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Subject: 'Preliminary Release of ‘ Date: 6/20/72
UNIX Implementation Document '

- The contents of this document sre incomplete and subject to rapid
change both in subject matier end orgenization. The purpcse of this
~releese is to make the information it tontains available to persons
who have ap immedizte and pressing need. The sections that are
included here ccontain the following information:

Section Contents
E.0 - E.10 Commented listing of UNIX operating
. system '
E.11 ' ' Commented listing of UNIX shell
E.12 : Comnented listing of UNIX
initislization progran
¥ System Overview
G Tata Rase Item Descriptions

H.O - H.2 Verbol deseriptions of UNIX
: routines.

The vy o zorrecpond to tho ‘
ligti g ti sre listed in alphebetical.
order in the X sectiong, rather in the crder thev sriear in ths
listings.



modifications to UNIX to accomcdate the T4002A graphic console

uo Page 1 add
gks = 177 -—- / graphic input status
gkb = 177 =-- / graphic input buffer
gps = 177 -—- / graphic output status
gpb = 177 =-- / graphic output buffer
uo Page 2 add somewhere

dspi; 240 / graphic input interrupt vector
uo Page 3 add at end of set up time out routines’
mov & wakdsp, (r0) / time out subroutine for display
uo Page 4 add at end of device diréctory

23.
<dsp\0o\o\o\0> / T4002A

u? Page 4,5 add to end of icpen list
odsp / T4002A
add program odsp below

odsp: / open T4002A for reading or writing
mov $100,%sgks / set interrupt enable on input
mov $14,r1 / put np in r1 (erase, home)
jsr r0,chout / ougput the char
mov $21 r1 / put dei’ in ri (turn on joystock)
jsr x0, Shout / output char
mov $37 r1 / put us in rt1 (alpha mode)
jsr rO,chout / output char
br sret

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

ub Page 1 add at end of readi list
rdsp / T4002A
add the routine rdsp

rdsp: / read from the graphics terminal

mov $240,%sps / set ps to 5 ‘

jsr ro,getc 22 / take char off clist and put it in ri
br 1£f / list is empty, go to sleep

clr *¥sps / clear ps

jsr r0,passc / move char to user core

br rdsp / get next char



mov r5,-(sp) / save rS

jsr rO,sleep; 22 / put input process to sleep
mov (sp)+,ra / restore rS5

br . rdsp / try again

add somewhero dbp):

\\“M« . -

dspis: / graphic display input interrupt routine
jsr rO,setisp / save ri, r2, r3
mov *sgkb,r1 / put char in ri
inc *¥s,g9ks / set reader enable bit
bic $1177,r1 / strip char to 7 bits
jsr r0,putc; 22 / put char on the clist

br 1f / if f£full return
/Note:; char is not echoed and quit
(£s) and interrupt {(del) char are

/ not processed
cmp r1,$4 / char = eot
beqg 1£
cmp rt1,$12 / char = 1f
beg 1£
cmpb  cc+22,315 / are there 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 / return
ub Page 3 add to bottom of writei list

wdsp / T4002A
add routines wdsp, chout, 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 on the graphic display
jsrx rO,cpass / set next char from user buffer area
/ if none, return to syswrite
tst r1 / is the character null
beq wdsp / yes, get the next character
jsr rO,chout / output the character
br wdsp / get next character

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

tstbh = toutt+12 / check time out

bne 1b / wait for it to be O

movb  r1,¥sgpb / output the character
cmpb r1,$14 / is char ff (erase, home?)

beq 1£ " .
cmpb r1,$30 / is char can (erase)?
beq 1£

cmpb  r1,$5 / is char enqg (digitize joystock)?



beq 2f

rts x0

1: .
movb  $30,toutt+12 / put 500 ms delay for erase
isr rO,sleep; 23 / put output process to sleep
rts r0 )

movb  $2,toutt+12 / put in 20 ms delay for joystick
rts r0

/ time out subroutine for display
wakdsp: / wakeup the output process

jsr r0, wakeup; runqg+2; 23
rts r0



/ u0 == unix

UNIX IMPLEMENTATION

cold = 0 '
orig =0 ., / orig = 0. relocatable
rkda = 177412 / disk address reg
rkds = 177400 / driv status reg
rkcs = 177404 / control status reg
rcsr = 174000 / receiver status reg
rcbr = 174002 / receiver buffer reg
tesr = 174004 / xmtr status reg
tcbr = 174006 / xmtr buffer reg
test = 177340 / dec tape control status
tcem = 177342 / dec tape command reg
tewe = 177344 / word count
tcba = 177346 / bus addr
tcdt = 177350 / data reg
dcs = 177460 / drum control status
dae = 177470 / drum address extension
lks = 177546 / clock status reg
prs = 177550 / papertape reader status
prb = 177552 / buffer
pps = 177554 / punch status
ppb = 177556 / punch buffer
/lps = 177514 line printer status
/lpb = 177516 line printer buffer
tks = 177560 / console read status
tkb = 177562 / read buffer
tps = 177564 / punch status
tpb = 177566 / punch buffer
ps = 177776 / processor status
halt = 0
wait = 1
rti = 2
nproc = 16. / number of processes
nfiles = 50.
ntty = 8+1
nbuf = 6
~ oif cold / ignored if cold = O
nbuf = 2

«endif

core = orig+40000

/ !o 7 434
Ay unkni ;0
/ ot fpsym,

14114 unkni ;0 / trace and trap (see Sec. B.1 page )

u)zxunkni s0 /

3

3% sysent;0 /
Issue D Date 3/17/72

jnit by copy

bus error

" 111g in tr

trap

vzpanic;0 / pwr
'}1rtssymo

0 / emt
sys
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rk03/rk11
rk03/rk11
rk03/rk11
dc-11
dec-11
dc-11
dc-11
tc11/tuse
tc11/tus6
tc11/tuseé
tc11/tuse
tc11/tus6
rf11/rs11
rf11/rs11
kwii-=1l
pci1

pc11

pct1

pct1
(future)
(future)
asr-33
asr-33
asr-33
asr-33

/ specifies beginning of user’s core
ecore = core+20000 / specifies end of user’s core (4096 words)

Section E.0 Page 1



UNIX IMPLEMENTATION

= orig+s0 |
40:l2 EEYE5240 / interrupt vector tty in 3 processor level 5
(46 £Lyo;240 / interrupt vector tty out
7é;lppti;24o ; punch papertape in
74, pptos 240 punch papertape out
/nﬂﬂclock;340 / clock interrupt vector 3 processor level 7
= orig+200 -

lpto; 240 1line printer interrupt ;s processor level 5 (future)
= orig+204 '

drum;300 / drum interrupt 3 processor level 6
= orig+214

tape;300 / dec tape interrupt

disk;300 / rk03 interrupt
orig+300

O%*4+trev;

O*4+txmt; 240 / dci1 inputj;output interrupt vectors

240

1%4+trevs
2%4+trcv;
3#*4+trev;

1#4+txmt
2%4+txmt;
3%4+txmt;

240
240

240
240
240
240

4%#4+trcvs
S*4+trecv;
6*4+trcv;
7*4+trev;

2403
2403
2403
2403

4%#4+txmt s
5*4+txmt
6#*4+txmts
7#4+txmt

o = orig+400
/ copy in transfer vectors

mov $ecore,sp / put pointer to ecore in the stack pointer
jsr rO,copyz; 0; 14 / clear locations O to 14 in core
mov 84,r0
clr r1 , )
mov r0,(r1)+ / put value of 4 into location 0
mov r0,(r1)+ / put value of 4 into location 2
mov s$unkni, (r1)+ / put value of unkni into location 4;
time out, bus error
clr (r1)+ / put value of 0 into location 6
mov g$fpsym, (r1)+ / put value of fpsym into location 10
clr (r1)+ / put value of 0 into location 12
/ clear core
oif cold / ignored if cold = 0O ,
halt / halt before initializing rf file system; user has
/ last chance to reconsider
sendif
jsr r0,copyz; systm; ecore / clear locations systm to ecore
mov $s.chrgt+2,clockp / intialize clockp
/ allocate tty buffers; see H.0 for description
mov ¢$buffer,xr0
mov stty+6,r1
1s
mov r0,(r1)
add 8140.,r0 / tty buffers are 140. bytes long
add $8,r1 :
ng r;,$tty+[ntty*8] / has a buffer been assigned for each tty
o 1

/ allocate disk buffers; see H.0 for description

Issue D Date 3/17/72 ID IMO.1-1 Section E.0 Page 2



UNIX IMPLEMENTATION

mov ¢bufp,r1t

nmov r0,(c1)+

add 88,r0

mov r0,-2(r0) / bus address

mov  $-256.,-4(r0) / word count

add $512.,1r0 / buffer space

cmp r1,$bufp+nbuf+nbuf

blo 1

mov $sb0, (r1)+ / 1/0 queue entry drum

mov $sb1,(r1)+ / 1/0 queue entry disk (mounted device)

mov sswp,(r1)+ / 1/0 queue entry core image being swapped

mov ¢ [systm-inode]l\/2,s8b0+4 / sets ur initial buffers per
/ format given in

mov $systm,sb0+6 / memory map
mov $=~512.,8b1+4
mov g¢mount ,sb1+6
mov $user, swp+6

/ set devices to interrupt

mov 8100,%*31ks / put 100 into clock status register;
/ enables clock interrupt

/ set up time out subroutines

mov $touts r0

mov sstartty (ro)+ / if toutt = 0 call startty
mov $pptito, (ro)+ / Lf toutt+1 = 0 call pptito
tst (ro)+ / add 2 to r0

mov sntty~-1,r1

13 . ;
mov sxmtto, (r0)+ / if toutt+2 thru toutt+2+ntty=0 call xmtto
dec r1
bne 1b

/ free all character blocks; see H.0 for description

mov 8510 .,r2
mov $=-1,r1

jsr r0,put
sub $2,r2
bgt 1b

/ set up drum swap addresses; see H,0 for description

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

/ to UNIX
mov ép.dska,r2 / p.dska contains dis{addresses for processes
1:
sub 817.,r1 / 17 blocks per process
mov ri,(r2)+
cmp r2,8p.dska+nproc+nproc
bne 1ib

Issue D Date 3/17/72 ID IMO,1-1 Section E.0 Page 3



UNIX IMPLEMENTATION

/ free rest of drum

+1f cola

mov
mnov -

18
dec
jsr

cmp
bgt

/ zero i list

1¢
dec
jsr
tst
bgt
«endif

$128,,8ystm / initialize word 1 of drum superblock image;
/ number of bytes in free storage map=128.
$64.,systm+2+128. / init., w3 66. of superblock image; # of
/ bytes in i-node map=64.

"I1 / r12687.,.40,34.

r0,free / free block ‘rt1’, i.e., set bit ‘r1’ in free
/ storage map in core

r1,834. / first drum address not in i list

1b / if block 34 has been freed, zero i list

rO/rO 33¢5000,1

r0,clear / zero block ‘r1’ on fixed head dis™

r1

1b / if blocks 33,...,1 have all been zeroed, done.

/ makz current program a user

mov $41.,r0 / rootdir set to 41 and never changed
mov r0,rootdir / rootdir is i-number of root directory
mov ro,u.cdir / u.cdir is i-number of process current directory
mov $1,r0
movb rO,u.uno / set process table index for this process to 1
mov rO,mpid / initialize mpid to 1
mov r0,p.pid / p.pid identifies process
movb rO,p.stat / process status = 1 i.e., active
= 0 free
oif cold / = 2 waiting for a child to die
/ = 3 terminated but not yet waited
/ ‘for

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

mov
1
jsr

mov
movb
movb

jsr

dec
bgt

$40.,r1 / set ri=i-node-number 40,

r0,iget / read i-ncde ‘r1’ from disk into inode area of
/ ccre and write modified inode out (if any)

| $100017,1i.f1gs / set flags in core image of inode to indi-

/ cate allocated, read (owner, non-owner),
/ write (owner, non-owner)

81,i.nlks / set no.. of links = 1

$1,i.uid / set user id of owner = 1

ro,setimod / set imod=1 to indicate i-node modified, also

~ / stuff time of modification into i-node
r1 / next i-node no. = present i-node no.-1
1b / has i-node 1 been initialized; no, branch

/ initialize i-nodes r1.,...,47. and write the root device, binary, etc.,
/ directories onto fixed head disk. user temporary, initialization prog.

Issue D Date
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UNIX IMPLEMENTATION

mov $idata,r0 / rO=base addr. of assembled directories.
mov su.off,u.fofp / pointer to u.off in u.fofp (holds file

/ offset)
mov (r0)+,r1/r1=41¢44404,473 O 1in the assembled directory
header signals last
beq 1£ assembled directory has been written onto drum
jsr rO,imap / locate the inode map bit for i-node ‘ri1’

set the bit to indicate the i-node is not
available
read inode °r1’ from disk into inode area of
core and write modified i-node on drum (if any)
mov (ro)+,i.flgs / set flags in core image of inode from

/ assembled directories header
movb (r0)+.i.nlks / set no. of links from header
movb (ro)+,i.uid / set user id of owner from header
isr rO,setimod / set imod=1 to indicate inode modified: also,
/ stuff time of modification into i-node

bisb mq,(r2)

jsr rO,iget

NN

mov (r0)+,u.count / set byte count for write call equal to
/ size of directory :
mov rO,u.base / set buffer address for write to top of directory

clr u.off / clear file offset used in ’‘seek’ and ‘tell’

add u.count,r0 / r0 points to the header of the next directory
jsr ro,writei / write the directory and i-node onto drum

br 1b / do next directory

«endif .

/ next 2 instructions not executed during cold boot.
bis $2000,8b0 / sbO I/0 queue entry for superblock on drum;
/ set bit 10 to 1

jsr rO,ppoke / read drum superblock
1 ' ' o
tstb sbO+1 / has I/0O request been honored (for drum)?
bne 1b / no, continue to idle.
1s » _
decb sysflg / mormally sysflag=0, indicates executing in system
sys exec; 2f; 1f / generates trap interrupt; trap vector =
/ sysent; 0O
br panic / execute file/etc/init
1: S~ (& 1 Lo
2£;0 u,_~]Xa;¢jQéﬂHf7,lw&)&1EQq S ©6,/0
2: . < ‘ '
{/etc/init\0> / UNIX looks for strings term, noted by nul\0
panic:
clr ps
1:
dec $0
bne 1b
dec $5
bne 1b

jmp #44173700 / rom loader address

Issue D Date 3/17/72 ID IMO.1~-1 Section E.0 Page 5



rtssym:
mov
mov
mov
mov
bic
asl

jmp

mov
br

mov
br

mov
br

mov
br

mov
br

mov

cmp
blo
cnp
bhis
bit-
bne
tst

adaa
mov
mov
mov
rti
13
rts
rts
rts
rts
rts
rts
rts
rts
badrts:

mov
mnov

rpsyms

Issue D Date

UNIX IMPLEMENTATION

r0,-(sp)
r1,~(sp)
4(sp),r0
-(r0),ro0
$17,r0
r0
*1£(r0)

0f;1£32£;3f;4€;5E; badrts ;7€

2(sp),r0
1f

r2,r1
1£

r3,r1
1£

r4,r1
1£

r5,r1
1£

8.(sp),rt

r1,$core
badrts
r1 ,%ecore
badrts
$1,r1
badrts
(r1)
badrts
$1£,x0
r0,4(sp)
(sp)+,r1
(sp)+,r0

r0
ri
r2
r3
r4
r5
8p
pc

(sp)+,r1
S M

3/17/72 ID IMO.1-~1
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idata:

/ root

9

UNIX IMPLEMENTATION

Smp unkni
«if cold

41.
140016
.byte 7 ’1
9f-.-—2

<+ I\0\OND 0\ONDD
§;§o\o\o\o\o\o\o>
<dev\o\0o\o\o\o>
Pin\0\0\O\ONOD
<etc\0\O\ONO\OD
giér\o\o\o\o\o>

46.
<tmp\0o\0o\o\o\0>

/ device directory

42.
140016

sbyte 2,1

o
25:\0\0\0\0\0\0>
< \o\o\o\o\o\o\o>
(tty\O\O\O\O\O)
<ppt\0\0\0\0\o>
(mem\0\0\0\0\0>
Qe £0\0\O\O\O\O>
giio\o\o\o\o\o>
2:5p0\0\0\0\0>
<tap1\0\0\0\0>
<tapz\o\o\o\o>

(tap3\0\0\0\0> )

Issue D Date 3/17/72
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UNIX IMPLEMENTATION

10.
(tap4\0\0\0\0>

<tap5\0\0\0\0>
<tap6\o\o\o\o>
(tap7\0\0\0\0>
<ttyo\o\o\o\o>
<tty1\o\o\0\o>
<tty2\0\0\0\0>

17.
(gty3\0\0\0\0>
18.
<tty4\0\0\0o\0o>

19,
<ttys\o\o\o\o>
20,

<tty6\0\0\0\0>

(tty?\O\O\O\O)

<1pr\o\o\o\o\o>

01.

<tty8\0\0\O\0> / really tty
93

/ binary directory"

43.
140016
«byte 2,3
gf- 0-2

41.
250\0\0\0\0\0\0>
. <.\0\0\0\0\0\0o\0>

/ etcetra directory

44.
140016
.byte 2'3
f-e=2

41.
zi.\o\o\o\o\o\o>
g%wwwwmw>
-9 <151t\o\o\o\o>

H

Issue D Date 3/17/72 ID IMO.1-~1
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UNIX IMPLEMENTATION

/ user directory

45,
140016
.byte 2,1
gf" 0-2

41.
<§.\o\o\o\o\o\o>
45.

. <. \o\o\o\o\o\o\o>

/ temporary directory
46,
140017
Jbyte 2,1
9f-,-2
41,
<. .\0\o\o\o\o\o>

46.
. <. \o\o\o\o\o\o\o>

/ initialization program

47.
100036 |
Obyte 1 ’3
9f—.—2
8:
sys break; O
sys open; 6f-8b+core; O
mov rO,r1 )
sys seek; 65.3 O
1: : ‘
mov r1,r0
sys read; 9f-8b+core; 512.
mov 9f,r5 / size
beq 1£
sys creat; 9f-8b+core+4; O
mov r0,r2
movb 9f+2,0f
sys chmod; 9f-8b+core+4; Os3..
movb 9f+3,0f
sys chown; 9f-8b+core+4; Oz,
23 '
tst rS
beq 2f
mov ri,r0
sys read; 9f-8b+core; 512.
mov $51 2e ,Of
cmp r5,8512.
bhi 3f
mov r5,0f
3:
Issue D Date 3/17/72 ID IMO.1-1
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9:

UNIX IMPLEMENTATION

mov r2,r0

sys write; 9f-8b+core; Ot.,

sub rO,x5

br 2b

mov r2,r0

sys close

br 1b

mov ri,x0

sys close -

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

sys exit ol
o

wS
Sf-8b+core; 0 -7‘/,/‘% Ce ;/Zf(, %
7 oy L] fremm Ty
/eet/@iggig;\\w ﬂt4/ﬁ£’ ,%szzq;lZZéi,AwZ WA YIY o)

P A
<{/dev/tapo\0> UfZéf bqroauéanji.

eVEen

/ end of initialization data

0
eendif

Issue D Date 3/47/72 ID IMO.1-1% Section E.0 Page 10



UNIX IMPLEMENTATION

/ ut —— unix

unkni: / used for all system calls

sysent:
incb sysflg / indicate a system routine is
beq 1f / in progress
jmp panic / called if trap inside system

mov $s.syst+2,clockp

mov r0,~(sp) ]/ save user registers

mov sp,u.r0 / pointer to bottom of users stack in u.r0
mov r1,~(sp)

mov r2,-(sp)

mov r3,-(sp)

mov r4,-(sp)

mov r5,-(sp) - " o

mov ac,-(sp) accumulator register for extended

/
/ arithmetic unit

mov mg,-(sp) / "multiplier quotient” register for the
; extended arithmetic unit

/

mov sc,~(sp) step count register for the extended
arithmetic unit

nov Sp,u.sp / u.sp points to top of users stack

mov 18.(sp),r0 / store pc in r0

mov -(ro).ro / sys inst in ro0 10400xxx

sub $sys,r0 / get xxx code

asl r0 / multiply by 2 to jump indirect in bytes

cmp r0,$2f~1f / limit of table (35) exceeded

bhis badsys / yes, bad system call '

bic $341,20.(sp) / set users processor priority to 0 and clear

/ carry bit
jmp *#*1£(r0) / jump indirect thru table of addresses
/ to proper system routine.

13 o
sysrele /
sysexit /
sys*ork /
sysread /
syswrite / 4
sysopen / S
sysclose / 6
syswait / 7
syscreat / 8
syslink / 9
sysunlink / 10
sysexec / 11
syschdir / 12
systime / 13
sysmkdir / 14
syschmod /
syschown / 16
sysbreak /
sysstat / 18
sysseek / 19
systell / 20

o
1
2
3

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



UNIX IMPLEMENTATION

sysmount / 21
sysumount / 22
syssetuid /
sysgetuid / 24
sysstime / 25
sysquit / 26
sysintr / 27
sysfstat / 28
sysemt / 29
sysmdate / 30
sysstty / 31
sysgtty / 32
sysilgins /. 33
23
error:
mov . u.sp,ri
bis $1,20.(r1) / set ¢ bit in processor status word below
/ users stack
sysret: ‘ :
tstb u.bsys / is a process about to be terminated because
bne sysexit / of an error? yes, go to sysexit
mov u.sp,sp / no point stack to users stack
clr r1 / zero ri1 to check last mentioned i-node
jsr rO,iget / if last mentioned i-node has been modified
‘ / it is written out
tstb smod / has the super block been modified
beq 1f / no, 1f
clrb smod / yes, clear smod
bis $1000,sb0 / set write bit in I/O queue for super block
-/ output
jer rO,ppoke / write out modified super block to disk
1: :
tstb mmod / has the super block for the dismountable file
, / system
beq 1f / been modified? no, 1f
clrb mmod / yes, clear mmod
movb mntd,sbi / set the I/0 queue
bis $1000,sb1 / set write bit in I/0 queue for detached sb
jsr ro,ppoke / write it out to its device
1:
tstb uquant / is the time quantum 0?
bne 1€ / no, don’t swap it out
sysrele:
jsr rO,tswap / yes, swap it out
1:
mov (sp)+,sc / restore user registers
mov (sp)+,mq
mov sp)+,ac
mov sp)+,r5
mov (sp)+,r4
mov sp)+,r3
mov sp)+,xr2
mov (sp)+,r1

Issue D Date
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mov (sp)+,x0
mov $s.chrgt+2,clockp
decb sysflg / turn system flag off
jer rO,isintr / is there an interrupt from the user
br intract / yes, output gets flushed, take interrupt
/ actiomn
rti / no return from interrupt
badsyss
inchb u.bsys / turn on the user’s bad ~System flag
mov 83f,u.namep / point u.namep to "core\O\O"
jsr ro, namei / get the i-number for the core image file
‘ br 1£ / error '
neg r1 / negate the i-number to open the core image file
/ for.writing
jsr r0,iopen / open the core image file
jsr rO0,itrunc / free all associated blocks
br 2f
1
mov $17,r1 / put i-node mode (17) in r1
jsr ro,maknod / make an i-node
mov u.dirbuf,r1 / put i-nodes number in r1
22
mov $core,u.base / move address core to u.base
mov $ecore-core,u.count / put the byte count in u.count
mov su.,off,u.fofp / more user offset to u.fofp
clr u.off / clear user offset
jsr rO,writei / write out the core image to the user
mov $user,u.base / pt. u.base to user
mov $64.,u,count / u.count = 64
jsr rO,writei / write out all the user parameters
neg r1 / make i-number positive
jsr rO0,iclose / close the core image file
br sysexit /
33 _
{core\0\0>
sysexit: / 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
jsrx r0,fclose / close all files the process opened
br .+2 / ignore error return
inc r1 / increment file descriptor
cmp 11,810, / end of u.fp list?
blt 1b / no, go back
movb u.uno,r1 / yes, move dying process’s number to i
"elrb © p.stat-1(r1) / free the process
asl rt / use r1 for index into the below tables
mov p.pid=-2(r1),r3 / move dying process’s name to r3
mov p.ppid~2(r1s,r4 / move its parents name to r4
clr r2
clr r5 / initialize reg
1: / £ind children of this dying process, if they are zombies, free them
add $2,r2 / search parent process table for dying process’s name
cmp p.poid—2(r2),r3 / found it?

UNIX IMPLEMENTATION
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bne 3f / no

asr r2 / yes, it is a parent
cmpb  p.stat-1(r2),$3 / ic the child of this dying process a
/ zombie

bne 2f / no
¢clrb pe.stat-1(r2) / yes, free the child process

asl r2
3: / search the process name table for the dying process’s parent
cmp p.oid-2(r2),r4 / found it?
"bne 3f / n
mov xr2,r5 / yes, put index to p.pid table (parents
/ process # x2) in r5 -

3
cmp r2,¢nproc+nproc / has whole table been searched?:
blt 1b / no, go back
mov . rS,r1 / yes, ri now has parents process # x2
beq  2f / no parent has been found. The process just dies
asr ri / set up index to p.stat

movb pl.stat-1(r1),r2 / move status of parent to r2
beq 2f / if its been freed, 2f
cmp r2,83 / 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 yes, notify parent not to wait any more
dech .stat—1zr1) / awaken it by putting it (parent)
mov $runq+4,r2 / on the rung
jsr r0, putlu
2: / the process dies :
clrb u.uno / put zeroc as the process number, so swap will
jsr rO,swap / overwrite process with another process
o / and thereby kill it; halt?

intract: / interrupt action
cmp #(sp),érti / are you in a clock interrupt?
bne 1£ / no, 1f
cmp (sp)+,(sp)+ / pop clock pointer
1: / now in user area
mov r1,~-(sp) / save rt
mov u.ttyp,r1 / pointer to tty buffer in control to ri
empb  6(r1),8177 / is the interrupt char equal to "del
beq 1£ / yes, 1£
clrb 6(xr1) / 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)
rti / return from interrupt
1: / interrupt char = del
clrb 6(r1) / clear the interrupt byte in the buffer

mov (sp)+,r1 / restore ri

crp U.intr,score / should control be transferred to loc core?
blo 1£

Jmp *u,intr / user to do rti yes, transfer to loc core

1
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UNIX IMPLEMENTATION

1 / exit

syswait: / wait for a process to die

movb
asl
mov
clr
Cclr

- add

cmp
bne
inc
asr
cmpb
bne
clrdb
asl
mov
br

asl

cmp
blt
tst

beq

movb

incdb
Jsr
br

errort:
_ Jmp

sysret1:
Jmp

u.uno,r1 / put parents process number in ri
r1 / x2 to get index into p.pid table
p.pid-2(r1),r1 / get the name of this process
r2

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 »f parent process name

r3 / yes, a match, r3 indicates number of children

r2 / r2/2 to get index to p.stat table

p.stat-1(r2),63 / 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.r0 / put childs process name in (u.r0)

sysret1 / return cause child is dead

r2 / r2x2 to get index into p.ppid table

r2,$nproc+nproc / have all processes been checked?
1b / no, continue search ‘
r3 / one gets here if there are no children or children
/ that are still active ,
errori / there are no children, error
Qe.uno,r1 5 there are children so put parent process number
in r1

p.stat-1(r1) / it is waiting for other children to die

rO,swap / swap it out, because it‘s waiting
syswait / 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
tstb
beg
cmp
blt
add

br
movb

movb
incd

Issue D Date

ri

p.stat-1(r1) / is process active, unused, dead

1f / it’s unused so branch

ri,8nproc / all processes checked

1b / no, branch back ‘ '

$2,18.(sp) / add 2 to pc when trap occured, points
/ to old process return

error1 / no room for @ new process

u.uno,~-(sp) / save parent process number

r1,u.uno / set child process number to r1
pe.stat-1(r1) / set p.stat entry for child process t
/ active status :
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mov

beq
clrb

mov
jsr
asl
inc
mov:

movb
asl
mov
mov

mov

mov
mov

mov
jsr
jsr
mov
tst -
movb
mov

add

clr

UNIX IMPLEMENTATION

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

2f / branch, if no such tty assigned :

6(r2) / clear interrupt character in tty buffer

S$rung+4,r2
rO,putlu / put child process on lowest priority run queue
r1 / multiply r1 by 2 to get index into p.pid table
mpid / increment m.pid; get a new process name
mpid,p.pid-2(r1) / put new process name in child process’
/ name slot v
(sp),r2 / put parent process number in r2
r2 / multiply by 2 to get index into below tables
p.pid-2(r2),r2 / get process name of parent process
r2,pppid-2(r1) / put parent process name in parent
/ process slot for child
r2,*u,r0 / put parent process name on stack at location
/ where r0 was saved
$sysret1 y(sp) /
sp,u.usp / contents of sp at the time when user is
/ swapped out ' _
¢$sstack,sp / point sp to swapping stack space
rO,wswap / put child process out on drum
rO,unpack / unpack user stack
u.usp,sp / restore user stack pointer
(sp)+ / bump stack pointer
(sp)+,u.uno / put parent process number in u.uno
mpid,*u.r0 / put child process name on stack where r0O
/ was saved
$2,18.(sp) / add 2 to pc on stack; gives parent
/ process return » .
r1

1: / search u.fp list to find the files opened by the parent process

movb
beq
asl
asl
asl
incdb

inc
cmp

blt
br

sysread:
jsr
tst
ble
Jsr
br

 gyswrite:
jsr

Issue D Date

u.fp(ri),r2 / get an open file for this process

2f / file has not been opened by parent, so branch

r2 / multiply by 8

r2 / to get index into fsp table

r2

fsp-2(r2) / increment number of processes using file,
/ because child will now be using this file

ri / et next open file

r1,810. / 10. files is the maximum number which can be
/ opened

1b / check next entry

sysret1

r0,rw1 / get i-number of file to be read into ri

r1 / negative i-number?

errort / yes, error 1 to read it should be positive
rg.readi / read data into core ‘

1 .

xO,rwt1 / get i-number in r1 of file to write
3/17/72 ID IMO.1-% Section E.1 Page 6



tst -

bge
neg
Jsr

mov
br

jsr
jsrx
mov
Jsr
rts

sysopen:
' jsr
jsr
br
tst
beq
neg
1:
jsr
tst
beq

op0:
neg
op1:
Clr
clr

UNIX IMPLEMENTATION

r1 / positive i-number ?

errori / yes, error 1 negative i-number means write
r1 / make it positive

r0,writei / write data

u.rread,*u.,r0 / put'no. of bytes transferred into (u.r0)
sysreti

r0,arg; u.base / get buffer pointer

r0,arg; u.count / get no. of characters

*u,r0,r1 / put file descriptor (index to u.fp table) in ri
r0,getf / get i-number of the file in rt

r0

rO,argZ'/ get sys args into u.namep and on stack
rO,namei / i-number of file in r1
error2 / file not found

(sp) / is mode = 0 (2nd arg of call; O means, open for read)

1f / yes, leave i-number positive
r1 / open for writing so make i-number negative

" rO,iopen / open file whose i-number is in rt

(sp)+ / pop the stack and test the mode
op1 / is open for read op1
r1 / make i-number positive if open for writing

r2 / clear registers
r3

1: / scan the list of entries in fsp table

tstb

beq
inc
cmp
blt
br

tst
beg
adad
cmp
blt
br
1¢ / r2 has
mov
mov

clr
clr
asr
asr
asr
inc

Issue D Date

u.fp(r2) / test the entry in the u.fp list
1f / if byte in list is 0 branch

r2 / bump r2 so next byte cdn be checked
r2,$10. / reached end of list?

1 / no, go back

error2 / yes, error (no files open)

fsp(r3) / scan fsp entries

1f / 4f 0 branch

$8.,r3 / add 8 to r3 to bump it to next entry mfsp table
r3,$[nfiles*8.] / done scanning

1b / no, back

error2 / yes, error

index to u.fp lists; 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 # of device in
next word

fsp+4(r3) ‘ '

fsp+6(r3) / clear the next two words

r3

r3 / divide by 8 to get number of the fsp entry-1
r3 A

r3 / add 1 to get fsp entry number

3/17/72 ID IMO.1-1 Section E.1 Page 7



movb

mov .

br

error2:
Jmp
sysret2:
Jmp

syscreat: /
jsr
Jsr

neg
jsr

Jsr
br

UNIX IMPLEMENTATION

‘r3,u.fp(r2) / move entry number into next available slot

/ in u.fp list
r2,*u.r0 / move index to u.fp list into r0 loc on stack
sysret?2

error / see ‘error’ routine

sysret / see ‘sysret’ routine

name; mode

rO,argz / put file name in u.namep put mode on stack

rO,nameli / get the i-number

br 2f / if file doesn’t exist 2f

ri / if file already exists make i-number negative
(open for writing)

r0,iopen /

r0,itrunc / truncate to 0 length

opO

2: / file doesn’t exist

mov
bic
jsr
mov
br

sysmkdir: /
jsr
jsr

br

tstb

bne
mov
bic
bis
jsr
br

sysclose: /
mov
Jsr

br

sysemt:
jsr
cmp
blo
cmp

blo
mov

br

Issue D Date

(sp)+,r1 / put the mode in r1

$1377,r1 / clear upper byte

r0,maknod / make an i-node for this file
u.dirbuf,r1 / put i-number for this new file in rt
op0 / open the file

make a directory

r0,arg2 / point u.namep to the file name
ro,namei / get the i-number

br .+4 / if file not found branch around error
error2 / directory already exists (error)
u.uid / is user the super user

error2 / no, not allowed

(sp)+,r1 / put the mode in r1

$1317,r1 / all but su and ex

$40000,r1 / directory flag

rO,maknod / make the i-ncde for the directory
sysret2 / :

close the file

*u,r0,r1 / move index to u.fp list into r1
rO,fclose / close the file

"br error2 / unknown file descriptor

sysret2

rO,arg; 30 / put the argument of the sysemt call in loc 30
30,8core / was the argument a lower address than core
1£ / yes, rtssym

30,%ecore / no, wag it higher than “core” and less than

ecore
2f / yes, sysret2
$rtssym,30
sysret2
3/17/72 ID IMO.1-1 Section E.1 Page 8
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sysilgins: / calculate proper illegal instruction trap address

jsr

cmp
blo
cmp
blo

mov

23
br

r0,arg; 10 / take address from sysilgins call » put
/ it in loc By

" 10,%core / making it the illegal instruction trap address

1£ / is the address a user core address? yes, go to 2f
10,8ecore
2f

$fpsym,10 / no, make ‘fpsum’ the illegal instruction trap
/ address for the system

sysret2 / return to the caller via ‘sysret’

sysmdate: / change the modification time of a file

jsr
jsr

jsr
cmpb
beq
tstb
bne

jsr
mov
mov
br

sysstty: / set
jsr
mov

mov

1: / flush the
mov
movb
mov
jsr

br
mov
inc
tstb
beq
mov
jsr
br

mov
mov
mnov

beq

mov

mov

Issue D Date

r0,arg; u.namep / point u.namep to the file name
rO,namei / get its i-number

br error2 / no, such file

r0,iget / get i-node into core

u.uid,i.uid / is user same as owner

1£ / yes '

u.uid / no, is ucer the super user

error2 / no, error

rO,setimod / £ill in modification data, time etc.
4(sp),i.mtim / move present time to
2(sp),iemtim+2 / modification time

sysret2

mode of typewriter; 3 consequtive word arguments . :
ro,g%ty)/ r1 will have offset to tty block, r2 has source
!‘2’,- sp

ri,~(sp) / put r1 and r2 on the stack

clist wait till typewriter is quiescent

(sp),r1 / restore r1 to tty block offset

tty+3(r1),0f / put cc offset into getc argument
$240,%$ps / set processor priority to 5

rO,getc; O:../ put character from clist in r1

br .+4 / list empty, skip branch

1b / get another character until list is empty

Ob,r1 / move cc offset to ri1

ri / bump it for output clist

cc(r1) / is it 0

1f / yes, no characters to output

r1,0f / no, put offset in sleep arg

rO,sleep; O:.. / put tty output process to sleep

1b / try to calm it down again

(8p)+,r1 :

(sp)+,r2 / restore registers

(r2)+,r3 / put reader control status in r3

1f / if 0, 1f

r3,rcsr(r1) / move r.c. status to reader control status
. / register

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

mov
13
mov

Jmp

sysgtty: / get

jsr
mov
mov

mov
Jrp

gtty:
jsr
mov
jsr

tst

bgt

neg

sub
cmp

bhis

asl
asl
asl
mov
rts

Issue D Date 3/17/72

UNIX IMPLEMENTATION

1€ / if O 1£f

r3,tesr(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’
resr(r1),(r2)+ / put reader control status in 1st word
'/ of dest
tesr(rt),(r2)+ / put printer control status in 2nd word
of dest
tty+4(r1),(r2)+ / put mode in 3rd word
sysret2 / return to user

r0,arg; u.off / put first arg in u.off
*u,r0,r1 / put file descriptor in rit
rO0,getf / get the i-number of the file

- r1 / is it open for reading

1£ / yes ‘
r1 / no, i-number is negative, so make it positive

$14.,r1 / get i-number of tty0

ri,$ntty-1 / is there such a typewriter

error9 / no, error

r1 / 0%2

r1 / 0%4 / yes

r1 / 0%8 / multiply by 8 so r1 points to tty block
u.off,r2 / put argument in r2

r0 / return
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/ u2 == unix

UNIX IMPLEMENTATION

syslink: / namei, name2

jsr
jsr

br

isr
mov
mov

mov
jsr
jsr

br

cmp
bne
mov
jsr

mov
jsr
incdh
jsr

sysret9:
Jmp
error9:
jmp

rO,arg2 / u.namep has 1st arg u.off has 2nd

rO,namei / f£ind the i-number associated with the 1st
/ path name

error9 / cannot be found

r0,iget / get the i-node into core

(sp)+,u.namep / u.namep points to 2nd name

r1,~-(sp) / put i-number of namet1 on the stack (a link
/ to this file is to be created)

cdev,~(sp) / put i-nodes device on the stack

r0O,isdir / is it a directory

rO,namei / no, get i-number of name2

br .+4 / not found so r1-i-number of current directory

ii = {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 namei into u.dirbuf

rO,mkdir / make directory entry for name2 in current
/ directory

(sp)+,r1 / r1 has i-number of namet

r0,iget / get i-node into core

i.nlks / add 1 to its number of links

ri',setimod / set the i-node modified flag

sysret / see ‘sysret’ routine

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
beg
mov
jsr
bit
. bne
mov
jsr
1:
rts

u.uid / super user

1f / yes, don‘t care

ii,-(sp) / put current i-number on stack
r0O,iget / get i-node into core (i-number in r1)
$40000,i.flgs / is it a directory

error9 / yes, error

(sp)+,r1 / no, put current i-number in r1 (ii)
rO,iget / get it back in

r0

sysunlink: / name - remove link name

isr
jsr

mov
jsr
clr

sudb
jer

Issue D Date

r0,arg; u.namep / u.namep points to name
rO,namei / £ind 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.0ff / move u,off back 1 directory entry
rO0,wdir / free the directory entry
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mov
isr
jsr
decb
bgt
jsr

br

mkdir:
jsr
mov
mov

UNIX IMPLUMENTATION

(sp)+,r1 / get i-number back

r0,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
r0,anyi / if it was, see if anyone has it open. Then
/ free contents of file and destroy it.
sysret9

r0,copyz; u.dirbuf+2; u.dirbuf+10. / clear this
u.namep,r2 / r2 points to name of directory entry
s$u.dirbuf+2,r3 / r3 points to u.dirbuf+2

