
sysumount announces to this system that the special file,

indicated as an 8 aqument& 18 no lonqer to contain a remov­
able file system. qetspl qets the device number of the
special file. If no tile system was mounted on that device
an,error occurs. mntd and mntl are cleared and control is
passed to sysret.

CALLING SEQUENCE ­
sysumount; special

ARGUMENTS -
special - special file to dismount (device)

mPUTS -
mntd - device number of mounted device
sb1 - I/O queue entry tor the dismountable file system

OOTPUTS -
mntd - zeroed
mnti zeroed
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ID 07-8 sysreta

FUNCTION - See • •sysret routine

CALLING SEQUENCE ­

ARGUMENTS -

INPUTS ­

OUTPt11'S -

I.sue D Da~. 3/17/72

•

•

•

•

II) IMO.1-~ Section B.7 Paqe 20



• •<Jete if the

UNIX IMPLEMENTATION

ID U7-1 ttych

FUNCTiON - •
ttych gets characters from the queue of characters input-

ted to the console tty. If there are none, sleep 1s called.
ttych works in the followinq mannerl

1. the processor priority 1s 8et to 5

2. a character 1s gotten off the queue via
list 1s empty, sleep 1s called.

3. if not the process status 18 cleared and a return 1s
made.

CALLING SEQUENCE ­
Jar r2. *(rO)
canon •

ARGUMENTS

INPUTS -

ttych was an argument 1n the call to

OUTPUTS ­
ps • 0
r1 - character on top of list
See qetc number 7, page 2 for others.
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ID U8-1 bread

FUNCTiON - •
bread reads a block from a block structured device (rk,

rf, tape). It operates in the followinq way:

1. If ·cold· =1 (cold boot) the bloCk specified in r1. is
read into an I/O buffer via "preread". If its a warm boot
(cold-O) the block in r1 an~ the ne~t consecutive block are
read into I/O buffers via preread. The reason two blocks
are read in is to speed up the overall reading process. On
a cold boot, however. only two I/O buffers are available, so
only one buffer us used.

2. The block number is always checked to see if the maximum
block number allowed on the device has been exceeded. (see
argument) If the block number does exceed the maximum, an
error occurs.. . "3. preread is called aqain on the first block. Since the
first block is already 1n an I/O buffer, all preread will do
1s reverse the priority (see bufaloc H.e, page 9) so that
the first block is of hiqher priority than the second.

4. Bit 14 of the first block·s I/O buffer 18 set.

S. Bits 10 and 13 (the read bits) of this I/O buffer are
DOW checked. If they are set (readinq is still in progress)
and the device i8 disk or drum, or the device 18 tape and
• • 1 " •uquant ~.O i9~e is called. If the device 1s tape and
uquant =0, sleep is called. If bits 10 and 13 are 0
(read done), bit 14 of the I/O buffer is cleared and the
~ata is.moved trom the I/O buffer to the users area.
dioreq does the bookkeepinq on the transfer.

6. If u.count .0 the readinq 1s finished. If not. a branch
back to the start is taken and the above steps are repeated.

• •A return 1s taken to the routine that called readi.

CALLING SEQUENCE -
jsr rO, bread; arq

ARGUMENTS -
arq - maximum block number allowed on device

INPtn'S -
r2 - points to the users data area; r3 has the byte count
(u.fofp) - 1s the block number
cdev - is the device
u.base - base of users data area
u.count - number of bytes to read in
r1 - is used internally as the block number
eold - 0 warm boot or 1 eol~ boot
rS - points to the beglnninq of the I/O buffer or the data area
u.quant - time quantum allowed tor each process
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o~p~s-

block or blocks of data into the users area starting at u.base
(u.fofp) - points to next consecutivA block to be read
r3.0 - (used i~ternally)
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ID U8-3 dioreq

FUNCTION - ..
d10req does

It first checks
transfer. If
u.count.

ARGUMENTS -

the bookkeepinq on block transfers of data.
to see if there are more than 512 bytes to
so, it just takes 512. If not, it takes

INPt1I'S -
u.count - number of bytes user wants transferred
u.base - start of users data area

OUTPUTS -
r3 - used internally to hold the count
u.nread - updated by adding r3
u.base - updated by adding r3
u.count - updated by subtracting r3
r2 - has value of u.base before it qets updated
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ID U8-2 bwrite

FUNCTION
"bwrite" writes on a block structured device (rf, rk, tape).
It operates in the followinq way:

1) The block number is placed in r1.

2) It the block number exceeds the maximum allowable block
number of the device an error occurs.

3) (u.fofp) 1s lner~mented to point to the next block °in
sequence.

" ..4) wslot is called to get an I/O butfer to write into.

5) "dioreq" is called to set up the bookkeeping tor the
transfer.

6) The data 1s then transferred trom the users area to the
I/O buffer.

7) . "dskwr is called to write it onto the device.

8) If u.count~6/theprocedure ls.repeattd. If it 18, a
return to the routine that called write! ls made.

CALLING SEQUENCE -
jsr rO, bwrite; arC]

ARGUMENTS -
arC] - is the maximum allowable block number for the device.

INPUTS -
(u.fofp) is the block number
cdev - is the device
r1 - is used internally to hold the block number
rS - points to the I/O data buffer
r2 - points to the users data area; initially its u.base
u.count - number of bytes user desires to write
r3 - has the byte count

OUTPUTS -
(u.fofp) is the next block to be written into
r3=O (used internally)

Issue D Date 3/11/72 ID I MO. 1-4. Section B.e Paqe 4



UNIX IMPLEMENTATIOO

ID U8-7 drum

FUNCT.CN -.
d,rum is the interrupt handling routine for the drum. drum

is called after the transfer of data to or from the drum is
complete i.e., when the ready bit in the dcs (drum control
req1ster~ 1s set. (see interface manual, page 73-74.) r1,
.2, r~ and clockp are saved on the'stack (see setisp) calls
trapt to check for stray interrupt or ,error. If neither,

it clears bits 12 and 13 in 1st word of transaction buffer,
checks for more disk buffers to read into or write; then
returns from interrupt by calling retisp.

CALLING SEQUENCE -
called by interrupt vector at location 204 after data
transmission has taken place, i.e., ready bit of dcs set.

INPUTS -
same as setlsp, trapt and retisp

OUTPUTS -
Bame as setisp, trapt and retlsp

CALLED BY
interrupt vector

CALLS -
setisp, trapt
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ID U8-4 poke

FUNCTICN -.. .. /poke performs the basic I 0 functioos for all block struc-
tured devices. In order to understand the functioning of
poke, the general handling of block structured I/O must be
described.

I/O on block structured devices is haudled via a collection
of data buffers beginning at location buffer each buffer
consists of a four word I/O queue entry followed by a 256
word data buffer.

An I/O queue entry has the following form:

write bit -----------·-------------1
read bit -----------1 I

waiting to write bit -----------1 I I
waitinq to Hf@e bit -_ ..----I 1 1

inhibit bit --- -·----1 I 1 I I
I I I I I

1S 13 12 10 9 7 0

1--------------------1~~;-1~-----1
1---- ---------------1------·- -------1I ~~!~~:~l_~~_~~~~: I
I word count (-256) 1
I · ------ - --~--- ~---~ - --I
I bus address 1
1------------· ----..-------..-------_. ---I

byte 0 - device id codes are
o • drum
1 • disk

other • dec tape

byte 1 - write bit - when set indicates write the data in
the buffer out onto the deVice identified in byte
O.

read bit - when set indicates read data off of the
indicated device into the data buffer.

waiting to write bit - if set indicates that a
write operation has been requested but'not yet com­
pleted.

waiting to read bit - if set indicates that a read
operation has been requested but not yet completed.

inhibit bit - when set will delay request for
operation indicated by write bit or read bit until
cleared.
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byte 2.3 - physical block number (see Section F, discussion
of file system)

byte 4-5 - word count - number of words in buffer; loaded
into word count register for device.

byte 6-7 - bus address - address of first word of data
buffer.

In addition to the general I/O queue entries there are three
special entries at locations sbO,' sb1, and swp. These are
the I/O queue entries for the super block for drum (sbO),
the super block for the mounted device (sb1), and the core
image being swapped in or out (swp) - these entries are 1n1-

- -tialized in the allocate disk buffers segment of code in
\10. .