1: / put characters in the directory name in u.dirbuf+2 - u.dirbuf+10

movb
beq
cmp
beq
cmp

beg
movb
br

mov

wdirs
' mov
Cmov
mo-
jsx
jsr
rts

sysexec:
jsr
jsr

jsr
bit
beq
jsr

bit
beq
tstb
beqg
movhb

mov

mov

Issue D Date

(r2)+,r1 / move character in name to r1
1f / if null, done
ri,8’/ / is it a /2
error9 / yes, error
r3,8u.dirbuf+10. / have we reached the last slot for
/ a char?
1b / yes, go back '
r1,(r3)+ / no, put the char in the u.dirbuf
1b / get next char

u.dirp,u.off ; pointer to empty current directory slot to
, u.off

su,dirbuf,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 file up for writing

rO,writei / write into directory
r0

r0,arg2 / arg0 in u.namep,argi on top of stack

rO,namei / namei returns i-number of file named in
/ sysexec call in r1

br error9

r0,iget / get i-node for file to be executed

$20,1.f1gs / is file executable

error9 ,

rO,iopen / gets i-node for file with i-number given in
/ r1 (opens file)

$40,1.flgs / test user id on execution bit

1£

u.uid / test user id

1£. / super user

i.uid,u.,uid / put user id of owner of file as process
/ user id

(sp)+,r5 / r5 now contains address of list of poihters to

/ arguments to be passed

81,u.quit / u.quit determines handling of quits;
/ u.quit = 1 take quit

3/17/72
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UNIX IMPLEMENTATION

$1,u.intr / u.intr determines handling of interrupts;
/ ue.intr = 1 take interrupt
mov ¢rtssym,*30 / emt trap vector set to take system routine
mov ¢fpsym,*10 / reserved instruction trap vector set to take
system routine
mov $sstack,sp / stack space used during swapping
mov r5,-(sp) / save arguments pointer on stack
mov $ecore,r5 / r5 has end of core
mov ¢écore,rd4 / r4 has start of users core
mov r4,u.base / u.,base has start of users core
mov (sp),r2 / move arguments list pointer into r2
1:
tst (r2)+ / argument char = nul”
bne 1b
tst ~(r2) / decrement r2 by 2; r2 has addr of end of argument
, / pointer list
1: / move arguments to bottom of users core
rov -(r2),r3 / (r3) last non zero argument ptr
cmp r2,(sp) / is r2 = beginning of argument ptr list
blo 1f / branch to 1f when all arguments are moved
22
tstb  (r3)+
bne 2b / scan argument for \0 (nul)
23
movb  -(r3),-(r5) / move aggument char by char starting at
‘ ecore
cnp r3,{(r2) / moved all characters in this argument
bhi 2b / branch 2b if not
mov rS,(r4)+ / move r5 into top of users core; rS5 has
/ pointer to nth arg
br 1b / string
1:
clrb =(r5)
bic $1,r5 / make rS5 even, r5 points to last word of argument
/ strings
mov écore,r? '
1: / move argument pointers into core following argument strings
cmp r2,r4
bhis 1f / branch to 1f when all pointers are moved
mov (r2)4-(rs)
br 1ib
1:
sub $core,rd4'/ gives number of arguments #2
asr r4 / divide r4 by 2 to calculate the number of args stored
mov r4,-(r5) / save number of arguments ahead of the argument
/ pointers
clr -(r5) / popped into ps when rti in sysrele is executed
mov g¢core,-(r5) / popped into pc when rti in sysrele
/ is executed
mov r5,0f / load second copyz argument
tst -{(r5) / decrement r5
mov r5,u.x0 /
sub 816.,r5 / skip 8 words
mov r5,u.ap / assign user stack pointer value, effectively
/ zeroes all regs when sysrele is executed
jsr r0,copyz; core; 0:0 / zero user’s core

Isgsue D Date
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UNIX IMPLEMENTATION

clr u.break

mov r5,8p / point sp to user’s stack

mov $14,u.count

mov s$u,off ,u.fofp

clr u,off / set offset in file to be read to zero

jsr rO,readl / read in first six words of user’s file, starting

-/ at score

mov sp,r5 / put users stack address in rS5

sub ¢core+d40.,r5 / subtract $core +40, from rS5 (leaves
/ number of words less 26 available for
/ program in user core

mov r5,u.count /

cmp core,$405 / br .+14 is first instruction if file is
/ standard a.out format

bne 1f / branch, if not standard format

mov core+2,r5 / put 2nd word of users program in r5; number of
/ bytes in program text

sudb $14,r5 / subtract 12

cmp r5,u.count /
bgt - 1f / branch if rS5 greater than u.count
mov rS,u.count
jsr r0,readi / read in rest of user’s program text
add core+10,u.nread / add size of user data area to u.nread
br 2f
1:
jsr rO,readi / read in rest of file
22
mov u.nread,u.break / set users program break to end of
/ user code
add écore+14,u.break / plus data area
- jsr rO,iclose / does nothing
br sysret3 / return to core image at $core

sysfstat: / set status of open file
jsr r0,arg; u.off / put buffer address in u.off
mov u.off,-(ep) / put buffer address on the stack
mov *u,r0,r1 / put file descriptor in r1
jsr r0,getf / get the files i-number
tst ri1 / is it 07?

beq error3 / yes, error
bgt 1f / if i-number is negative (open for writing)
neg r1 / make it positive, then branch
br 1£ / to 1f
sysstat: / ; name of file; buffer - get files status
jsr r0,arg2 / get the 2 arguments
jsr rO,namei / get the i-number for the file

br error3 / no such file, error

jsr r0O,iget / get the i-node into core

mov (sp)+,r3 / move u.off to r3 (points to buffer)
mov ri,(r3)+ / put i-number in 1st word of buffer
mov ¢inode,r2 / r2 points tc i-node

1
mov (r2)+,(r3)+ / move rest of i-node to buffer

cmp r2,8inode+32 / done?

Issue D Date 3/17/72 ID IMO,1-1 Section E.2 Page 4



UNIX IMPLEMENTATION

bne 1b / no, go back

br sysret3 / return through sysret
error3:s , )
o jmp error / see ‘error’ routine
sysret3:
"jmp sysret / see ‘sysret’ routine

getf: / get the device number and the i-number of an open file
cmp r1,610. / user limited to 10 open files
bhis error3 / u.fp is table of users open files, index in
/ fsp table
movb u.fp(r1),r1 / r1 contains number of entry in fsp table

beq 1f / if its zero, return

asl ri

. asl r1 / multiply by 8 to get index into fsp table entry

.asl r1

add ¢fsp-4,r1 / r1 is pointing at the 3rd word in the fsp entry
mov ri,u.fofp / save address of 3rd word in fsp entry in u.fofp
mov -(r1),cdev / remove the device numbe- cdev

mov -(r1),r1 / ari the i-nuber ri

1:
rts r0
_namei: .

mov u.cdir,r1 / put the i-number of current directory in r1
mov u.cdev,cdev / device number for users directory into cdev
cmpb  *u,namep,$’/ / is first char in file name a / :

bne 1f

inc u.namep / go to next char

mov rootdir,r1 / put i-number of rootdirectory in r1

clr cdev / clear device number

1: -
tstb  *u.namep / is the character in file name a nul _
beg nig / yes, end of file name reached; branch to nig
b 53

jsr rO,access; 2 / get i-node with i-number rt

bit $40000,i.flgs / directory i-node?

beq error3 / no, got an error

mov  i.size,u.dirp / put size of directory in u.dirp

clr u.off / u.off is file offset used by user

mov $u.off,u.fofp / u.fofp is a pointer to the offset portion
/ of fsp entry

mov $u.dirbuf,u.base / u.dirbuf holds a file name copied from
/ a directory
mov $10.,u.count / u.count is byte count for reads and writes
jsr rO,readi / read 10. bytes of file with i-number (r1);
/ i.e. read a directory entry

tst u.nread

ble nib / gives error return

tst u.dirbuf /

bne 3f / branch when active directory entry (i-node word in
/ entry non zero) '

mov u.off ,u.dirp

sub $10.,u.dirp
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UNIX IMPLEMENTATION

br 2b
3:
mov u.namep,r2 / u.namep points into a file name string
mov $u,dirbuf+2,r3 / points to file name of directory entry
3:
movb  (r2)+,r4 / move a character from u.namep string into r4
beg 3f / if char is nul, then the last char in string has been
/ moved
cmp r4,$°/ / is char a (/>
beq 3f
cmp r3,su.dirbuf+10. / have I checked all 8 bytes of file name
beg 3b
cmpb (r3)+,r4 / compare char in u.namep string to fi. e name
' char read from
beq 3b / directory; branch if chars match
br 2b / file names do not match go to next directory entry
3:
Crp r3,8u.dirbuf+10. / if equal all 8 bytes were matched
beqg 3f
tstdb (r3)+ /
bne 2b
3:
mov r2,u.namzp / u.namep pointsg to char followino a / or nul
mov u.dirbuf r1 / move i-node number in directory entry to ri
tst rd4 / if F4 = O the end of file name reached, if r4 = <{/>
/ then qo to next directory
bne 1b '
nigs
tst (ro)+ / gives non-error return
nib:
rts r0

syschdir: / makes the directory specified in the argument the current
/ directory

jsr r0,arg; u.naep / u.namep points to path name
jsr rO,namei / find its i-number
br error3
jsr rO,access; 2 / get i-node into core
bit e4oooo i.flgs / is it a directory?
beq error3 / no error
mov ri,u.cdir / move i-number to users current directory
mov cdev,u.cdev / move its device to users current device
br sysret3
“igown:
jsr r0,arg2 / u.namep points to file name
jsr rO,namei / get its i-number
br error3
jsr r0,iget / get i-node into core

tstb u.uid / super user?
beq 1f / yes, branch ‘
cmpb  i,uid,u.uid / no, is this the owner of the file
beq 1f / yes
jmp error3 / no, error
1: N
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Jsr
mov

rts

syschmod: /
jsr
bit
beq
bic

movb

br

UNIX IMPLEMENTATION

r0,setimod / indicates i-node has becn modified

(sp)*+,r2 / mode is put in r2 (u.off put on stack with
/ 2nd arg)

r0

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 id and
/ executable modes

r2,1.f1gs / move remaining mode to i.flgs
1 £

syschown: / name; owner

jsr

tstb

beq
bit
bne

movb

Jmp
Jmp

arg:
mov
mov

add
rts

arg2:
jsr

jsr

mov
mov
mov

Jmp

systime: / get

mov
mov
br

rO isown / get the i-node and check user sgtatus
w.uid / super user

2f / yes, 2f

840,1.flos / no, set user id on execution?

3f / yes error, could create Trojan Horses

r2,i.uid / no, put the new owners id in the i-ncde
sysret4d4

erxror

U.sp,r1

*#18.(x1),#(r0)+ / put argument of system call into
argument of arg2 or rwl

62,18.(r1) / point pc on stack to next system argument

r0

r0,arg; u.namep / u.namep contains value of first arg in

/ sys call
rO,arg; u.off / u,off contains value of second arg in
/ sys call
r0,r1 / r0 points to calling routine
(sp),r0 / put operation code back in r0
u.off,(sp) / put pointer to second argument on stack
(r1) / return to calling routine

time of vyear

s.time,4(sp)

s.time+2,2(sp) / put the present time on the stack
sysret4

sysstime: / set time

tstd

bne
mov
mov
br

Issue D Date

u,uid / is user the super user
errord / no, error

4(sp),s.time

2(sp),s.time+2 / set the system time
sysret4
3/17/72

ID IMO,1-~-1 Section E.2 Page 7



UNIX IMPLEMENTATION

sysbreak: / set the program break
mov u.break,rt / move users break point to r1
cnp ri,¢core / is it the same or lower than core?
blos 1f / yes, 1f
cmp ri,sp / is it the same or higher than the stack?
bhis 1f / yes, 1£f
bit $1,r1 / is it an odd address
beq 2f / no, its even
clrdb (r1)+ / yes, make it even
2: / clear area between the break point and the stack
cmp ri,sp / is it higher or same than the stack
bhis 1f / yes, quit

clr (r1)+ / clear word
br 2b / go back
1: ” ”
jsr r0,arg; u.break / put the address in u.break (set new
/ break point)
br sysret4d / br sysret

maknod: / r1 contains the mode
bis $100000,r1 / allocate flag set

mov r1,-(sp) / put mode on stack

mov ii,r1 / move current i-number to r1

jsr rO,access; 1 / get its i-node into core
mov r1,-(sp) / put i-number on stack

mov $40.,r1 / r1 = 40
1: / scan for a free i-node (next 4 instructions)

inc rt / r1 = ri+1
jsr r0,imap ; get byte address and bit position in inode map in
r2 &m

bitb mq,(r2) / is the i-node active

bne ib / vos, try the next one _

bisb mqg,(r } / no, make it activ: (put a 1 in the bit map)
jsr rO,iget / get i-node into ccre

tst i.flgs / is i-node already allocated

blt 1b / yes, look for another one ~

nov ri,u.dirbuf / no, put i-number in u.dirbuf

mov (sp)+,r1 / get current i-number back

jsr r0,iget / get i-node in core

isr rO,mkdir / make a directory entry in current directory
mov u.dirbuf,r1 / r1 = new inode number

jsr rO,iget / get it into core

jsr r0,copyz; inode; inode+32. / 0 it out

mov (sp)+,i.flgs / £ill flags

movb u.uid,i.uid / user id

movb $1,i.nlks / 1 link

mov s.time,i.ctim / time created

mov s.time+2,i.ctim+2 / time modified
jsr rO,setimod / set modified flag

rts r0 / return
sysseek: / moves read write pointer in an fsp entry
jsr r0,seektell / get proper value in u.count
add u.base,u.count / add u.base to it
mov u.count,*u.fofp / put result into r/w pointer
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br = sysret4
systell: / get the r/w pointer

jsr r0,seektell

br error4
errord:

jmp error / see ‘error’ routine
sysret4: '

Jmp sysret / see ’sysret’ routine
seektell:

jsr rO,arg; u.base / puts offset in u.base

jsr rO yarg;. u.count / put ptr name in u.count

mov .rO r1 / file descriptor in r1 (index in u.fp list)

jsr rO,getf / u.fofp points to 3rd word in fsp entry

mov ri,-(sp) / r1 has i-number of file, put it on the stack

beq _errord / if i-number is 0, not active so error

bgt «+4 / if its positive jump

neg r1 / if not make it positive

jsr r0,iget / get its i-node into core

cmp u.count ¢1 / is ptr name =1

blt 2f / no its zero

beqg 1f / yes its 1

mov i.size,u.count / put number of bytes in file in u.count

br - 2f
1: / ptr name =1

mov *#u,.fofp,u.count / put offset in u.count
2: / ptrname =0

mov (sp)+,r1 / i-number on stack r1

rts r0
sysintr: / set interrupt handling

jsr r0,arg; u.intr / put the argument in u.intr
) br 1f / go into quit routine
5%WWT} jsr r0,arg; u.quit / put argument in u.quit
1:

mov u.ttyp,r1 / move pointer to control tty buffer to ri

beq sysret4 / return to user

clrb  6(r1) / clear the interrupt character in the tty buffer

br sysret4 / return to user

syssetuid: / set process id
movb  *u,r0,r1 / move process id (number) to r1
cmpb ri,u.ruid / is it equal to the real user id number
beq 1£ / vyes
tstdb u.uid / no, is current user the super user?

bne error4 / no, error
1: .
movb ri,u.uid / put process id in u.uid
movb ri,u.ruid / put process id in u.ruid
br sysretd4 / system return
sysgetuid:
movb  u.ruid,*u.r0 / move the real user id to (u.r0)
br sysretd / system return, sysret
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fclose:
mov

isr

tst
beq
tst
mov
mov

clrd
mov
dechb

bge
mov
clr
tstb
beg
mov
jsrx

mov
jsr

mov
rts

UNIX IMPLEMENTATION

r1,-{(sp) / put r1 on the stack (it contains the index
/ to u.fp list)

rO0,getf / r1 contains i-number, cdev has device =, u.fofp
/ points to 3rd word of fsp entry

ri / is inunter 07

1f / 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 whicht 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 fsp 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 related to i-number
/ check if file appears in fsp again

(sp)+,r1 / put i-number back into ri
r0,iclose / check to see if its a special file

(sp)+,r1 / put index to u.fp back into ri
r0

anyi: / r1 contains an i-number

mov

cmp
beq
neg
cmp
beq

add
cmp
blt
tst
bge
neg
isr
bicb
Jsr
clr
rts
1t / i-numbers
inch
rts

Issue D Date

$fsp,r2 / move start of fsp table to r2

r1,(r2) / do i-numbers match?
1£f / yes, 1f
r1 / no complement r1
r1,(r2) / do they match now?
1f / yes, transfer
/ i-numbers do not match
$8,r2 / no, bump to next entry in fsp table
r2,4fsp+[nfiles*8] / are we at last entry in the table
1b / no, check next entries i-number
r1 / yes, no match
o +4
r1 / make i-number positive
rO,imap / get address of allocation bit in the i-map in r2
rg, (r2) / clear bit for i-node in the imap
rO,itrunc / free all blocks related to i-node
i.flgs / clear all flags in the i-node
r0 / return
match :
7(r2) / increment upper byte of the 4th word
r0 / in that fsp entry (deleted flag of fsp entry)
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/ u3 == unix

tswap:
movb
mov
jsr
swap:
mov
mov

UNIX IMPLEMENTATION

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

$300,%sps / processor priority = 6
¢rung,r2 / r2 points to rung table

1: / search rung table for highest priority process

tst
bne
cmp
bne
jsr

br

tst
mov
movb
cmpb
beq
tst
movis

br

clr
2: / write out
/ required
clr
cmpb
beg
mov

mov
mov
mov
tstb
beq
jsr

mov
jsr
jsr
mov

mov

movb
rts

Issue D Date

(r2)+ / are there any processes to run in this Q entry
1f / yes, process 1£
r2,8runq+6 / if zero compare address to end of table
1b / if not at end, go back
ro,idle; s.idlet+2 / waif for interrupt; all queues

/ are empty
swap

={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 ri
r1,}r2)+ / is there only 1 process in this Q to be run
i£ 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

#*8ps / clear processor status
ri,u.uno / is this process the same as the process in core?
2f / yes, don’t have to swap

r0,-(sp) / no, write out core; save r0 (address in rout?

/ that called swap)
sp,u.usp / save stack pointer
$sstack,sp / move swap stack pointer to the stack pointer
ri,-(sp) / put r1 (new process #) on the stack
u.uno / is the process # = 0
1f / yes, kill process by overwriting
r0,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

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

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

(sp)+,r0 ; put address of where the process that just got
/

$30.,ugquant / initialize process time quantum
r0 / return
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WSsSw P
mov *#430,u.emt / determines handling of erts
mov #810,u.il1gins / determines handling of illegal instructions
mov U.break,r2 / put process program break address in r2
inc r2 / add 1 to it -
bic $1,r2 / make it even
mov r2,u.break / set break to an even location
. mov u.usp,rB / put users stack pte: at moment of swap in r3
cmp r2,8core / is u.break less than $core
blos  2f / yes
cmp r2,r3 / no, is (u.break) greater than stack pointer
bhis 2f / yves
1:
mov  (r3)+,(r2)+ / no, pack stack next to users program
cmp r3,%ecore / has stack reached end of core
bne 1b / no, keep packing
br 1f / yes
2¢
mov $ecore,r2 / put end of core in r2
1: '
sub suser,r2 / get number of bytes to write out (user wp
/ to end of stack gets written out)
neg r2 / make it negative
asr r2 / ¢ ange bytes to words (divide by 2)
mov r2,swpt4 / word count
movb  u.uno,r: / move user process number to r1
asl r1 / x2 for index
mov r2,p.break-2(r1) / put negative of word count into the
/ p.break table
mov p.dska-2(r1),r1 / move disk address of swap area for
/ process to ri
mov ri,swp+2 / put processes dska address in swp +2 (block
/ number)
bis $1000,swp / set it up to write (set bit 9)
jsr rO,proke / write process out on swap area of disk
1:
tstb swp+1 / is it done writing?
bne 1b / no, wait
rts r0 / yes, return to swap
rswap:
asl r1 / process number x2 for index
mov p.break-2(r1), swp+4 / word count

mov p.dska~2(r1),swp+2 / disk address
bis $2000,swp / read
jer rO,ppoke / read it in

tstb swp+1 / done
bne 1b / no, wait for bit 15 to clear (inhibit bit)

mov u.emt,%$30 / yes move these
mov u.ilgins,*$10 / back
rts r0 / 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 r2,6core / at begirning of user program yet?
blos 2f / yes, return "
cmp r2,u.usp / is break above the stack pointer before
/ swapping
bhis 2f / yes, return
mov $ecore,r3 / r3 points to end of core
add r3,r2
sub u.usp,r2 / end of users stack is in r2
1:
mov -(r2),~-(r3) / move stack back to its normal place
cmp r2,u.break / in core
bne 1
23
rts . rO

putlu: / r1 = user process no.; r2 points to lowest priority queue
tstb (r2)+ / is queue empty?
beq 1f / yes, branch " -
movb (r2),r3 / no, save the last user procesg number in_r3
movb r1,p.link-1(r3) / put pointer to user on last users. 1link

br 2f /
12
movb r1,-1(r2) / user is only user; put process no. at beginning
/ and at end
23
movb r1,(r2) / user process in r1 is now the last entry on
the queue
dec r2 / restore r2
rts r0
copyz:
mov r1,-(sp) / put r1 on stack
mov r2,-(sp) / put r2 on stack
mov (ro)+,r1
mov (x0)+,r2
1: »
clr (r1)+ / clear all locations between r1 and r2
cmp ri,r2 '
blo  1b
mov (sp)+,r2 / restore r2
mov (sp)+,r1 / restore ri
rts r0 :
idle:
mov *$ps,-(sp) / save ps on stack
clr *s$ps / clear ps
mov’ clockp,-{(sp) / save clockp on stack
mov (ro)+,clockp / arg to idle in clockp
1 / wait for interrupt
mov (sp)+,clockp / restore clockp, ps
mov (sp)+,*sps
rts r0
clear:

jsr  rO,wslot / get an I/O buffer set bits 9 and 15 in first
/ word of I/O queue rS5 point~ to first data word
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/ in buffer
mov $256.,,r3
1: :
clr (r5)+ / zero data word in buffer
dec r3
bgt 1b / branch until all data words in buffer are zero
jsr r0,dskwr / write zeroced buffer area out onto physical

/ block specified
rts r0 / in r1
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/ w4 == unix

setisp:
mov r1,-(sp)
mov r2,-(sp)
mov r3,-(sp)
mov clockp,-{sp)
mov $s.syst+2,clockp
jmp (xo)

clock: / interrupt from 60 cycle clock
mov xr0,-{(sp) / save r0
tst *81xs / restart clock?
mov $s.time+2,r0 / increment the time of day
inc {x0)
bne 1£
inc -(ro0)

1 : :
mov clockp,r0 / increment appropriate time category
inc - (ro)
bne 1£

inc -(r0)

mov $uquant,r0 / decrement user tin@ quantum
decb (xo)
bge 1f / if less than O
clrb {r0) / make it O

1: / decrement time out counts return now if priority was not O
cmp 4(sp),$200 / ps greater than or equal to 200
bge 2f / yes, check time outs
tstb (x0) / no, user timed out?
bnc 1f / no
cmpb sysflg,$-1 / yes, are we outside the system?
bne 1f / no, 1f

mov (sp)+,r0 / yes, put users r0 in ro0
sys 0 / sysrele
rti
2: / priority is high so just decrement time out counts
mov $toutt,r0 / r0 points to beginning of time out table

23
tstb (r0) / is the time out?
beq 3f / yes, 3f (get next entry)
decdh (x0) / no, decrement the time
bne 3f /Isit zero now?
incb (r0) / yes, increment the time

inc r0 / next entry
cmp r0,8touts / end of toutt table?
blo 2b / no, check this entry

mov (sp)+,r0 / yes, restore r0
rti / return from interrupt

1: / decrement time out counts; if 0 call subroutine
mov (sp)+,r0 / restore r0
mov $240,%$ps / set processor priority to 5
jsr ro,setisp / save registers
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mov $touta—~toutt~1,r0 / s« up r0 as index to decrement thru
/ the table :

tstb toutt(r0) / is the time out for this entry
be 3 2f / vyes

decb  toutt(r0) / no, decrement the time

bne 2f / is the time 0, now

asl r0 / yes, 2 x r0 to get word index for tout entry
jsr r0,*touts (rC) / go to appropriate routine specified in this
asr r0 / touts entry; set r0 back to toutt index
2 :
 dec r0 / set up r0 for next entry

bge 1b / finished? , no, go back . '
br retisp / yes, restore registers and do a rti

ttyi: / console tty input interrupt routine

jsr rO,setisp / save reg r1, r2, r3
mov #3tk,r1 / r1 = char in tty reader buffer
inc *stks / set the reader enable bit

bic $1177,r1 / clear upper 9 bits of the¢ character (strip off
/ 8th bit of char)
cmp r1,$6’a=40 / is character upper case A,..., upper case Z.
/ note that
blt 1f / lower case a is represented by 141, upper case by
crp r1,4°z-40 / 101; and lower case z by 172, upper
/ case Z by 132.
bgt 1f / if not upper case, branch
add $40,r1 / if upper case, calculate the representation of its
lower case counter part

cmp r1,6175 / char
beq 2f / yes 2f
cmp r1,8177 / char
beq 2f / yes, 2f
jsr rO,putc; 0 / put char in r1 on clist entry

br 1f
movb ri,ttyoch / put char in ttyoch
jsr r0,startty / load char in tty output data buffer
cmp r1,84 / r1 = eot
beq 1f / yes, 1f
cmp r1,812 / r1 = 1f
beq 1f / yes 1£
cmpb cc+0,815., / are there less than 15 chars on the input list

"}"? Note: may be quit char (fs)

"del”?

blo retisp / yes, return

1:
jsr rO,wakeup; runq; 0 / no, wakeup the input process
br retisp / return

2: / r1 = "}" or "delete” to get here
mov tty+[ntty*8]-8+6,r2 / move console tty buffer address to r2
beq 2f / if 0, wakeall w -
movb r1,6(r2) / move } or del into interrupt char
: / byte of buffer

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

13

ttyo: /

retisp:

ppti: /

UNIX IMPLEMENTATION

mov $39.,0f / £ill arg2 of wakeup call with 39

jsr r0,wakeup; runqg+4; O:.. / wakeup the processes in the
dec Ob / wait list; decrement arg?2

bge  1b / if not done, go back

rts rC

console typewriter output interrupt. routine

isr rO,setisp / save registers YeosFe,,
jsr rO,startty / put a char en'"the console tty o tput buffer-
br retisp / restore registers

mov (sp)+,clockp / pop values before interrupt off the stack
mov (sp)+,r3

mov - (sp)+,r2

mov (sp)+,r1

mov (sp)+,r0 '

rti / return from interrupt

paper tape input interrupt routine

jsr r0,setisp / save registers

movb pptiflg,r1 / place "pptiflg” in ri

jmp #1f(r1) / jump to location specified by value of pptiflg

retisp / file noct open
1f / file just opened

2f / file normal

retisp / file not closed

1: / file just opened

/lpto:

Issue D

tstb  *g$prs+1 / is error bit set in prs

bge 1f / no

jsr rO,pptito / place 10 in toutt entry for ppt input
br retisp

movb  84,pptiflg / change "pptiflg” to indicate file "normal”

jsr rO,wakeup; rung+2; 2 / wakeup process for ppt input entry
/ in wlist
tstb #éprs+1 / is error bit set
blt 1£ / yes
mov *$prb,r1 / place contents ppt read buffer in r1
jer rO,putc; 2 / place character in clist area for ppt input
br ++2 / temp / if no space in clist character lost
cmpb  cc+2,$50. / character count in clist area for ppt input
/ greater than or equal to 50
bhis retisp / yes
inc *8prs / no, set reader enable bit in prs
br retisp

movb $6,pptiflg / set pptiflg to 6 to indicate error bit set
br retisp
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UNIX IMPLEMENTATION

/ jsr r0,setisp
/ jsr r0,starlpt
/ br retisp
ppto: / paper tape output ir errupt routine
jsr rO,setisp / s.ve registers
jsr r0,starppt / get next character from clist, and output
/ if possible
br retisp / pop register values from stack
/sta-lpt:
/ cmpb cc+5,.,$100.
/ bhi 1£
51 jsr r0,wakeup; rung+2; 5
/ tstb  *$lps
/ bge 1£
/ jsr r0,getc; 5
/ br 1f
/ mov r1,¥$1pb
/ br starlpt
/1
/ rts x0

startty: / start or restart console tty output
cmpb cc+1,%$5.

bhi 1f / branch to 1f when character count on tty (? input,
/ output) list is greater than S.
jJsr r0,wakeup; rung+2; 1

tstb  *#s$tps / test console output ready bit
bge 2f / branch if ready bit is clear
tstb toutt+0 / is toutt for console a zero
bne 2f / if not; branch to 2f
movb  ttyoch,rt1 / put character to be output in r1
bne 1£ ‘
jsr rO,getc; 1 / if char is nul, get a char from console
/ output list
br 2f / if console output list is empty, branch to 2f

clrb ttyoch

mov r1,%stpb / put character in console output register
cmp r1,812 / is char a line feed
bne 1£

movb  $15,ttyoch / put a er in ttyoch

cmp r1,$11 / char = ht

bne 1£

movb 815.,toutt+0 / set time out to 15 clock tics
1: '

cmp r1,815 / char = cr

bne 2f ‘

movh  $15.,toutt+0 / set time out to 15 clock ticks

rts x0
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UNIX IMPLEMENTATION

pptito: / paper tape input touts gubrouting

cmpb  pptiflg,$2 / does pptiflg’ indicate file just opened
bne 1f / no, do nothing Vds

movb  $10.,toutt+1 / yes, place 10 in tout entry for tty input
tstb  *¢prs+1 / is error bit set

blt 1f / yes, return
inc *¥sprs / no, set read enable bit
rts r0

starppt: / start ppt output

cmpb cc+3,810. / is character count for ppt output greater

/ than 10.
bhi 1f / yes, branch
jer r0,wakeup; rung+2; 3 / no, wakeup process in wlist

/ entry for ppt input

tstb *spps / is ready bit set in punch status word
bge 1f / no, branch
jsr ro,qgetc; 3 / yes, get next char in clist for pptout and
/ place in r1
br 1f / if none, branch
mov r1,*$ppb / place character in ppt buffer

rts ro

wakeup: / wakeup processes waiting for on event by linking them to the

queue
mov r1,-{sp) / put char on stack
mov (r0)+,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
begq 2f / if 0 return, nothing to wakeup
cmp r2,u.pri / is rung greater than or equal to users process
/ priority
bhis 1£ / yes, don’t set time quantum to zero
clrb uquant / time guantum = O

clrb wlist(r3) / zero wait channel entry
jsr - rO,putlu / create a link from the last user on the Q
/ to this process number that got woken

mov (sp)+,r1 / restore r1
rts r0

sleep: / wait for event

jsr rO,isintr / check to see if interrupt or quit from user
br 2f / something happened / yes, his interrupt so return
/ to user
mov (ro)+,r1 / put number of wait channel in ri1
movb  wlist(rt),-(sp) / put old process number in there, on
/ the stack »
movb  u.uno,wlist(r1) / put process number of process to put
/ to sleep in there
mov cdev,-{(sp) / nothing happened in isintr so
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UNIX IMPLEMENTATION

jsr r0,swap / swap out process that needs to sleep
mov (sp)+,cdev / restore device
jsr r0,isintr / check for interrupt of new process

br 2f / yes, return to new user
movb (sp)+,r1 / no, r1 = old process number that was originally
/ on the wait channel
beq 1f / if 0 branch

mov $runq+4,r2 / r2 peints to lowest priority queue
mov $300,%*$ps / processor priority = 6
jsr rO,putlu / create link to old process number
clr #3ps / clear the status; process priority = 0
1:
rts r0 / return
23
jmp  sysret / return to user
isintr: ,
mov ri,~(sp) / put number of wait channel on the stack
mov r2,~(sp) / save r2 _
mov u.ttyp,r1 / r1 = pointer to buffer o” process control
/ typewriter
beq 1f / if 0, do nothing except skip return
movb 6(r1),r1 / put interrupt char in the tty buffer in r1
beg 1f / if its 0 do nothing except skip return
cmp r1,8177 / is interrupt char = delete?
bne 3f / no, so it must be a quit (fs)
tst u.intr / yes, value of u.intr determines handling
/ of interrupts
bne 2f / if not 0, 2f. If zero do nothing.
1¢
tst (r0)+ / bump r0 past system return (skip)
43
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 £Z O or u.quit £ 0O
mov $tty+6,r1 / move pointer to tty block into ri
/ £ind process control tty entry in tty block .
cmp (r1),u.ttyp / is this the process control tty buffer?
beq 1f / block found go to 1f :
add $8,r1 / look at next tty block
cmp ri1,stty+[ntty*8]+6 / are we at end of tty blocks
blo 1b / no
br 4b / no process control tty found so go to 4b

-l
L1

mov $240,%sps / set processor priority to 5

movb -3(r1),0f / load getc call argument; character list
/ identifier

inc Of / increment

jsr rO,getcs O:.. / 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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/ U5 == unix

mgets
mov
clr
mov
mov
bit
bne
bit
bne
bic
mov
bne

jsr
mov
jsr
jsr

rts
3: / adding on
jsr

jsr
mov
mov

mov
clr
dec
bgt
mov

clr
dec
bgt
jsr
mov
bis
jsr
br

4; / large file

mov
bic

mov
mov

bic
mov
bne

jsr

Issue D Date

UNIX IMPLEMENTATION

*y.fofp,mq / file offset in mg

ac / later to be high sig

$-8,1sh / divide ac/mq by 256.

mq,r2

$10000,i.flgs / 1lg/sm is this a large or small file

4f / branch for large file

$117,r2 2 ‘

3f / branch if/;f 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

r0,alloc / allocate a new block

r1,i.dskp(r2) / physical block number stored in i-node

r0,setimod / set inode modified byte (imod)

r0,clear / zero out disk/drum block ‘ust allocated

r0
block which changes small file to a large file
rO0,alloc ; allocate a new block for this file; block number
in r1
rOo,wslot / set up I/0 buffer for write, r5 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),(x5)+

(r2)+

r3

1b

$256.=-8.,r3 / clear rest of data buffer

(r5)+

r3

1b

r0,dskwr / write new indirect block on disk

r1,i.dskp / put pointer to indirect block in i-node
$10000,i.flgs / set large file bit in i.flgs word of i-node
rO,setimod / set i-node modified flag

mget

$-8,1sh / divide byte number by 256.
¢1776,r2 / zero all bits but 1,2,3,4,5,6,7,8; gives offset
./ in indirect block
r2,~-(sp) / save on stack
mg,r2 / calculate offset in i-node for pointer to proper
/ indirect block
$116,r2
i.dskp(r2),r1
2f / if no indirect block exists
r0,alloc / allocate a new block
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UNIX IMPLEMENTATION

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:
jsr r0,dskrd / read in indirect block
mov (sp)+,r2 / get offset _
mov r1,-(sp) '/ save block number of indirect block on stack
add r5,r2 / r5 points to first word in indirect block, r2

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

bne 2f / if no block exists
jsr rO0,alloc / allocate a new block
mov ri,(r2) / put new block number into proper location in
/ indirect block
mov (sp)+,r1 / get block number of indirect block
mov (r2),~(sp) / save block number of new block
isr rO,wslot v
jsr r0,dskwr / write newly modified indirect block back out
/ on disk
mov (sp),r1 / restore block number of new block
isr rO,clear / clear new block
2¢
tst (sp)+ / bump stack pointer
rts r0
alloc:
mov r2,~(sp) / save r2, r3 on stack
mov r3,-(sp)
mov $systm,r2 / start of inode and free storage map for drum
tst cdev '
beq 1f / 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 # of blocks in device on stack

clr r1 / r1 contains bit count of free storage map
1

mov (r2)+,r3 / word of free storage map in r3

bne 1f / branch if any free blocks in this word
add $16.,r1

cmp ri,(sp) / have we examined all free storage bytes
blo 1b
jmp panic / found no free storage

asr r3 / find a free block

bes 1f / branch when free block found; bit for block X is in
/ byte k/8 / in bit k (mod 8)

inc r1 / increment bit count in bit kX (mod8)

br 1b

1:
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tst
Jsr
bic
br

free:
mov
mov
jsr

bis

mov
mov
tst

bne
incdb
rts

incdh
rts

mov
bic
clr
bisb

mov
asr
asr
asr
asr
bece

swab
asl
add
tst

beqg
add

rts

obyte

accesss
jsr

mov

Issue D Date

UNIX IMPLEMENTATION

(sp)+ / bump sp

r0,3f / have found a free block

r3,(r2) / set bit for this block i.e. assign hlock
2f

r2,-(sp) '/ save r2, r3
r3,- -z sp)
r0,3f / set up bit mask and word no. in free storage map
/ for block
r3,(r2) / set free storage block bit; indicates free block

(sp)+,r3 / restore r2, r3

(sp)+,r2

cdev / cdev = 0, block structured, drum; cdev = 1
/ mountable device

1£

smod / set super block modified for drum

r0

mmod / set super block modified for mountable device
r0

ri,r2 / block nurcber, k, = 1
$17,r2 / clear all bits but 0,1,2; r2 = (k) mod (8)
r3
2f(r2),r3 / use mask to set bit in r3 corresponding to

(k) mod 8
r1,r2 / divide block number by 16
r2
r2
r2
r2

/ branch if bit 3 in r1 was 0 i.e., bit for block is in
/ lower half of word

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

/ storage map

r3

r2 / multiply block number by 2; r2 = k/8
$systm+2,r2 / address of word of free storage map for drum
/ with block bit in it

cdev ‘

1f / cdev = 0 indicates device is drum

$mount-systm,r2 / address of word of free storage map for
/ mountable device with bit of block to be
/ freed

r0 / return to ‘free’

1’2’4'10,20,40.100,200 / masks for bits 0..00’7

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

i.f1lgs,r2
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cmpb
bne
asrb

asrb‘
bit

bne

tstb

beq

Jmp
1

rts

setimod:
movb
mov
mov
rts

UNIX IMPLEMENTATION

i.uid,u.nid / is user same as owner of file

1f / no, then branch

r2 / shift owner read write bits into non owner
/ read/write bits

r2

r2,{(r0)+ / test read-write flags against argument in
/ access call

1£

u.uid

if

error

r0

$1 imod / set current i-node modified bytes
s.time,i.mtim / put present time into file modlfied time
8 .time+2 i omtll“+2

r0

imap: / get the byte that has the allocation bit for the i-number contained

/ in rit
mov
mov

sub
mov
bic
mov

asr
asr
asr

mov
mov

tst
beq
add

add
add
add
rts

iget:
cmp
bne
cmp
beq

tstb

Issue D Date

$1,mg / put 1 in the mq

ri,r2 / r2 now has i-number vhose byte in the map we
/ must find

$41,.,r2 / r2 has i-41

r2,r3 / r3 has i-41

¢17,r3 / r3 has (i-41) mod 8 to get the bit position

r3,1sh / move the 1 over (i-41) mod 8 positions to the left
/ to mask the correct bit

r2

r2

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

r2,~(sp) / put (i-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
1£ / yes ,
$mount-systm,r2 / for mounted device, r2 points to 1st word
/ of its super block

(r2)+,(sp) / get byte address of allocation bit
(sp)+,x2 / 2

$2,r2 / ?

r0

r1,i1 / r1 = i-number of current file

1£

idev,cdev / is device number of i-node = current device
2f

imod / has i-node of current file been modified i.e.,
/ imod set
3/17/72
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beq
clrdb
mov
mov
mov
mov -
jsr
mov
mov

tst
beq
tst

bne
cmp

bne
mov
mov

mov
mov
jsr

mov
rts

UNIX IMPLEMENTATION

1f

imod / if it has, we must write the new i-node out on disk
r1,~-(sp)

cdev,~(sp)

ii,r1

idev,cdev

rO,icalcy 1

(sp)+,cdev

(sp)+,r1

r1 / is new i-number non zero
2f / branch if r1=0
cdev / is the current device number non zero (i.e., device
/ # drum)
1f / branch if cdev £ o]
ri,mnti / mnti is the i~-number of the cross device
/ file (root directory of mounted device)
1£
mntd,cdev / make mounted device the current device
rootdir,r1

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

ii,r1
r0

icalc: / i-node i is located in block (i+31,.)/16. and begins 32.%
/ (1431 )mod16 bytes from its start

add
mov
asr
asr
asr
asr

jsr
tst
beq
jsr

bic
mov
mov
add
mov
mov
tst
beq

mov
dec

bgt
jsr

Issue D Date

$31.,r1 / add 341. to i-number
ri,-{sp) / save i+31. on stack
r1 / divide by 16.
ri
r1
ri / r1 contains block number of block in which
/ i-node exists
fo’?Skrd / 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)

$117,(sp) / zero all but last 4 bits gives (i+31.) mod 16
(sp)+,mq / calculate offset in data buffer° 32.%(1i+31, )mod16
$5,1sh / for i-node i.

mq,rS / 5 points to first word in i—node i.