- - .An area in core starting at location bufp and extending
nbuf + 3 words, contains pointers to the I/O queue entries.
This table of pointers represents the priority of I/O re­
q~ests, since poke scaQs tbese pointers starting at the
highest. address in ~ufp, examining the control bits in
byte 1 of each I/O queue entry. pointed to by the bufp
pointers. If either bit 9 or 10 i8 set and neither of bits
15, 13, or 12 is set then poke will attempt to honor the I/O
request.

To honor an I/O request~ poke checks -active- to see if the
bl-t. associated with the device i8 clear. If it is clear
poke in1t1ates the I/O operaticns by loading the appropriate
device registers. In all I/O operations the interrupt is
enabled and thus when completed an appropriat.e routine is
called via the interrupt. When poke initiates a I/O opera­
tion it clears bit 9 or 10 and sets b1t~/~ or -tT.13 The
routine called ·upon completion of the I/O operation will
clear bit ~ or ~ thus free1nq that I/O queue entry.

(1 I 'J

·poke- calculates a physical disk address (which is loaded
into register rkda) from the physical block number in the
follCMing way:

let N = physical block number
then'

sector number • remainder N

12.
surface = 0; quotient N even

12.
1; quotient N odd

12.

cylinder • quotient

Issue D Date 3/17/72
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• •poke calculates a physical disk address for the drum from
the physical block number in the following way:

The drum address is given in the dae and dar registers.

1 0 15 11 10 0
I-~----I~---~~~~~~---~~I--~~~~~~-~~~-~~~~I

dae' I ' I I I dar

1-------1------------------1----------------------1
track word

The physical block number is essentially multiplied by 256
(by shifting the low order byte into the high order byte of
the dar, and shifting the high order byte into the low order
byte of the dae.

CALLING SEQUENCE ­
jsr rO, poke

ARGUMENTS ­

INPt11'S -
buffer pointers,
I/O queue entries

Ot11'PUTS -
sets bits 12 and 13 on I/O queue entries where I/O operation
is initiated.
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ID U8-5 bufaloc

FUNCTION
"bufaloc" scans the I/O buffers for block structured dev­
ices, looking for an active buffer (bits 9, ••• 15 of the 1st
word 1n the I/O queue entry for the buffer are set) which
has already been assigned to the block number and device'
currently under consideration, or for a free buffer (bits
9, ••• 15 not set) which has been previou~ly assigned to this
device and block number. If there 1s no· such buffer, the
vacant buffer with the highest core address is assigned. If

" . ""no free buffer is found, bufaloc ca~ls !dle. Eventual-
ly, a buffer 1s located. The routine po~e walch actually
performs the I/O operations scans the bufp area of core
from the highest to the lowest address. Thus the' priority
of an I/O queue entry is established by where a pointer to
the I/O queue entry appear,s in bufp.

The newly assigned 'buffer I/O queue entry pointer 1s placed
in "bufp· thus making it the lowest priority I/O operation

" .in the queue. The other entries in bufp are moved into
hlqher addresses to accomodate the newly assigned buffers
I/O. queue entry pointer at location bufp.

Once the buffer has been assigned the device number 1s put
into the low half of word 1 of the corresponding I/O queue
entry and the block number 1s put into word 2 of the I/O
queue entry.

CALLING SEQUENCE ­
jar rO, bufaloc

ARGUMENTS

INPtJTS -
cdev, r1 (block number),
(bufp+2*n-2) +2In-1, ••• ,nbuf}

bufp+2*n-2, (bufp+2*n-2),

OUTPt1!'S -
rS (pointer to buffer assigned), bufp, ••• ,bufp+12, (bufp),
(bufp)+2,ps
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ID U8-3 dskrd

FUNCTION -. . /dskrd acquires an I/O buffer, puts in the proper I 0 queue
entries (via bufaloc) then reads a block (number specified
in r1) into the acquired buffer. If the device is busy at
the time dskrd is called, dskrd calls idle. Once the I/O
operatioo is completed r5 is set to point to the first data
word in the buffer.

CALLING SEQUENCE ­
jsr rOt dskrd

ARGUltlENT S -

INPUTS -

Ot1I'Pt1I'S -
rS - pointer to first word in data block; (r5) ; ps
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dskwr
1 ~~

rUNCTION ~ •
-dskwr- writes "a bl out on disk, via ppoke. The only
thlnq dskwr does is e~ bit 15 in the first word of the I/O- -.. ..queue entry pointed to by bufp. wslot which must have
been called previously has' supplied all the information
required in the I/O queue entry.

ID U8-3

CALLING SEQUENCE ­
jsr rO t dskwr

ARGUMENTS ­

INPUTS ­

OUTPUTS -
(burp)
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ID 08-3 error 10

CALLING SEQUENCE

ARGUMENTS

INPt11'S -

otrrPUTS -

FUNCTlOO See
.. ..
error..

..

..

..

routine
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ID U8-3 preread

FUNCTIOO -'. ' • •
prerea9 is.called by bread to read in a "disk block on

device cdev. The block number 1s in r1. preread qets a
free I/O buffer via "bufaloc". It sets bit 10 of the first
word of the I/O buffer and then reads the specified'block
into the I/O buffer via ·poke". If ,the I/O buffer already
contains the specified block bit 10 1s not set and the call" .to poke 1s skipped. , The processor status i8 then cleared.

CALLING SEQUENCE ­
jsr rot preread

ARGUMENTS ­

INPUTS -
r1 - block number to read
r5 - points to first word of I/O buffer

OUTPt1rS -
specified block into an I/O buffer
ps -= 0
rS - points to ~irst word of the I/O buffer
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ID U8-1 rtap

FUNCT100 _
rtap 18 the read routine for dec tape. The device number

is (i-number/2)-4. The i-number is in r1 upon entry.
-bread" is called to read the proper block or blocks.

CALLING SEQUENCE -
from jump table in readi

ARGUMENTS -

INPUTS -
r1 - is the i-number of the special file

Ot11'PUTS -
cdev is the device number.. "see outputs for bread.
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ID 08-6 tape

FUNCTIW -. • •
tape handles the dec tape interrupts. setisp is flr$t·

called to save registers and the elockp. The state of the
deetape (ttstatel 1.e., reading, writinq, idle. etc. is put
in r3. trapt 1s then called to check for data transmis­
sion errors. If none occur control passes to the appropri­
ate dec tape routine dependinq on what the stat 1s. Cootrol
is passe9 by p~ttinq r3 in the pc. If an error occurs a
jump to taper 1s made.

CALLING SEQUENCE ­
interrupt vector

ARGUMENTS -

INPUTS -
testate - the state of ~he dec tape (read, wrl J ·e. etc.)

OUTPUTS - .
control passes to appropriate .dec tape routine
pc set to address of above routine
r3 - 1s used ~ hold the address of above routine

I8sue D Date 3/17/12 ID IMO.1-1 S.e~ion B.B Page 1S



UNIX IMPLEMENTATION

ID uS-S trapt

FUNCT~CN ..
trapt i8 part of the drum, disk, Qr dec tape interrupt

handler. The ready bit of the device control register is
checked. If th~ ready b~t is n~t set the device 1s still
active so a return through retisp is made. It then checks

" "to see if a stray interrupt has occured. If not, trapt
checks to see if an error in the data transmission has oc­
cured. If so, the return is skipped. If not, the return 1s
not $kipped. The return 1s via a jmp.

CALLING SEQUENCE -
jsr rO, trapt; dv; buf; act
br normal
br error

ARGUMENTS
dv - device control status register (for dec ~~pe it is

the command register)
but - contains address of disk buffer being read into

or written .. ..
act -, tested against the bits 1n active to see if the

device was busy

INPt1l'S -
active - contains bits that tell which devices are busy

OUTPt1l'S
r1 - points to the disk bufter
r2 - points to the device control and statusvregister or

command reqister dependinq on ~e arqument.
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ID 08-2 tst devc

FUNCT,OO - •
tstdevc checks to see whether a permanent

cured on special file I/O. (It only
however.) If there is an error, the error
the user is notified.