¢inode,r1 / inode is address of first word of current i-node
$16e,13

(ro)+ / branch to 2f when argument in icalc call = 0

2f / r0 now contains proper return address for rts r0

(r1)+,(rs)+ / over write old i-node
r3
1b
r0,dskwr / write inode out on device
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rts

mov
dec
bgt
rts

itrunc:
jsr
mov
18
mov
beq
mov
bit
beq
mov
jsr
mov

mov
beq
mov
mov
jsr
mov
mov

dec

bgt

mov

jsr
mov

cmp
bne
bic
Cclr
jsr
jsr
mov
rts

UNIX IMPLEMENTATION

r0

(r5)+,(r1)+ / read new i-node into "inode” area of core
r3
2b
r0

rO0,iget
$i.dskp,r2 / address of block pointers in r2

(r2)+,r1 / move physical block number into ri

5fF

r2,-(sp) ,

$10000,1.f1gs / test large file bit?

Af / if clear, branch

r1i,-(sp) / save block number of indirect block

r0,dskrd / read in block, 1st data word pointed to by r5
$256.,r3 / move word count into r3

(r5)+,r1 / put 1st data word in r1; physical block number
3f / branch if zero

r3,-(sp) / save r3, r5 on stack

r5,~-(sp)

r0,free / free block in free storage map

(sp)+,r5

(sp)+,r3

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

r0,free / free indirect block
(sp)+,r2

r2,41.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,setimod / set i-node modified flag

ii,r1

ro
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/ ué == unix

UNIX IMPLEMENTATION

readi:
Clr u.nread / accumulates number of bytes transmitted
tst u.count / is number of bytes to be read greater than 0
bgt 1f / yes, branch
rts r0 / no, nothing to read; return to caller
1: ‘ -
mov r1,~(sp) / save i-number on stack
cmp rt,840. / want to read a special file (i-nodes 1,...,40 ara
/ for special files)
ble 1f / yes, branch
jmp dskr / no, jmp to dskr; read file with i-node number (r1)
/ starting at byte ((u.fofp)), read in u.count bytes
1
asl r1 / multiply inode number by 2
jmp *1£-2(r1)
1:
rtty / tty; ri=2
rppt / ppt; ri1=4
rmem / mem; r1=6
rrf0 / rfo
rek0  / rko
rtap / tapO
rtap / tap1
rtap / tap2
rtap / tap3
rtap / tap4
rtap / tap5
rtap / tapé
rtap / tap7
revt / ttyo
revt / tty1
rcvt / tty2
revt / tty3
rcvt / tty4
revt / ttys
rcvt / ttyé6
revt / tty7
rcrd/ crd

rtty: / read from console tty

mov
tst
bne
jsr
tst
beq

movb
inc

Issue D Date

tty+[8%ntty]-8+6,r5 / r5 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
1£f / 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(r5) / is the number of characters zero

ret1 / yes, return to caller via ‘rett’

*4(r5),r1 / no, put character in r1

4(r5) / 3rd word of console tty buffer points to byte which
/ contains the next char.
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reti:

rppt:

rmems

passc:

Issue D Date

dec
jsr
br

Jmp .

UNIX IMPLEMENTATION

2(r5) / decrement the character count
ro,passc / move the character to core (user)
1b / get next character

ret / return to caller via ‘ret’

read paper tape

isr

jsr
br

ro,pptic / gets next character in clist for ppt input and
/ places
br ret / it in ri; if there is no problem with reader, it
/ also enables read bit in prs
rO,passc / place character in users buffer area

rppt

transfer characters from memory to a user area of core

mov
inc

movb
jsr

br

Jmp

mov
Jsr
mov
sub
blos
cmp
bhis
mov

Jsr
jsrx
jsr
movb
dec
bne
tst
bne
br

movb

inc

*u,fofp,r1 / save file offset which points to the char to
/ be transferred to user
*u,fofp / increment file offset to point to ‘next’ char in
/ memory file
(r1),r1 / get character from memory file, put it in r1
rO,passc / move this character to the next byte of the
/ users core area
rmem / continue

error / see ’error’ routine

(sp),r1 / i-number in r1

r0,iget / get i-node (r1) into i-node section of core
i.size,rz / 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
1f

r2,u.count / no, just read to end of file

r0,mget / returns physical block number of block in file
/ where offset points

r0,dskrd / read in block, r5 points to 1st word of data in
/ buffer

rO0,sioreg

(r2)+,(r1)+ / move data from buffer into working core
/ starting at u.base
r3
2b / branch until proper number of bytes are transferred
u.count / all bytes read off disk
dskr
ret

ri,*u.base / move a character to the next byte of the
/ users buffer
u.base / increment the pointer to point tc the next byte
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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 1f / any more bytes to read?; yes, branch

mov (sp)+,r0 / no, do a non-local return to the caller of

rets / (1)£bop the return address off the stack into r0

mov (sp)+,r1 / (2) pop the i-number off the stack into r1
1: .

clr #$ps / clear processor status

rts r0 / return to address currently on top of stack
writei:

clr u.nread / clear the number of bytes transmitted during

/ read or write calls

tst u.count / test the byte count specified by the user

bgt 1f / any bytes to output; yes, branch

rts r0 / no, return - no writing to do
13

mov r1,-(sp) / save the i-node number on the stack

cmp r1,$40. / does the i~node number indicate a special file?

bgt dskw / no, branch to standard file output

asl r1 / yes, calculate the index into the special file

Jmp #1f-2(r1) / jump table and jump to the appropriate routine
1

wtty / tty

wppt / ppt

wmem / mem

" wrefO / rfo

wrkO / rko

wtap / tapO

wtap / tap1

wtap / tap2

wtap / tap3

wtap / tap4

wtap / tap5

wtap / tapé6

wtap - / tap7

xmtt / tty0

xmtt / tty1

xmtt / tty?2

smtt / tty3

xmtt / tty4

xmtt / ttys

xmtt / ttyé

xntt  / tty7
/ wlpr / lpr
wttys -

jsr rO,cpass / get next character from user buffer area; if

/ ncne go to return address in syswrite
tst r1 / is character = null
beq wtty / yes, get next character

mov $240,%sps / no, set processor priority to five
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cmpb

bhis
jsr

jsr
br

mov
jsr
mov
br

wppt:
jsr

jsr
br

~
g
=
o
H

jsr
cmp
blo
cmp
bhi
sub

-
(1]

jsr
br

NNOONNINRNINONNINN

]
=
1]
2

jer

mov
mov
inc

nmovb
br

1:
Jmp

UNIX IMPLEMENTATION

cc+1,$. 0., / is character count for console tty greater
/ than 20
2f / yes; branch to put process to sleep
rO,putc; 1 / find place in freelist to assign to console
/ tty and
br 2f / place character in list; if none available
/ branch to put process to sleep
rO,startty / attempt to output character on tty
wtty

ri,~(sp) / place character on stack

rO,sleep; 1 / put process to sleep

(sp)+,r1 / remove character from stack

1b / try again to place character in clist and output

rO,cpass / get next character from user buffer area,
/ if none return to writei’s calling routine
r0,pptoc / output character on ppt

wppt

ro,cgass
r0,s$ a
1£
r1,s’z
1£
$40,r1

r0,lptoc
wlpr

¢+ / transfer characters from a user area of core to memory file

rO,cpass / get next character from users area of core and
/ put it in r1
r1,~-(sp) / put character on the stack
*u,.,fofp,r1 / save file offset in r1
*u.fofp / increment file offset to point to next available
/ location in file
(sp)+,(r1) / pop char off stack, put in memory loc assigned
/ to it
wmem / continue

error / ?

dskw: / write routine for non-gpecial files

mov
Jsr

mov
add
- cmp
blos

Issue D Date

(sp)yr1 / get an i-node number from the stack into r1
r0,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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mov

jsr

jsr

bit
bne

cmp

bhis

UNIX IMPLEMENTATION

r2,i.size / yes, increase the file size to file offset +
/ no. of data bytes
ro,setimod / set imod=1 (i.e., ccre inode has been
/ modified), stuff time of modification into
/ core image of i-node

rO,mget 7 get the block no. in which to write the next data
. 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.? Yes, branch.

/ Don’t have to read block

2: / in as no past info. is to be saved (the entire block will be
/ overwritten).

jsr

Jsr

Jsr

movb
dec
bne
jsr
tst
bne

Jmp

r0,dskrd / no, must retain old info.. Hence, read block ‘ri1’
/ into an I/0 buffer

ro,wslot / set write and inhibit bits in I/0 queue, proc.
/ status=0, r5 points to 1st word of data

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

(r1)+,(r2)+ / transfer a byte of data to the I/0 buffer
r3 / decrement no. of bytes to be written

2b / have all bytes been transferred? No, branch
r0,dskwr / yes, write the block and the i-node

u.count / any more data to write?

1b / yes, branch

ret / no, return to ‘{he caller via ‘ret’

cpass: / get next character from user area of core and put it in ri

tst

beg
dec
movb

inc
inc
rts

mov
mov
rts

sioreg:
mov
mov
bis
bic
add

Issue D Date

u.count / have all the characters been transferred (i.e.,
/ u.count, # of chars. left
1f / to be transferred = 0?) yes, branch
u.count / no, decrement u.count
*u.base,r1 / take the character pointed to by u.base and
/ put it in ri
u.nread / increment no. of bytes transferred
u.base / increment the buffer address to point to the
r0 / next byte

(sp)+,r0 / put return address of calling routine into r0
(sp)+,r1 / i-number in r1
r0 / non-local return

*u,fofp,r2 / file offset (in bytes) is moved to r2

r2,r3 / and also to r3

$177000,r3 / set bits 9,.4.,15. Oof 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
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mov
neg

cmp
blos

mov

add
sub
add
add

rts

UNIX IMPLEMENTATION

u.base,r1 / address of data is in ri1
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. Use the number of free bytes

/ in the file block as the number to be written

u.count,¥3 / if greater than, use the number of datd 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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/ u? =— unix

canons
mov
add
mov

clr
jsr
Jsr
jsr

cmp
beq
movb

inc
inc
cmp
beq
cmp
bhis
br

UNIX IMFLEMENTATION

r5,r1 / move tty buffer address to rt

$10.,r1 / add 10 to get start of data

r1,4(xr5) '/ canp = 10(r5) / move buffer aldr + 10 to 3rd
/ word in buffer (char. pointer)

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

r0,*¥(r0) / jump to arg get char off Q of characters, sleep
/ if none

rO,cesc; 100 / test for € (kill line)

br canon / character was @ so start over

rO,cesc; 43 / test for # (erase last char. typed)

br 1b / character was #, go bach

rd,84 / is char eot?

1f / ves, reset and return

r1,*4¥r5 / no, move char to address in 3rd word of buffer
(char. pointer)

2(r5) / increment 2nd word (char. count)

4(r5) / increment 3rd word (char. pointer)

r1,$’\n / is char = newline

1f / yes, 1f

2(r5),8120. / is byte count greater than or equal to 120

1f / yes, 1£

1b / no, get another char off the Q

1¢ / get here if line is full, a new line has been received or an eot
/ has been received

mov
add
mov
tst
rts

r5,r1 / move buffer address to ri

$10.,r1 / add 10 ,
r1,4(r5) / canp = 10(r5) / reset char pointer
(r0)+ / skip. over argument

r0 / return

cesc: / test for erase or kill char

cmp
bne
tst
beg
dec
dec
cmpb
bne
13
tst
2
rts

r1,(r0)+ / char in r1 = erase or kill character?
1f / no, skip return

2(rs) / yes, is char. count = 0

2f / yes, don’t skip return

2(r5) / no, decrement char count

4(r5) / decrement character pointer _
*4(r5),$’\\/ was previous character a \

2f / no, don’t skip

(r0)+ / yes, skip

r0 / return
' Slom

ttych: / get characters from Q of characters inputted <te tty

mov
jsr

clr
rts

$240,%sps / set processor priority to 5

rO,getc; 0 / takes char. off clist and puts it in r1
br 1£ / list is empty, go to sleep

*$ps / clear process priority

r0 / return

1: / list is empty

Isgsue D Date
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UNIX IMPLEMENTATION

mov r5,—-(sp) / save r5

jsr rO,sleep; 0 / put process to sleep in input wait channel
mov (sp)+,r5 / restore r5

br ttych / try again

pptic: / paper tape inpat control
mov $240,%$ps / set processor priority to five
cmpb cc+2,$30. / is character count for paper tape input in
/ clist greater than or equal to 30
bhis 1£ / yes, branch
bit ¥4prs,$104200 / is there either an error, an unread char
/ in buffer, or reader busy
bne 1f / yes, don‘t enable reader
inc #3prs / set reader enable bit

jsr rO,getc; 2 / get next character in clist for ppt input and

br 1f / place in ri1; if no char in clist for ppt input
/ branch
tst (r0)+ / pop stack so that return will be four locations past
/ subroutine call
23
clr #3ps / set process priority equal to zero
rts r0 / return
13
cmpb  pptiflg,46 / does pptiflg indicate file not closed”
beq 2b / yes, return to calling routine at instruction
/ immediately following jsr
jsr rO,sleep; 2 / no, all characters to be read in not yet in

/ clist, put process toc sleep
br pptic

pptoc: / paper tape output control
mov $240,%8ps / set processor priority to five.
cmpb cc+3,$50. / is character count for paper tape outnut in
/ clist greater than or equal to 50
bhis 1£f / yes
jJsr rO,putc; 3 / f£find place in freelist to assign ppt output
/ and place
br 1f / character in list; if none available branch to put
/ process to sleep

jsr r0,starppt / try to output character
clr *sps / clear processor priority
rts r0 / return
1: '
mov ri,-{(sp) / place character on stack
jsr rO,sleep; 3 / put process to sleep
mov (sp)+,r1 / place character in r1.
br pptoc / try again to place character in clist and output
/lptoc: / line printer output control
/ mov $240,%sps / set processor priority to five
/ cmpb cc+5,$200. / is character count for printer greater than or
/ equal to 200
/ bhis 1f / yes
/ jsr rO,putcs 5 / find place in freelist to assign to printer

/ and place
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UNIX IMPLEMENTATION

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

/ jsr  rO,starlpt / try to output character
/ clr *3ps / set processor priority = 0
; rts r0 / return
12 '
/ mov r1,~(sp) '/ place character on stack
/ jsr r0,sleep; 5 / put process to sleep
/ mov (sp)+,r1 / place character on stack
/ br lptoc
getcs / get a character off character list
mov (ro)+,r1 / put argument in getc call in r1 (char list id)
jsr rO0,get ' '
br 1£ / empty char list return
decb cc(r1) / decrement number of char in char list
mov $-1,r1 / load minus 1 in r1
jsr r0,put / put char back on free list
movb clist-2(r2),r1 / put char in ri
tst (r0)+ / bump r0 for non blank char list return
1:
rts r0
putc: ‘
mov r1i,~(sp) / save char on stack .
mov $~-1,r1 / put free list list id in r1
jsxr rO,get / take char off free list / clist slot taken
4 '/ identified by r2 A
br 1£f / branch when no chars in free list
mov (ro)+,r1 / put putc call arg in r1 (i.e., list identifier)
incb cc(ri1) / increment character count for list (r1)
jsxr rO,put / put clist entry on list
movb (sp),clist-2(r2) / put character in new entry
1:
tst (ro)+
mov (sp)+,r1
rts r0
get:
movb cf+1(r1),r2 / move current first char offset to r2
beq 2f / no characters in char list
tst (ro)+ / bump r0, second return
cmpb  r2,cl+1(r1) / r2 equal to last char offset
beq 1£ / yes, (i.e., entire char list scanned), branch to 1f
bic $1377,r2 / clear bits 8-15 in r2
asl r2 / multiply r2 by 2 to get offset in clist
movb clist-1(r2),cf+1(r1) / move next char in list pointer to
/ first char offset ptr
br 2f
1:
clrb cf+1(r1) / clear first char clist offset
clrdb cl+1(r1) / clear last char clist offset
bic $1377,r2 / zero top half of r2
asl r2 / muitiply r2 by 2
2:

rts r0
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put:
asr
mov
movb

beqg .

bic
asl
movb
br

moo

nov
movb
asl

rts

UNIX IMPLEMENTATT(

Igi/ 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
1f / offset = 0 then go to 1f (i.e., start a new list)
$1377,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 in list (r1)
2f

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

(sp)+,r2 / pop stack into r2; offset of new list
entry in r2
r2,cl+1(r1) / Tak? new list entry the last entry in list
r1
r2 / multiply r2 by 2; r2 has clist offset for new
/ list entry :
r0

iopen: / open file whose i-number is in r1

tst
blt
jsr
cmp
bgt
mov
asl

Jrp

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

r1 / write or read access?

2f / write, go to 2f

rO,access; 2 / get inode into core with read access
r1,840. / is it a special file

3f / no, 3f
r1,—(sps / yes, figure out
r1

*#4f-2(r1) / which one and transfer to it

tty
ppt
mem
/ rfo
rkO
tap0O
tap1
tap2
tap3
tap4
taps
tap6
tap7
ttyO
tty1
tty2
tty3
ttyd
ttys
ttyé
tty?7

NS

S Y L R NS

error / crd
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UNIX IMPLEMENTATION

2: / check open write access

neg ri1 / make inode number positive
jsr rO,access; 1 / get inode in 0 core
bit $40000,i.flgs / is it a directory?
bne 2f / yes, transfer (error)
cmp r1,$40. / no, is it a special file?
bgt 3f / no, .return
mov r1,~(sp) / yes
asl ri
jmp #1f-2(r1) / figure out which special file it is
/ and transfer ‘
1
otty / tty
leadr / ppt
sret / mem
sret / rfo
sret / rkO
sret / tapO
sret / tapi
sret / tap2
sret / tap3
sret / tap4
sret / taps
sret / tapé6
sret / tap7?
ocvt / ttyO
ocvt / tty1
ocvt / tty2
ocvt / tty3
ocvt / tty4
ocvt [/ ttys
ocvt / tty6
ocvt [/ tty7
/ ejec / 1lpr
otty: / open console tty for reading or writing
mov $100,%stks / set interrupt enable bit (zero others) in
/ reader status reg '
mov $100,%stps / set interrupt enable bit (zero others) in
/ punch status reg '
mov tty+[ntty*8]-8+6,r5 / r5 points to the header of the
/ console tty buffer
incb (r5) / increment the count of processes that opened the
console tty
tst u.ttyp / is there a process control tty (i.e., has a tty
/ buffer header
bne sret / address been loaded into u.ttyp yvet)? Yes, branch
mov r5,u.ttyp ; no, make the console tty the process control
: tty
br sret / ?
sret:
clr *#$ps / set processor priority to zero
mov (sp)+,r1 / pop stack to rt
3
’ rts r0

Issue D Date
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oppt: / open paper tape for reading or writing

mov
tstb
bne
mov
jsr

br
movhb
movb
br

Jmp

$100,%*sprs / set reader interrupt enable bit
pptiflg / is file already open
2f / yes, branch

$240,%$ps / no, set processor priority to S

r0,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

error / file alreédy open

iclose: / close file whose i-number is in r1

tst
blt
cmp
bgt -
mov
asl

jmp

ctty
cppt
sret
sret
sret
sret
sret
sret
sret
sret
sret
sret
sret
ccvt
ccvt
ccvt
ccvt
ccvt
cevt
ccvt
ccvt

r1 / test i-number

2f / if negq., branch

r1,$40. / is it a special file
3b / no, return

r1,-(sp) / yes, save r1 on stack

r1 :
#1£f-2(r1) / compute jump address and transfer

tty

ppt

mem

rfo

k0

tap0
tap1
tap2
tap3
tap4
tap5
tap6
tap7
ttyo
tty1
tty2
tty3
tty4
tty5
tty6
tty?7

R R S e N L O NN

error / crd

2: / negative i-number

neg

cmp

bgt

mov

asl

Jmp
1

Issue D Date

r1 / make it positive

r1,$40. / is it a special file

3b / no, return

r1 "‘(Sps

r1 / yes, compute jump address and transfer
¥ £-2 r1s

3/17/72 ID IMO.1~-1 Section E,7 Page 6



UNIX IMPLEMENTATION

ctty / tty
leadr / ppt
sret / mem
sret / rfo
sret / rko
sret / tapO
sret / tap1
sret / tap2
sret / tap3
sret / tap4
sret / tap5
sret / tapé6
sret / tap7
cevt  / ttyO
cevt / tty1
cevt  / tty2
coevt  / tty3
cevt / tty4
cevt / ttys
cevt / ttyé
cevt / tty7
/ ejec / lpr
ctty: / close console tty
mov tty+[ntty*8]-8+6,r5 / point r5 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:
mov $240.%$ps / set process or priority to 5
jsr -rO,getc; 2 / remove all ppt input entries from clist
/ and assign to free list
br sret
br 1b
/ejecs
/ mov $100,%31ps / set line printer interrupt enable bit
/ mov $14,r1 / ‘form feed’ character in r1 (new page).
/ jsr r0,1lptoc / space the printer to a new page
/ br 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
/ leader _
13
clr r1 / r1 contains a ‘nul’ character
jsr r0,pptoc / output the ‘nul’ character
dec (sp)
bge 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

Issue D Date

3/17/72 ID IMO.{-1 Section E.7 Page 7



jsr
tst
bne
jsr
mov

mov
jsr

mov
tstb

bne
mov
movb

mov
bis
jer

tstb
bne
br

UNIX IMPLEMENTATION

r0,arg2 / get arguments special and name

mnti / is the i-number of the cross device file zero?

¢rrora / no, error

rO,getspl / get special files device number in r1

(sp)+,u.namep / put the name of file to be placed on the
/ device

r1,-(sp) -/ save the device number

rO,namei / get the i-number of the file

br errora

ri,mnti / put it in mnti

sb1+1 / is 15th bit of I/0 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/0 queue entry
(sp)+,cdev / put device number in cdev
$2000,sb1 / set the read bit
rO,ppoke / read in entire file system .Sa/w[/océ

sb1+1 / done reading?
1b / no, wait
sysrcta / yes

sysunount: / special dismount file systen

jsr
jsr
cmp
bne

tstb

bne
clr
clr
br

r0,arg; u.namep / point u.namep to special
r0,getspl / get the device number in ri _
ri,mntd / is it equal to the last device mounted?
errora / no error

sbi1+1 / yes, is the device still doing I/0 (inhibit
/ bit set)?

1b / yes, wait

mntd / no, clear these

mnti o

sysreta / return

getspl: / get device number from a special file name

jsr

sub
ble
cmp

bgt
rts

exrrora:s
Jmp

sysreta:
Jmp

Issue D Date

rO,namei / get the i-number of the special file

br errora / no such file

$4,r1 / i-number-4 rk=1,tap=2+n
errora / less than 0? yes, error
r1,69. / greater than 9 tap 7
errora / yes, error

r0 / return with device number in ri

error / see ’error’ routine

sysret / see ‘sysret’ routine
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/ U8 ~—~ unix

UNIX IMPLEMENTATION

rtap: / read from the dec tape

asr
sub
mov
jsrx

wtap: .
asy
sub
mov
jsr

mov
isr

wrkO:
mov
jsr

rrfO:
clr
jsr

wrfo:
clr
jsr

r1 / divide the i-number by 2

$4.,r1 / (i-number/2)-4 r1

ri,cdev / cdev now has device number

rO,bread; 57¢. / read in block thats in *u.fofp

r1 / divide i-number by 2

$4.,,r1 / r1 = i-number minus 4

ri,cdev / this is used as the device number

rO,bwrite; 578. / write block (u.fofp) on dec tape
/ Maximum

81,cdev / set current device to i., disk

r0,bread; 4872. / read block from disk (maximum block
/ number allowed on ‘evice is 4872.)
/ - (u.fofp) contains block number

$1,cdev / set current device to 1; disk
rO,burite; 4872, / write block (u.fofp) on disk

cdev / set current device to 0., fixed head disk

r0,bread; 1024. / read block (u.fofp) from fixed head
/ disk (max. block number allowed on
/ device is 1024.)

cdev / set current device to 0., fixed head disk
r0,bwrite; 1024. ; write block ’‘(u.fofp)’ on fixed head
disk

bread: / read a block from a block structured device

jer

mov
mov

cmp

bhis
mov
jsr
mov
inc
dec

bgt

tst
mov

Issue D Date

rO,tstdeve / error on special file I1/0 (only works on
/ tape)

*u.fofp,r1 / move block number to r1

$2.,~cold,~(sp) / 2-cold to stack

r1,(r0) / is this block # greater than or equal to
/ maximum block # allowed on device
1£ / yes, 1f (error)
rt,~(sp) / no, put block # on stack
rO,preread / read in the block into an I/O buffer
(sp)+,r1 / return block # to ri
r1 / bump block # to next consecutive block
(sp) / 2~1-cold on stack
1b / 2-1-cold = 0? No, go back and read in next block

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

cmp r1,(r0)+ / block # greater than or equal to maximum
/ block number allowed
bhis error10 / yes, error

inc *u,fofp / no, *u.fofp has next block number

jsr rO,preread / read in the block whose number is in ri

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

bit $22000,(r5) / are 10th and 13th bits set (read bits)
beq 1f / no

cmp cdev,$1 / disk or drum'>

ble 2f / yes

tstb uguant / is the time quan*um = 07

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 rO0,idle; s.wait+2 / wait
br 1b

1: / 10th and 13th bits not set
bic $40000,(r5) / clear bit 14

jsr xr0, tstdeve / test device for error (tape)
add $8,r5 / r5 points to data in I/O buffer
Jsr r0,dioreg / do bookkeeping on u.count etc.

/ r5 points to beginning of data in I/O buffer, r2 points to beginning
/ of users data
movb (xs5)+,(r2)+ / move data from the I/0 buffer

dec r3 / to the user’s area in core starting at u.base
tst u.count / done
beq 1f / yes, return
tst -(ro) / no, point r0 to the argument again
br bread / read some more
1:
mov (sp)+,r0 / jump to routine that called readi
Jmp ret
bwrite: / 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,(r0)+ / does block number exceed maximum allowable #
bhis error10 / yes, error
inc *u,fofp / no, increment block number
jsr ro,wslot / get an I/0 buffer to write into

jsr rO0,dioreg / do the necessary bookkeeping

1: / r2 points to the users data; r5 points to the I/O buffers data area
movb (r2)+,(rs)+ / 3 r3, has the byte count
dec r3 / area to the I/0 buffer

bne 1b
jsr rO,dskwr / write it out on the device
tst u.count / done

beq 1f / yes, 1f
tst -(r0) / no, point r0 to the argument of the call
br bwrite / go back and write next block

1
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mov
jmp

UNIX IMPLEME: "ATION

(sp)+,r0 / return to routine that called writei
ret

tstdeve: / check whether permanent error has occured on special file

/ 1/0

mov

tstb

bne
rts

clrdb

errori10:
Jmp

dioreg:
mov
cmp

blos

mov
13
mov
add
sub
add
rts

preread:
jsr

bis
jsr

clr
rts

dskrd:
isrx

bis
isr
clr
bit
beqg
jsr
br

add
rts

wslot:
jsr

Issue D Date

cdev,r1 / only works on tape~ r1 has device #
deverr(r1) / test error bit of device

1f / error

r0 / device okay

deverr(r1) / clear error

error / see ‘error’ routine

u.count,r3 / move char count to r3
r3, $512. / more than 512. char?
1£f / no, branch

$512.,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,u.base / update base

r0 / return

r0,bufaloc / get a free I/0 buffer (r1 has block number)
br 1f / branch if block already in a I/0 buffer
$2000,(r5) / set read bit (bit 100 in I/0 buffer)
ro,poke ./ perform the read

#sps / ps = O
r0

rO,bufaloc / shuffle off to bufaloc; get a free I/0 buffer
br 1£f
$2000,(r5) / set bit 10 of word 1 of I/0 queue entry
/ for buffer
rO,poke / just assigned in bufaloc; bit 10=1 says réad

*$ps

$22000,(r5) / if either bits 10, or 13 are 1; jump to idle
1£

rO0,idle; s.wait+2

1d

$8,r5 ; r5 points to first word of data in block just read
in ,
ro

ro,bufaloc'/ get a free I/0 buffer: pointer to firet
br 1f / word in buffer in rS5
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UNIX IMPLEMENTATION

bit $22000,(r5) / check bits 10, 13 (read, waiting to read)
/ of I/0 queue entry
beq 1f / branch if 10, 13 zero (i.e., not reading, or waiting

/ to read)
jsr  r0,idle; s.wait+2 ; if buffer is reading or writing to read,
. ' idle
br 1b / till finished

bis $101000,(r5) / set bits 9, 15 in 1st word of I/O queue
/ (write, inhibit bits)

clr #s$ps / clear processor status
add $8,r5 / r5 points to first word in data area for this
/ block .
rt: ro
dskwr:
bic $100000,*bufp / clear bit 15 of I/0 gqueue entry at
/ bottom of queue
ppoke:
mov $340,%¢ps
jsr r0,poke
clr *$ps
rts x0
poke:
mov r1,-(sp)
mov r2,-(sp)
mov r3,~(sp)

mov $bu£p+nbuf+nbuf+6,r2 / r2 points to highest priority I1/0
/ queue pointer

mov -{r2),r1 / r1 points to an I/0 queue entry
bit $3000,(r1) / test bits 9 and 10 of word 1 of I/0 queue
/ entry

beq 2f / branch to 2f if both are clear

bit $130000,(r1) / test bits 12, 13, and 15

bne 2f / branch if any are set

movb (r1),r3 / get device id

tstb deverr(r3) / test for errors on this device
beq 3f / branch if no errors

mov $-1,2(r1) / destroy associativity

clrb 1(r1) / do not do I/0

br 2f

cmpb  r3,81 / device id = 1; device is disk
blt prf / device id = 03 device is drum
bgt ptc / device id greater than or equal to 1; device is
/ dec tape
bit $2,active / test disk busy bit
bne 2f / branch if bit is set
bis $2,active / set disk busy bit
mov r1,rkap / rkap points to current I/O queue entry for disk
mov 2(r1),mq / put physical block number in mq
mov $12.,div / divide physical block number by 12.
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nov
mov

mov

bis
br

prfs / drum

bit
bne
bis
mov
mov
clr

movb

clr
movb

mov

mov
mov
mov
mov

. bit

beq
mov

mov
br

ptc: / tape

getas /

Issue D Date

bit
bne
mov
swab
bic
add
cmpb
beq
movb

bis
mov
mov
mov
movb
sub
swab
bis
mov

UNIX IMPLEMENTATION

érkda+2,r3 /
ac,-(sp) / put remainder from divide on stack; gives
/ sector number
$4,1sh / shift quotient 4 bits, to align with cyl and surf
/ bits in rkda
mgq,(sp) / or mg 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
ri,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
load dae with high byt . of physical block
number

(sp)+,—(r3)

/

/

(sp)+,~(r3) / load rkda register; load dar register

6(r1),~(r3) / load bus address register

4(r1),-(xr3) / load word count register

$103,-(sp) / 103 indicates write operation when locaded
/ in csr

$2000,(r1) / if bit 10 of word 1 of I/0O 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/0

$4,active

2f

tcem,r3

r3 ‘

$17,r3

$2,r3

r3,(r1)

3f

$1,tcem / stop transport if not same unit

84 ,active

ri,tcap

$20.,tcerrc

gtapei,tcstate

(r1),r3 / device

$2,r3 / now unit

r3

$103,r3 / now rbn,for,unit,ie
r3,tcem

1/0 queue bookkeeping; set read/write waiting bits.

mov

(r1),r3 / move word 1 of I/0 queue ontry into r3
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bic
bic
rol
rol
rol
bis

cmp

bhi
mov
mov
mov
rts

bufaloc:
mov
mov
clr
mov

mov

bit
bne

mov

cmpb

bne
cmp

bne
tst
br

cmp
blo

mov
bne

jsr
br

tst

mov

movb

mov

Issue D Date

UNIX IMPLEMENTATION

$13000,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
/ 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,%sps / set processor priority to 7

~{sp) / vacant buffer
$bufp,r2 / bufp contains pointers to I/O queue entrys
/ in buffer area

(r2)+,r5 / move pointer to word 1 of an I/O queue entry
/ into r5 ‘
$173000,(r5) / lock+keeptactive+toutstanding
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/0O queue entry)

(r5),cdev / is device in I/0O queue entry same as current
/ device

3f

2(r5),r1 / is block number in I/O queue entry, same as
/ current block number

3f '

(sp)+ / bump stack pointer

1£f / use this buffer

r2,sbufpt+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
2f / if (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

(ro)+ / skip if warmed over buffer

-(r2),r5 / put pointer to word 1 of I/0 queue entry in r5
cdev, (r5) / put current device number in I/0 queue entry
r1,2zr5) / move block number into word 2 of I/0 queue

3/17/72 ID IMO.1-1

Section E.8 Page 6



UNIX IMPI ENTATION

/ entry

cmp | r2,$bufp / bump all entrys in bufp and put latest assigned
blos 1f / buffer on the top (this makes if the lowest priority)

mov ~(r2),2(r2) / job for a particular device
br  1b
1: _
mov xr5,(r2)
mov (sp)+,r2 / restore r2
rts x0

tape: / dec tape interrupt ,
jsr rO,setisp / save registers and clockp on stack
mov tcstate,r3 / put state of dec tape in r3
jsr rO,trapt; tccm; tcap; 4 / busy bit
mov r3,pc / device control status register
if no errors, go to device state (an address)

taper: / dec tape error
dec tcerrc / decrement the number of errors
bne 11 / if more than 1 branch
movb 1(r2),r3 / r2+1 points to command register upper byte
bic ¢17,r3 / clear all but bits 8-10 (Unit Selection)
inch deverr+2(r3) / set error bit for this tape unit
br - tape3
1: / more than 1 error
bit $4000,(r2) / direction of tape
beg 1£ / if forward go to 1f
bic $4000,(r2) / reverse, set to forward
mov $tape1 tcstate / put tape 1 in the state

br of

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

O: A
bis $4,active / check active bit of tape
movb $103 (r2) / set read function and interrupt enable
br 4f / go to retisp

tapet: / read bn forward
mov $tcdt,r0 / move address of data register to r0
cmp (xr0),2(r1) / compare block addresses

blt Ob / if 1t, keep moving

bgt taper / if gt, reverse

mov 6(r1),~-(r0) / put bus address in tcba

mov 4(r1),—(r0) / put word count in tcwe

mov $115,~-(sp) / put end interrupt enable

bit $20000,(r1) / is “waiting to read bit" of I/O queue set?
beq 1f / no, 1f
mov $105,(sp$ / yes, put and interrupt enable

movb (sp)+,(r2) / move function into command register (tccm)
bis $4,active / set active bit
mov $tape3 tcstate / get ready for I/0 transfer
br 4f / go to retisp (rti)
tape2: / read bn bakasswards
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mov
add
cmp
bgt
br

UNIX IMPLEMENTATION

tedt,r0 / r0 has contents of data register
$3,r0 / overshoot

ro,2(xr1)

0b / if gt keep reading

taper / else reverse

tape3: / I/0 transfer

bic
jsr
bit
bne
movhb

jsr
br

$30000,(r1) / clear bits 12 and 13 of I/O queue entry
rO,poke / do the I/0

$4,?ctive / still 1 sy see if pick up r-ahead, w-behind
1£ ves

$1,(r2) / no, indicate too bad

r0,wak=up; rung; 31. / wait up
4f / retisp

drum: / interrupt handler

Jsr
jsr

br

disk:
jsr
Jmp

jsr

mov
mov

br

bit
beq
mov
mov

bit

bne
inc
asr
asr
asr
dec

bic
mov
mov
mov
jsr
mov
mov
mov

Issue D Date

r0,setisp / save ri,r2,r3, and clockp on the stack

rO,trapt; dcs; rfap; 1 / check for stray interrupt or
error

br 3f / no, error

2f / error

rO,setisp / save ri1,r2,r3, and clockp on the stack
*$0fF

rO,trapt; rkcs; rkap; 2

br 3f / no, errors

$115,(r2) / drive reset, errbit was set

$1£f,0b-2 / next time jmp *$0f is executed jmp will be
/ to 1f S

4f

$20000 ,rkes

4f / wait for seek complete
$0b,0b~2

rkap,r1

$3000,(r1) / are bits 9 or 10 set in the 1st word of
/ the disk buffer

3f / no, branch ignore error if outstanding

r1

(r1) / reissue request
r1

$30000,(r1) / clear bits 12 and 13 in 1st word of buffer
ac,-(sp) .

mg,~{sp) / put these on the stack

sc,~(sp)

rO,poke

(sp)+,sc

(sp)*+,mq / pop them off stack

(sp)+,ac
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Ury¥ IMPLEMENTATION

4:
jmp retisp / u4-3
trapt: / r2 points to the
mov (ro)+,r2 / device control register
mov #(r0)+,r1 / transaction pointer points to buffer
tst (sp)+
tstb (r2) / is ready bit of dcs set?
bge 4b / device still active so branch
bit (r0),active / was device busy?
beq 4b / no, stray interrupt ~
bic (ro)+,active / ves, set active to zero
tst (r2) / test the err(bit is) of dcs
bge 2f / if no error jump to 2f
tst (r0)+ / skip on error
23
Jmp (ro)
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UNIX IMPLEMENTATION