CALLING SEQUENCE ­
jar rO, tstdevc

error has oc­
work.s for tape,
is cleared and

ARGUMENTS

INPt11'S -
edev - the device in question
(r1)+deverr - the dev1ce·s in question error indicator

OUTPtJTS
r1 1:& cdev • the device number
If no error, nothing else happens
If error, (r1) + deverr gets cleared and user notified
via error 10.

Issue D Date 3/17/72 ID IMO.1-1 Section B.e Paqe 17



result, a pointer
block structured

I/O queue the dev­
passes' from its

UNIX IMPLEMENTATION

ID U8-3 wslot

FUNCTTON -ill.. .. ..
wslot . calls butaloc and obtains as a

to the I/O queue of an I/O buffer for a. ..
device. bufaloc has inserted in~o thil
ice number and block number which wslot• •caller to bufaloc.

It then cheeks the first word of the I/O queue entry. If
bits 10 and/~r 13 iread bi~, wa!tinq to read bit-sec H.S, p.
5) are set, wslot calls. idle.

.. .. /When idle returns, or if bits 10 and or 13 are not set,. .. /wslot sets bits 9 and 1S of the first word of the I 0
queue entry' (write bit, inhibit bit), sets the processor
priority to zero, and sets up a pointer' to the first data
word in the I/O buffer associated with the I/O queue.

CALLING SEQUENCE ­
jar rO, wslot

ARGUMENTS -

INPt11'S - .. .
See inputs for bufaloc - R.S p. 1

OUTPUTS -
(bufp) - bits 9 and 1S are set, the remainder of the word

i8 lett unchanqed
ps - 0
rS - points to first'data word in I/O buffer'. .See outputs for bufaloc - B.B p. 1. Note that outputs qiven.. ..above take precedence over outputs from bufaloc
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ID U9-6 rcvch - receive character

FUNCTION
"rcvch" uses "qetc" to read a character from'the tty's read
section of the cli8t. If it 18 empty, the process is put to
sleep. When the process is awakened, rcvch again tries to
obtain a character from clist.

CALLING SEQUENCE ­
j8r rO, rcvch

INPUTS -
r2 - contains 8xtty no.
mcsr + 8xttyn - carrier detect and clear data term bits

" " " "See inputs for getc and sleep.

OUTPUTS -
ps - set process~r 8ta~us towS "
See outputs for sleep and getc
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ID U9-6 rcvt - read tty

FUNCTION.. ..
rcv~ elaces tty char~cters in the user buffer area. If

the raw flag in the tty area 1s set a character -1s ob­
tained from the tty·s input area of clist. If the flan is

.. .. ':II

not set, canon 1s used to process a line of tty characters
and place them in the users buffer area.

CALLING SEQUENCE
jmp rcvt

INPUTS -
r1 - cont.ains 2xttyno.
rcsr+8xttyno - carrier-detect and clear data term bits
tty+8xttyno+6 - point.er to tty butfer
tty+8xttyno+4 - raw data flag.. .... ..
See inputs for canon, passc, gete and revch-

OUTPtn'S -
ps - set processor oriority to 5.. .... ... .... ..
§ee clnon, passc, getc, revch and
sleep outputs.
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ID U9-3 starxmt

FUNCTION
starxmt does the tollowinqz

1. checks to see if the output character count for the ttv.. .. " .in clist is less than 10. If it ls, starm~ us;s wakeup
~o wakeup the process identified in the wlist entry for
the tty output channel.

2. Checks to see if the toutt entry for the tty output is
equal to zero. If it 18 not, control 1s passed back to the
calling routine. .

3. Checks to see if the ready bit in the tty's tscr regis­
ter 1s set. If lt is not, control is passed back to callinq
routine.

4. Cheeks 3rd byte of tty's "tty" area (contains character
left over after If.) for a null character. If the byte con­
tains a non null entry, the ent.ry 1s used as the next. char­
acter to be output. If the entry 1s nUl, th~ next character
to be output is obt.ained from the clist via qetc.