/ u9 -— unix
trcv: /‘Hﬂ( yeceve! /,,7[4:,«{‘,,/7& /a»nn'/w
jsr ro,1f
jsr r0,1£
jsr r0,1£
Jsr r0,1f£
jsr rO,1£

jsr r0,1£
jsr r0,1£
Jsr r0,1£f
1
mov rt1,-(sp)
mov r2,=-{sp)
mov r3,~(sp)
mov clockp,~(sp)
mov $s.syst+2,clockp
sub strov+d,r0 / 0%4 / calculate offset for tty causing
asl r0 / 0%8 / this interrupt
mov rcsr(r0),r2
mov rcor(rd),ri
tst r2
blt 1f / error
tst tty+6(r0)
beqg 1£

bit. $40,r2 / parity

bne 3f / branch if set

tstb tty+4(ro)

blt 4f / 37 parity not allowed
br 2f

bitb  $100,tty+4(r0)
beg 2f / non-37 parity not allowed
4: e Ao
bic st - 7T
bit $40,tty+4(r0)
bne 3f / raw
cmp r1,$177

beq 5f
cmp r{1,634
bne 3f

5:
mov tty+6(xr0),r0
beq 2f
movb r1,6(r0) / interrupt or quit
jsr r0,wakeall
br 2f

3:
cmp r1,815 / or
bne 3f
bit $20,tty+4(r0)
beqg 3f
mov $12,r1

3:
bith &4 ,.ttv+4(r0)
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UNIX IMPLEMENTATION

beg 3f
cmp r1,s’a
blo 3f
cmp r1,s°z
bhi 3f

add $40,r1

movb  tty+3(r0),0f

jsr rO,putc; Os.. / put char on input clist
br 2f :

bitb  $10,tty+4(r0) / echo

bne 4f / branch echo bit set

cmp - ri1,$12

bne 3f
bitb  $20,tty+4(ro0) / cr
beg 3f
4 .
cmp r1,$4 / is char input an eot
beq 1£ ‘
mov r1,-(sp) / put char on stack
movb  tty+3(r0),0f
inc Of
jer rO,putc; 0:.. / put char just input on output clist
br .+2
jsr r0,starxmt
mov (sp)+,r1

bitb  $40,tty+4(r0) / raw

bne 1f / branch if raw bit set
cmp ri,$12

beq 1£

movb tty+3€}o),r1

cmpb  cc(r1),%$15.

blo 2f

movb  tty+3(ro0),0f
jsr rO,wakeup; rung; O:.. / call wakeup for process

jmp retisp

txmts /Zz{‘)’f {wa”mﬂ‘u [,\W W»«a{/@/\

jsr r0,1f
jsr r0,1f
jsr r0,1£
jsr ro,1f
jsr ro0,1£f
jsr ro,1£
jsr ro,1£f
jsr ro,1f

mov rti,-(sp)

mov r2,-(sp)

mov r3,-(sp)

mov clockp,~(sp)

mov $8.8yst+2,clockp

sub $txmt+4,r0 / 0%4 / offset in cc
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UNIX IMPLEMENTATION

asl ro / 0%8
jsr  rO,starxmt
Jmp retisp
xmtto:
mov ro,~(sp)
mov 2(sp),r0 ./ 0%2+6
sub $6,r0
asl r0
asl ro / 0%8
jsrx r0,starxmt
mov (sp)+,ro
rts r0
starxmt:
mov (sp),r1 / 0%8 r1 contains 8xtty number

movb tty+3(r1),r1 / place contents of 4th byte of "tty
/ buf in r1 (cc,cf,cl offset)

cmpb  cc+1(r1),$10. / is char count for tty output greater
/ than or equal to 10

bhi 1£ / yes

mov r1,0f / no, make offset an arg of ' wakeup
inc of / increment arg of wakeup
jer - rO,wakeup; rung+2; 0:.. / wakeup process identified
/ by wlist
1: / entry specified by argument in O:
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~ut entry for tty output = 0

bne 1f / no, return to calling routine

mov (sp)y,r2 / yes, place (8xtty number) into r2

tstb  tesr(r2) ; does tty’s tcsr register = 0 (is ready
bit =0

bge 1f / yes, return to calling routine

movb  tty+2(r2),r1 / no, place third byte of "tty buf
/ into r1 (char left over after 1lf)

clrb  tty+2(r2) / clear third byte

tst r1 / is third byte =

bne 3f / no, r1 contains a non nul character

movb tty+3(r2),0f / yes, make byte 4 arg of "getc

inc Of / increment arg to make it tty output list of

/ clist

jsr r0,getc; O:.. / obtain next character in clist for tty

/ out and place in r1
br 1£ / if no entry in clist to be output, return to
/ calling routine

bic $!177,r1 / zero out bits 7-15 of r1
movb partab(r1) r3 / move partab entry (identified by
/ r1) into r3
bge 3f / if entry is greater than or equal to 0 (digit
/ 2, far left digit = 0) branch
bisb 200,r1 / if entry is less than 0 add 128 to ASC11
/ code for char to be output
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bic

mov
bit
beq
mov
cmp
bne
bitb

beg
mov

mov

add
jmp

inch

rts
br
br
br
br
br

dechb

bge
clro
br

bit
bne
bith

movb

movb
beqg
clrb
asr
asr
asr
asr
add
br

bith

D Date

UNIX IMPLEMENTATION

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

(sp)yr2 / r2 contains 8xtty number
¢$4,rcsrx(r2) / is carrier present for tty
starxmt / no carrier flush '
r1,-(sp) ./ yes, place gharacter 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,(sp) / yes, change character to space

(sp)+,tcbr(r2) / place char to be output in tty output
/ buffer
stty+1,r2 / place addr of 2nd byte of "tty buf
1£-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
/ is now in r3

r0 / non-printing

1€£ / bs ¢<g—4&22C
2f / nl (line feed) | Lot ! 1
3f / tab (horizontal tab)

4f / vert (vertical tab)

sf / cr

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

1f / if count >0 return to calling routine

(r2) / col set column count = O

1£

$1,§1 / is bit 0 of ASC11 char = 1 (char = 1f)
2f
$20,3 2) / cr flag is bit 4 of 5th byte of "tty"
area = 1
2f / no (only 1f tQ be handled)
$15,1(r2) / place "cr in 3rd byte of ttg area
/ (character leftover after 1f )

(r2),r3 / place present column count in r3

1f / 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
2£

62,3(r2) / is bit 1 of 5th byte of "tty area = 4
(tab to space bit set)

3/17/72 ID IMO.1-1 Section E.9 Page 4
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incb
bitb
beq
movh
br

movb
bisb
incb
bis
neg

br

nov
br

mov
clrb
add
mov
asr
asr

asr
movbh

rts

UNIX IMPLEMENTATION

3f / no

(r2) / increment column count

$7,(r2) / are bits 0, 1 and 2 set at col 0%8

1€£f / no

$11,1(r2) / yes, place ht in another tab next time
1£ / 3rd byte of tty area (character left over after

/ "1£7)

(r2),r3 / place column count in r3

$7, (r2) / make bits 0, 1 and 2 of column count = 1

(r2) / increment column count

$!17,r3 / clear bits 3-15 of r3

r3 / delay = dcol start to determine tout entry for
/ tty out

2f / by neg r3

$176.,x3 / delay = lots start to determine tout entry
2f

$10.,r3 / cr delay 160ms for tn300 start to determine
/ tout
(r2) / set column count = 0 entry

$5,r3 / time for this char, increment value for tout
/ entry by 5 4
(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

r0 / return

partabs / contains 3 digits for each character; digit 2. is used
/ to determine if 200 is to added to ASC11 code digits 0

/ and
ob‘jtp
.byte
ob}’te
obyte
«byte
ob}'te
.byte
sbyte
obYte
obyte
.byte
obyte
ob}'te
«hyte
+byvte
obyte

Xmtts
jsr

Issue D Date

1 are used to determine value for jump table,
002,202,202,002,002,002,002,202 T
204,010,006,212,012,214,202,002 EO
202,002,002,202,002, (‘)02 202,002 ,wlfw NAK
002,202,202,002,202,002,002,202
200,000,000,200,000,200,200,000

000,200, 200,000,200,000,000,200
0600,200,200,000,200,000,000,200
200,000,000,200,000,200,200,000
200,000,000,200,000,200,200,000
000,200,200,000,200,000,000,200
000,250,200,000,200,000,000,200

200, 50,000¢,200,000,200,200,000
o0oo,:00,200,000,200,000,000,200
200,000,000,200,000,200,200,000
200,000,000,200,000,200,200,000
000,200,200,000,200,000,000,202

rO,cpass / get next character from user buffer area
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UNIX IMPLEMENTATION

tst r1 / is character nul
beq xmtt / yes, get next character
1:
mov $240,%$ps / set processor priority equal to 5
mov (sp),r2 / r2 contains 1 node number of file

asl r2 / 0%2+28 / multiply inode number by 2 v
sub $21.,r2 / 0%2+7 / subtract 21 from 2x inumber to
: / get cc, cf, cl offset
mov r2,0f / make offset arg of putc
cmpb  cc(r2),450. / is char count for device greater than
/ or equal to 50

bhis 2f / yes

jsr rO,putc; O:.. / find location in freelist to assign to
_ / device and

br 2f / place char in list, if none available branch

/ to put process to sleep

mnov r0,-(sp) / place calling routines return address on
/ stack

mov Ob,r0 / place offset into cc, cl and ¢f tables in rO

sub $7,r0 / subtract seven from offset

asl r0 / multiply by 2
asl r0 / 0%8 / multiply by 2 (r0 contains 8xtty number)

jsr rO,starxmt / attempt to output character
mov (sp)+,r0 / pop stack
br xmtt / get next character
2:
mov r1,-(sp) / place character on stack

mov 0b,0f / make offset into cc, cf, cl table arg of
/ sleep (identifies location in wlist)

jsr rO,sleep; O:.. / put process to sleep
mov (sp)+,r1 / remove character from stack
br 1b / try again

rcvt: / read tty
sub $28.,r1 / 0%2 r1 contains 2xtty number

asl r1

asl r1 / r1 contains 8xtty number

mov r1,-(sp)

mov tty+6(r1),r5 / r5 contains address of 4th word in
/ tty area

tst 2(r5) / is char count = 0

bne 1f / no

bitb  $40,tty+4(r1) / raw flag set?
beq 2f / no

tst -(sp) / yes, decrement sp

jsr rO,rcvch / get character from clist
tst (sp)+ / increment sp

mov (sp)+;r2 / r2 contains 8xtty number

bitb $4,rcsr(r2) / is carrier detect bit on
beq 3f / no

jsr rO,passc / yes, place character in users buffer area
3:

Jmp ret
2:

jsr rO,canon; rcveh / process a line of characters in

/ clist and place results in tty buffer
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tst

tst
beqg
movb
inc
dec
jsr

br

Jmp

rcvch:
mov
mov
bit
bne
bic
rts

movb
mov
jsr

clr
rts

mov
mov
jsr
mov
br

ocvt:
sub
mov
asl
asl
mov
add
movb

mov
bit
bne
mov

movb
jsr
br

mov
tstb

Issue D Date

UNIX IMPLEMENTATION

/ area
(sp)+ / increment sp

2(r5) / is char count for tty buffer = O

1f / vyes

#4(r5),r1 / no, move character pointer to r1

4(r5) / increment character pointer

2(r5) / decrement character count

rO,passc / place character, whose address is in
/ ri, in

1b / user buffer area. Then get next character.

ret

4(sp),r2 / 0%8 r2 contains 8xtty number

s4,r1

ri,resr(r2) / is carrier detection bit on

1f / vyes

$1,rcsr(r2) / no, clear data terminal ready bit
r0

tty+3(r2),0f / make cc offset arg for "getc’
$240,%sps / set processor priority = 5
rO,getc; O:.. / get next character off clist
br 2f / clist empty

*3ps / set processor priority = 0

r0

0b,0f / make getc" arg an arg for sleep
r5,-(sp) / save tty buffer address on stack
rO,sleep; 0.

(sp)+,rs5

rcvch

$28.,r1 / 0%2 calculate tty table offset
ri,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),r1

¢$4,rcsr(r1) / carrier detect bit set

1£f / if so, branch

$511,rcsr(r1) / set ready, speed, interrupt enable,
/ supervisor transmit

tty+3(r1),0f / put clist id in sleep argument

rO,Sleep; Ozeo

1b

tty+6(r1),r5 / put tty buffer address in r5
(r5) / first byte of tty buffer = 0
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bne
mov
mov
movb

incdb
tst
tst
bne
mov
br

ccvt:
sub
asl
asl
mov
decb

Jmp

Issue D Date

UNIX IMPLEM NTATION

1f / if not, branch

$511,resr(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

(r5) / inc first byte of tty buffer

(sp)+

u.ttyp / 'is there a process control tty

1f / yes, then branch

r5,u.ttyp / no, make this tty the process control tty
1f / return

$28.,11

r1 / 0%4

r1
tty+6(r1),rs
(rs)

sret
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/ ux -— unix

UNIX IMPLEMENTATION

systms

o=o+2

0=o+1280

o=o+2

o=o+64o

s.time: .=.+4

s.syst: exzet4

s.wait: .=.+4

801dlet:.=.+4

s.chrgtie=.+4
_ s.drerr:e=.+2
inode:

1.flgs= 0=.+2

i.nlks: .=.+1

io“id: e=e+1
i.size: o=.42
i.dskp: e=e+16,
i.ctim: o=.+4
iemtim: o=.+4

s = inode+32,
mount s e=e+1024,
proc:

p.pid: <=.+[2*nproc]

p.dska: .=.+[2%nproc]

p.ppid: .=.+[2%*nproc]
p.break: .=.+[2%nproc]

Pelink: .=.+nproc

pe.stat; .=.tnproc
tty:

o = o+[ntty*8,]
fsps e=et+t[nfiles¥*8,]
bufp: e=e+[nbufr#*2]+6
sb0: e=e+8
sb1:s e=e+8
SWp$ e=s+8
ii: e=et+2
idev: ex=et+2
cdev: e=ot+2
deverr: .=.+12.
active: o= t+2
rfap: e=s+2
rkap: e=et?2
tcap: e=et2
tcstates o=.+2
tcerrc: o=.+2
mnti: e=e+2
mntd: e=e+2
mpid: ez +2
CloCKp: e=.+2
rootdir:.=.+2
toutt: .=.+16,.; touts: .=.+32,
rung: ez=et+H

Issue D Date
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UNIX IMFLEMENTATION

wlist: e=e+40,

CcC: e=s+30,
cf: e=et31,
Cl: ex=s+31.,
clist: e=et+510.
imod: e=e+1
smod § e=et+1
mmod § e=st1

uguants e.=.+1
sysflg: =.+1
pptiflg:e=.+1
ttyoch: «=.+1

s even ‘

e=¢+107.; sstack:
buffer: .=.+[ntty*140.]

e=o+ [Nbuf*520.]

¢« = COra-—-64,

user:
u.Sp: .=o+2
u.usp: e=at2
U.x0: e=et+2
Ve CALLS  e=e+2
u.fp: e=e+10,
u.fofp: o=.+2
u.dirp: o=+ 2
u.namep: o=.+2
u.,off: e=e+2
u.,base: ¢=.+2
UeCOUNLS o=e+2
Uenread: o=.+2
Usbreak: e=.+2
Usttyp: o=e+2
u.dirbUE:o=c+100
‘ue.Dri: e=eot2
Ueintr: ,=.+2
u.qUit: e=e+2
Ue.emt s e==e+2
Ueilginss e=.+2
UeCleV: o=e+2
u.uid: e=ot+1
u,ruid: =,+1
U.bsys: e=et1
U, unos e=s+1
s« = COre
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URTX TYMPLEMENLATION

/ sh -~ coumand interpreter
mov SP,TH
Mmov ro,shel lara / save oria sp in shel larc
cdpb B(rb),$’~ / was this sh calleZd by Init or looginx™
bne 2f / no
SYS intri 0 7/ ves, turn off interrupts
5VYS quits O
SYS getuid / who is user
tst rd / is it superuser
bne 2f / no
movb $’#,at / yes, set new prompt svyinbol
X’
cmp (r5),$1 7/ ttv input?
ble newline / ves, call with /-(or with no command
/ file name)
clr ro0 /7 no, set ttvy
SYs close / close it
mov 4(r5),0f / get new file name
sys opens Os..3 O / open it
bec \f / branch if no error
Jjsr rS,error / error in file name
/<Input not found\n\O>; .even
SYS exit ’
|2
clr at / clear prompt character, if reading non-tty
/ input file
newline: :
tst at /7 is there a prompt symbol
beq newcom 7/ no
mov $1,r0 / yes
sys writes ats 2. /7 print prompt
newcoms
mov shellarg,sp /
mov $parbuf,r3 / initialize command list area
mov $parp,r4 / initialize comnand list pointers
clr infile / initialize alternate input
clr outfile / initialize alternate outout
clr glflag 7/ initialize global flag
newargs
Jjsr pc,blank / saueeze out leading blanks
Jsr ro,delim / is new character a § \n or &
br 2f / ves
mov r3,-(sp) /7 no, push arag pointer onto stack
cmp ro0,$’< /7 new input file?
bne If / no
mov (sp)yinfile / ves, save arg pointer
clr (sp) / clear pointer
br 3f
K
cmp r0,$’> 7/ new outout file?
bne newchar / no
mov (sp)youtfile / ves, save arq pointer
clr (sp) / clear pointer
br - 3f
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newcharsd

cmp $7 Lr0O / is character a blank
beq If / branch if it is (blank as arqg separator)
cmp $2\n+200,r0 / treat \n preceded by \
beq 1f / as blank
Jsr pc,putc / put this character in parbuf list
3¢ '
Jsr pc,getc / get next character
jsr ro,delim / is char a 3 \n or &
br 1f / ves
br newchar 7/ no, start new character tests
13 '
clrb (r3)+ / end name with \O0 when read blank, or
/ delim
mov (sp)+,(r4)+ / move arg ort¥ to parp location
bne If 7 if (sp)=0, in file or out file points to arg
tst -(r4) / so ignore dummy (0), in pointer list
ls
Jsr r5,delim / is char a 3§ \n or &
br 2f / vyes
br newarg /7 no, start newarg processing
2¢
clr (r4) /7 \n, &, or s takes to here(end of arg list)
/ after “delim”’ call
mov rO0,-(sp) / save delimter in stack
Jsr pc,docom / go to exec command in parbuf
cmpb (sp),$7& 7/ get a new command without wait?
beg newcom / vyes
tst rl / was chdir Jjust executed or line ended with
/ ampersand?
. beg 2f / vyes
1
Sys wait / no, wait for new process to terminate
/ command executed)
bcs 2f /7 no, children not previously waited for
cmp ro,r1 7/ is this my child
bne ib
2t
cmp (sp),S$’\n / was delimiter a new line
beqg newline / ves
br newcom 7/ no, pick up next command
docoms
sub $parp,r4 / put arg count in r4
bne I1f / any arouments?
clr rt /7 no, line ended with ampversand
rts pc / return from call
s
Jsr r5,chcoms qchdir / is command chdir?
br 2f / command not chdir
cmp r4,%4 / prepare to exec chdir, 4=arg count x 2
beo 3f '
Jer r,error /7 oo to print error
<Ara count\n\U>% .even
br 4f
3t :
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mov parp+2,0f / more divecoory name to svs call
sys chdirs 0s0 / exec chdivr
bec 4f / no error exit
Jjsr rb,error / oo to print error
<Bad directory\n\0>: .even / this diagnostic
4
clr rt 7/ set r1 to zero to dkin wait
rts pc / and return
2%
Jsr r5,chcoms qlogin / is command login?
br 2f / not login, aco to fork
SYs execi parbufs; parp / exec looin
Sys execs binpbs parpo / or /bin/locin
2% / no error return??
Sys fork / generate sh child process for command
br newproc / exec command with new prrocess
bec If / no error exit, old process
Jsr ro,error / go to print error
<Trv again\n\0>3 .even / this diagnostic
Jmp newline /7 and return for next try
12
mov ro,r1 7/ save id of child sh
rts pc / return to "jsr pc,‘d0com" call in parent sh
errors
movb (ro)+,och /7 pick up diagnostic charactar
beq If /7 0O is end of line
mov $1,rO0 / set for tty output
Sys writes ochs | 7/ print it
br error /7 continue to get characters
1
inc r5 7/ inc r5 to point to return
bic $1,r5 /7 make it even
clr r0 / set for input
sys seeks. 05 2 / exit from runcom, skip to end of

/ input file
chcomt / has no effect if tty innut

mov (rod+,rl / qglogin achdir rl, bump rb5

mov $parbuf,r2 / command address r2 “login”/
1.2 : :

movb (rt)+,r0 / is this command “chdir”

cmpb (r2)+,r0 /7 compare command name byte with “login”
/ or “chdir”

bne If / doesn’t comnare

tst rO / is this

bne Ib / end of names

tst (r5)+ / yes, bumnp r5 again to execute login

/ chdir

K

rts r5 /7 no, return to exec command
putcs

cmp r0,$/7 / sinale quote?

beg 1f / yes

cmp r0,s7%* / doubhle quote

beq It / ves
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22

ie

hic
Mo vo
rts

nov

Jjsr
cmp
bne

Jsr
Jmp

cmp
beg
bic
movb
br

tst
7 rts

SLI77,r0 7/ no, remove 20, 10 oresent
rO, (r3)¥+ / siore charscler .
Do

ro,~{(sp) / push quote mark onitou stack

pcyaetec / get a guotcd charactel
rO,$’\n 7/ is it end of line
2f /7 no
rs,error / ves, indicate missing gquote merk
<7 jmbalance\n\0>% .even
newline /7 ask for nevw line

r0,(sp) / is this closing quote mark

if / yes

$1177,r0 / no, strip off 200 if present
ro,(r3)+ / store quoted character in parbuf
Ib / continue

(sp)+ / pon quote mark off stack
pcy, return

/ thp“e new process

newprocs

3

i

43

3

Issue D Date

mov
beg
tstb
beq
clr
sSYs
sSys
bce

Jsr
sys

mov
beq
cmpb
bne
inc
mov
sVS
bec

mov
Sys
bec
jsr
SVYS

sys

infile,Of / move pointer to new file name

If / branch if no alternate read file given

*0f

3f / branch if no file name given

rO / set tty innut file name

close / close it

opens 0Os3..3 O / open new input file for reading
If / branch if input file ok

r5,error / file not ok, print error
<Input file\n\0O>; .even / this diagnostic
exit /7 terminate this process and make narent sh

outfile,r2 / more pointer to new file name
1f / branch if no alternate write file
(r2),$’> / is > at beginning of file name?
4f / branch if it isn’t

r2 / yes, increment pointer

r2,0f

opent O¢..5 | / open file for writing

3f / if no error

r2,0f
creats 0:..3 17 / create new file with this name
3f / branch if no error

rb,error

<CQutpnut file\n\0>s .even

exit

close /7 close the new write file
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1

delims

3¢
2
12

blanks

getcs

Issue D Date

mov
mov
sys
SYS

tst
bne
svVs
SYs

SYys

bes
mov
mov
SVsS

Jsr
sys

mov
sys
br

cmp
beq
cmp
beq
cmp
beqg
cmp
beq
cmp

bne
inc
tst

rts

Jsr
cmp
beq
cmo
beqg

rts

UNIX IMPLEMENTATION

r2,0r / move new name to open

Slyr / set tty file name

close / close it

opens Ot..3 | / oren new output file, it now has
/ file descriptor |

seeks 0% 2 / set pointer to current end of file

glflag /7 was *, 2?2 or [ encountered?

If / ves

execs parbufi parp / no, execute this command
exect binpbs paro / or /bin/this command

stats binpbs inbuf / if can’t execute does it
/ exist?
2f / branch if it doesn’t
$shell,parp-2 / does exist, not executable
$binpb,parp /7 so it must be
execs shells parp-2 / a command file, get it with
/ sh /bin/x (if X name of file)

rS5,error / a return for exec is the diagnostic
<No command\n\0O>3j .even
exit

$glob,parp-2 7/ prepare to process *,?
execs globs parp-2 / execute modified command
2b

r0,%$’\n / is character a newline
1 £

rO,$7& / is it &

1f / yes

r0,$’; / is it 3

If / ves

r0,$7?2 / is it ?

3f

r0,$/( 7/ is it beginning of character string
; / (for glob) _ :

2

glflag /7 ? or *x or [ set flag
(r5)+ / bump to process all except \n,3,&
rb5

pcyagetc /7 get next character
$4 ,r0 / leading blanks

blank / ves, /squeeze out”

r0,%$200+’\n / new-line preceded by \ is translated
blank / into blank

pcC
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3t

getbuf:
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tst
bne
mov
cmp
bne
Jsr
br

movb
mov
bis

clr
cmp
beq
cmp
beqg
rts

mov
br

movb

beq
inc
rts

clr
br

Jsr
sub
cmp
clos
mov

mov

inc
cmp
bge
asl
add
mov
br

mov
mov
mov
dec

mov

Uis TR PLEMERD AT TN

payamn / are we substitutling for &n

2t /7 ves

inburp,r! 7 no, move normal input pointer to vl
ri,einbuf /7 end of innut line?

If / no

pc,aetbuf / ves, put next console line in buffer
getc .

(ri)+,rO0 7/ move byte from inout buffer to rO

ri,inbufp / increment routine

escap,r0 / if last character was \ this adds
/ 200 to current character

escap / clear, so escap normally zero

rO0,$’\\ 7/ note that \\ is equal \ in as

I f

r0,%$7$ / is it s

3f / vyes

pc / no

$200,escap / mark presence of \ in command line
getc / get next character

*param,r0 / pick up substitution character put in
/ r0
If /7 if end of substitution arg, branch
param / if not end, set for next character
pc / return as though character in ro is normal
/ input

param / unset substitution pointer
getc /7 get next char in normal input

pc,getc / get digit after $

$70,r0 / strip off zone bits
r0,$9. /7 compare with digit ¢

If / less than or equal 9

$9.,1r0 / if larger than 9, force 9

~shellarg,ri / get pointer to stack for

/ this call of shell
r0 / digit +1
ro,(rl1) / is it less than # of args in this call
getc /7 no, ignore it, so this $n is not replaced
rO / yes, multiply by 2 (to skip words)
rO0l,r0 / form pointer to arg pointer (-2)

- 2(r0),param 7/ more arqg pointer to param

getc /7 go to get substitution arg for $n

$inbuf,r0 / move inout buffer address
rO,inbufp / to innut buffer pointer
rO,einbuf / and initialize pointer to end of
/ character strinag
r0 7/ decrement pointer so can utilize normal
/ 100p starting at If ' -
ro,0f / initialize address for reading lIst char
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i
inc Of 7/ this routine filles inbuf with lins from
/ console - 1f there is one
clr r0 / set ior tty inout

Sys reads 0:05 | / read next char into inbuf
becs Xxitl / error exit
tst ro0 /7 a zero input is end of file
beq xitl / exit
inc einbuf / eventually einbuf points to \n
/ (+1) of this line
cmp Ob,$inbuf+256. /7 have we exceeded input buffer size

bhis xiti 7/ if so, exit assume some sort of binary
cmpb *0b,$’\n / end of line?

bne Ib / no, go to get next char
rts oc / yes, return
xitis
sys exit
quests ,
<?2\n>
ats
<@ >
qchdir:
<chdir\0»>
glogin:s ,
<login\O0>
shells
</bin/sh\0>
globs
</etc/glob\0>
binpbs?
</bin/>
parbuf: .=,.+1000.
.even

params ,=,+2

glflag: .=.+2

infile: .=.+2

outfiles.,=.+2 '
«=.+2 / room for glob

parps «=,+200.,

inbufs .=.+256.

. escapt  .=.t2

inbufpt .=.,42

einbuf: ,=.+2

ochs =2

shellargt.=.+2
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/ init -- process control initialization

mount = 21,

sys intr; 0 / turn off interrupts
5YS guit; O
cmp csw,$73700 / single user?
bne 1f / no
help:
clr r0 / vyes
sys close / close current read
mov $1,r0 / and write
sys close / files
sVS open; ctty; O / open control tty.
sys open; ctty; 1 / for read and write
sys exec; shell; shellp / execute shell
br help "/ keep trying
1:
mov ¢‘0,r1 / prepare to change

movb r1,tapx+8 / mode of dec tape drive x, where
svs chmod- tapx; 17 / x=0 to 7, to read/write by owner or
inc r1 / non-owner mode
cmp r1,6°8 / finished?
blo 1b / no '
sys mount; rkO; usr / yes, root file on mounted rkoS
/ disk is /usr
sys creat; utmp; 16 / truncate /tmg/htmp

sys close / close it

movhb $’x,zero+8., / put identifier in output buffer
jsr pc.wtmprec / go to write accting info

mov $itab,r1 / address of table to r1

/ create shell processes

1 :
mov (r1)+,x0 / %, %x=0, 14+ to x0

beq 1f / branch if table end

movb r0,ttyx+8 / put symbol in if?x '

jsr pc,dfork / go to make new init for this ttyx

mov rO0,(r1)+ / save child id in word offer ‘0, ‘“1,+..0tc,
br 1ib / set up next child

/ wait for process to die

12
sys wait / wait for user to terminate process
mov ¢itab,r1 / initialize for search

/ search for process id

23
tst (x1)+ / bump r1 to child id location
eg 1b / ? something silly |
cmp r0,(r1)+ / which process has terminated

Ieswe D Date 3/147/72 ID THO, 11 Section E.,12 Page 1
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UHIX IMPLEMENTATION

2 / not this one

4

¢4,z1 / process is found, point x° to “x
/ for it

ri,~(sp) / save address on stack

(r1),ri / move ‘x to ri

$°0,r1 / remove zone bits from character

r1 / generate proper

r1 / offset

ri / for

r1 / seek

r1,0f / move it to offset loc for seek

$Zero,ri1

(r1)+ / ccear-

r1,szero+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; Ot..3 O / move to proper pointer position
r1, r0 / not required

write' zero; 16. / zero this position in
r1,r0 / restore file descriptor

cloue / close file

/ re-~crecate user process

23
mov
mov
movb
movb

sys
sys
sys
sys

Issue D Date

(sp)+,r1 / restore ‘x to r1

(r1)+,r0 / move it to r0

ro,ttyx+8 /- get correct ttyx

r0,zero+8 / move identifier to output buffer
pc,wtinprec / go to write accting into
pc,dfork / fork

rO,(r1)+ / save id of child

1b / go to wait for next process end

ri,r2

gitab+2,r2 / left over
r2 / from previous

r2 / version of code
r2,o0ffset

fork

br 1f / to new copy of init:
dfork / try again
pc / return

quit; 0 / new init turns off

intry O / interrupts

chown; ttyx; 0 / change owner to super user

chmed; ttyx; 15 / changemode to read/write owner,
/ write non-owner

3/17/72 ID IMO.1-1 Section E.12 Page 2
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ttyx; 0 / open this ttyx for reading

/ and wait until somcone calls

branch 1f trouble

/ user call
branch if trouble

ttyx; 1 / open this ttyx for writing after

getty; gettyp / getty types <logind and

/ executes login which logs user
/ in and executes sh-

r0,r2 / save file descriptor

~/ more to output
mq,zero+12. / buffer
1 / open accounting file

2 / move pointer to end of file

not required

close file

sYs open;
bes helpt /
sys open;
bes help1 /
sys exec;
sys exit / HELP!
helpit:
jmp help / trouble
wtmprec:
sys time / get time
mov ac,zero+10,
mov
sySs open; wtmp;
bes 2f
mov
sys  seek; O;
mov r2,r0 /
sys
mov
sys close /
2s '
rts .pc
ctty: </dev/tty\0>
shell: </bin/sh\0)
shellm: <-\0>
tapx; {/dev/tapx\0>
rk0: </dev/xk0\0>
utmp: {/tmp/utmp\0>
wtmp: </tmp/wtmp\0>
ttyx:  {/dev/ttyx\0D
getty: </etc/getty\0d>
usr: {/usr\0>
.even

shellp: shellm

0]
gettyp: getty
: 0]

itab:

e VP Wwe V0 9o WE wWs we
* o L 4 L ] L * * *
L N * L ] L]

I I I
ONOUMBPWN=20
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te Overviaow

The code of UNIX ia di/LuF7 into 11 files, namwed ud through ud
and ux, ux contains the definitions of the system tables and
data arean; the actugl codas  is in the other sections. These

files are accenrbled together in the order ud .o v9 ux. The boot
procaedures ction of the UkNM vAplalﬂQ how to test and install a
newly assembled system,

There are three major portions of UNIX: the file system, the
process control system, and the rest. "The rest” refers mostly
to the code implementing several miscellaneous system calls which
do not fit neatly into any category. Unfortunately the various
parts of UNIX are fairly well strewn about its constituent source
fileaz, The following is a rough key:

uC initialization

ut system entry; some system calls

u2 most remaining system calls

u3 procesgs switching, swapping

u4 character-oriented device interrupt time routines, except
DC-11

uS basic file system routines

ut more file system routines

u?7 more file system, character-oriented device non-interrupt
time routines

u8 interrupt and non-interrupt time rou;ines for block structured
devices (disxs, 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 modularity is reflected in this document,
Therefore (to paraphrase Fenichel and Mcilroy referring to their
description of TMGL) no single order of reading can be
recommended; instead a chimneying technique is suggested, 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. 1In core data is defined in ux

3. System entry and exit

The syetem can legitimately be entered only by some sort of trap.
The trap caused Dby the trap instruction (that is, sys) and all
otherwise unkncwn traps are directed to one of the synoaymous

labels wunkni or sysent. There the registers are saved in the
following crder: _ R ‘ 41
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A pointer to the stack {after the save) is retained. Then the

instructicon being orecuted at the time of the trap is examined to
sece whether 1t ropresents a legitirate system call. If so, a
jump is made to the proper routine; if not, to the label badsys.
Whenever the system 1is entered by this route, a flag is set to

indicate that syster code is being executed. No traps, including
cystem cealls, are allowed within the system.

To exit from a system call, a call handler jumrps either 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/0 to write out the appropriate area is
started via ppoke. Then a check is made to determine if the
user’s time guantum ran out during his execution in the system.
If so, tewap 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.

Label badsys is reached either because the user executed an ille-
gal trap-type instructicn or because a t-bit trap occurred. (The
t-bit is used to implement the quit function.) badsys calls 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 asscciated 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 errcr if none is found. An entry for the new pro-
cess 1s 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 rmight think. First each open file is closed by fclose.
The procecss’ status is set to unused. Then the process table isgs
searched to find anv children of the process. Any of these that
have died but not waited for are marked free. o
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when the wzrent of the dying process is found, it is awakened (by
cutlu) if it is waitfng. Then the dying process enters a zombie
state in which it will never be run again, but stays around until
& wait is completed by its parent process. If the parent is not
found, the process just dies.

syswalt implements ‘the process wail facility. It searches the
process table for a child process. If none is found, and error
is 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 procecssor.,

The possible states of a process (p.stat values) are:

free, i.e., no process associated with this slot number
active

waiting for a child to die

terminated but not yet waited for (zombie).

WN -0

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 is 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 after every interrupt. swap searches the
queues again in the hopes of finding 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 area is copied down to the top of the program
area to speed up I/0. The I/0 queue entry reserved for swapping
is set up and ppoke is called to initiate the 1/0.

The core image reading routine is rswap; it also uses the system
stack. The core image is unpacked by unpack.

It is 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 is used for timer runouts; it puts the
process on the lowest priority queue before flowing into swap.
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& dztailled description of the file system is given in the UPM
under Fermoat of File Zystem and Format of Directories., The di-
agrams on the following pages support that write up.
FORMAT OF FILE SYSTEM
Block
Number
o number of bytes in free storage map 0
. See page 2
free storage
map
number .of bytes in i-node map
L]
. See page 3
L]
inode map
L]
2 inode 1
. See page 4
[ ]
inode 16
3 inode 17
inode 32
4 inode 33
. L]
f JL . -\L
files See page 6
Notes: |
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1« There is 1 bit for esch hlock o0 the devian,
2, If the bit ic o 1, ths dlock is5 fred
3. The bit for bicck X of the device is in byts k/8
of the map; it iz offs=t k (modd) hits from the
right ex. Find the bit for block 10
100 ‘

g

"

byte 12 offzget = 4

block numbers f.s. map ‘ byte

S SR RS
S e e
— e | e e

48

B 1 LD s D D D D U D ok ) A AN ol 7 sl > WU | W U 2 W B ATH 1 L A it D oD D D S i S S NS

Q m o » N O

80} 1

I4t3l2:1§o

R Dy DU D R P

{100}99{98}{97}96

o~

bit 4 of the 12th|byte
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INODE MAP
Notess . ’
1. The map begins with inode 41.
2. There is 1 bit for each i-node.
3. If the bit is a 0, the inode is free.
4. The byte number for 1-node i is byte number
= (i-41)/8
The offset or bit position = (i-41) mods
Ex. 1 = 100
byte number = 100—41
—=w——= = byte 7
offset = (100-41) mod8 = bit 3
i-node number v A byte
56 o | 41} o
3 57 2
3 73 4
7 ’ | 3 |2 !1 !O
) bt Eatasll Bastasl B ’
1 [100}99}98}97]96 89| 6
N ) iy »
bit 3 of the 7th byte
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UNIX IMPLEMENTATICON
I-NODES

Each i-node represents 1 file.

I-numbers start at 1.

Storage begins in block 2.

i-nodes are 32 bytes long.

16 inodes fit in 1 block.

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){(modi16))

Ex., Find where i-node S50 is.

block number = (50+31)/16 = 5 ;

it begins at byte number 32. ((81)mod16))
= 32 (1) = 32 ‘ ‘

block number

2 i-node 1 32 bytes/i-node

i-node 16

3 17

32

5 49 32 bytes

50 - block 5, byte 32

i-nodes below 41 are for special files.
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25

29 .

-—————

UNIX IMPLENINTATICN

AN I-KODE IN DETAIL

- P —

flags (see below)
—— — -
user id of ! number of
owner | ~ links

1
t

size in bytes

—

i1st indirect block or contents block

2nd indirect or contents block

¢ O & o

" 8th indirect or contents block

Creation

time

modification

time

unused

- e -

The flags are as follows:

100000 1i-node is allocated
040000 directory

byte

20
22
24
26
28
30

020000 file has been modified (always on)

010000 large file

000040 set user ID on executlon
000020 executable

000010 read, owner

000004 write, owner

000002 read, non-owner

000001 write, non-owner

Issue D Date 3/11/72 Inﬁ§ﬂ§@¥#4‘ Section F Page



UNIX IMPLEMERTATION

FILES

1) A small file is a file less than 8 blocks long. 2) A large
file ie crester than 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 in address
' portion of i-node

ex. 1i = 1500

1500 .
b = weme = 2
512

physical block = 2nd contents block in bytes
8 and 9 of the inode

b) If the file is large (greater than 8 blocks)
then
indirect block # = b/256

byte offset in 4 '
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 = 22 (1000 mod256) = 2.232=464

- inode . byte indirect blocks
?lock entry o 1 -1
- — !
1 | | 6 1
| - -1 start -
2 ! i 8 of
- — — block |emwme—e- ——emie |
3 | contains block no. | 10 N }
464 o |
| of indirect block | ' | . 1
bytes

e e G e T i L S G S S WD e Dl W T e

address of block b

!
. IS
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DIRECTORIES
Notes:

1) Like a file except no user (except superuser) may
write into a directory.