5. Adds 200 to ASC11 code of character ~o be "output if
dlqit2 (far ..llft digit) of entry in p.rtab table for
character 1s a 2.

6.: Checks tty's resr buffer to determ1ne if carrier 1s" ..present. If it 1s not, the character is dropped and a new
character 1s obtained by returnlnq to the beqlnning of ~he

subroutine. If the carrier is present a check . is made to
" "determine if the character to be output is ht. If it is a

" "(check 1s made t~ see 1f the tab to space flag bit 1 of
5th byte 1n tty area) is set. If it. is the character to be
output is changed toa space (ASC11 40).

7. Places character to be output 1n tty's '''tcbr'' buffer.
-starxmt" then does one of the following dependent on the
eharact;r to be output (digits 0 and 1 of the characters
partab entry are used as offsets into jump table).

a. For ASC11 codes 40-176, increments column pointer
which is in, byte 2 of tty area.

b. For ASC11 codes 0-7, 16-37 and 177, does nothing.

c. For ASC11 0 10 (ba), decrements column pointer.

d. For ASC11 012 (1£), sheeks for setting of er flaq
(bit 4 of 4th byte in tty area). It it 1s set ASC11

'015 (cr) 1s placed in byte ~ of "ttl" area' (character
left over after line feed). starxmt then determines
value for the tty·s output entq 10 the tout. table.
This valve is dePendent on whether If 1s to be output
or both if and cr.
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e. Por ASC11 011 (bt) does sgme foolinc.I around with
column count and 3rd byte' of tty· area.(character lef~
over after If) dependent on value of tab to space.. ..
flaq in 5th b~e of tty area. It then determines
value for t.he tty's output. entry in the tout table.

f. Por ASC11 013 (vt), determines value for the tty's
output. entry in tout table.

q. Por ASC11 015 (cr), determines value for the tty's
output entry in tout table and sets column pointer c O.

CALLING SEQUENCE -
j sr ro, 81:arxmt

INPtrI'S -
(sp) - contains extty number
t.ty+3+8xttynumber - contains offset. in cc,'cf. and cl list8 for tty
cc+(tty+3+8xttynumber)+1 - contains character count for tty
output in cli$t
tty+1+8xttynumber - contains column pointer for tty
tty+2+8xttynumber - contains character left over atter 1f
for t.t.y
tty+4+8xtt.ynumber - contains flaqs for tty.. .
See outputs for qetc.

rcsr+8xttynumber - contains carrier present flaq for tty
tesr+8xttynumber - contains ready flaq for tty

otrrPt1I'S - .. .'See inputs to qetc
ec+(tty+3+8xttynumher)
tty+1 +8xttynumber see inputs above
tty+2+8xttynumher
tcbr+8xttynumber - contains character to be output on tty
toutt+3+ttynumber - ca'ltains tout. entry for tty
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ID U9- xmtt

FUNCTION '• • •• •xmtt uses cpass, to obtain the next character in the
user·s buffer area. If the ·character count for the tty
(ident.ified by i-node number of tty's special file in stack)
~s gieat.er .than. 50, t.he process is put to sleep. If not.,
xmt.t uses putc to determine 1f there is an entry avall-.. .. ... .. ..

able in freelist 'portion of cltat. If there ls, putc
places the charac~er thtre and assigns the location to the
tty portial of cltst. If there is no location available• • ••in free11st portion of clist., the eroeess is put to
sleep. If there 1s a vacant. locat.ion, starxmt" is used to
at.t.emp~ t.o outeut the character on the t.ty. Upon return
from st.arxmt the next. charaet.er 1s obtained from the
user·s buffer area. If the buffer is ewpty, .cont.rol is
Passed back to the calling routine via epass. When the.. .
process is awakened by awake t it trys aqa1n 1:0 find a
location available in freelist. and a ,character count for the
tty output less than SO so it can output characters.

CALLING SEQUENCE
jmp xmtt

INPt1l'S .;.
See inputs for ·cpass·.
(sp) - cont.ains i-number of tty·s special :file
r1 - ccnta1ns cheracter to be placed in cl1st. ~nvreturn

from cpass

OUTPUTS - • • • •See inputs for starxmt and putc
processor priority set to 5
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