2) A file is identified as a directory by a bit in
the flag word of its i-node. (See i-node flag
page 5) |

3) Directory entries are 10 bytes long.

Entry

-1 i-number of directory itself (.)
| 10 bytes
8 character file name '
2 i-number of parent directory (..)
8 character file name
3 i-number of file represented by entry
8 character file name
4 .
. ‘ .
Issue D Date 3/17/72  1ID IMO.%-1 Section F Page
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Notes:
1) The fsp tablce is an incore bl contalialing infolao
tion

2) It is 4 words/citrve
3) The same file can be .openzd pore than once, and have
more than one entry in the fsp table.

entry 15

— v e -y

i-number of open file

- . 250 > < S R I o 0 s

device number

L r/w

[P
e o o o . o

= -

offset pointer, i.e., r/w pointer to file

1

i
flag that says file | number of processes |
has been deleted ! that have file open
' _

———
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7. Proccss’Sche&uling

Processes are scheduled to run according to a priority structure

which is

rung:

implemented via
. These two tables are described below.

THE RUNQ TAEBLE

the rung table and the p.link table.
(diagram on page 9)

is a table of length 3, with one entry for each of the three
ready-to-run queues of processes. The low byte of each
entry contains the process number of the first process in
the queue; the high byte contains the process number of the
last process. The entry is 0 if there are no processes on
the queue, Each queue is linked by the p.link entry in the
process table, ' . _ :

process number of last process number of first
process on queue process on gqueue

highest ,
priority 7 2 rung
queue
6 3 rung+2
lowest
priority 10 4 rung+4
queue

To demonstrate the interaction of p.link and rung:

If the priority of process numbers was arranged as

7, 3, 1, 6, 4, 5, 10, p.link would look like. So,

is found in the 2nd slot of the p.link table.

cess 8.

slot numbers - ()

In

follows: 2, 8,
the process 2
this case pro-

8 (2) 6 (1) p.link
5 (4) 1 (3) p.link+2
4 (6) 10 (5) ‘Pelink+4
7 (8) 3 (7) p.link+6
vé.iink+nproc (16)
Issue D Date 3/17/72  ID IMO.1-% ‘Section F Page 12
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8. .Términal Control

The handling of character oriented devices (tty, lineprinter,
console tty) is done via several tables and buffers, namely:

The character count table cc , the firgt character pointer table.
"c£” sy ,the last character pointer table cl 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

of a 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 a 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 (1f, cr, ht, R
vt) the appropriate entry in the toutt table is set no output will

" be generated while the toutt entry is non-zero. Each clock

generated input causes every non-zero toutt entry to be

decremented., When a toutt entry becomes 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 in buffer 28 #, @

or deletes are found they are stripped from the input and
appropriate action 1is taken.
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TTY BLOCK AND BUFFER

BLOCK
column tty is in
sleep queue,wakeup char léft"ovgr
queue, cc offset after 1f

flags
cr, tab, sp, raw, echo

- e o i A S oty

po— et 0is —®

pointer to tty buffer

tty+4: bit

II. TTY

Issue D

BUFFER

7 - parity 37

6 ~ parity non 37

S - raw

4 - cr

3 - echo

2 - caps to lower cas®
1 - tab to space

0 - no delay

D Gt G @ - Bt W R

- - -

number of prdcesses
using this tty

]
char count

L e e

character pointer

interrupt character.

D D s o s TV B

B T Y

. - HD = oy G D - S

——nemevamee ® @ [ )

- e i ad

Date  3/17

T AT TN LG D S D S D S I R B L L T G S —

tty

tty+2
tty+4

tty+o

buffer

buffer+2
buffef+4
buffer+é
buffer+8

buffer+10

data
area

buffer+130

buffer+138.

/72 ID IMO.1-1 Section F Page 14
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TOUTT, TOUTS TABLES

ey
T ety T i
T eey2 ¢
T eeya U
T teys o

o o G BT R e . 1 T ol 1o il

console tty entry

L - o L D ot 7l S S ot SR S0 D Bl 5D ok

B N S L W ok TP D D T o S w3 B WS

tty1 entry

100 D D AT I it oo T W D A 2 T

tty3

Y T U A 2 A D S D ST T B A kS

A e ELRS

- T v e i T T T W OGN S D M (I

console tty subroutine’?ﬁQEQ ;;;;;-

ppt v jgﬁ?‘a i
(Flp) 2
f i)
g x ""H‘ 2,/(#4‘
1D 130.1-1

Section F Page

e i

/47// hﬁh:ﬁ«aﬂ

toutt Woul7

toutt+2 VoL yadne

toutt+4 |

toutt+o

toutt+8

toutt+10

toutt+12

toutt+14

touts (tout+16)

touts+30

15



 1'
cl(c+31)
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cc, CF, CL & CLIST TAELES

- consoléwu_;zgt";iﬁf; E Cons;—}:é i;’{ﬁn;u"“"‘-—-w
“““““ s
1lp v " T - -
tty0 " " “ttyo =iatmars
tty1 " " - ey iE-—
tey2 ) i tty2 " .
tty3 " " T tty3 =
: .
tty? ) i tty? -"
.
.

—
consoléﬁinw1st char offset

free list 1st char offset

ppt inﬁ%gér offset

console oudﬂ;st char offset

- ppt ouﬂdast char offset

T ” ” " "
tty0 inffirst char offset 1p
tty 1 " " " ttYO » ” "
* [
[ { ]
tty? . w " "

freelist last char offset

ID IMOutwi

Section F Page 16
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I

- +
T e
corsalé¥ouﬂ“1&$t char off consoléﬁldriast char off cl+1
pp t L1} 1"t " L] t ppt ” " (] [, ] B c1+3
1p [ [ " *” c l+5
tt}"() ¥ ” [ 1] ttyo " ” " L . Cl+7
tty ” (1] o tty? ” " (] ” c l+ 21
cl+23
[ ) [ ]
cl+29
pointer to next char (0) character (0)
pointer to next char (204) character (204)
Issue D Date 3/17/72 ID IMO.1-1 Section F Page 17
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active - .
is a werd whose bits encode the activity states of the vari-
ous block-ntructured device controllers, If the RK Ais% bit
is on, thet device 1is running and shculd not ke mwolested,
The devices for the bits are:

bit - device
0 drum
1 diek
2 dectape
buffer -
start of the buffers used for block-structured device I/0
(there are nbhuf of ther) and tyoewriter input (there are

ntty of ther),

Frem bhuffer tc huffer + 1119,, are the £ tty huffers. Fror
ruffer + 1120, to buffer + 1259, ic the conscle tty buffer,
Tach of these huffers is 7C. werds lonc. From bhuffer + 12€C,
to buifer + 4381, are the disk buifers. Thev are 256, words
each plus 4 words which represent an I/C gueue entry, Thus
each block is 260. words,. Pointers to these 260, wor?d
huffers are contained in bufp. bufo ccntainzs pointers to the
I/0 queue entrvs of each buffer., For mcre inforration, see
H.O, P 2.

bufp -
centeine pointers to the block-structured device btuffers. It
is 9 words long., The first 6 entries point to the I/C queune
entries of the € buffers. The last 3 words contain:
sbo - address of I/0 aqueue entrv for the super
block of the PF Adicsk,

sbi - address of I/O ogueue entrv for the euver
block of the dismountable device,

swp - address of I/0 queue entry for the core image
being swapped in or out.

cc -
is a 30. byvte table, Fach entry conteins a ccunt cf the
nunber of characters in the associated queue for that entrv,
The characters have either Dbeen received from a character
oriented device, or are waiting to be output.

cdev -
The current device number. It is set up during the scan of a
file nare, and is an implicit argurent tc the routines whic
do I/O by device bleck nurber. cdev= C-drur, 1-disk, 2..e.
dec tare. This parameter is 1 word.

ci -
is a 31. bvte table, Fach entrvy points tc the first charac-
ter in an associated character queue, The first entry refers
to the free 1list’ of character bhlocks. The pointers are
offsets, divided btv 2, in the «clist tarle.
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cl -
is a 31. byte tahle. Fach entryv points to the last character
in its asscciated cHPractﬂr ,oueue, The pcinters are offesets,
dividend Hy 2, in tbhe "clist” table.

clist - :
is & 510. byte table ccntaining linked lists of invbut or cut-
out characters, Fach entrv is 2 word; the low hkyvte contains
the character; the high byte contazins a vointer to the next
byte in the list. The pointer is a word offset in «clicst .

clockp -
points to one of the clock cells in the suver block (1 word).

core - _
address of the beginninc of user core,

dae -
- disk address extension error reg. for RF-11 disk. (See Sec-
tion C, pg 35)

dcs -
Aisk contrel and status register., (See Section €, ng 34)

deverr -
a seven word table containing the error ctatus of devices,
The index into this ta®le ie the device no. ‘cdev’.

word device codes
1 Arurm 0= no erroy, 1= error
2 Adiek "
3 dectape units "
4 " ” .
5 " "
6 ” "
- .

ecore -
address of the end of users core,

fegu -

this table contains B8 bytes for each currently open file. It
rust be kent on a per-svetem basis since the same instance of
an open file can be referred to by more than 1 process. This
table has 1 entry for each "open or creat" call, Tach
entry cont2ine information about an oren file, The feso table
is indexed by the u.fp list, (See Section F, ng € feor de-
tails,) The table is 400 bytes long. )

idata - :
This 448, byte ar=a contains assembled root, device, hinarv,
etcetra, user and termporary directories and the cold boct
initialization prograr directory. (Sees Section F, vage 7 for
a description of directorv structure.) Preceediny each of
these assembled directories establishing 1i-roides for the
directories, Namely:
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2 = i~-node nurher
R P = i-node flags (See Section F, »n, 5)
D c C = numher »f links
F D = user id of owner "
E = directory size in bytes

Followind the 4 word area is the directorv assocliated with
it, These dJdirectories are used in initializing the system
during cold boot,

idev -
the device number of the current i-node (1 worl). Sees ii.

ii -
the i-number of the i-node currently in the ‘inode’ areas of
core (1 word).

imo? -
a flag set when the current i-node (ii) is modifie?,
Whenaver the current inole is chanced, or whenever an exit to
a user program takes nlace, this flag causes the i-node to he
written out., This flag is 1 hyte.

inode -
lays out the structure of an i-nods, Fach i-nod2 (32 ‘bvtes)
specifies a file, While a particnlar file ie unfer con-
sideration, a copy of ite i-nole resides here, The current
i-node number 1ig Xkept in ii and its device in idev .
Labels beginning 1. refer to locatiens in this area, (See
Section F, »ng. 5.)

f.ctim -
creation time of the file. (2 words)

i.dskp -

start location of an 8 word ‘address’ pcrtien of the i-noie.
Fach word contains a2 physical bleck nurber, from which a nhy-
sical %lock address can be calculated, The index into thie &
word section of the inode can he considered a logical block
number . if the file associazted with the i-node ifs srall (€ ©
blocks)., If the file is large (> 8 ©blocks), the nhvsical
bleck number indicates an indirect bleck which ceontains 256,
worids, each cof which centmins a physical Ylock no. for a
ktlock asscciated with thie file. 2 zero phvsical hlock no.
in either the address weords of the i-node or in an indirect
block inlicates that the corresponding rlcck has never been
allocated.
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UNIY IMPLEMENTATION

i.flgs -
flagse (1 word) for the file are cc’ed as follows:

Bit C set indicates - write, non-cwner

- 1 " - read, non-cwner

. .2 " - write, owner

J 3 - - read, owner

" 4 " - executable

" 5 " - set user ID on execution

" 6 " - These bitg are not assigned
7 -

. 2 . - .

" q ” - "

[ 1] 1 O " - "

" 1 1 (1] -
12 , - large file

: 13 ; - file has been rodifie’d (alwavye on)

" 14 “ - directory
15 - i-node is allocated

iertim - :
modificaticn time of the file (2 words).

i.nlks -
number of links (directories) this file appears in. (1bvte)

i,size -
size of file in bytes. (1 worgd)

i.uid -
id of the file cwner (1 byte)

lke -
cdock status register. (Sece Section C, pg 36)

mmod -
corresponding kvte flag of imod above for the currently
mounted desmountable file syster.

mntd -
ie the internal device number correspending to the device on
which a remcvable file system is mounted. It 1is used with
mnti . (1 word)

mnti -
recerds the i-nurber of the (inique) cross device file. That
is, whenever this i-number is referred tc on the FF diek, it
will be translated intc the root directorv on the rounted
device. (1 word) »

mcunt -
ise the in core imace of the suner block for the Aisrountable
file syster currently mounted, Tt contains the i-ncde wap
and free map for the device.
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rpid -
is the source of unique identifiers (nares) for n»rocesses,
It is incremented as each process is created, (1 word)

nbui -
nurmber of block-structured I/0 buffers. Presently its 6 (feor
cold hcot 2).

nfiles -
allcwable nurber of cpen files in system., Presently 5C.

nrroc -
number of nrocesses, Presently 16,

nttv - »
number of tty’s., Presently 9

crig -

partab -
128. bvte table.,

ppb -
papertave punch buffer recister. (See Section ¢, p. 3°)

ops -
parer tave punch status register (See Sectien ¢, v. 37).

pptiflg -~
indicates the status of the paper tape file. (1 byte)
C - file not open
2 - file just opened
4 - file is normal
€ - file not closed, error situation

orb -
paper tape reader buffer register. (See Section G, p. 37).

proc -
is a table with an entry for each poscible process. The
number cof preocesses is given, by ‘nprec’. Ite length 1liritse
the nurber of processes which can be created, since it is
always in ccre, Subtables in the process table have names
beginning with p. .

{6}
(2}
0

paper tape reader status register. (See Section G, p. 37).

ps -
processor status register. (See Section G, p. )

D.break -
a 16 word table., Each word is asscciated with a unique oro-
cess and centains the first core address not used by the vro-
cesS., '
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UNIY IMPLEMENTATION

xa -

N

is a table of diskx addresses for the swan area of the 1

)

block nnmber for each nrocess,

nk -

is a 1% bvte table indeved bv process number. Civen that A
process is on the run queue, its p.link byte ie ¢ (in which
case the proceses has no successors) or it contains the nre-
cess nurber of the next nrocess to be run after the process
that owns that clot. f process nurber 2 wagc runninc next on
the queue and precess number £ was next, the 2nd bvte cf the

p.link tarle would contain an 8. This is how the next nro-

Pel i

PepD

cese in line ies linked to the cne a2head cf it.

A -
is a 15 word table that contains the unigue identifier (or
nare) of a nprocess, It is indexed by 2 X (the procees

nurber)., The name of the vrocess is actuallvy a unigue
number,

id -
is the unique identifier (name) of the parent of +he varticu-
lar process. The takle is 12 words lcng and is indexe? hvy 2

X (the childs n©process number). Thie ie where a chilA

post

rcbr

rcsr

+

rkap

r«cs

Issu

searcrees fecr its narent, Process nurber 2 woul? lcock in  the
2nd word of the p.prid table for its varent.

at -
g 1¢ bvtes long. Fach bvte represents the status of a »ro-
cess, Fach byte is indexed by the pnrocess nurder. The

status’s are as follows:

0 - indicates the prccess is unused or free,

1 - indicates the prccess is active sl

2 - indicates the process is waiting for a process to die,

3 - 1indicates a zombie (the process has died but it has not
been waited for.)

receiver buffer register for the DC-11.

receiver status register for the PC-11. (See Section G, v,

ddress of the drum buffer I/O queue entry. It is passed as
n argumrent te trayt .

addreses cf tkn dlS\ ruffer I/0 queue entry. It is used ae an
argurent to trawt . ’

control status register of the disk. (See Section G, p. 30)
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disk address regicter. (See Sectien C, ». 29)
disk Jrive stetus register., (See Sectieon G, n. 28)

is the i-number of the root dirsctory. It is set tc 41. by
the initizlization code and is never chanced.

ic 2 takle of lenctr 3, with cone entry fcr each cf the three
readv—to-run queucs of nrocesses., The low byte of eack entry
contains the nrocess nurher of the first orocess in  the
queue; the high bvte contzins the »nrocess numker cf the lart
process, The entry is O if there are noc »procescses on  the
gueue, Tack queue is linked by the p,link entrv in the opro-
cecs table (see above).

sh0 -
is the I/0 queuer entrv for the suver block for the =erranent
device (FF diek). It is 4 words lona.

sh1 -
, is the I/C queus entrvy for the suner block for the disrount-
aktle device., It is 4 words long.

smod. -
is a2 bvte flag that is set whenever the super kleck is medi-
fied. During an exit to a user program, the super-block is

written out if this flag is set,

SWD -
€ the I/C aqueue entry for the core image being swapped. It
is 4 words long.

sysflag - _
tells whether execution is going on inside the svetam or not.
It is 0 if a system routine is executing and-=1 if a user nro-
oram is running. This is a bvte flag,

sstack -
ie a temperary stack used tc store the stack during swans.

systm -

is the in-core image cf the super blcck for the RF fixed head
disk. It is updated ontc the RF wherever it is changed.
Tris area consists of 130. bytes cof free-ctorage man
(descrived in Section F, n. )s 64. bvtes of I-nede rwap
(descrived in Ffection F, p. ), and 22, bhvtes of time ac-
counting and error count inforration, Labels in thie area
start with ‘s.’

s.Chargt -
is the tire charged te users.
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et -
is the overhead time during which the procescor is executing
in the operating svstenr code,

S.time -
ies the total time sgince the syestem was last celd booted,

s,wait -
i the Aisk I/0 wait time,

tcanp -
is the pointer to the dec tape I/0 queue entry (1 word).

tcha - ;
is the bus address register of the DEC TAPFE, (see Sectien Cy
P. 32.)

O]

tchr - :
is the transritter buffer register of the DC-11,

tcem -
is the comrand register for the DEC TAPE, (See Section €,
32)

3

tcit -
is the data register for the DEC TAPE, (Sece Section G, b.
23) ‘

tcerrc -
(1 wora)

tcsr -
is the transritter status register of the DC-11. (See Sec-
tion ¢, r. 27)

tcst -~
is the control and status recgister of the DEC T2APE, (See
Section ¢, ov. 31)

tcstate -
is the setate of the DEC T2PT, e.3., idling, searching doing
T/C. (1 word)

tcwe -
is the werd count register of the DEC T2APF, (See Sectirn c,
n. 32)

touts -
is 2 16. word table, Tachk word, if non-zrro, is the entrv
noint of 2 ecubrcutine, The tabhle 1ies used to  irnlement
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Yeackes 2ero
h the ‘toutt’ table

interval timina in conjunctien
described kelow,

toutt -
is a 16. byte table., FEach/byte is a count. At each clock
interrunt each non-zero,Athe corresnonding touts subreoutine
is called, 27ll entries in these tanles are fixed,

tkbh -
is the tty reader buffer register. See Cection 2, p. 39.

tke -~
is the ttv reader status reqgister. See Section C, p. 39,

tph -
ie the ttv punch buffer register., See Section G, n., 39.

tps -

' is the tty »nunch status register. See Section G, p. 39.

tty -
centains 8 kvtes for each DC-11 communications interface con-
fiqured. Control and statuse infermation is kent therein,
These are referred to as tty blocks. There are nttv (9) of
them . The last one is fer the consold ttyv. For their con-
tents see F, pnace 11,

ttyoch -
is uced Aduring ocutput to the conscle typewriter. (1 hvte)

useyr -

is the start of each users data base, It resides just below
the wusers core area and is swapped with the user. All loca-
tions in this section begin with u",

u.base -
holds the "users buffer address in core during read and
write calls., Alsc points to u.dirbuf in mkdir .

u.break - :
holds the process program break point as set by sysexcc or by
a sysbreak, It is the location at the end of the users opro-
gram used in the swap routines, (1 word)

Uebsys -
is set while a process is ahout to be t=2rminated for sore
error. & core image is produced. (1 byte)

u.cdev -

holds the device number of the users current directorv. (1
word)
cdev device
o drum
1 disk
other dectape
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u,cq1i
is the i-numher of the nrocesses current directorv. (1 word)

59

U.corint -
ig the nurker of hvtes to be translferred during read or write
operations, This variable is 1 word,

u,diriuf - "
gsu?l1y holds the i-nupbar of an  i-node  in  "ma¥ne? and
mkdir . (The i-number of a new i-nolde) u.d ALrbuf + 2.4
u.dirbafl + o hold the nare of the file in the directory en-
try.
is either an offset within a directory for a file menticnel
by the user or a pointer to an empty directory slgt during a

creat”. It also pointe to a directorvy entry in namei . (4
word)

u.fofp -
is a word that contains a pointer to the 3rd word of an fsp
table entry. This (3rd) word ccntains an offset (in hytes)
into the file asscciated with the fsp table entry, and |is
used during read/write overations. 1In initializing enecial
files, u.fofln points te uv,0ff. For brea?d and bwrite, u.fZofn
containe a hlock nurher.

u.fp -

is a 1list of users open files. 2n entry is either C, for =
non open file, or is an index into the svstems fsc table
(table of open files). Fach byte in the list contains an
entry. The list is 10 bytes long, bhecause 10 is the maxirur
numbver of files a user can cpen at onceg. The index into this
v.fp list is called a "file descriotor . It has a value from
0 to 9.

ve.ilgins -
determines handling of illegal instructions. If u.ilgine is
O - the normal instructicn trap handling is done the process
is terrminated and a core image is precduced.

If u.ilgins is

a location - control is pasced to that lccation when the trap
cccurs. Thies feature is used to implement the floating voint
instructicns. (1 byte)

u.intr -
determines the handling of interrupts., If u.intr is zero -
interrupts (ASCII delete) are ignored.
is on - interrupts cause there normal result, ie, force an
exit,
is a locatiocn - control is passed to that locaticn when an
interruot cccurs. (1 word)

u.namep -
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in 2 vointer tc a file nam~ menticne? by 3 urer to the eyvetom
during system calle, (1 word)

v.nread -
accumulates the nurber cf bvtes tranermitte? “uring read or
write calle. (1 word) It is prssed b=ack in r0 on return.

u. Off -
ic eithcr a pointer to a file offsect mentione? »w a user Jur-
(1] ” - " " . .
ing seck and? 21l calls or a peinter to #n emntv directo-

F
" - . > 3 2
v slct in LJrkdir cr & pointer te a directorvy entrv =235 in
clink . (1 wer?)

rclis the wrocess prioritv exprescsed as = vointer to cne of
the three run aueuee (in cne word). If anothsr prccess with
hicher woriority hecomes readv to run while this nrocees is
running, the remainiig tirmc covantum is cet tc zero.

vexuit -
determines the hendline of aquits. If usauit i,
O - guit signals are icnecred (ASCIT TC),
1 - gults are re-enabled and czuse execution to ce»rce and 7
coera imags te he producaod,
& lccation - control is trancferre? tc that lccation whken a
guit sigrnal is receive? (1 hvyte).

U r(d -
neints to the location where the users N was stored on entrv
intc the svstem (an? where it will be restored con return).
It ig used to pick up and pass arcumentzs. Most often it
nasces file descrintors. (1 werd)

ueruid -
holdie the real user id nurber.,. It is not changeﬁ Ty "the
set—user 17 bhit being cn in an inode during a sysexsc (1
byte)o

Ve =
is uced to cave the value of the users sp recister »ftar =11
the cther recicters have heen saved, It is used to restore
the ez when returning to a user so the svster need not trkn
care) to mnep  evervthing off the stack tefore returning (1
word).

u.ttyvn - :
ie a pointer to the huffer of# the tty that is in control of
the orocecss, The control tty (typewriter) is the cnlvy cne
which may quit or interrunt a process,

U.Uiﬁ Laad
holds the user id nurber used to Adeterrine protectien (4
wte).

Ve nNo -
is the orocess number. In gvsfork it is the parent n»nrocess
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ID - voy 2/zllecate tty buffers

TUNCTION -

Fach DC-11 interface is aesigned 140. bhytes of bufifer rnace,
he firet 140.-bvte block beginning at lacation huffer .
Alco for each interface a 4 word bhlock of contrel and chatus
tvpe infermation is maintained, Thaece 4-=tvord bhlecks tecin
c ” ”
at locaticn tty , thke fourth word in each hleoek is 7
pointer to the heginning of the 140.-bvte buffer neeicne? to
that device. This section of cede loade these nointers inte
the rnrroper nplacees in the tty blocks, The results are shown
in the diacgrams on KE.O0, nage 3.

CALLINC SEQUENRCE -

ARCUMENTE -

s

INPUTS -

ntty (number of NC-11 interfaces)

QUTPUTS -

Issue

(see diaqgrars 1.0 page 3), rC, r1
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IC - uo; 3/allccate Aisk buffcrs

1*'1
EENY

CALL

- yv‘q~-\-vrrf
AF mRTS

IrTpuUTe

4

I

CTIOK -

Eleckx 1/0 devices (drum, disg, decgtepe) use blocks of size
256. words., Thus for each of 'nbuf  block I/0 buffers 256,
words nrmust bhe assigned. In addition to the 256. words for
data each block has four additional words which rernresent an
I/0 queue entrv, Thus each block centains 260 words. There
blccks begin at locaticn buffer + 1260.". This ceament of
ccde loads pointere to thege 260 word blocks in consecutive
locations starting at bufp « Thus bufo centeins pecinters
te I/0 gueve entries since the first four words in each
blcck represent the I/0 queus entry for the tlock, Three
edditional I/O queve entries 1lccated 2t locations sb0 ,

so1’ , and qwn algo exiest an? pointers to them are alsc
1co“ed into bulp . Finally, the l=2st 2 words of an I/0
guens entry contain a werd ccunt an? 2 bus address, thece
locations &re initia ]15@&. The reasults ere shown in the

Jiragramws on H.C, rage 3,

C SECUENCF -

N ~—

rC (points to first bleck I/C buffer)

CcLTPUTE

(see dirgrare .0 dace 3) ri (intsrnal ccocunter, r2 (internal
peinter)
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ID - vo; 23/free all charactnr blocks

FUNCTION -
this scament of codz initializes the c¢f, ¢l and clist »leocks
in core to the following state:

255, 255, cf
(cf+31.) cl 1
clist (cf + 21.,)
1 .
253, clist + 506,
254,

CALLINC SECUENCE -
RRCUMEKRTS -
INPUTS -

QUTPUTS -

CALLED RBRY -

CALLS - PUT
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2RCUM

UNIX

ID - uc; 2/zet up drum swap addresses

TUNCTICH
The drum 1is divided into 1024,
hichest €4. blecks ar~ get aside for

Preocesses cswapned to and from core
The area in ccre reginning at locat

bleck nurber whieh ie
drum whniere tre process is

swapped to.

[ ]
950 ,.,~-noroc*17.

CURINCE -

FITT'S -

. .
INPUTE —

CUTPUTE -

p,dska - [p.dska + 2*nproc -2] , r1,

Date 3/17/72 ID IMO.%-1

bleckes

storing
are stored on the
tion

There
con the Jdrum assigned as swapping area for each nroces

This segment of ccde initializes the p.dsk
suscplying the block numbers for each of
The results anbvear as follcws:

r2

of 288, vorlis,
rvv-r--

ALY

'D.(’Ska .

are

iteelf,

A

a area"in core

"nproc

p.dska + 2%pproc -2

Section 7,0

rume
centaines
thhe number cf thre first bhlock on the
17 blocks

processes,
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I' - uocy 4/free reat of Arum

TUNCTION -

This norticn of ccde is executed Auring ‘cel?’  thoot. (see
UNIX Programmers Manual - Toot Precrdures VII.) T4 initial-
izes the core irace of the super dblock for the fixed head
disk. =~ System (which represente the numbar cof bhvtees in the
free storage map) is set tec 122, Sveter + 120, (vhich
represents  the number of bhytes in the i-ncode mrap) is =et to
64.. (See Section F, ppe 1,2)e Rlocks 34.,...687. on the
drun are freed (the corresponding bits in the free storage
map are set). These blocks are for user files.,

CALLINC ESECUFNCE -
APCUMENTS -
INPUTS -

r1 contains the number of the hichest blecck to be freed.
(See inputs for ‘free’; H.5, p. 2)

systm + Byeeey sSvstm + 85, evetm + 130,

gystm + 6, Ve
free’; H.5 p. 2)

systm,
(see outwvuts for *
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UNIX IMPLEMENTATION

ID - uo; 4/zero i-list

FUNCTION - :

This portion of code is executed during ‘cold’ boot. (See
UNIX Programmers Manual - Poot Procedures VII), It zeros
blocks 1,s¢s, 33. on the drum, Block 1 is the 2nd block of
the superblock for the drum. (Block O is the 1st block of
the superblock. -However, since the in core image of the
superblock (see UNIX Implementation Manual - p. 3) is updat-
ed onto the RFO3 whenever it is changed (can be changed by a
call to ‘free’, updated by a call to ‘sysret’ it does not
have to be zeroed.) Blocks 2,.s.s, 33. are used for i-nodes 1
thru 512 (see Section F pp. 1,3,4,5.)

CALLING SECUENCE -

ARGUMENTS -

"INPUTS -
r1 contains the number of the highest block to be zeroced +
1. (See inputs for ‘clear’ H.3, p. 1.) :

OUTPUTS -

Blocks 2,.esy 33. on disk are zerced. (See outputs for
'c]-ear' H.3’ Pe 1‘)

Issue D Date 3/17/72  ID IMO«1~-1 Section H,O Page 7




UNIY¥ IMPLFMEFNTATION

ID U133 tadsys

UNCTIOA -

"ba szs" is called either hecause the ucer executed an ille-
gal trap type instruction cr because a t-bit tran gccured,
(The t-bit is used to implement the onit functien.) bWA°V°
first _turns on the t2d sveter flro (u heve) and tre calls

nameli with u.narep pcintiny teo coro . The core irzge
file is then onened for writxnﬂ via 1oo¢n o If the file is
nct found, and i-node whose rmode is 17 is made by maknod ,
and the i-number for that node is pvut in r1. Paramreters to
write out core area then set un and the core imace ies writ-
ten cut in the useres directcry. Then the urers area of ccre
is written cut and the file closed, svsevit is entered tc
terminate the obrocess.

CALLINC SECUENCE -
bhis badsvs

RARCUMENTS -
INPUTE -
r1 - i-number of core image filee i-node u.dirbuf centains

1~ﬂumbpr of new i-node mode by Faknoﬁ .

OUTPUTE -
u,ksys -~ turn on, Its the userg bad syster flaq.

u,base - holds address of core , and user during write i-calle.

u,count - users byvte count to write out,
u.fofp - containes file offset.

u.cff - set to zerc.

r1 - has i-nurmber of core image file.

‘Iseue D Date 3/17/72 - Section H.{ -Page 1




UNIX IMPLEMENTATION

ID U137 error 2

FUNCTION - See ‘error’ routine

CALLINGC SEQUENLCE - "
ARCUMENTS - . "
INPUTS - "

OUTPUTS -

Isaue D Date 3/17/72 - ID IMOwtsd Section H.4 Page'?



UNIY IMPLFPMENTATIOCN

Il U135 errcr 1

FUNCTION - See ’‘error’

LRCUMENTS - "
CALLINC SECUENCP -
ILFUTS - "

CUTPUTS -

"Igsue T Date 3/17/22 . -ID IMO.%»%. .. . . Sectiem H,1 Pace 3



onIx

ID U1:;2 error

FURCT;ON =
error - mwerely sets
(e~rit) and then falls
sequence.

CALLINC EFRECUZEWNCE -
conditioral

AECUMENTS -

Issue D Date 3/17/72

etatus - c-bit is set

IMPLEMENTATION

the error bit of the nrocessor status
richt into the svsret, svsrele return

tranch to errocr.

(means error).
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UNIX IMPLEMFNTATICN

ID U1;9 gttty

FU:; C ’l :.[| C:: - L " (1] " ”

gtty is called by svsgtty and sysstty . It takes the
first arcument of the above calls and puts it in r2. This
argurent is either the scurce or decstination cf inform~tion
about the tty in question. The file descrintor is put in 1
and the i-number cof the £ile is ohtained wvi-a cetf . The
nurber of the tty is gotten by (the i-nurber-14). If nc tty
with this numrber exists an error occurs. £ x (i-number-14)
is the tty blcck offset, This is outputed in r1.

CALLINC CECUENCE -
jer r0, atty

ARCUMENTSE -

INPUTS -
(u.r0) - contains the file descrivtor for the tty file
r1 - i-number of file

CUTPUTS -
r1 - tty hlock cffset
r2 - source or destination of information
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UNIY IMPLTMENTATION

ID Ul-4 intract

FUNCTION -

“"intract” checks to see if the vrocese owns a aquit cr inter-
rupt from the typewriter., If it owns a aui%t, the quit flano
ie cleared an? the T bit (trace trap) of the processor
status is set, If 'the interrupt chraracter iz a del (177),

u.inty is <checked to =see 1if it is equal tc the procesc
core . If it is, contrcl is transferred to core . If
not, sysexit is taken.

CALLING STECUENCE =
br intract

EPCUMENTS -~

INPUTS -
(sp) - containe the instruction RO is pointinc to
u,tty - nointer to buffer of ttv in control of the process
(r1)+€ - interrupt character in the centrol tty’s buffer
u.intr - determines handling of interrunts (See svyeintr in
the UNIY Programmers Manual),

CcUT?PUTE -
clock pointer is pcopped.

- If the interrupt char is a quit character,

(r1)+€, the interrupt character in the control ttv’s uffer, is cleard
u,guit is cleared :

T bit cof ps is set

- If the interrunt char is a del” (interrunt)

(r1)+¢ is cleared " w
control is transferred to core if (u.intr)= core
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URIY IVPTLEVENT2TICH

ID U1;6 r1

FURCTICH -

RPCUI

rw1 is called by sysread and syswrite, It nute the Yuffer

pointer  (buffer) inte u.base and the nurker of characters

(nchars) into uw.ccunt., If then finds the i-nurber of the
file to bhe rgad by getting the file descripter in *u.ro and
czlling rotL + The i~numbher is returned in r1.

'ERNTS -

\

INPUTS -

ruffer - tuffer pointer
nctar - nurbher of characters
*u,rC - file descriptor

CUTFUTS -

v.base - buffer pointer
u.count - nurber of characters
r1 - contains the i-nurber of the file to be read

CALLINC ESFEQUENCE -

jsr r0, rw1
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UMNIZ IMDLEMENTATIOCN

ID U1;8 sysclose

I‘UI\’CT};OI\} - "
sysclose , siven a file descrinter in u.rC, closes the

associated file, The file descrintor (index to the u.fn
list) is put in r1 and fclose 1is called. (See fclecse
H.2.) ’ '

CALLINC SECUENCE -
sysclose

ARCUMENTE -

INPUTE -
(u.r0) - file descrintcr

CUTPUTS -
See fclose outputs
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UNTIX IMPLIMENTATION

I U137 syecreat

FUE} CT f'[. oN - "

syscreat ie eallel with two a2rguments; name and mode,
u,namep oolnts te the nare of tre £ile and the mode is n»ut
cn  the stack, namei 1is calle? to get the i-nurher of tre
file., If the file-alrerldy exists, ite ro?e and cwner reomain
unchanced, bhut it is truncated te zero lencth., If the file
did ncot exist, an i-node is create? with the new mele  via

raknced whether or not the file a2lready existed, it ie onen
for writing, %he fep table (see F pace £) is then searche?d
for a free entry. Vhen a free entry is found, the prcper
Gata is nlaced in it (see outpute belcw), an? the
nuntber of this entrv is placed in the u.fp list, The index
te the u.fo (mAlsc kxnown as the file descrirtor) is rnut in
the users r0. For more informaticn, see svscreat in the
users manual, '

CALLINC SECUINCE -
syscreat; narej; mcde

LRCUMENTE -
nare - narme of file to hbe create?d
" " ” " (1]
mode - rode

INPUTE -
r1 - i-number of file if found
(sp) - contains the mode argument
u,dirbuf - if file not found, contains i-number of new file
fso - table of cpen file entries

OUTPUTS - .
if file not found - new i-node is created (see mrakned
r4{ - contains i-number of new file
r3 - index intc £e» table (file descriptor)
r2 - index into u.fp list
in free fsp entry - 1st word i-number of new file
2nd word device number
3rd word o]
4th word o
u.fp list - entrv nurker cf new fsp entry
*¥u.r0 - index to u.fp list (file Adescriptor of new file

Issue D Date 3/17/72 ID IMC.1-1 'Section E.1 Page ©
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CrLLI

UnNIY IMPLEMENTATION

37 sysentjunkni

ICLE -

unkni or svsent is the system entry from various trans., The
trap tvne is determined and an indirect jump is rade to the
appropriate cystem call handler. If there is a trap insi”e
the system a jump-to penic is made. 2ll user registers are
rsaved and u.cp points to the end of the urers stack, The
cys {(trap) instructer ie Jdecoded tc cet tre system code vnart
(see trap ‘instruction in the PDP-11 handbook) and from thirs
the indirect jumd address ie calculated. If a bhad svstem
call iz rade, i.e., the limits of the jurp table are exceed-
ed, radsys is called, If the c211 is lecitirate contrcl
prasses to the appropriate svstem routine.

NC EECUENCE -

LR vy

through a trap causced bv any sys call outside the svster,

PRCUMELRTE -

INPUT

arqgurents of the marticular system call,

S =
s.eyst+2, r, sp, rt, r2, r3, r4, rs5, ac, my, sC

OUTPUTS ~

Issue

clcckp - contains, $s.svast+2

u.rC — points tc the lccation cof the users r0 cn the stack.
r0 - s¢ saved on the stack .

u.sp - points tec the end of the users stack.,
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UNIY IMPLEVENTATION

ID U133 sysexit

FURCTION -

sysexit terrinates a process., First each file that the nro-

cess has opened is closed bv "fclose2". The process status

is then et tc unuced, The p.poid tadble is then searched to
find children of the dving process. If any cf the children
are zcmbies, (died but not waited for) they are set free.
The p.pid table is then searched to find the dvinc process’s
parent, When the narent is found, it is checked to cee {if
it is free or it 1is a zorhie., If ites one of these, the
dving procees jurt dies, If its waiting for 2 child te die,
it ies notified that it doesn’t have to wait anvrore by set-
ting its status fror 2 to 1 (waiting to active). Tt is then
awakaned and nut cn the rung by putlu o The Aying nrccess
enters a zombie state in which it will never bhe run again
hut stays around until a ‘wait" is cormplsted hy ite narent
process, ITI£ the parent is not fcund, the process just dies,
This reans swap is called with u,uno = ¢, What this does is
that wswap is not called to write out the process and rswap
reads a new process over the one that dies..i.e,, the dving
process is overwritten and decstroyed,

CALLING ESLCUENCE -
veexit or conditional branch

ARCUMENTS -

INPUTS -
u,1no - the nrocess number of the dying vrocess
P.nid - contains the name of the process (See F, vage 10)
p.ppid - contains the name of the parent process.
p.stat — the status of the process.

QUTPUTE -
U, intr - determines handling of interrupts - it is set to O
2ll open files of the process are closel
the process is freed
r3 - containes the dying process’s name or number
r4 - containg ilks parents name
r2 - is used to scan the nrocess tables
children of the dying process are freed
r1 & r5 are used to hold the parente process nurber 2
If the parent of this dving process is waiting, it is set to
active and the dying process is madn a zeorhie an? the narent
is put on the rung. '
u,une is cleared and the process is killed

Issue D Date 3/17/72 ~ID INMOLt~-% - Section H,1 Page 11
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UNIY IMPLEMRITATION

35 sysfork

FURCTION -

sysfork creates a naw process, Thies process is referred o
as the child process. This new droces~ core image i= = coow
of that cf the caller of "sysfork . The only Aiestinction is
the return lccaticn arnd the fact that (u.r0) in the ol4 pro-
cess (oarent) containe the process id ().pid) of th ney
process (child). This id is used by 'syswait". qy:fork
worke in the fcllewing manner:

1) The process status table (p.stat is searched to find a
prccecs nurber that is unurced, If none zre found &an error
cCCcurs.

2) ¥hen one is found, it baceores the child process numker
and its stetus (n.=s at) is set tc active,

2} If the parent ha? a control tty, the infrrruot cr=racter
in that tty huffer is cleared.

4) 1The cllla precess is put on. the lewest prioritvy run
gueue via "putin”,

5) 2 new process name is gotten from mpid (actually its a
unigue number) and is put in the child’s unigne icentifiergs
the process id (penid).

6) The process namre o0f the parent is then obtained and

place? in the unique identifier cf the parent process of the
?hild) (peppid). The parent bprocees name is then put in
u.rQ).

Z) The child process is then written out on dick »y
wewap , i.e., the narent process is copied onto Jdiskx anl
the chil? is born.,

€) The parent process nurber is then restore? to u.uyno.

2) Thre child@ process name is out in (u.r0).

10) The pc on the stack sp + 18 is incremented by 2 to
create the r=turn address for the parent process.

11) The u.fp list is then searched tc csee what filee the
parent has opened, Fecr each file the parent has cpene?d, the
correspendine fsp entry must be updated to indicate that the
child oprocess also has opened the file., 2 branch to sveret
is then made,

CERLLINC SECUENCF -

La¥al
AFCUM

L

from shell?

ELTE -

pe.stat - statues of a precess active, dezd, unuscd.
u.,unoc - nNarent process numher,
u.ttyr - ncinters to narents process corntrel tty huffer.
mpid - process nawme generator
efp - list index into the tsp table.
feo - table of open files,

oUTPUTE -

Icss

ue

p.stat - byte for child, process is set to active if control
tty for rarent exists buffer + 6 iz cleared child orocess
aurker ic vut on runo + 04,
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UNIY INPITYWREVTATICN

Pe.pid - appropricte entrv in this tabhle cont2ines the rare of
the child nrocecses.

Tre child process is written out on drum with u.unc heing
the chilic »rocess numrber and (u.r0) centaining the onarents
precess names.

u.nuno - is restored tc the parents nrecess nurber,.

(uerC) - contains the childs vrocess nare,

spt+t1f - cgetes 2 added tc it te chance the return 2a2ddress cf
the parent. "
fep+t - number cof processes that have opened this £ile
byte cets increrented in the particular fsp entry.

Section H,.1 Pace 13
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TRIY IMPITEMENTATION

ID U1;0 sysgtty

FUNCT;I;OZ} - "
cysgtty aqete the status cof the tty in qguestion. Tt stcres
in the three werds addressed by ite arcurent tre status of
the typewriter wheee file descrintor is irn (u.rn).

ZCULNCE -
tys orc

LECUMENTE -
ara - address cf 3 word destination of status

INPUTE -
r1 - ttv block ocffeset
r2 - destinaticn cof status data
rcsr+ri1 - reader control stetus
tcsr+r1 - rrinter control status register
tty+4+r1 - flag bvte in tty blcck which centains the mofe,

CUTPUTS -
(r2) - centoins the reader control status
(r2)+2 - contains the printer control status
(r2)+4 - contains the rode contrel status
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UNNIY INPLEMERTATION

ID U138 sysmdate
rUNCTICH - " .

"sysrdate’ ie cgiven a file nare. It gets the i-node of thie
file into ccre. The ucer is checke? to see if he is  the
gwner or the super user, If he is neither =2n error cccure.

'setimol” is then calle? to set the i-ncde redificatien hvte
and the wmolification tire, but the rolification tipe ie
ovprhrltten by whatever get out on the stack during 2 sye~
tire" call (sro systime). These c2lls are restricted to the
SuUper usSer.

CALLINC STCUEKRCE -
svemdate; name

PRCUMINTE -
name — pointer te 2 file nare

INPUTS -
veui? ~ users
i.uid - owne
sp+d - timpe sef by, super user
sp+2 -

QUTIPUTS -

iemtir - new modificztion time of the file
iemtir +2 «~ new mcdification time of the file
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URIY IMPLTMRNTATICH

ID U140 cysmkiir

FTINCT IOI -
cial rrt
cated if tho directory alreadv exists,
the super uscr.

CALLINCG SZCULLCE -
sysrkdir; name; mole

AEGUHTITE -~

creates an emnty dircctorv whose narme is nointed
he mode of the directory is arg 2.
2 . ant +, are not prescnt,

name - points to the name of the directorw

rode - mode cf the Airectory

INPUTE -

u.ui? - user id; if its O the user ig the cuder urser

(ep) = contmins the second arcument mede

” ”
maXnod
&

OUTPUTE -
ra%es an i-ncde for the directory via
sete up the flag in the directery i-nodes

set us=er id on executicen
evecutable
directory

Issve D Date 3/17/72 ID IMO.1-1
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UNIY IMPLEMRNTATICH

-

D C1;6 sysczen

‘L ~\‘r(‘\fr“‘tnb‘ -
"sysopen" orsens a file in the following renner:
1) The eecond arcurment in a sysopen calles savs whether to
oren the file to read (0) or write (£0). ’
?) The i-node for the particular file is ohtained via
newei’ .
) The file is then copened bv "iopen”.
4) Kext Tousekeeping is verformed on the fsp table and the
usere opnen file list - u.fp.
a) u.fp 2n? fer are scsnned for the next available slot.
b) 2Mn entrv for the file is create? in the fep tahle,
c) The nurber of this pntry ie put on the u.fr list.
d) 1The file descrinter index tc the u.fp list is nointed

tc by u.re.

W

CALLINC ESFLUELCE -
sye cpeng nameg mode

ERCUMENTS -
name — file nare or path name
mode - 0 - open for readinc
1 - open for writing

INPUTS -
ri1 - contains an I-nurber (positive or neqitive depaending
on whether and open fcr read or open for write is
desired, :

EUTPUT -
entry in fep table and u.fp list
.0 - index to u.fp list (the file Aascriptor) is out
into r0’s locaticn on the stack,
r2 - used as a counter thrcuch the u.fp list.
3 - used as a pointer to the beoinning cf 2n fepn entrv.

-~
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UNTY IMPLTMENIPATION

RIS A

ID U136 sysread

FUNICTIOCN -
sysread is given a huffer tc
craracters te Le rend, It finds
descrinter lecated  in *u.r? (r0). This file Asscrintor ir
returrned frem a successful open c=ll, (See  svywopen V.1,
nage 1.) f1he i-nurtier cf the f%le is"chtained via rvt and
the Aata is rea:) inte core via readi .,

ead inte ard the nurher of
the file fror the filna

CALLINC SECUEICE -
sveread; buffer; nchars, 2PRCUMINTE -
tuffer - 1lccaticn of centigucus bytes where input will ke

placed,
nchars - nurber of bvtes or characters toc be read,

IRNPUTS -
r1 - containe i-nurher of file to be read,

OUTPUTS -
*u,rC contains the number of bytes read,
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UNIY TUPLEMUIITATIOCN

ID U132 sysrele

FUNCTION - "
sysrele first calle tswaen it the time cuentur for
is zerc (see rveret), Tt then restores ttrc users
and torne cff tre system flag, It then checke?l to
therc is an interrupt from the urer by callirg icsi
there is the output gets flushed (see isintr) and

action is taken by a trranch to intract., If th

interrupt frem the user a rti ic rade,

CALLINC STCUEKCFE - - "
f2ll throuch a bne in sysret & ?

AECUMENTS -

INPUTE
stack
(sechrgt+2) 2

OUTPUTS -
sc, mg, ac, r5, r4, r2, r2, r1, rC recstcred,
sflac¢ - turned off
clcckp - pecints to s.chrgt+2

Issue D Date 3/17/72 ID IMO.1=1 Section H.1
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TNIX I¥PLEVENTATION

ID U132 sysret

FUNCTIGCH -
sveret first hecks to gee if the procese is 2hout to ke
terrinated (uebsye)e If it is syeexit is called, Tf not

thie follcwinc heppens:

1) The users stack peinter ie restored,

2) r1=0 and ic¢et ie c2lled to see if the last renticned
i-ncde has keen modified., If it has it is written out,.

2) JJIE the suver block has bheen rodified, it is written out

hia ppcoke .

4) If the Aisrcuntakle file gyster’s super blcck has heen

goiifigd it is written out to the ¢cne cified Jdevice via
nooke .

\ 3
§) 2 check is made to see if the nucers tire cuantww (u—

quant) ran out during his execution. If se, tswap is
called to give another user a chance to run,

€) svsret now goes inte svsrele, (See swvsrele for conclu-
sion,)

CRALLINC SIQUENCE -
jumn tahle or brsysret

ARCUMENTS -

INPUTE -
u.bsys - user’s had system flag
u.e» - user’s stack peointer . "
r1 - used internallv - set to 0 for iget c¢all
smol - set 1if suzer block has been modified
mrci - set if Gi@wountable file systers surer tklecck has been mcodified
u.cuant - user’s time guanturm

OUTPUTE -
sp - points to users stack
srmod - cleared if it was set
minod - cleared if it was set i
shC - write bit is set during execution of svyaret
eb1 - write bhit is set during execution of sysret
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ID U1:5
> U135 cysret 1
PINMCTION -
see ‘sysret’
CALLIIC SERQUINCE - "
FRCUMENTS
PR -~ - "

INPUTE -

"

”

QUIPUTS -~

Iasue D k!
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oIy IWPLEMENTRTICON

ID U137 =yrret 2

TUNCTIONH - csee ‘everet’ routine
CALLINC SEQUENCT - "
ARCUMENTS - "
INPUIS - "
"

CUTPUTE -
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NIy IMPLEMFNTATION

ID U1;9 sysstty

TUNCTION -
"

sysstty" cets  the status 2nd mode of the tvnewriter whose
file Adescriptor is in (u.rN)., Firect "qttv" i called to gert
ghe tty block and the esource or the status informetion.
getc is called until trc input clist is flushed., The ocut-
put character 1list 1ies checked, If scre characters ~re on

it, the process is put to sleep and the input 1list

ie

checked again., If there are no characters, the information
in the source is put intc the reader control status, printer

control status registers and the tty’s flag byte in the

block,

CALLINT EWCUENCE -
syesttyvy arg.

ARGUMENTS -~
arge. — address cf three consecutive words that contain
source of the status data.

INPUTS -
r1 - offset to tty block.

r2 - noints to the source of the statue information.
arg. above,
ri+tty+3 - contains the cc offset,

r3 - used to transfer the source information to the

status registers an? block,

QUTZUTS -
ps = sect tc 5
reer+r1 — contains new reader control status
tesr+r1 - contains new printer centrol etatus

tty+4+r1 -~ contains new mode in the flag bvte of tha

block.

tty

the

™
D
)

ttv

tty
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UNIX TYMPLEMENTATION

ID U134 syswait

ﬁvy\jcqlf\r‘v - - .
syswait waits for A procees to die., 1Tt woriits in the follow-

ing wav:
1) from the parent process nnrbnr t*o parents process name
is founi. The p.pn id table of parent nares ies then searched

for this prccess name. If a match oceurs r2 contains the
childs prccecs nurber. The child’s status ic checked to see
if its a zombie, i.e., dead but not waited for, (D.rf't 3).

If it is, the child process is freed and its name is put in
(u.x0). ’ return ig then maile via sysret . If the child
is not a zerbie, nothing hapnens and tre search ceoos on

through the ».pprid tzhle until 2ll processes are checked or
a zcrhie is found. :

2) If no zomhies are found, a check is made to cee if there
are anv children at all. If there zre none an error return
is mailc, If there are, the vpesrents status is set to 2
(waiting for child to die), the parent is swa; ed out an? a
branch teo syswait is made to wait on the next nrocess.

CALLINC SFCUENCE -
?

ARCUNENTE -

INPUTE -
u.uno - parent procese number (process number of process in

corc) p.pid - table of names of procecses p.ppid - table of
parents names of processes. be.stat - contains status of
process ' :

0 - free or unused

1 - active

2 - writing for process to die

3 - vu‘jie

CUTPUTS -
r2 = used as index to n.pid, v.pnid, p.stat table
r3 = used tc kecp track of the number of children
r1 - has parents process nurber
If zorkie fcund - ite status p.cstat is freed (set to C)
~ its name is put in (u.r0)
If no zombies found - status of varent is set to 2
(waiting fcor child teo die)
-~ parent 1is swappoed out
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MITX INPLTMINTATION

FURCTION -

syswrite is given a2 huffear te write, onte an cutnut file and
the number of charzcters to write., It finds the file fror
the file descriptor locrted in *u.r0 (r0). Thies file
descrintor is returned frer a2 succossful orzen or creat call
(sce sysopen = or syscreat). The i-number of tre file 1is
cbtainad yia rw}] eand the buffer irf written on the outnut

file via writei .

CALLINC CSECUENCE -
3 1

syswrite; buffer; nchar

ERCUMENTE -

Cakve KU

buffer - lecczation of contiguous byvtes to be written
nchara - nurber of characters to he written

INPUTE =~ r1 — contains the i-number of the file to he writ-
ten on

CUTPUTIE -

*u,r0 - contains the number of bytes written
\
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UNIY IVPLTMEITATION

ID U2-9 anvi

TULCTION -
:anyi: is called if a file has Dheen deleted while oven,
anyi checkks  to sec 1T sormeone elae hre opene? this file,
It scarches the f=sp teble for an i-nurter contained in r1.
IZ that i-nurmber is ZToun? (if csomconc elce opened the f£ile)
the file “elected flag in the urper byte of the 4th werd of
the fs» entry is increwented (see T, pace 8). 1In cther
werlds the feleted flag is pacssed onte tre other entrv cof
this £ile in the fap tabhle. llote: The same file mav 2nmear
mere than once in the fan table,
If the i-nurber is not fcurd in the fep takle (no onc elese
hae orenad the file) the correspendinc hit in the i-nede rap
is cleared freeing trat 1i-nede and all bhlocks related to
that i-nocde,

CALLINC SECURNCT -
jer r0, anvi

IPUTES -
r{ - contring an i-nurber
fep - start cf table containing open files
r2 - points to the i-nurber in an fro entrv

OUTPUTS -
” ”
Celeted flag set in £sp entry of another occurence of thie

file and r2 points to 1st werd of this fep entry.

if file not found - bhit in i-node man is clerreqd
(i-ncde is freed)
- all blecks related to i-ncde are freed
- all flacs in i-node 2re cleared

Issue D Date 3/17/72 ID IMO.i-1 Section H.2 Page 1
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UNIX INPLEMENTATION

in U2-6 arg
FUNCTION -
ers extracts an arcument for a routire whose coll is of

P
ioxr

sve ‘routine’; aroit

or
sye ‘routine’; orgit; arc2
or

sys ‘routine’; arclj...; arg10 (svsexec)

CRLLILG CLCUERIC®E -
jsr r0, rg; ‘address

x)

BRCUMIZNTE -

‘Aldress’ - address in which extracted arcurent is stored

ILPUTE -

Veen+1Z ~ Contains a peointer to cne of 2rg1,e.., 2rgn. This
ncinter’s wvalu~ is actually the value of the uowntod ne at
the timwe the trap to svsent (unknl) ie made tc process  the
sve instruction,

rQ0 - Contains the reoturn =23drecs for tre routine that called

args The data in the werd pointer to by tre return 2949ress
is urged a2s the address in which the extracted arcurent is
stored,

OUTPUTSE -~
addresse’ - Contains the extracted argurent
V,es0+18 -~ is increrented hv 2.
r1 - Containe the euxtracted arcument
r0 - Foints to the next instruction tc he executed in the calling
routine,

c‘]\ L.LJQ -

evsmdate, cttv, sveounlink, sysfstat,
ysbreak, seektell, sysintr, svsouit,

(9]
o
4
[

H

-

]

ty U
9]
N

-

U)
N
ne
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UUIY TUPILIHTITRMTION

ID U2-7 arg2
TTNCTICN -

Takes firet a2rg. in sveterm c2ll (ncinter to neme of file)
an? puts it in leocaticen u.nemep; takes soceond arg and  pnte
it in v.cif znd on tcp of the stack. '

CrLLINC SECUEICE -
jer rC, arg2

ARCGUHENTE -

IXPUTE -

u.narep
u,off

u,0ff pushe? on stack
r1
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IVPLIVTRTATICH

ID U2-4 error 3
FJICTION - See ‘errcr’ routine
CALLIKC SECUTINCR - "
2PCUMINTS - | "
INFUTS - "
”

Issue D Date 3/17/72

ID IM0.1~1

Section Y.?2

ko)

2a

ge

4 .



In U2+

TUNCTION -

uit

aerror 4

Seec

CALLING ETCURLCE -

TYNATY T
z.';Y-\ J,U; 1S -

. » AP S

INPUTS

cvU

3

B fadand
LUTE -

Issue I Date

3/17/72

T IMPLEMELTATION

‘error’ routine

"

€ection V,2
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UiTIY IYPLTMTNTATION

AT TR NI e
TUNCTION - See ’‘arror’ routine

CALLIIC I70TIFueTw "

POR NN

ARCUNTNT S - "
I PUTE - "
[ 1]

cUIPUTE -
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TNTY TIPLTUTITIATION

In U2~ fclocse

TUNCTICH -

Civen the file Aeecriptor (index to the u.fp Wiﬂt) "felone"
first get the i-nurber of tha Zile via cpt‘ « TIf the
i-nede ice active (i-nurbhar £ C) the entry in the u,fn list
is cleared. If '2ll the oprccesces thot opennd that f£file
clesz it, then the fsp entry is freed an? the file |i=
closed. ' If not, a return is taken, IZ the file hars heen
delcted while oven (sce "deleted flag F, page £) "anvi' is
called to see 1f anycne else has it cpen, i.e., ?CPnlf it
arpears in ancther entry in the fsp tekle (sre . anvi for
A”tall° H.2 page 0). Upon return from anvi a check is

rade teo see if the file is svecial.,

ALLINC SEQUINCE -
jer ro0, fclcse

ARGUMIKTE -

INPUTS -
r1 - contains the file descrintor (value = 0, 1, 2eees?)
Ve.fn - liect of entries in the fsp tahle
fen - table cof entries (4 words/entry) of open files,
(see ¥, pace 8)
CUTPUTE -

T

r1 - contains the same file descrintor it entered with

if 2ll processes that open file close it, the fsp entrv

is freed'ano the file is closed.

i occur (.2, nace 0)
t
(

gnyl  is called the gutputs in anyi
en entry 1is decremented

X
he number of nreoces ses’ hyvte in the £
ce F, page €)

rz - contains i-number.
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TNIY IMPLEMPNTITION

---- LA

ID U2-4 qgetf

JUNCTION -
go*f first checkzs tc see that the user has neot exceeded
the maximar nurker of ovnen files (10.) If he has an error
OCCUrs.,’ IZ not, the index into the fen table ic celculated
fror the u.fp list: vuv.fof» contains the addiress of the 3r?
word in that fs» entrv. (The file offcet. See F, pace 8)
cldev and r1 contain the device and i-nurber cf the filo.

CALLINC SEQULENCE -
jsr r0, getf

INPUTS -
r1 - contains index inte v.fp list

CUTPUTS -~
u.fofip - contains address of 3rd word in that 'sp entry.
cdev - conteing files device numher
r1 - contains fileg i-number.
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UNIY TVPLTFMTNTATION

A

" R L
i J2=-3 isdir

FUNCTICN -
"isdir" checks to gee if the i-node wheso i-nurkeor is in ri
ie =& ZJirectorv. If it is, an errcr cccures, “ocense "igdir
ir called by syelink and sysunlink te make cure directorise
zre ngt linked, If the user is the suner ucer (uemi= = 0),
izdir <dces nct bother clrecking, The current i-nede ies not
disturbed,

CALLINC CECUTNCE -~
jsr r0, isdir

INPUTE -~
r1 - containes the i-number whecses i-ncie
Ueuid - ueer ia
ii - current i-node number
i.flgs - flac in i-node (thies ie tested to ser if the i-ncde
is a directory i-node)

|

e beint checked,

CUTPUTE -
r1 - contzins current i-nurher upon exit
currant i-node hack in core
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T TUDLEMTNTATION

TUNCTIOCY -
"iscun” is given a file name, It finds the i-nurler of thox
file wvia narei  then gets the i-node into core vie 1qnt .
It then tects to see if the user is the suner user. If nct,
it cheocks  to see il the user is the owner of the fllP. I

he is not, an error cccurs., If user is the owner "setired’
is called to indicate the i-ncde has keen mo?ified and thre
2nd argument of the call is put in r2.

CALLINCG SILCUENCF -
jur rC, isown

ARCUNENTS
INPUTS -
argquments of syschrod or syschown ca2lls

CUTPUTS -
umid - i@ of user
imol - s2t to a 1
r2 - contains second arcument of the esveter call

Issvue D Date 3/17/72  ID IMDsts=
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I U2

s

runcT

CALLI

ARCUME

INPUTS

CUTPU

UHIY TYRPLPMWNTATTON

-7 makned

ICK -

malino?l creates an i-node and malkes a Adirecterr entrvy for
thie 1i-ncde in the current directorv. It gets the mcle of
the i-node in r1 the name is ured in mkdir for the Airectory
entry (see makdir ¥.,2)., The i-node iz rade in the follawing
manner, First the allccate flag is set in the mede, A scan
of i-nndes above 0 bewgins, The i-nole map is checke? to sen
if that i~-nole is active, I it iz the next i-nod= in  the
bit mapn 1is checked until a free one is found, If one is
foun? a check is made to see if it irf 2lrendy a2llocated, If
it 1is, the search centinues. If not the i-numbher is -vt in
u,dir bit and a directory entry is made viz mkdir. Then the
new i-node is fetched into cora and its parameters are set
(sce outpvuts).

G SECUENCE -
jsr r0, mknod

e

«

ri - contains mole ii - current i-number — should he at the
current directory ng, r? - hit position & byte adirens in
i-nole map

T:‘
u.Zirvut - contains i-number of free i-node
i.flgs - clag in new i-node

ionid - blllﬂﬂ with u.uil

ienlks - 1 is put in the nunmber of 1invq
i.ctim - creation time

i.ctinm+2 = modification time

imoi - set via call to cetimol

\
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UNIX IMPLTUPOTATION

ID U2-2 mikdir

FUICTICH —
m<dir makes a directory entry from the nam2 pointed to b
u.uncmep  inte  the current directory. It firet clears the

lecations u.dirbui+2 — u.Airbuf+10. midir thrn  moves 2
character at a tire into u.dirbufi+2 - v, iraf+10, chochins
each tiwme tc sce il tre chorscter is a / . If it is =an
error occurs, tecause / srould nct anpear in 2 Jdirecctory

name .

7 pointer to an emnty directory slot is then prt in w»,0ff,
The current directory i-node is »rought inte ccre and an
entry is written into the directcry.

ARCUIENTE -,

INpPUTE -
rZ2, u.namen - points to a file name thaot is about to

become 2 directorv entry.
r2 - points to u.dirbuf lecations.

ii - current directorvy’s i-nurbker.

OUTrUTS -
u,2irbuf+2 - u.,dirbuf+10 - contains file name
u,0ff - points to entrv tco be filled in the current directory
U.tase — pointes tc start of u.dirbuf
r1 - centaine i-number of current directory
See wiir for others,
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CALLI:

RECU!

L Y e
FUSAP RN SP e T

&
nul it reads the current directorv until it finds a fi
™2

UL IMPLNURITATICN

namei’” takxes o file sath nome (addrecs of ectrine  in
u.n;r?p) and sazrxches the current directory or the zect
dircctorv (if thre fl:”t c"ar&ctew in t*o strins neointe?  te
Ly U.namep is _

in r1. narei operates in tho followimJ anner:

2 file ray be reforenced in cne of twe waves; cither relative
to the users directeorv or relative to the rcotdir dAircctorvg
in the secon? care the file path name rust hegin wit» the
char /. ‘“henever a / is enccuntered in 2 pzth nare it indi-
cates that the characters preceeding it represent the path
name of a Jdirectery, and the file name following the / is
stored in that Jdirectorv.

Cirecteries ceontain 10 hyte entries, the first 2 hvtees con-
tain an i-nurker, he last € bytees a £ile »nrme 2gsocinte”

with the i-nurher.,

[ 1
nameili scazns the file path nare until it reaches / or a
o

which nrmatches the gcanned portion of the file nath nare.
Yhen a match is  found, tre i-number ies taken fror the
matched dircctory entrv, If namei has scarned to 2 nul then
the i-nurkor is that feor the fl%@ specified by the file path
name. If namnei scanned to / then the i-nurtker ies that
of thec next directecry in the cath. narei scfns the file
path  name until it reaches 2 /" or 2 nul, etc, TIf no file
is found return to ncfile; otherwise normea l.

DCUENCT -
j 39 rO, nameis no;ile; normal:

e

INPUTS -

ue.namep (points tc a2 file path name)

Wecdir (i-nurber of uscres firzctory)

ve.cdov (device number on whrich usger directorvy resides)

r1 - ccnteine the i-nurter cf the current directory (ueedir)

CUTZUTE -

I=

sue D Date 3/17/72 uzm,zﬁﬁn%\

r1 (i-nurber of file referenced by file path bawe)

clev

r2, r3, r4 (internal)

u.irb = noints to the directory entry where a match cccurs
in the search fcr the file path name,
If no match u.dirb points to the en? of the
Airectory and
r{ = i-nurber of the current directory

Section H.2 Pace 123




TMIN TMDPLITMENTATICH

ID U2-2 ceektell

TONCTICN -
scektell puts the arcurents fror a sysceak and syetell c:zlld
in vuv.base and u.,count, It then gete the i-nurber of the

file from the file decerintor in *u,r0 an? bv calling cetf .,
The i-ncde is brousht inte corz and then u.count is checke?
to sce if it ie 2a 0, 1 or 2.
If it is 0 - uv.count stays the rame
‘ 1 = u,cocunt = offset (u,fofp)
2 - u.,count i.clze =size of file

1

CALLINC ESTCURICE -
jer rC, ceektell

LRCUMENTE -

INTUTS -
uehase — puts offset from sysrceeck or svstell call
u.count - »ut pfrnare from asvsgesk or svsotell call
1.r0 - containe flle deecrintor (index to u.fr list)
i. ize - gize of file in byters
¥V.Z0fp - peoints to 2rd word of fsp entry

L‘N"!P *ry (v —
. N " (]
an i-noce in cors via iget
r1 - i-numlker of file in gquesticn
u.cocunt - see function above
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In U2-7

TIT IR =T
FaR ey &4 I C~ {
L4

mMTY

. haRl W el =
IVDLOMEYTT AT ION

SYS‘IC b sets  the progrars  hrealr pcint. It checks thae
] 03 - 2 (3 '
a2t hreak peint (u.brﬁac) to nee if i+t ie hetween Ccorc
zns thé stack  (en). If it is, it is ro%e 2n even 23%resrs
(if it wac odd) and the arca hetween uvl.thres) and  tha eotack
iz cleared. The new breakgoint is then put in u.breax ar?
contrecl is pncsed ko syrsret .
CALLINC SRQUFICE -
sy brca?; addr
ARCUNTITE - ,
addr - address of the new hreak pvoint
IIPUTE - ‘
ushreal - the current break point
OUTPUTS -
Vehroa!s = contains new hreal point
craa hefreon old u,break and stack ie cleonred if un,break is
Tatuoon core’ an? the stack SD .

3/17/72

ID TMO,t=q Secticn H,.2
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HTY TVTTEMENTATION

IT 72-0  egyvechiir

I.ln

syoatir makes  the Zircctory srpecified in its arsumant the

currcnt woriting directory,

AT YT T o AT AT
CrLLINC s7oUT: ICT -

vsc‘n 1r' name

r-‘m oA e

Llaaid

name - address of the path narme of a directory terminated b
a nul byte,

I e ~
ieflge -~ i—nc-ﬂé flag
r1 - containg i-numnher

cdev - cent ?1n~ device numbher of i-nofe

r1 - conterine i-nurher
Ue.CCir - i-numker of users current directery (same as r1)
ve.cdev - device nurber of current directorv

Tseue D Dat~ 3/17/72 ID IMO.1=% Section K.2 Pacge 16
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-

D

U

UrIyY INMPLEMmRTATION
L2-2 syzerec
MCTIOHN -
csysaied initiatcs execution of a file whose path nare if
pcinted  to by ame  in tre cvsoxec call., svserac performs
the followiny oper ra iono.
By : . . . "
1. oktaine i-nurker of £ile to be executed via narei
- 3 . . " (1}
2. obtaine i-nocde of file to be executed via icet
3. sets tran vectors to system routines,
4, loads argurents to be passed to evecuting file inte
highest locaticne of uvesr’c core,
5. puts pointers to arguments in locaticons immedistely fol-
lo 1ﬂq argurents,
£. cave numbaor cf arguments in next locatien,
7. initializes ucer’s stack area so that 2ll registers will
e zerced a2n’ the P8 clesared and the PC set te core whren
svweret reosteres reglsters and deose an rti,.
f. initializes u.ro and u.zvs.
8, zecres nmser’s core down to u.ro.
10+ reads in executable files from storage device into core
starting et locatien "core”.
11, s2ts u.break te noint to end of user’s code with Aaxn
area appended,
(1] " . A "
12, calls sveret which returns contrecl ot locaticen core
via rti instructicn.
centinued on pacge 17
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UNTX IVPLENTETATION

The layeout ¢f core whan svscereo calls sveret is:

————————————— (uebreak)

zercs .

[
o~
0]

'O
~

——————— ) (ulsp)

zeres ! .

e b (00 20)

(veen) + 15

(.-.\\O> 3

B Dy S S, /e d oY o!

<...\O> l . -

...... ————————— CCOra

Terue

]
)
]
e

Pl
")

™~

ey

3
NS
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TITY TUPLEMTITATICON

CALLINC CEQUZXCE -~
VS CXeC; narep; 2rep

) he CUVNTNTEe —

wrdtnladle
wren (Doints te fila pat™ name of file teo he executed

*S

aryn (addrees of takle of argurent pointers)

arcPlyees, argon (table of arcument nointers)

argols CeeolD, ar3o2: <ese®™,y soe, arapn: <...0> (argument
stringe) :

INPUTIE

OUTPUTS -~
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UNIY, IMPLTUENTATION

IN U2-4 syeistat
-—.,-T\-'Cf""!‘('\ T —
eys‘..mat is identical to "svsstat" excent that it onerates
cn onen f£iles instecad cf f£iles civen by name, It nvie the
bufier aiﬁr?ss on the stack, cets the i-number and checliz to
cc if the file is.open for reading or writing. If the file
riti
a

is open for w
s

ng (i-rurker is negitive) the i-number is
et positive a bran

nch into sysstat ic rade,

buffl - buffar address

INPUTS -
(uexr0) file descriptor
QUTRPTIE -

buffer 1is loaded with £ile infeormation, Ser UMIV Pro-
grarrmers Manual under svesctat (IT) for format ¢f the huffer,
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UNIY INPLRMTMTATION

-

In U2-2 gvegetuid

"sysgetuid" returns the recsl user ID of the current nrocecss.
The real user ID identifies the person who is le~ge” in, in
contradictinction to the effective uger IN, which deterrines
hic access vermission at each rmomgnt., Tt is thus usefvl oo
prourare which overate using the set uscer ID mode, to find
out who inveked them, '

CALLIIC SEQUILNCE -~
syggetuiad

RRGUMTNTE -

INPUTS -
Veruid = real users id

QOUTPUTS -
(u.r0) -~ containg the real users id4.




NIV TNPLOVTNTRATTION

I U2-2 cvsintr

' ICT'.I'OIZ - "
cysiaty sets the interrupt handling velue, = It »ute  the
argunnt of it cfll in un.intr, aveintr  than hranches
- (1] (1] :
into tha cvsquil routine, u.tty is cheaka? to ere 15 A

contrel tty exists, If onc deoes the interrmpt character in
he thty hufier is clearad and sysret ies called, If one does
not cxist sysret is just called,

CALLIMNC SHCUENCE -
sysintr; arg

IPCUNERT -
arg - if 0, interrupnts (RSCIT MELETR) are ignored,
- 1if 1, interrupts cause their normal recult,
i.nse, force an exit,
- 1if arg is a location within the program, contrel
is massed to that location when an interrupt
OCCUrS.,.

IKTUTE -
u.tty - pointer tc contrel tty buffer.

Ue.intr has vzlue of arqg.
(r1)+5 (interrupt char in tty buffer) is clearcd if =2
centrol tty estists,

Issue D Date 3/17/72
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IVDPLD TNt ATION

In U2-1 syolink
FUICTIC -
syeliniti is ~iven Yo arcuments, nowe 1 and npame 2. name 1
iz a file that alroaly exictss nerme 2 ic the name given to
the entry thst will ge in thke current diroctory. neme 2
11l then e a llﬁ” to the name 1 file, The i-nurbker in the
name 2  entrv of the current directcry is the same i-nurber
for the nare 1 file. 2t the end of a syslink call the fol-
lowing structure is constructed,
i-node naro 1
o e o e s e e e for file
current name 1
directory —— file
1
i
name 2 entry
e 1 Ve ———— | e ]
1= I i ! I
S |
J— ————
| some other |
! Airectory |
1
- !
! name 1 !
] !
== - }
CALLIIC STCUENCT -
cvelink; namel; name2
ARCU¥ENTS -
nare 1 = Zile name to which 1link will he created.
nane 2 - nane of entry in current directecrv thet 1lirks to
name 1.,
/
IpUTE -
Venamen = polnts to the arcuments above,
1
CUTPUTS - | /
entry in the current dircctory with name, name 2.
r{ - contains i-number of name 1 on exit and i-numker of
current dircctory interrmittently during subr.
i.nlks - incremented by 1 to indicate another link added,
irod - set by call tc setimod.
Issue I Date 3/17/72 ID IMO,4-% Section H,2 Pace 23



TITN IMPITYTITTATICN

I U2-C sycoouit

DMy oo
syecrult turns off the guit sig
the call in u.auit. ul.tE

one .oos, the

s r

£

Tt putes the arcument o=
wacked to nce if 2 control
runt character in the tte

calleds If one doec not

tty exiots
Luffer is

c
- .
axist, cvsret

L} *‘i”)‘

A N T e Lo r A
CALLILC p,‘.“,-L’.:,“;\C.fl -

sysquit; arg

this call dicables quit sicnels from the tyrewriter

if ¢
(rsc11 Fo).

- if 1, cuite rzre re-enahbhled and couce executicn tc ceacse
and a core imzce to be nreduced,

- if an addre in the nrograr, 2 cquit causes contrel tc
e cent to that locction.

-7 e
INPUTE =

u.ttv - pointer tc centrol tty bhuffer,

OE‘Y‘F"”\Y"’I‘",Q

h-(}’\!it - 1’"‘1"‘ \?"1!1(3 C.f‘ .-.r..,,
(r1)+6 - (interrunt char in tty buffer) is cleared if a con-

trol tty exists,

Issue D Date 2/17/72 ID TNt Sectien 1,2 DPage 24



RIND R34
T

4

D 1M2=t ewrcret 3

TUNCTION - Tee csvoret
7. T ] [ahala) T'—\‘Y ™ i
CrLLIIC u_‘.,\,L-L-u VR
A.\ vc‘-ﬁ\ﬂn-ci "
z.;-.CL-';..‘..’.‘i.:.u -
e "
I 7UTeE -

”

AT TYIM
CUTPUTE -

Izsuve D Date

2/17/712

TOPLEMENTrTION

L] N
routine

ID IMO.fet -

Seection V.2

Prge 25



In U2-1

TUNCTICE -~

CALLIUC omguniicr

kL A

ETOTTIIR NI O
FARANGIR PR S -

INPUTE -

CUTPUTS -

Iscue D Date

UNTY

PR AN

zyeret 4

”
fec cyere
L1
-
"
.
”
L1

3/17/72

et routin

0

ID IMOstet

IVPLEYENTATICN

Secticn H.,2 Pace 26



TiN

v

UL

N

21

CTICY

CrLLLIIC

-

Aeends

YT
LoCUNTITE

uTs
e D

(o

[ad

[

AT
w3 i, W

-—

2/17/72

”
Seec gsysret routine

ID IMO,

IMPLFIINTATION

Section F.2 Page 27



MY INPLUITMTATION

svssanXk chances the r/w nointer (3rd werd in »n  fon ontry)
cf an oren £ilc whece file descriztor is in u.r0,

The £ile deccripter refers toc a file onen fer readine or
writine, fThe e ars
fclleows:

to offeset,

9]
[62]
0
(f

if ptrrere is C, the pointer i

|J.
n
1G]
1]
ct
t
(o]
’.‘.
(1'
2
a
A
H
9
3
(a4
p—
0
0
8]
i

if »trnare ic 1, the pointer
tion plus ocffect,

if »trname i the nointer is set t¢ the size of the
£ile plus cffs

The error bit (e-hit) is set for =zn uv~defined Ffile
dagcriptor.

CALLINC CZQUENCT

sycaoeeks of
PRCUNTETSE -
offcet — number of bytes desired to move the r/w pointer “w
ptraoare - a switch indicated abhove

IPUTS -
U.haceo
ue.ccunt (Sec seektell)

CUTPUTE - .
u.fofp - peints to the r/w pecinter in the fsp entrv.
Trhe r/w peointer is changed zccording to offcet and ntrnare,

&

T sue D Date 23/17/72 Section Y,2 Pace 29



UNTY TUOLTMTITATTON

-
B

D U2-4

n—:wr-'c—‘v(‘,r-:-q.ﬁv
P A i N

cvrctat metes the strtur of 2 file,
nemz ¢ the Zile 2nd a bulffer address,
bytes leng apd inforrotion about the

svretst cells  nared
(124 " .

izet iz called to
trhen leoaded and the resulie
grzmrers Manual svestat (II).

to et the i-rumh
get tre i-ncde in
are civen

CrLLIVC CLQUENCT -
syectaty narey buf
AROIVITIMTE - .
nares - ncints to tre name of the file .
bnf - address of a 34. byte huffer
TIDUTeE -
g = containes the addrese of the buffer
r1 - i-nurkcr of file
OUTPUTE -~
buffer is loaded with file information.,

0
6]
D

Date 3/17/72 ID IMCutmt

TLe mroumeonts are the
The Buffry e 24,

.
b

1 [ad

w

file plees? in it,
rr 0of the filees Then
corce. The hufifer ies

in the WUNIY Pro-

3

Section H,2 Page 29



UNIX

e
”
O |
csvecetul’  sete

P4
the process i7 (u.r0). Toth
and the rezl user u.ruid are
iz ond recke this call,

CLLLIFC SIECUDNCT -
sysocetuid

- -\(‘Tv vt

NN u....x. [

I8PUTE - ’
(uerC) - contains the
Ueruid - real user id
nyuid = effective current user icé

process i4

oUTPUTE -~

.

to the process i

Tssue D Date 2/17/72 ID D0 4wt

the ucser id uv.uid of
the effactive
set to thisz. Onl-

1 te the process id

IVPTTMENTATION

the current

(ver0)

(uere)

Section H,?2

user an’
the

nrocecn ko

V111"

suner
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DNIY IMPLDNEITTATION

L U2-7 syectire
,
TUNCTION -

3 " []
. syesstine  geto the times, Only the suvzer ucer can use  thi
c=1ll,

CLLLINC ZI0UniiCn - :

ocyectloe

s Lo B mi s Nl
Z.[‘CJ wna —

P s’y e w2

IKPUTE -
sp+2, sptd time syster i to be ook to.

SUTPrUTS -
st

(-L
[N
5!
-
bos |
*
t
}J.
3
23
+
N
o]
&
(%3
}-l.
3
9]
5]
WA
~N
0]
r*
D
3
Ly
9]
D
¢t
ct
)
L]

Issue D Date 2/17/72 Cection Y2 DPa:
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CALLINC

IR T alisnbhra el
o .

JR ML

:
systime

ATGUITITS

NGl e

TIPUTS -

Soti:ﬂ\:,

ouT»UTe

st

e

y SDF

Date

—
. (1] -
L J v e
J.."Q’ g, e i
2.9 4. 1
NOTNnG oLaCe

viT

ot
)
ot
'.J.
A
o}
h

4 ~ preesent tire

3/47/72

ID INOLL-t

CaTy P Pt reavrm e
TA,.L'.’. ; f."-’. ,‘TI‘-' .

Cection ¥,2



sy .
IT U2-1 ayveunl
v«vy;»C[ ;' -
~ .' aN
b/LuPllﬂ
name from
the “110,
Gestreyoed,.

the actual
trouzgh the

The errer
eXxist
permission

illegel to
CALLING CnQURNCH
gyslinkg

ARCUMENTE

URTN OINPIRITITTRTIOCN

ink

" remever the cntry for the f£ile pointed to

its directerve TIZ this entry wrarc the last liny to

the contente of the file are freod an? tho file ir
If, however, the file wes copon in eny nrocess,

derctruction iz “felaved until it is closed, even
directory entrv has disanpeared,

bit (e-hit) is set to indicate trat the file Aces
cr that ite directeory cannct he written. Vrits
is not reauired on the f£ile its~lf, It is aleo
unlink 2 directorvy (excert Zor the super-user).

kN -~

ame

name -~ name of directory entry te ke removed
I \“ TT?“(N -
u.namen ~ points to nome
r1 - i-numbecr acsscciated with nawe
CUTPUTE -
ienlks - number o linke to file gets decrecrented
U.off -~ gets moved aclk 1 directory entry
imod - gets set by call to setimod
if name was lact link contents of file freed and file Jes-
troyed "
entry nerme in Jdirectory is free (its first word that usu-
clly centains an i-numher is zeroed.

Dat~

Iccue D

ID IMOLtet

3/17/72 Section ¥,2 Pace 33



LI IMDLTIMTTIATION

ID U2-=2 wdir

TUICTICH -
wiilr - write e directory entry into the current Airectorvy
whose i-nurker is in ii.
CELLLINC CECULICT - '
jer ¢C, wdir - in syslink
fellows mikdir dirsctly

ILPUTS -
Uelirhuf - =232
[~3

ess of vhere name of “directorv is kept
ii - contzins t}

r
the current direccteries i-nunmber

QUTPULE -~
an entry in the current directory
U.Wace - points to u.dirbhu’
u.ccunt - = 10
r1 - contains the current directory’s i-numhor

Izove D Date 3/17/72 . ID THOE-% Section V,2 DPacae 2
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UNIX IMPLEMENTATION

ID U3-3 clear

FUNCTION -
clear zero’s out a block (whose block number is in r1) on
the current device (cdev). "clear” does this in the follow-
ing manners
1) w slot’ is called. which obtains a free I/0 buffer (See
‘poke’ H.8, page 5) via ‘bufaloc’.

Bits 9 and 15 of the 1st word of the I/0 gueue entry are set
to set up the buffer for writing.

2) The buffer is zeroed and written out on the current dev-
ice for the block (indicated by r1) via ‘dskwr’.

CALLING SEQUENCE -
jsr r0, clear

ARGUMENTS =

INPUTS -
r1 - contains block number of block to be zeroed
cdev - current device number
r5 - points to data area of a free I/0 buffer
See inputs for bufaloc, wslot, Askwr

OUTPUTS =
a zeroced I/0 buffer onto the current device
rS - points to last entry in the I/0 buffer
r3 - has 0 in it. It counts from 256-0, It is used as
a word counter in the block.

Issue D Date 3/17/72 ID IMO,1=1 Section H.3 Page 1



UNIX IMPLEMENTATION

ID U3-3 copyz

FUNCTICN =
clears core from argi to arg2.

CALLING SEQUENCE -
jsr r0, copyz; argt; arg2

ARGUMENTS -

arg! - address of lowest location in core to be cleared.,
arg2 - address of highest location in core to be cleared.
argt < arg2

INPUTS =

r0 - return address for the routine calling copyz. It |{is
used to access argi, then arg2 and, finally, set to the
actual return address of the calling routine.

OUTPUTS -

r0 - points to the next instruction to be executed 1in the
calling routine,

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



UNIX IMPLEMENTATION

ID U3-3 {idle

FUNCTION -

idle saves the present processor status word on the stack
then clears the processor status word.
clockp is saved on the stack. It points to one of the clock
cells 4in the super block. clockp is then made to point to
another set of clock cells specified as an argument in 1its
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 r0, idle

ARGUMENTS =
gs.wait + 2

INPUTS =
ps = process status
clockp « clock pointer

OUTPUTS -

ps - restored to original value
¢clockp restored to original value

Issue D Date 3/17/712 ‘ID IMO.1-1 Section H.3 Page 3



UNIX IMPLEMENTATION

ID U3-3 putlu

FUNCTION -

putlu" is called with a process number in r1 and a pointer
to the lowest priority Q (rung+4) in r2. A link is created
from the last process on the queue to the process in ri1 by
putting the process number in r1 into the last process’s
link. (The last process’s number slot in p.link.) The pro-
cess number in rt1 is then put in the last process pgsition
on the queue, If the last progess on the queue was L and
the process number in rt was n then upon return from putlu
the following would have occured:

n { ‘ rung+4 n ! p.link + L1

previously held “L” 1 byte in length

ARGUMENTS -

INPUTS -
r{ - user process number
r2 - points to lowest priority queue

OUTPUTS -

r3 - process number of last process on the queue upon
entering putlu

pe.link-t + (r3) - process number in rt

r2 = points to lowest priority queue

Issue D Date 3/17/72 ID IMO,1=1 Section H.3 Page 4



UNIX IMPLE™CNTATION

ID U3-2 rswap

FUNCTION -

rewap’ reads a process, whose number ie in ri, from disx

into core. 2 * (the process number) is used as an index
into p.break and- p.dska. The word count in the p.break
table is put in the 3rd word of the swp I/0 queue entry.
The dAisk address in the p.dska table is put in the second
word. The first word of the swp I/Q queug entry is set up
to read. (bit 10 set to a 1) and "ppoke 18 called to read
the process into core.

CALLING SEQUENCE -

jsr r0, rswap

ARGUMENTS -

INPUTS -

r1 - contains process number of process to be read in

p.break - table containing the negitive of the word count
for the process

p.dska - table containing the disk address of the process

u.emt - dete:rmines handling of emt’s

usilgins - determines handling of illegal instructions

OUTPUTS -

10 = (ilgins)

30 = (uoemt)

swp = bit 10 is set to indicate a read (bit 1520 when reading
is done)

swp+2 -~ disk block address

swp+4 -~ negitive word count

Issue D Date 3/17/72 ID IMO,1-1 Section H.3 Page S



UNIX IMPLEMENTATION

ID U3=1 swap

FUNCTION =
swap is the routine that controls the swapping of processes
in and out of core. It works in the following manner:

1) The processor ériority is set to 6.

2) The runq table is searched for the highest priority pro-
cess, If none are found, idle is called ¢to wait for an
interrupt to put something on the queue. Upon returning
after an interrupt, the gqueues are searched again.

3) The highest priority process number is put in rt1. If it
is the only process on that queue the queue entry is zeroed.
"If there are more processes on this queue the next one in
line is put in the queue from p.link (see F, page 9).

4) The processor priority is set to 0.

§) If the new process is the same as the process presently
in core, nothing happens. If it isn’t, the process present-
ly in core is written out onto its _corresponding disk block
and the new process is read in. wswap writes out the old
process, ;swap reads in thg new one. For more informa-
tion see wswap ’ rswap ’ unpack and p17 of Implementa-
tion Manual.

6) The new processes stack pointer is restored. The ad-
dress where this procesg left Qff before it was swapped out,
is put in rO. So when rts r0 is executed this new process
will continue where it left oft.

' ARGUMENTS -

INPUTS =
rung table - contains processes to be run., See F, page 9.
Pelink = contains next process in lone to be run. See F, page 9.
u.uno - process number of process in core.
s.stack - swap stack used as an internal stack for swapping.

OUTPUTS -
present process to its disk block
new process into core
u.quant = 30. (Time quantum for a process)
u.pri - points to highest priority run Q
r2 - points to the run queue
ri - contains new process number
ps - processor status = 0
r0 - points to place in routine or process that called swap
all user parameters

Issue D Date 3/17/72 ID IMO,1-1 ‘ Section H.3 Page 6



UNIX IMPLEMENTATION

ID U3-1 tswap

PUNCTION - - -
tswap is the time out swap. tswap 1is8 called when a user
times out., The user is put on the low priority queue. This
is done by making a 1link from the lasf user on the low
priority queue to him via a call to putlu ., Then he {is
swapped out.

CALLING SEQUENCE -
jsx r0O, tswap

ARGUMENTS -

INPUTS -
u.uno - users process number
rung+4 - lowest priority queue

OUTPUTS -
r0 - users process number
r2 - lowest priority queuc address

Issue D Date 3/17/72 ID IMO,1-1 Section H,3 Page 7



UNIX IMPLEMENTATION

ID U3-2 unpack

FUNCTION -

unpack unpacks the users stack after swapping and puts the
stack in its normal place. Immediately after a progess is
swapped in its stack is next to the program break. unpack
move the stack to the end of core.

If u.,break is less than core or greater than u.usp nothing
happens. If u.break is in Dbetween these 1locations, the
stack is moved from next to u.break to its normal location
at the end of core.

CALLING SEQUENCE -
jer rO, unpack

ARGUMENTS -

INPUTS -
u.break - users break point (end cf users program)

OUTPUTS -
stack gets moved if proper conditions stated above are met.

Issue D Date 3/17/72 ID IMO.1-1 Section H,3 Page 8



UNIX IMPLEMENTATION

ID U3-1 wswap

FUNCTION - _

wswap writes out the process that is 1in core onto {its
appropriate disk area. The process stack area is copied
down to the top of -the program area to _speed_  up I1/0. The
word count is calculated and put in wg+4 s The Aaisk ad-
dress (block number) is-put_in swp+2 . EWp is set up ¢o
write by setting bit 9 and ppoke” is called to initiate the
writing. The area from user to the K end of the stack 1is
written out. The I/O queue entry swp is shown below just
before the process is written out by ppoke.

When the writing is
bit 9 among others is set swp done, bit 15 is
cleared,
disk block address swp+2
neg. word count swp+4
constant | user (address to start sSwp+6
writing from)

ARGUMENTS -

INPUTS -
u.break -~ points to end of program
u.usp = stack pointer at moment of swap
core - beginning of process program
ecore - end of core
ugser - start of user parameter area
U,Uno «~ user process number
p.dska - holds block number of process

OUTPUTS -
swp I/0 queue (see above)
p.hbreak = negitive word count of process
r1 - processes disk address
r2 - negitive word count

Issue D Date 3/17/72 ID IMO.1-1 Section H.,3 Page 9



UNIX IMPLEMENRTATION

ID U4-1 clock

FUNCTION - :
"~ “clock” handles the 1nterrupt for the 60 cycle clock. It
incremente the time of day, increments the appropriate time
category and decrements the users time guantum. It then
searches through the toutt table and does the following:

1) If the processor priority is high (>4) and the ¢time in
the toutt entyy is not zero (£0), the time in the entry is
decremented, If it turne 0 when decremented 1t is incre-
mented so that it will turn O next time when the priority
might be low (3ee 2 below).

2) If the processor priority is low and (1) the user is not
timed out or (2) we are presently inside the system and a
toutt entry gets decremented to 0, the corresponding routine
in the touts 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 1is restored
' to him and sysrele 1is called to swap him out and bring in
another procezas,

CALLING SEQUENCE -
interrupt vector

psu GUMEMS i

- INPUTS =

Ike ~ clock status register

g.bined? - time of day

clockp - points to one of the clock cells in the sunor block
U,uant - useys Lime guantum

8 alllyg « systan Flag = § iz outside systan, 0 i inside
toatl o« tables of bytsse Tach byte I8 a ¢ion count

toats - tabie oL entry points of subroutiaes

QUTPUTS -
B8onlmed? « fnvrarented
clockp = inceramanced
uequnnt - doopsrented
toust « eatvics decremenied
0 - containg users 0 Lf cenditions of (2) nbhove are met

Issue D Date 3/17/72 ID IMO.4{-1 Section H.4 Page 1



UNIX IMPLEMENTATION

ID U4-3 ppti - paper tape input interrupt routine

FUNCTION -
ppti does one of following depenJent on value of pptiflg

1. 1f “"pptiflg” indicates file not open (=0), nothing is
done.

2. If "pptiflg” indicates file just opened (=2), a check is
pade to _determine if the error bit in prs is set. If it is
pptito” 4is called to place 1/0 in the toutt entry for ppt
input. If_the error bit is not set, pptiflg is_changed to
indicate “normal ooeration (set to 4) and wakeup is
called to wakeup process identified in wlist for ppt input.
Also, the character in the prb buffer is placed in clist {f
there is room. If there is no room, the character is lost,
Finally a check is made to determine if the character count
in the ppt input area of clist has less than 50 characters.
If it does, the reader enable bit is set.,

3. If "pptiflg” indicates file normal (=4) the_ procegs 1in
the ppt input entry of wlist ts woken up (via wakeup ). A
check is then made to determine if the error bit in pra is
set. I£ it is, the pptiflg is set equal to 6. If it is
“not the contents of prd are placed in the clist via pute .
If clist is full, the character is lcost. 1In addition if the

- character count for ppt input in the clist is less than 50,
g the ronler egnahls hit e not

4. 1If “pptifig” tndicates the file is not closed (s6), this
is &an indication that the error bit was set when pptiflg
equalled four and therefore nothing is done.

CALLING SEJUINTE -
ppti is Lhe papexr tape input interrupt routine

INPUIS =
pptiflq « flag which indiﬁates Functicn tube parformed
prs - pDaper tap: read sl 5 bits

CCH2 - vnrracuwf count fOx ppt inpuc in clish
prb « input character

OUTPUTS -
pptiflig - (see avove)

Issue D Date 3/17/72 ID IMO.{—1 Section R.4 Page 2



UNIX IMPLEMENTATION

ID U4-4 isintr

FUNCTION -

“faintr” checks to see if an interruut or quit from a tty
belongs to the current user, If 8o, it won’t skip on
return; if not it will skip. When the interrupt does belong
the output list in clist is erased via calls to getc. This
prevents output coming out after the interrupt key is hit.
Nothing happens except the return is skipped when: :

- Case I

1) u.tty, the tty buffer pointer = O

2) interrupt character in buffer = O

3) 1interrupt cghar = “delete and u.intr = O
4) char = fs and u.quit = O

S) no tty block is found that matches u.tty

Case II
The return is not skipped and_the output gets flushed if:
1) interrupt character = fs u.quit 0 and the tty block in
control is found - -
2) interrupt character = delete and u.intr 40 and the tty
block in control is found. ‘

CALLING SEQUENCE -
jsr r0, isintr

AT I~
tu\u LIS YT PSR

INPUTS

' U.ttyp ~ pointer to buffer of tty in control of the current process
Ue.intr « determines handiinyg of interrupts 1f € - nothing haveens
tequit - determines handling of fvterrupes 1f ¢ « nothlog haseens
tty+6 - pointer to bhuifer c¢i first toy block

OUTPUTS =
Cace I -~ nothing except rouurn is skipped
Case II -~ processor priority = §
gets - erases Uihe output character list
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UNIX IMPLEMENTATION

ID U4-4 pptito = paper tape input touts'sdbroutine

FUNCTION -
if pptiflg 1ndicates the file has just been opened (=2),

pptito :
1« places 10 in the toutt entry for ppt input

2 checks error bit in prs and sets reader enable bit if
error bit not set.

For all other values "pptiflg' pptito does nothinge.

CALLING SEQUENCE =
jsr r0, pptito

INPUTS - _
pptiflg -~ values of this parameter indicates to pptito the

function it is to perform
prs - status of ppt reader

OUTPUTS -

toutt+1 - contains tic count (= 10) for ppt input
prs - read enable bit

Iggsuve D Date 3/17/72 ID IMO.1-1 Section H.4 Page 4



UNIX IMPLEMENTATION

ID U4-~3 ppto - paper tape outputyinterrupt routine

FUNCTION = '
Calls starppt to output next character in clist ppt output.

CALLING SEQUENCE -
interrupt routine

INPUTS - - -
see inputs for starppt

OUTPUTS - - ; -
see outputs for starppt
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UNIX IMPLEMENTATION

ID U4-5 eleep

FUNCTION - ,
sleep puts the procesgs whose process number is in u.uno on
the wait list (wlist) and swaps it out of core. It works in
the following wayi

1) A wait channel number is given as an argument to sleep.
The process number occupying that channel is saved on the
stacke The process number that 4is getting put to sleep
(u.uno) is put in that wait channel.

2) A call is made to isintr” to see if that user hag any
interrupts or quits. If he doesz a return to him via sys~
ret” is made., If he doesn’t ewap is called to swap out the
process 80 it can sleep,

3) A check is made on the new user (the cne who got swapped
in) to see if he has any interrupts or quits. If not, a
link 1is created to the old procesg number that first occu-
pied the wait channel by a call to putxu a normal return
is then made.

CALLING SEQUENCE -
jsx r0, sleep; arg

ARGUMENT% -

L X i t"“' setim e Y ‘Qﬁr?’«.n“
* S wie W ACR SRS VN E YL S N RN

-
INPUTS o
Ueins - proterss number that getg put to sleep
Welint « wall channel ligt
rungt ! « lewont prlovity run @
OUTPUTS -
Siesping provszs number ¢nto wlist
Bleoging prnl poanto disk
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UNIX IMPLEMENTATION

ID U4-2 ttyi

FUNCTION - , |
ttyi puts a character from the tty reader buffer in r§
sets the enable bit of the tty status register, and strips
the character to 7 bits. Depending on what the character is
the following things may occur:

1. If the character is a letter (A-Z), It is changed to
lower case and put on the clist yia putg . It is then put
on the tty output buffer via startty . If the number of
characters on that clist (cc) exceede 15 a call to  wakeup

is made ¢to clear that list, If less than 15 nothing else
happens.

2) If the character is a '} or a 'del”, 1If also, the last
tty blocks buffer pointer is zero wakeall is called and all
processes are put on the low priority queue,

If the last tty blocks buffer pointer to the char (}or del)
is put in the 7th byte of the buffer and wakeall is called,

'3) If the char is an eot” or "n1”
cc 18 not chzcked and wakeup is called.

CALLING SEQUENCE -

A DA TSR oY
ANt whadsss o bt e

INPUTS -
tkb - tity reader baifcer
tks - tty reader status register
cc - number ¢ charactzre on the character list

OUTPUTS =
r1t ig used to contain the character
ttyoch - has the charactsy
see function for other outputs depending on what the character is.
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UNIX IMPLEMENTATION

ID U4-3 ttyo

FUNCTION -

ttyo" is the console typewriter output interrupt routine,
It calls setisp to save registers during the interrupt then
calls startty 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

Isgsue D Date 3/17/72 ID IMO.1=-1 Section H.,4 Page 8



UNIX IMPLEMENTATION

ID U4-2 wakeall

FUNCTION - - .
wakeall wakes up all the processes on the wait 1list by
making consecutive calls to wakeup going through all the
wait channels. The processes are linked to gether on the
lowest priority queue (rung+4) used to notify the world when
a quit or interrupt happens from a typewriter.

CALLING SEQUENCE -
jsr r0, wakeall

ARGUMENTS -
INPUTS -

OUTPUTS -
all sleeping processes are put on the lowest priority queue.
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UNIX IMPLEMENTATION

ID U4-5 wakeup

FUNCTION -

wakeup is8 calied with two arguments: arg! is one of the. run
queues and arg2 is a wait channel number. wakeup wakes the
process sleeping in the specified wait channel by creating a
link to it from the last user process on the run _queuve
specified by argi. This is dcne by a call to "putlu”, If
there is no process to wake up, (wait channel contains a 0)
nothing happens.

CALLING SEQUENCE -
jsr r0, wakeups; argti; arg2

ARGUMENTS -
argl - points to one of the three run queues
arg2 = is the number of the wait channel of the process to
be awakened.

INPUTS -
wlist - wait channel
u.pri - users process priority

OUTPUTS «
if uepri > argt uguant = 0
wlist (r3} = O = eatry in welt channel = O
r2 - is used Zo point to cre of the run gueues
- r3 - containg the number of the wait channel
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UNIX IMPLEMENTATION

ID U4-5 starppt

FUNCTION -
starppt checks the character count for ppt output in _the
clist, 1If it is greater than 10, starppt uses wakeup to
wakeup process identified in “wlist” entry for ppt output.
starppt then checks the ready bit in the punch status
word, If it is set, starpp_ uses getc to fetch the next
character in the clist and then places it in prb.

CALLING SEQUENCE -
jsr r0, starppt

INPUTS -
cc+3 - character count for ppt output in clist
pps -~ contains ready bit

OUTPUTS -

See outputs for "getc” and “wakeup”
ppb - ppt output buffer
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UNIX IMPLEMENTATION

ID U4-3 retisp
FUNCTION - , : :
retisp pops the stack and restores the values of r0, ri,

r2, r3 and clockp to what they were before the interrupt
occured. retisp then executes an rt1 and returns.

CALLING SEQUENCE -
Jmp retisp

ARGUMENTS -
INPUTS -

OUTPUTS -
r0, r1, r2, r3, clockp

CALLED BY =~
trapt

CALLS -
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UNIX IMPLEMERTATION

ID U4~-1 =setisp
FUNCTION - ,
setisp stores rt, r2, r3 and clockp on the stack. Puts
8s.rvstt2 in clockp and returns via a jump without popping
the stack.

CALLING SEQUENCE -
Jsr 0, setisp

ARGUMENTS =
INPUTS -
OUTPUTS -

CALLED BY -
drum

CALLS
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UNIX IMPLEMENTATION

1D U4-4 starttiy
FUNCTION - - ,
startty prepares the system to output a character on the
console tty., It performs the following operationss
1 - some fooling with wakeup?

2 - tests console output status register read bit, if bit
is clear; return.

3 - 1if bit 418 sget  check time out bDyte for console
(toutt), if non zero; return.

4 - 1f toutt ie zero, put char to be output in rt.
5 - load character in console data buffer register.
6 - if char = 1f, make next char to be output a cr.
7 -~ {f char = ht or cr, set time out to 15 clock cycles.

CALLING SEQUENCE -
jsr r0, startty

ARGUMENTS -

INPITPS -
ttyoeh (character to be output}, toutt

QUTPUTS ~
tpd (loads a character in tty output data buffer register),
r1 (character output), toutt,
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UNIX IMPLEMENTATION

ID U5-3 access

FUNCTION - - -
reads in section of core beginning at location inode the
i-ncde for file with i-number n. Checks whether user is
owner and whether user can open file for reading or writing
based on file protecticn bits in 1i.flgs (see Section G).

CALLING SEQUENCE -
jsxr r0, access; arge.

ARGUMENTS -
arg0 (user, owner flagmask)

INPUTS -
r1 (i-number of file), u,uid, i.uid

OUTPUTS =
inode, r2 (internal)
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UNIX IMPLEMENTATION

ID U5-2 alloc

FUNCTION - _
alloc scans the free storage map of the sguper block of a
specified device. When it finds a free block it saves the
physical block number in z1, it then sets the corresponding
bit 4in the free storage map and sets the super block modi-
fied byte (smod, mmod). ‘

CALLING SEQUENCE -
jsr r0, alloc

ARGUMENTS -

INPUTS -
cdev (current device), r2, r3

OUTPUTS =~
r1 (physical block number of block assigned), smod, mmod,
systm (drum super block), mount (dismountable super block),
r2 (internal), r3 (internal).
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UNIX IMPLEMENTATION

ID US-2 free

FUNCTION -

Given a block number for a block structured I/0 device,
‘free’ calculates the byte address and bit position of its
associated bit in 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 is set to
indicate that:

1) the super block for the rf-fixed head disk has been
modified (smod = smod+1).
or

2) the super block for a mountable device has been modi-
fied (mmod = mmod+1).

CALLING SEQUENCE -
jsx x0, free

ARGUMENTS -

INPUTS -
byte mask table:

| ! I
Mack for bit 1 | 2| 1} Mask for bit
- w o 3¥ 10’ 4‘ " w "
i L @ " g ! 405 29! [ .- [ J
" T T 200 100§ ° .
! ! !
r1 -~ block number fer a hlock structured device
cdev = current device:; Gedrum, ninzerommcuntable device
OUTPUTS -
mount = systm+(r2) word in free storace map portion of the
in core image of th: supor biock for a nountable device. IT

the device 1is mountable the appropriate bit is set to free
the block. If the device is not mountable, the bit remalns
unchanged.

systn+2+(r2) same as above, but for drum with the super
block for the fixed head disk.

mod - i8 incremented if the superbiock for the nmountable
device was modified,

smod - is incremented if the superblock for the Adrum was

r2 - saved on stack and restored on return
r3 - saved on stack and restored on return
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UNIX IMPLEMENTATION

ID U5-4 4{icalc

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 partice
ular i-number, then depending on whether the argument in the
icalc call is a 0 or a 1 it reads the 4inode in the data
buffer in core starting at location " inode” (argument =0).
Or it will_ take the inode information currently stored at
l?cation “"inode” and write it out on the device (argument =
1).

The physical block number and byte offset for an inode is
calculated as follouss

let n = i-number, pbn = physical block number, bc = byte
offset

then pbn = (n+31)/16

and bo = 32.% ((n+31,) mod 16.) (See Section F for gen-
eral discussion of inodes,)

CALLING SEQUEKCE =
jer x0, icalc; arg

ARGUHMEINTS -
BUO - Ayrg - 0 rend inode
ary = 1 write inode
IBUTS

inode - r{ (i-nurber)

. T R g
R e 2

inonde - yri (interral), r5 (Lnternal), r3 (internal)
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UNIX IMPLEMENTATION

ID U5-4 iget

FUNCTION -

iqet gets a new i-node whose i-number 4is in r1 and whose
device 1is in cdev, If the new i-number and its device are
the same as the current i-number and its device (ri=ii and
cdev=idev) no action is taken. If they do not agree, iget
checks to see if the current i-node has been changed (imod
# 1)e If it has been changed the current i-node is 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 deyice ig refer-
enced). Then the new inode is read into the “inode  block
in core via icale .

CALLING SEQUENCE -
jsr r0, iget

ARGUMENTS -

INPUTS o

ii (current i-number), rootdir
¢dev (new i-node devica)

idev (current 1&30&? dmvice)

I R S
A LR \\-u.l.l.t.-l.lb .quuut' hlvuJ.L.J.t*’u LAdu}

mnti (cross device file i-number)

r1 (i-number of new i-node)

rntd (mountable device nurior)
QUTPUTS - .

Cdev’ ﬁ.a&v’ imw’ ii.g i
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UNIX IMPLEMENTATION

ID US5-3 4imap

FUNCTION -

imap' finds the byte in core containing the allocation bit
for an i-node whose number is in ri. This core area is =2
copy of the super block and happens to be the i-node mape.
The byte address is calculated as follows:

byte addr = addr of start of map + (i-~-number-41)/8
The bit position = (i-number-41) mod 8

CALLING SEQUENCE -
jsr r0, imap

ARGUMENTS -

INPUTS - ’
r1 - contains i-number of i-node in question

OUTPUTS -
r2 -~ has byte address of byte with ths a2llocation bit
mgq - has a mask to locate the bit position.,

a 1 is in the calculated bit position
r3 - used internally
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UNIX IMPLEMENTATION

ID US5-5 4itrunc

FUNCTION -

“itrunc” truncates @a file whose i-number is given in rt to
zero lengthe. “itrunc® gets an inode via iget. It 1incre-
ments through the 4.dskp (list of contents or indirect
blocks in the inode) table and frees the blocks specified
there. If the file iz small, the block numbers in the
i.dskp list are freed. If the file is large, i.dskp con-
tains pointers to indirect blocks. The block numbers in
these indirect blocks®are then freed and the indirect blocks
are freed,

CALLING SEQUENCE -~

jsr r0, itrunc

ARGUMENTS -

INPUTS -

r1 - containsg i-number for use by iget

i.dskp - pointer to “"contents or indirect blocks” in an inode
i.£lgs - contains flag for large file. See Section F, page 5
i.8ize - size of file _

OUTPUTS =

-

i.flags - "larqﬁ file" flag is cleared

& + I N N )
eeBamd « BSC WO U

i.dgkp «~ idskp+ic «~ the entire list is cleared
getimad « get to indicate i-node has been nodified
ri - containsg {-sumier on return from this suvbr,
r3 - used in pubroutine
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UNIX IMPLEMENTATION

ID U5-1 mget

FUNRCTION -
mget takes the byte number of a byte to be read/written in
a file and obtaing the physical block number of the block in
whick 1t occurs. The file offset for the byte (i.e. the
byte nunber) is passed by passing a pointer to the offset in
wefoflys The block number for the byte is returned in ri.

Alcong the way several things can happens

1. The file is small (less than 8 * 256, words) and the
byte number extends beyond the current size of the file but
does not exceed B8 * 512, In this case mget assligns a new
block from the free areza of the file device and updates the
i-node for the file by adding the physical block number of
the new block and modifying the free storage mape.

2. The file is small and the byte number exceeds 8 ¥ 512,
In the cage the status ¢ the file changes from srmall to
large. mget sets the large file bit in 1.flgs of the i-
node. Next an indirect hlock is assigned o the file. The
block pelnterg ia f-node  ars poved into the new indirect
block and a pointer to the indirect Dblock 4s put in  the
X ims Next g new datzr Llook is assigned vwia the lorge file
hme*i W loglo, deseribad belaw.

3. e €ile s large aad the Dbyte number exceeds the
curreat elae of ths file, Ptut doss rot ewnsed  the capacity
ol the hignesc indirsol bleoui. myet zgsigns a new f£ille
block and adds a new entry to the ir uir&cv klock,

s file and  thae  hyvte mamber et
gizy oF and aleo cweandty Che ot
A rew srdlrscs bloex is sseiqgred
e { ne Al Cha Lenode.

polntar 2o 1t stored
(6w Pile Structure weito up in che UNIY Programooer’s Mange
CALLING SDQUENIE -
jsx =0, mget
ARGUMENTS -~

INPUTS -
u.fofp (file offset pointer), incde, u.off (file offset)
OUFPUTS =
ri (vnysical block numbar), r2 (internal), r3 (internzl), xS
(intcegnel)
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UNIX IMPLEMENTATION

ID U5-3 setimod

FUNCTION - - -
sets byte at location imod ¢to a 1, thus indicating that
the i-node has been modified. Also puts the time of modifi-
cation into the i-ncde.

CALLING SEQUENCE =
jsr r0, setimod

ARGUMENTS -

INPUTS -
s.time, s.time+2 (current time)

OUTPUTS -
imod, f.mtim, i.mtim+2
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UNIX IMPLEMENTATION

ID U6~4 cpass

FUNCTION - _
cpass gets the next character from the user into_ ri. A
non-local return takes place (to the caller of writei )
when the users count (u.count) becomes zero.

CALLING SEQUENCE -
jsxr x0, cpass

ARGUMENTS -

INPUTS - .
ve.count -~ users character count
u.base - points to a users character buffer

QUTPUTS -
if u.count £ 0
u.count gets decremented
r1 contains the next character
u.nread gets incremented
u.base -~ gets incremented to point to next character
if uv.count = 0 ‘ « "
r0 ~ return address to program that called writei
r{ - i-number of file under consideration
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UNIX IMPLEMENTATION

ID U6=-1 readi
FUNCTION -

readi” reads from an i-node whose number is in ri. If the
file in i-node is special a transfer is made to the ap-

propriate routine. If not dskr is called and the file
read into user core.  See dskr for details.

CALLING SEQUENCE
jsr r0, readi

ARGUMENTS -

INPUTS =
u.count -~ byte count user desires
u.base - points to user buffer
u.foft —~ points to word with current file offset

OUTPUTS =
u.nread - accumulates total bytes passed back
see dskr

is
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UNIX IMPLEMENTATION

ID U6~-2 dskr

FUNCTION - : : - -
dskr gets an inode into core via iget . It then sets
u.count according to the following rules. If the number of
bytes left to read in a file is greater than the number of
bytes he wants to read u.count is unchanged. If the number
of bytes left to read in the file 1is 1less than u.count,
u.count gets set to that number. .

If the user offset u.fofp is greater than the file 1length
there is nothing left to read so dskr returns. Once u.count
is established a block address for the file 1is calculated
via mget, the file is read into system buffers and the data
is transferred to user buffers in core. If u.count is not O
the process is repeated until u.count 1is 0. Processor
status is then cleared.

CALLING SEQUENCE =

jmp dskr
ARGUMENTS -~
INPUTS -

.r1 =~ contains i-number
ie.gize -~ file size in bytes
u.ccunt -« byte count desired
. uefofp = offset in file tellina hows manv hutes have heen read

OUTPUTS -
data in user buffers in core
r2 - internal register
pes = O

- H LU ! pe
r3 -~ ‘nterral registey
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UNIX IMPLEMENTATION

iID U6-4 dskw

FUNCTION - ‘
dskw writes user specified data 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 modif¥ several blocks in several passes thru a
single call to ‘dskw’s The number of the block to be modi-
fied next ie& calculated by °‘dskw’ from ¢the file offset
(relative to the start of the file in bytes) specified by
the caller in (u.fofp). ‘The caller specifies the number of
bytes to be modified in u.count, 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 the file slze £field in the i-node for the file
(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 (imcd)} 48 set.
*deskw’ then uses (u.fofp) to calculate an offset (rela:ive
to the start of the block) which specifies the 4st 1location

- t?‘f‘kif\ *’hﬂ “\14\!‘\’ ‘l"' !!h‘c% 'l-?’cn A-11rvn dn‘-m dom dm Ina cosnd nb o

- e - L - A wa--&.\-bvbl.

Wote that the oiffset determlnes the maximum number of bytes
of wuser data that can be written ca the file during this
pass thrm “dekw’, 592.-filec offget. If the number of data
bytes +he caller specifies is less than a block, the block

ig read Srvem drum dnto 2 svatvem buffer, then ths apmrmpxiate
ytes o oversritten. if nhe auroer of Jdate Dvtea is 1488
than 2 hicoek, hw gxeoads $12.-file ofiset, only 5¢“w» le
effser Tmaes are cverwritien. “u#ﬂ%«* ng pirosmes thru dbmw

are e the out the rest of the datoe,. After =ach
pass, the wedified #ille Dblock (in the aystem butfer) is
written out on doum. When all required blocks are wrlitten,
counters and pc*vtarr are returned to the caller.

Yy e

CALLING SECULICE -
Jsxr r0, dakw

ARGUMENTS =
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UNIX IMPLEMENTATION

INPUTS =

sp = i-node number

(u.fofp) - file offset

ue.count « number of bytes of data the caller desires to write

i.size - size (in bytes) of file to be altered (this parameter
appearg in the i-node whgse number is in sp). -

see inputs for iget ’ "getimod” mget » “askrd 0 “"wslot” ’ sioreg

r1 - pointer to callers data area

(rt), (r1), +14000, (r1) + (u.count-1) —~ the callers data

OUTPUTS -

i.gize - file size (may have been modified by (dgkw) . - "

see outputs for iget ’ “setimod” N mget “dskrd s wslot , sioreg

ri -~ points to the location succeeding the last caller data byte
transferred ‘

r2 - points to the location (in the system buffer) succeeding the
last system buffer byte overwritteno

r3 - 0

u.count = 0

modofied drum file
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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 bbyte address,
increments u.nread, the number of bytes passed, and decre-
ments u.count the number of bytes yet to be moved. If there
are no more bytes to be moved, a “non-localvreturn” to the
caller of readi” (through which control was .eventually
passed to passc) is taken. The current i-number if popped
off the stack into ri. If there are more bytes to be
transferred, the processor status is cleared and control is
returned to the caller.

CALLING SEQUENCE -
jsr r0, passc

ARGUMENTS -

- INPUTS -

ri - contains a data byte in the lower half

u.base - contains a pointer to the user area of core to which
the data byte is to be transferred.

ue.nread - the nunber of bytes transferred

u.count = the number of bytes to bevread

{sp) = the non-iocal return address

(ep+2) -~ the value of r1 prior to calling passc

OUIPURE o
(vibeae) - O,eee, {(uebasel=[u.count=4] contain the trdngfart&d
itrlormation
v.page - points to the last byte transferred
u.ntread - containg the nurber of bytes transierred and original
value ©f u.nread
detzount. -« containg the muvneyr of byter thabt still muast be vead
(gp) = 1if non-local return popoed twice
pa = clzared
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UNIX IMPLEMENTATION

ID U6-2 recrxd

FUNCTION - Seé 'error' routine

CALLING SEQUENCE -

ARGUMENRTS -

INPUTS -

OUTPUTS -
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UNIX IMPLEMENTATION

ID U6-2 ret
FUNCTION -
“ret” 1is a special subroutinevreturn, used by the following
subroutines:
1. reti
2. Trppt
3. dskr
4. passc
Se dskw
6. bread
7+ burite
B8 recvt
in place of the standard return. In addition to performing -

standard return functions, "ret” pops the stack and puts its
vdlue in r1. It also clears the program status word. "ret

can be used simply to clear the program status word by
entering via its 2nd entry point.

CALLING

SEQUEKNCE -

control should be pasgsed to this- routine by either a condi-
tional or non conditional transfer to ret (the 1st entry
point), or to ‘1%, the secondary entry point.

ARGUMENTS

INPUTS

tor primary enctry @ (sp)
for secondary entry ! memeceome

for primary entry @ ot
Zor secondary entyy @

P

¥
RE

Issue D Date 3/17/72 ID IMO.4=1 Section H.6 Page 8



UNIX IMPLEMENTATION

ID U6-2 rppt - read paper tape

FUNCTION - - -

rppt uses pptic to get a character in ppt input section
of clist and to set reader enable bit in prs. If ¢the ppt
input section is empty and pptiflg = 6 (ipdication that the
error bit was set during normal operation ) return is made
to rppt to instruction “br ;et which eventually causes a
return to the caller of readi . JIf a_character is avail-
able in clist, return is made to rppt at jsr r0, passc .

‘Upon return from pptic ’ rppt uses passc to place the
character fetched by pptic into the users buffer area, If
the number of characters that were specified by the user to
be read in has been read in, return from passc is made to
the caller of readi.

It 1is appropriate at this point to describe how all the ppt
input routines and subroutines are tied together ¢to -read
ppt. First of all the ppt file must be open, To do this a

sysopen for reading which sets the pptiflg indicating-
file open. It also sets the reader interrupt enable bit in
the prs and empties the ppt input portion of tlist,.

Once the f£ile is open, a 'sysread" of the ppt file is made.

A pointer tce the location where the characters are to e
n'!aﬁaﬂ =Y one vrd 4 the narbar af mhapssboce oo PR

s &Autuwvw?‘u oo N .n.cuu Q&g
passgd ag agguments to sysread . sysread then uses rwi
to get’ u.cgznf equal to the nuimirer of characters to be

, L1
read andt u.bage  to the leocation where the aohuaracters are
to hu plmcwdu readi ig then called which jumps to 1ppt

which 30 dezopiled above, It should dbe noved  that  when
y,-i L8 Cailéi Lo oTtawn & zoerztter foom elisv , the
precens will hae put to gleen 4f no characters a2re  in clist
Zwith  nntd

notiils ;3} znd all charecsers 2o e *wvé 1n 'zve not
been roale  rico fhe readsy aiaable blt is s3e T SO lee
tion i the anuﬁ of the next character (re&&w bxt set) the

ppt input dntersupt routine (ppti) is  started which uses
wakeup  to wake up the process previously put to sleep.
CALLING SECUENCE =
Jrep popt
INPUTS -

see inputs for pptic , passc’

OUTPUTS - - - - -
see outputs pptic and passc
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UNIX IMPLEMENTATION

ID U6-1  rtty

FUNCTION - - -
- essentially, rtty transfers characters from . the console
tty buffer 4into a user area of core, starting at byte ad-
dress (u.base) If there are _no chgracters in the console
tty buffer, rtty calls canon” », which gets a line (120
characters) from the console tty clist and puts 4it 4in the
censole tty Dbuffer, The caller specifies the number of
characters to be transferred in u.counte. If the number
specified is greater than the number actually in the console
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 egqual to the number actual-
ly 1in the_console tty buffer, a non-—-localized return to the
caller of "readi’ (which is the routine wvia which control
was actually transferred to rtty ) is made when all the
gharact?rs have been transferred to the users core area {via
passcC .

CALLING SEQUENCE -
[conditional or unconditional branch, or jmp] rtty

- ARGUMENTS -

INPUTS =
tiy + 70 = COntains pointer to the header of the console
tty buffer,
2(tty+70.) - Znd word of console tty buffer hm%der- contains
a count of Characiars in the bufle
4(tty+ 70.,) = contains a polnter to the next c¥»zact&r in the

bni,w“ Polnter values can Lncluls (bey+70.) +
if‘} r”" * tﬂ&bt& \t‘-'{é +7 O.,- + ?
gee frnata f«r ﬂf“&” y  Dasse 4 prebd
OUTPUTLS =
ri, r5 used finternnlly by r%ty ¢ oricinal valueas destyxoyed
r$ - points to healer of goensole thy nufrwr
see oubputs for caanon p“usﬁ . "rett’

Issue D Date 3/17/72 ID IMC.1-1 Section H.6 Page 10



UNIX IMPLEMENTATION

ID U6-~3 wppt - w;ite paper tape

FUNCTION -
wppt uses cpass to get 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,
This 1is done via a sysopen for writing. This places en-
tries in the fsp table and the user’s fp area.

Once the file is open a syswrite of the ppt file is made.
A pointer to the location where the characters are stored
along with the number of characters tQ be punched age passegd
as arguments to syswrite. Then uses “"rwi” to set u.count
equal to the number of characters to be punched and "u.base

equal to the location of the characters. writei” 4is then
called which jumps to wppt .

'wppt' as mentioned above uses 'cpass' to get a character
from the user’s buffer area. If the nugber of characters ag
specified in sgyswrite . If not "pptoc” is called. 'pptoc’

first ghecks to see 1f character count for ppt output in the
“elist” is 250, If it is the process is put to sleepg If

it isn’ t the character is bplaced in the "sliat and
starypt iz callied.

"starppt:’  wvses gete' to get a character from clist and
1nsert“ it into the ppb if the ready Dbit iz set. if it
ian‘t, control 43 sassed hack to  ppteg .

Upcn sovpletion of output of the character in pod (ready bit
get’ Lho parer  tape  cutput  interrups croutine (gwto) is
startcd im oen LnnorIunt, This ypousing ~nlls u~1~mt

which poerdorws the following JDunction i an lutt“fuut in
addition to thuose describad in the nrevious parvagraph. It
checks €0 see 1i the ¢raracter count for ppt cutput is - less
than 10, If it is it will wake up the process in the wlist
entryvy for ppt outpubs '

As secn from above a process puts ltself to sleesp when it
has 250. characters in clist and is awakened by the paper

tape output interrupt routine (ppto) when the count becomes
less than 10,

CALLING SEQUENCE -
jmp ppt

(see inputs for cpass and pptoc )

OUTPUTS - . . . .
(see outputs for cpass and pptoc )
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UNIX IMPLEMENTATION

ID U6~5 sioreg

FUNCTION -
1. calculates the first byte location (in the I/O bduffer

assigned to the caller) into which the callers data is to be
written.

2.  calculates the number of user data bytes to be
transferred into this I/0 buffer.

3. performs boockkeeping functions, supplying the chller
with information pertinant to the data transfer.

CALLING SEQUENRCE -
jsr xr0, sioreg

ARGUMENTS -

INPUTS
(u.fofp) - specifics the byte in a file (relative to the start
of the file) at which the user wants to start writing
data.
r5 -~ address of data area of I/0 buffer assigned to the user.
uesbase - address of 1st byte of user data.
u,count -~ number of bvtes of data to be transferred from user
_ data area to I/0 buffer.
- usnread - number of hytes of data written out on the file for
this uszer previously.

OUTPUTS - :
(uefofpi - upacixiu the byte imme&iately following the last byte
el thae {ile area in whilch the w.counit: bytes of user
Zrva dg Lo Les wrlthten,
13 nf" ‘E" nwotyvihe of user datae
zhe byte frmadiatelr folloviny che lazt byte
LER 4u?‘ to e vranzf bhe T/ bufiaor,
ﬁL&i?E; bﬂ‘ hxnbgr ol bfuhb Qf wer deta left to be
el "ﬁ is transferred,
‘imu”W tf in”i&u“ tbﬁ count of to be cransferred bytess
solfles tne byte in the 1/0 buffer assicgned to the caller
whieh the transefer of user’s duta ie Lo start.
wr of bwytes of user data to be transferred to users I/0
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UNIX IMPLEMENTATION

ID U6-2 writei

FUNCTION -~

writeli checks to see if there is any data to be written
(on any device). If not, it does nothing more than- return
to the routine which called it. If there 1is data to fbe
ritten, “"writei” saves the i-node number of the file to be
written on the stack, so_it can_be used by the appropriate
output routine. Then writei” checks to see if the' output
is to a special file (those files associated with i-nodes
19y¢0¢40., or to a non-special file. Writes for non-special
files are routed to the dskw routine., Writes for specigl

ifiles are-.routed to appropriate routines, as follows:

Special File Write Routine
ASR-33 ¢ console tty wtty
PC11 ¢ paper tape punch wppt

core wmem
RF11/RS11 : fixed head disk (drum) wrfo
RKO3/RK11 ¢ movable head disk wrko
TC11/TUS6 : dectape unit 1 wtap
2
- "3 .
” ” 4 -
" - 6 [ ]
7
(any std. tty) : tty unit 1 xmtt
2
. .3 -
”» o S L,
(2] L J 6 -
7

CALLING SEQUENCE -
n srvrQ, writeli

INPUTS -
u.count - contains a count of the nuimber of bytes tofbe written
vri -~ containg the number of the i-node for the output file

OUTPUTS - | ' -

A: to the calling routine if return is made to itfby “writei
u.nread - is cleared

B: to the write.routine for non-special files
u.nread - is cleared
(sp) - contains the i-node number

C: to the write routine for special files
u.nread - cleared
(sp) = ccontaing &he irno’ - nu-her
r1{ = contains the incex into the special filevroutine:jump table
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UNIX IMPLEMENTATION

ID U6-3 wtty

FUNCTION —_

wtty uses cpass to obtain the next character in the user
buffer area. If the character cocunt for console tty is
greater than ‘'or equal to 20, the process is put to sleep,
If not, it then_uses put¢ to determine if there is an entry
available in “freelist” portion of “clist”, If there is

putc places the character there and assigns the location
to the console tty portiocn of “elist”. JIf there ie no place
available in the “freeliet portion of "clist” s the process
is_ put to aleap e« If there was a wvacant location, starte
ty is used to attegpt to cutput the character on the tty.
Upon return from startty s the next character is obtained
from the user buffer. If the buffer s empty, control is
passed via cpa s" Jpack to syswrite .« When the process is
awakened by wakeup y 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

ARGUMENTS =

INPUTS =

CC“". —_— nma’--n(*n-' ﬂkavspd-n.w couns £ man can-sn.«"!a. A.&Y Au:’.

«n...-uu- u-»w d.-u'o R

(see inputs for c¢pass , putc ’ startty s Sleep

OUTRPUTE
1 « {character from user buffer)
ps « processor priorcity sef to § o e w N
LE2e otputs Lor  Ccpass p;?c y startty , sleep .
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UNTX IMPLEMENTATION

ID U7-1 canon

FUNCTION -~

canon handles the erase kill processing on the teletypewrit-
ers. (console tty). r5 points to the start of the tty
buffer. The argument fgllowing the call is where the char-
acters are ottained. canon returns only when, (1) a full
line has been gathered, (2) a new line has been received,
(3) an eot (004) has been received, or (4) 120 characters
(the length of the buffer) have been received.

canon works in the following way:

1) The address of the start of the characters is put in
buffer + 4 (4{(r5)).

2) buffer + 2 (2(r5)) is clearéd. This 1is the character
count,

3) a character is gotten off the queue. If it is a kill
character ‘2° a return to the beginning is made. Actually
one starts over,

4) If the character 1is an erase ‘#°’, the next character
will overwrite the previous one and thereby erase it,

. 5) If the character is an eot (004) the bvie pointer ia
raecet to the €iret character and a return ie made.

6) If cher 48 none of the above, it is put {n the bulfer
when thae character pointer tells Lt to go tg{rs,

- # e e P LA O T L T
T e sroracter roent 20rSloard ahe oherpoter sointes

4{r5) are than increrented,

£} TE rhe erars ds e orew line (\n) the char poirntsry is raeael
and & return e mEdd,.

9) I7 the buffer ds  full - (byte count » 1:0) the char
pointer is reget and a retuwrn {5 made.

10) If the ruffer $za’t full, the next charscier off the
queve iz pul through the above tests.

Note: canon should only be called when the number of zl-
ready treated characters is zero, i.e., when the char count
= 0; 2 (r5) = 0. If the char count is # O the character
pointer, 4 (r5) points to the first character not yet picked
up.

CALLING SEQUENCE -
jsxr x0, canon, araq

ARGUMENTS -
arg ~ where characters are to be obtained from
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UNIX IMPLEMENTATION

INPUTS - : , ,
r5 - points to tty buffer address
10(r5) - start of character buffer
2(rS5) - 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

tty buffer
number of char in buffer +2
char pointer (buffer +10 to] +4
start)
+6
+8
| +10
|
J— S
characcer |
storage
gY ea
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UNIX IMPLEMENTATION

ID U7-1 cesc

FUNCTION -
cesc is called by canon to check for an erase “#" or kill
"8" character. ri contains the character being tested. If
the character is not an erase or kill the return is skipped.
If the char 4is an erase or kill the character count and
character pointer are decremented. If the previous charac-

ter was a \" the # or 6 are taken literally and the return
is not skipped.

CALLING SEQUENCE -
jsr r0, cesc; arg

ARGUMENTS -
axg 100 - @ means Kill the line
. 43 - # means erase last character

INPUTS -
r1 -~ character to be tested
2(r5) - character count
#4(r5) - previous character

QUTPUTS -
skip return if test char is not erase or kill
1% character was erase or kill
?(rb) - character count gets decremented
4{r5) « churacter pointer gets decrementod
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UNIX IMPLEMENTATION

ID U7-7 cppt - close paper tape file

FUNCTION -
;cppt agsigns all ppt input locations in clist to freelist

and sete ppt, flg to indicate file closed (=0).

CALLING SEQUENCE -
jmp cppt

INPUTS -
OUTPUTS -
See outputs for getc °

ps - procesgor priority set to 5
pptiflg - set to "0" to indicate file closed
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UNIX IMPLEMENTATION

ID U7-6 ctty

FUNCTION ~_
ctty closes the console tty. All it does is decremen:t the

number of processes that have opened the console tty file,
The first byte of the console tty buffer is the numbe;: of
processes that have opened this tty byte. See F, page 11.
A return is made via sret .

CALLING SEQUENCE -
jmp table in i-close

ARGUMENTS -
INPUTS -

OUTPUTS -~
r5 - points to console tty’s buffer
(r5) - first byte of buffer gets decremented.
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UNIX IMPLEMERTATION

ID U7-8 error a

FUNCTION - See “error” routine
CALLING SEQUENCE - "

ARGUMENTS -

INPUTS -

OUTPUTS -
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UNIX IMPLEMENTATION

- ID U7=-3 get

FUNCTION -
Removes the first clist entry from the 1list identified by
ri, makes the second entry the first. Puts_the clist offset
of entry removed from list in r2 return to "normal”,

If the list identified by rj] is empty, r2 is returned equal
to z&ro, 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 r0, get; empty: s normal:

ARGUMENTS -~

INPUTS -~

r1 (list identifier), cf+1(r1), cf+1(r1) (see Section G for
. general description of tty I/0 handling)

OUTPUTS -

r2 (offset into clist of ent just- removed from 1list r1),
cf+1(r1), cl+i(r1), clist (r2
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UNIX IMPLEMENTATION

ID U7-2 getc

FUNCTION ~_
getc removes the first clist entry from a list identified
by arg, via call to get; decrements character count for
list; puts the clist entry removed onto the free list; _puts
the character in the entry into r1 and takes normaél re-
turn, If list is empty take empty Treturn.,

CALLING SEQUENCE -
jsr r0, getc; arg; empty: + normal:

'ARGUMENTS =
arg - 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

ID U7-8 getspl

FUNCTION -

:getspl " geis a device number
u.namep points to the name.
i-number.

from a special file name.

namei 1is called to get the
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 is re;urned in rt.

CALLING SEQUENCE -
jsr r0, getspl

ARGUMENTS -

INPUTS -

u.namep - points to the name of the special file
OUTPUTS -

r1 - device number of the gpecial file
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UNIX IMPLEMENTATION

ID U7-5 4iclose

FUNCTION -
iclose checks to see if the file, whose i-number is in r{,
'i8 special., If it is, a transfer is made to the appropriate
routine. If it isn‘t a return is made.

CALLING SEQUEKCE -
jsr r0o, 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 1iopen

FUNCTION - .

' icpen opens the file whose i-number is in rt1. If the file
is to be opened for reading access 1s called and the i~
number is checked to see if the file is special, If it {is
special, a jump table of transfer addresses takes care of
transferring control to the correct special file routine,
If non-special file a return is made. If the file is to be
opened for writing, access is called and a check is made
to see if the file is a directory. 1If it is, an error oc-
curs, because users cannot write into directories. Special
files are handled in the same manner as above.

CALLING SEQUENCE -
jsr r0, iopen

ARGUMENTS -

INPUTS - ‘
r1 - contains i-number of the file to be opened

OUTPUTS -
files i-node ies in core
r{ - if i-number was negitive upon entry it is positive on
exit
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UNIX IMPLEMENTATION

ID U7-5 oppt - open paper tape file for read or write

FUNCTION - .
oppt performs the following functions:

1. Sets the reader enable bit in prs.
2. Assigns all ppt input locations in "clist” to freelist.

3. Sets "pptiflg" to indicate file just open (=2) and
places 10 in toutt entry for ppt input.

CALLING SEQUENCE =
jmp oppt

INPUTS -
pptiflg ~ used to determine if file already open

OUTPUTS -
pptiflg - set by oppt to indicate file just open
ps = procesgsor priority set to 5
prs - contains reader enable bit
toutt ti -~ contains cgunt for ppt input
See outputs for geto .
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UNIX IMPLEMENTATION

ID U7-5 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 first tty opened in this _procgss assign
its buffer address to u.ttyp return through sret .

CALLING SEQUENCE -
{conditional or unconditional 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 ttv buffer header if it was the
18t tty opened by the process, Otherwise points to ?

r5 «~ points to neader of console tty buffer

(r5) -~ lower byte (number of processes that opened the buffer)

B incrawented by one.
tke « reader statues register interrupt ensble bit set, rest of
bits zeroed,
tps - punch statys register
Ses ocutputs for sret
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UNIX IMPLEMENTATION

ID U7-2 pptic - paper tape input control

FUNCTION -
pptic performs the fol’owing functions for ppt input:

1. If the error, busy and done bits are not set in the prs
and the character count for ppt input in the clist 1is 1less
than 30, pptic sets the reader enable. bit,.

2. Uses 'getc to get character from paper tape input area
of clist. LIf thia area of “elist” is empty, a check is made
to see if " pptiflg" 1is set equal to six (indication that
error flag in pre is sat during normal operation). If it
i8, return is made to the calling routine which in turn
vreturns to its calling routine. If pptiflg does not egual
g8ix, the process is put to sleep.

CALLING SEQUENCE «
jsr ro0, pptic

INPUTS -

cc+2 - containa clist character count for ppt input
prs - contains status bits for ppt reader
pptiflg - indicates conditicn of ppt file

CUTZ2UTS -

- Prs - contains reader _enable bit
see outnuts for qe*c

ps - processor priority set to 5 and then to 0.
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UNIX IMPLEMENTATION

ID U7-2 pptoc - paper tape output control

FUNCTION - _ : , |
pptoc first checks to see if the character count for ppt
output in the c¢list is greater than 50. If it is, the pro-
cess is put to sleep. If it isn’t putc is8 used to place
the character which is in r1, 4in the clist., If the clist is

full, the procegs 1is put tec sleep. If the character is
placed in clist, starppt is called to output the next
entry in the ppt output section of clist.

CALLING SEQUENCE -
jsr r0, pptoc

INPUTS -
cc+3 - character count for ppt input in clist

OUTPUTS -

P8 -~ processor priority get equal to fluf
see outputs for starppt and sleep and putc
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UNIX IMPLEMENTATION

ID U7-3 put

FUNCTION -
Takes a clist entry pointed to by r2, and makes it the last
entry in the list identified by ri.

If this is the first entry in a currently empty list then
the first char pointer in c¢f is also updated.,

CALLING SEQUENCE -
Jsr r0, put

ARGUMENTS -

INPUTS -
r1 (list identifier)
r2 (clist offset)

OUTPUTS - )
ci+1(r1), clist-i1(r2), af+1(r1)
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UNIX IMPLEMENTATION

ID U7-3 putc

FUNCTION -

Puts a character at the end of a list identified by the
argument in the putc call.

In detail it takesg a clist entry from the free list via call
to get . Appends the entry to the list identified by arg
via call to put . Then £ills in the new entry with a char-
acter passed in ri.

CALLING SEQUENCE -

jsr r0, putc; arg

ARGUMENTS -

uﬁg)- list identifier (see discussion in G on tty device
I1/0

INPUTS -

¥4 -~ character from device buffer.

OUTPUTS =

r2 =~ clist offset where character stored, cc(arg),
clist-1(r2) :
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UNIX IMPLEMENTATION

ID U7-~7 sysmount

FUNCTION - -

sysmount announces to the system that a removable file
system has been mounted on a special file. The device
pumber _of the special file is obtained via a call to
getspl”. It is put 4in the I/0 queue entry for the
dismountable file sgystem (sbt) and the I/0 queue entry is
get up to read. (bit 10 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 is the super

block for the file systeme This call is super user res-
tricted,

CALLING SEQUENCE -
sysmount; special; nami

ARGUMENTS -
special - pointer to name of special file (device)
name - pointer to the name of the_ toot directory of the

newly mounted file system. "name” should alwasy be
a directory.

INPUTS =

mnti -~ records i-number of unigue cross file device
sp ~ containe the name of the file
sb1 -~ I/0 gueue entry for the dismountahlia file eyotem

OUTPUTS -
mntd - jenurber of gpeclal £ile
mntd - device nunber of gpecial fiie
st ~ Mus device number in lower byte
Tt S S T At S S

- e - - S S S

4

file systan 13 read into core via pooke
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UNIX IMPLEMENTATION

ID U7-8 sysumount

FUNCTION - - -
sysumount announces to this system that the special file,
indicated as an argument, is no longer to contain a remov-
able file system. getspl gets the device number of the
special file, If no file system was mounted on that device
an error occurs. mntd and mnti are cleared and control |is
passed to sysret.

CALLING SEQUENCE -
sysumount; special

ARGUMENTS -
special ~ special file to dismount (device)

INPUTS -
mntd - device number of mounted device
sb1 - I/O queue entry for the dismountable file system

OUTPUTS -

mntd - zeroed
mnti - zeroed
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UNIX IMPLEMENTATION

ID U7-8 sysreta
FUNCTION - See "sysret” routine

CALLING SEQUENCE -

ARGUMENTS -

INPUTS -

OUTPUTS -
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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 is called.
ttych works in the following manner:

1. the processor priority is set to 5

2. a character is gotten off the queue via getc” 4if the
list is empty, sleep is called. .

3. 1if not the process status is cleared and a return 1is
made.

CALLING SEQUENCE -

Jjsr 0, *(ro) ttych was an argument in the call to
canon ., ‘

ARGUMENTS -

INPUTS -

OUTPUTS -
ps = 0

r1 - character on top of list
See getc number 7, page 2 for others,
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ID UB=-1 bread

FUNCTION -
bread reads a block from a block structured device (rk,
rf, tape). It operates in the following way:

1. If "cold” =1 (cold boot) the block specified in ri, 1is
read into an I/0O buffer via preread”. If its a warm boot
(cold=0) the block in r1 and the next 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 again on the first block. Since the
first block is already in an I/0 buffer, all preread will do
is reverse the priority (see bufaloc H.8, page 9) so that
the first block is of higher priority than the second.

4, Bit 14 of the first block’s I/O buffer is set,

S. Bits 10 and 13 (the read bits) of this I/0 buffer are
now checked. If they are set (reading is still in progress)
and the device ig disk or drum, or the device is tape and
“"uquant” £ 0 1dle is called. If the device is tape and
uquant = 0, sleep 1is called. If bits 10 and 13 are O
(read done), bit 14 of the I/0 buffer is cleared and the
data is_moved from the I/O buffer to the wusers area.
dioreg does the bookkeeping on the transfer.

6. If u.count =0 the reading is finished. If not. a branch
back to the start is taken and the above steps are repeated.

7. A return is taken to the routine that called "readi”.

CALLING SEQUENCE -
jsr rO, bread; arg

ARGUMENTS -
arg - maximum block number allowed on device

INPUTS -
r2 - points to the users data area; r3 has the byte count
(u.fofp) = is the block number
cdev - is the device
u.base - base of users data area
u.count «~ number of bytes to read in
rt « is used internally as the block number
cold - 0 warm boot or 1 cold boot '
rS5 - points to the beginning of the I/0O buffer or the data area
u.,quant - time gquantum allowed for each process
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OUTPUTS - _
block or blocks of data into the users area starting at u.base
(u.fofp) - points to next consecutive block to be read
r3=0 - (used internally)
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ID U8-3 dioreg

FUNCTION -
dioreg Adoes the bookkeeping on block transfers of data.

It first checks to see Af there are more than 512 bytes to
transfer, If so0, it Just takes 512. If not, it takes
u.count.

ARGUMENTS -

INPUTS - ‘ 7
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 gets updated
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ID U8-=2 Dbwrite

FUNCTION -
“"bwrite” writes on a block structured device (rf, rk, tape).

It operates in the following way:
1) The block number is placed in ri.

2) If the block number exceeds the maximum allowable block
number of the device an error oCccurs. -

3) (u.fofp) is incremented to point to the next block ‘in
sequence.

4) “wslot” is called to get an I/0 buffer to write into.

5) “"dioreq” 1s called to set up the bookkeeping for the
transfer.

6) The data is then transferred from the users area to the
I/0 buffer. ‘

7) “dskwr” is called to write it onto the device.

8) If u.count #6 the procedure is_repeated. If it is, a
return to the routine that called "writei” 1is made.

CALLING SEQUENCE -
Jsr r0, bwrite; arg

ARGUMENTS -
arg - 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
r5 - points to the I/0 data buffer
r2 - points to the users data areaj; initiadlly 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=0 (used internally)
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ID U8~7 Adrum

FUNCTION - A :
;drum' is the interrupt handling routine for the drum. drum

is called after the transfer of data to or from the drum 1{is
complete, i.e., when the ready bit in the dcs (drum control
register) is set. (see interface manual, page 73-74.) ri,
2, r3 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 1location 204 after data
transmission has taken place, i.e., ready bit of dcs set.

INPUTS - ,
same as setisp, trapt and retisp

OUTPUTS -
same as setisp, trapt and retisp

CALLED BY -
interrupt vector

CALLS -
setisp, trapt
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ID UB~4 poke

FUNCTION -

UNIX IMPLEMENTATION

“poke” performs the basic I/0 functions 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/0 on block structured devices is handled via a collection
of data buffers beginning at location “buffer each buffer

consists

of a four word I/0 queue entry followed by a 256

word data buffer.

An I/O queue entry has the following form:

write bit
read bit |
waiting to write bit ! |
waiting to bit ——] | |
inhibit bit b i i
15 13 12 10 9 7 0
s device id
physical block number
word count (-256)
bus address
byte 0 - device id codes are
0 = 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
0.

read bit - when set indicates fead 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 ¢om-
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 sb0, sb1, and swp. These are
the I/0 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) - thgse entries are ini-
tialized in the allocate disk buffers segment of code in
ul.

An area in core starting at location 'bufp' and extending
nbuf + 3 words, contains pointers to the I/0 queue entries.
This table of pointers represents the priority of 1/0 re-
quests, since poke scans these pointers starting at the
highest address in bufp , examining the control bits in
byte 1 of each I/0 queue entry. pointed to by the bufp
pointers. If either bit 9 or 10 is set and neither of bits
15, 13, or 12 is set then poke will attempt to honor the I/0
request,

To honor an I/O request, poke checks “active” to see if the
bit. associated with the device is clear. If it is clear
poke initiates the I/O operations by loading the appropriate
device registers, In all I/0 operations the interrupt is
enabled and thus when completed an appropriate routine 1is
called via the interrupt. When poke initiates a I/0 opera-~
tion it clears bit 9 or 10 and sets bit 41/2 or 42./3 The
routine called upon completion of the I/0 operation will
clear bit %j or ﬁ?‘thus freeing that I/0O queue entry.

“"poke” calculates a physical disk address (which is loaded
into register rkda) from the physical block number in the
following way:
let N = physical block number
then
sector number = remainder N

» 12,
surface = O0; quotient N even

12.
13 quotient N odd

12.
cylinder = quotient quotient N /2
12
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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 reglsters.

1 0 15 11 10 0

———

dar

|
dae’ %

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 r0, poke

ARGUMENTS -

INPUTS - o
buffer pointers,
I/0 queue entries

OUTPUTS -

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/0 buffers for block structured dev-

ices, looking for an active buffer (bits 9,...15 of the 1st
word in the 1I1/0 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,.+015 not set) which has been previously assigned to this
device and block number. If there is no such buffer, the
vacant buffer with the highest core addresg is assigned. 1If
no free buffer is found, bufaloc calls ~jdle ., Eventual-
ly, a buffer is located. The routine poke which actually
performs the I/0 operations scans the bufp area of core
from the highest to the lowest address. Thus the priority
of an 1I/0 queue entry is established by where a pointer to
the I/0 queue entry appears in bufp.

The _ newly assigned buffer I/0 queue entry pointer ie placed
in "bufp” thus making it the lowest priority I/O operation
in the queue, The other entries in bufp are moved into
higher addresses to accomodate the newly assigned buffers
I/0. queue entry pointer at location bufp.

Once the buffer has been assigned the device number is put
into the 1low half of word 1 of the corresponding I/0 queue
entry and the block number is put into word 2 of the I/O
queue entry.

CALLING SEQUENCE -
jsr r0, bufaloc

ARGUMENTS -

INPUTS -
cdev, r1 (block number} bufp+2#*n-2, (bufp+2*n-2),
(bufp+2*n-2) 423021, ¢4 ,nbuf

OUTPUTS -

r5 (pointer to buffer assigned), bufp,...,bufp+i2, (bufp),
(bUfP)*zops
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ID U8~3 dskrd

FUNCTION - _ |
dskrd acquires an I/0 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 1I/0
operation is completed r5 is set to point to the first data
word in the buffer.

CALLING SEQUENCE =
jar r0, dskrd

ARGUMENTS =
INPUTS =

OUTPUTS -
r5 - pointer to first word in data block; (rS) ; ps
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ID U8-3 dskwr p ]
1 !
FUNCTION - . .
dskwr writes a bl out on disk, via ppoke. The only

thing dskwr does is @étd bit 15 in_the first word of the 1I/0
gueue entry pointed to by bufp « "wslot which must have
been called previously has supplied all the information
required in the I/0 queue entry.

CALLING SEQUENCE -
jsr r0, dskwr

ARGUMENTS -
INPUTS -

OUTPUTS -
(bufp)
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ID U8-~3 error 10

FUNCTION - See "error” routine

CALLING SEQUENCE -

ARGUMENTS -

INPUTS -

OUTPUTS -
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ID U8-~3 preread

FUNCTION -~

preread is called by "bread” to read 1n a disk block on
device cdev . The block number is in r1. "preread” gets a
free I/0 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 is not set and the call
to poke is skipped. The processor status is then cleared.

CALLING SEQUENCE -
jsr r0, preread

ARGUMENTS -

INPUTS -
r1 - block number to read
r5 - points to first word of I/O buffer

OUTPUTS -
specified block into an I/O buffer
ps = 0
r5 - points to first word of the I/O buffer
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ID U8-~1 rtap

FUNCTION -
;rtap is the read routine for dec tape. The device number

is (i-pumber/2)-4. The i-number 4is 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

OUTPUTS -

cdev is the devige numger
see outputs for bread .
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ID U8-6 tape

FUNCTION - _, -

tape handles the dec tape interrupts. setisp is first:
called to save registers and the tlockp. The state of the
dectape (tgstate) i.e., reading, writing, idle, etc. is put
in 3. trapt 1is then called to check for data transmis-
sion errors. If none occur control passes to the appropri-
ate dec tape routine depending on what the stat is. Control
is passed by putting r3 in the pc. If an error occurs a
Jump to taper is made,

CALLING SEQUENCE -
interrupt vector

ARGUMENTS -

INPUTS -
tcstate - the state of the dec tape (read, wri’ e, etc.)

OUTPUTS -
control passes to appropriate dec tape routine
pc - set to address of above routine
r3 - is used to hold the address of above routine
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ID US-8 trapt

FUNCTION -

trapt is part of the drum, disk, or dec tape interrupt
handler. The ready bit of the device control register 1is
checked. If the ready bit is ngt set the device is still
active so a return through retisp is made. It then Jchecks
to see 1if 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 is
not skipped. The return is via a jmp.

CALLING SEQUENCE -
jsr r0, trapt; dv; buf; act
br normal
br error

ARGUMENTS -
dv - device control status register (for dec t=pe it is
the command register)
buf -~ contains address of disk buffer being read into
or written - -
act - tested against the bits in active to see if the
device was busy

INPUTS -
active - contains bits that tell which devices are busy

OUTPUTS -
r1 - points to the disk buffer
r2 - points to the device control and statusvregister or
command register depending on the argument.
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ID U8-2 tst devc

FUNCTION - - :
tstdeve checks to see whether a permanent error has oc-~
cured on special file 1I/0O. (It only works for tape,
however.) If there is an error, the error is cleared and
the user is notified.

CALLING SEQUENCE -
Jsr r0, tstdevc

ARGUMENTS -

INPUTS -
cdev - the device in question
(r1)+deverr - the device’s in question error indicator

OUTPUTS -
r1 = cdev = the device number
If no error, nothing else happens
If error, (r1) + deverr gets cleared and user notified
via error 10,
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ID U8-3 wslot

FUNCTION -
wslot” -calls “bufaloc” and obtains as a result, a pointer
to the I/Q queue of an I/O buffer for a block structured
device., bufaloc’ has inserted into thig I/0 queue the dev-
ice number and block number which “wslot passes from 1its
caller to "bufaloc .

It then checks the first word of the I/0 queue entry. If
bits 10 and/gor 13 (read bit, waiting to read bit-sec H.8, p.
5) are set, wslot calls “idle . ’

When 1d1e returns, or if bits 10 and/or 13 are not set,

“"wslot” sets bits 9 and 15 of the first word of the 1I1/0
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/0 queue.

CALLING SEQUENCE -~
jsr r0, wslot

ARGUMENTS =

INPUTS - - -
See inputs for bufaloc -~ H.8 p. 1

OUTPUTS = ’
(bufp) - bits 9 and 15 are set. the remainder of the word
is left unchanged
ps -0 _
rS - points to first ‘data word in I/0 buffer

See outputs for "bufaloc” - H.8 Pe 1o Note that _outputs given
above take precedence over outputs from bufaloc
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ID U9-6 recvch - receive character

FUNCTION - '

“reveh” uses getc to read a character from the tty’s read
section of the clist. If it is empty, the process is put to
sleep. When the process is awakened, rcvch again tries to
obtain a character from clist,

CALLING SEQUENCE -
jsr r0O, rcvch

INPUTS -
r2 - contains 8xtty no.
mcsy + 8xttyn - carrier detect and clear data term bits
See inputs for getc and "sleep .

OUTPUTS -

ps - set processor status to 5
See outputs for "aleep” and getc
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ID U9-6 rcvt - read tty

FUNCTION - . . _

"rcvg” places tty characters in the user buffer area. If
the raw flag in the tty area is set a character 'is ob-
tained from the tty’s input area of clist. If the flag is
not set, “"canon” is used to process a line of tty characters
and place them in the users buffer area.

CALLING SEQUENCE -
jmp revt

INPUTS -
r{ - contains 2xttyno.
rcsr+8xttyno - carrier detect and clear data term bits
tty+8xttyno+6 - pointer to tty buffer
tty+8xttyno+4 - raw data flag _
See inputs for “canon” ’ passc s getc and rcvch

OUTPUTS -
ps - _set processor priority_to_ 5
See cgnon ’ passc s getc , "reveh” and
sleep outputs,
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ID U9-3 starxmt

FUNCTION -

-

starxmt does the following:

1. checks to see if the output character count for the tty
in clist is less than 10, If it is, starmxt uses wakeup
to waKeup the process identified in the “wlist entry for
the tty output channel,

26 Checks to see if the toutt entry for the tty output is
equal to zero. If it is not, control is passed back to the
calling routine. '

3. Checks to see if the ready bit in the tty’s tscr regis-
ter is set., If it is not, control is passed back to calling
routine. ‘

4. Checks 3rd byte of tty’s "tty area (contains character
left over after 1f.) for a null character. If the byte con-
tains a non null entry, the entry is used as the next char-
acter to be output. If the entry is nul, the next character
to be output is obtained from the clist via getc .

5. Adds 200 to ASC11 code of character {0 be _output if
digit 2 (far _left digit) of entry in partab  table for
character is a "2" .

6. Checks tty’s recsr buffer to determine if carrier is
present, If it is not, the character is dropped and a new
character 1is obtained by returning to the beginning of the
gsubroutine, If the carrier is present a check ‘is made to
determine if the character tg be output ig *ht", If it is a
check is made tQ see if the tab to space” flag (bit 1 of
Sth byte in tty area) is set. If it is the character to be
output is changed to a space (ASC11 40).

7. Plages character to be output in tty’s ‘"tcbr  buffer.
“starxmt” then does one of the following dependent on the

gharacter to be output (digits 0 and 1 of the characters
partab entry are used as offsets into jump table).

a. For ASCt11 codes 40-176, increments column pointer
which is in byte 2 of tty area.

be For ASCi1 codes 0-7, 16-37 and 177, does nothing.
c. For ASC11 0 10 (bs), decrements column pointer.

d. For AsC11 012 (1f), checks for setting of cr flag
(bit 4 of 4th byte in tty area). If_it is set ASC11
‘015 (cr) 1is placed in e 3 of "tty area (character
left over after line feed starxmt then determines
value for the tty’s output entry in the tout table.
This valye js depgndgnt on whether 1£" 1s to be output
or both 1f and cr .
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e. FPor ASC11 011 (ht) does sgme _fooling around with
colurn count and 3rd byte of tty area_ (character left
over after 1lf) dependent _on yalue of “"tab to space’
flag in 5th byte of tty area. It then determines
value for the tty’s output entry in the tout table.

£. For ASC11 013 (vt), determines value for the tty’s
output entry in tout table.

ge Por ASCi1 015 (cr), determines value for the tty’s
output entry in tout table and sets column pointer = O.

CALLING SEQUENCE -
jsr r0, starxmt

INPUTS -

(sp) - contains 8xtty number

tty+3+8xttynumber - contains offset in cc, cf. and cl lists for tty
cc+(tty+3+8xttynumber)+1 - contains character count for tty

output in clist

tty+i48xttynumber -~ contains column pointer for tty
tty+2+8xttynumber - contains character left over after 1f

for tty

tty+4+8xttynumber - contains flags for tty

See outputs for getc' .

resr+8xttynumber - contains carrier present flag for tty
tesr+8xttynumber - contains ready flag for tty

OUTPUTS -
See inputs to getc
cc+(tty+3+48xttynumber)
tty+1 +8xttynumber see inputs above
tty+2+8xttynumber :
tcbr+8xttynumber - contains character to be output on tty
toutt+3+ttynumber - contains 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 tt
(1dentified by i-node number of tty’s special file in stackx
{s greater _than 50, the process is put to sleep. If not,
xmtt uses "pute” Jto determine if there is an entry avail-
able in "freelist" ‘portion of clist”. If there is, putc
places the character there and assigns the location to the
tty_ portion_ of clist™,_ If there is no location available
in "freelist” portion of clist , the process _is put to
sleep. If there is a vacant location, starxmt is used to
attempt to output the character on the tty. Upon return
from starxmt the next character 1is obtained from the
user’s buffer area. If the buffer is eppty, ,control is
passed back to the calling routine via cpass . When the
process is awakened by "awake” s it trys again to find a
location available in freelist and a character count for the
tty output less than 50 so it can output characters.

CALLING SEQUENCE -
jmp xmtt

INPUTS -
See inputs for cpass .
(sp) - contains i-number of tty’s special file
ri - contains character to be placed in clist uponvreturn
from cpaes

OUTPUTS -

See inputs for "starxmt” and "putc”
processor priority set to 5
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