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DOSVM (internal structure) C O UR S E

DAY 1
10.30 - 12.00 Introduction to the concepts of DOéVM
Virtual Machines
14.00 - 15.30 Supervisor calls .
16.00 - 17.00 I1/0 virtualisation. Interrupt handling
DAY 2
9.00 - 10.00 Drivers for ASR, PTR/P and Serial Printer
10.30 - 12.00 AMLC driver
14.00 - 15.30 The Scheduler
16.00 - 17.00 Internal commands
DAY 3
9.00 - 10.00 The file system - SEARCH, ATTACH, PRWFIL
106.30 - lé.OO Internal operation of the file system;
associative buiffers
14.00 - 15.30 Drivers for line printer, card reader, mag tape.

16.00 - 17.00 A preview of PRIMOS 4 and the P400
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DOSVM PROVIDES UP TO 32 VIRTUAL COMPUTERS ON ONE
PHYSICAL COMPUTER.  DOSVM ITSELF IS ONE ‘OF THESE
VIRTUAL COMPUTERS.

IN ORDER TO DO THIS, IT MUST SHARE THE RESdURCES
OF THE REAL COMPUTER WITH ALL THE VIRTUAL COMPUTERS.,
THE FOLLOWING RESOURCES MUST BE SHARED: : '

£ 1) HIGH SPEED MEMORY
2) C.P. Time 4
3) PERIPHERAL DEVICES.




THE PRINCIPLE OF VIRTUAL ADDRESSES AND
MEMORY MAPPING FOR MULTIPLE USERS
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CAM REGISTERS

AS THE PAGE MAPS ARE STORED IN HIGH SPEED MAIN MEMORY,
ACCESSING THEM WILL TAKE ONE FULL MEMORY CYCLE. IN
ORDER TO REDUCE THIS TIME, U4 REGISTERS, THE CONTENT
ASSOCIATIVE MEMORY REGISTERS {C.A.M.) ARE PROVIDED
WHICH CONTAIN THE LAST 4 VIRTUAL ADDRESSES ACCESSED.
IF THE VIRTUAL ADDRESS IS FOUND WITHIN THE CAM,
INSTRUCTION TIMES ARE INCREASED ONLY BY 80 NSECS.

AS EXISTENCE OFA VIRTUAL ADDRESS IN CAM IMPLIES THAT
THE PAGE IS MEMORY RESIDENT., EVERY PAGING OPERATION
MUST CLEAR THE CAM REGISTERS.



ACTION OF HARDVIARE WHEN A USER ACCESSES A VIRTUAL
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DURING PAGING A FLAG, “PSWI” 1S SET WHICH CAUSES THE
DOSVM TIME KEEPING ROUTINES TO INCREMENT PAGING TIME

INSTEAD OF C,P.U, TIME. A NOMINAL 6 MSECS C.P.U. TIME
IS CHARGED TO THE USER FOR EVERY EXECUTION OF “PAGTRN”.

PAGRN CALLS THE ROUTINE “TPIOS” TO DO THE BASIC PAGE-DISC
READING AND WRITING,  TPIOS HANDLES SUCH COMPLICATIONS
AS SPLIT DISCS, DIFFERENT RECORD SIZES ON FIXED HEAD
DISCS, AND THE USE OF ALTERNATE PAGING DEVICES.

THE MAXIMUM NUMBER OF PAGES THAT MAY BE PRE-PAGED
(PREPGK) 1S SET TO 3 IN STANDARD DOSVH.



PRE-PAGING ' LOOKS AT UP TO 3 OF THE NEXT AVAILABLE,

UNLOCKED PAGES TO SEE IF THEY CAN BE PAGED OUT.

IF A PAGE IS FOUND WHOSE DISC RECORD ABEBRESS—DIEEERS 5 ON THE
Sang 1@hck BYSEESSSFRANT/, IT WILL BE PAGED OUT.  IMMEDIATELY

A DISC ADDRESS WHICH IS TOO FAR AWAY IS FOUND, PRE-

PAGING ATTEMPTS ARE ABORTED. PRE-PAGING OMNLY

AFFECTS PAGE-OUTS,  PAGE-INS STILL DEPEND ON DEMAND.

THE AMOUNT OF PRE-PAGING MAY BE CHANGED FROM 3 BY
CHANGING THE LOCATION 'PREPGK’.
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THE STANDARD VERSIONS OF DOSVM PROVIDE ALL USERS
WITH 64K VIRTUAL MEMORY SPACE.  THE PAGE MAPS ARE
NOT WRITTEN AS CODE BUT GENERATED BY A PROGRAM
(MAKMLG OR MAKM32) IN MEMORY, SAVED AND THEN
RESTORED ON TOP OF THE DOSVM MEMORY IMAGE FILE.

CUSTOM PAGE MAPS MAY BE GENERATED IN ORDER TO REDUCE
PAGEING DISC SPACE REQUIREMENTS BY MODIFYING THE
SOURCE CODE OF MAKM1G OR MAKM32 AND RE-EXECUTING IT
TO GENERATE NEW PAGE MAPS.  THE SOURCE CODE CONTAINS
A TABLE OF WORDS, ONE FOR EACH VIRTUAL COMPUTER.

EACH WORD HAS THE FOLLOWING FORMAT:-

FIRST PART IN MEMoY

I P —

— SpcoND PART NoT oN CoMitioN DiISC

U8e ALTERNATIVE PAGING DEVICE.

4

% 1 No. OF PAGES 1IN FRST PART (FoR USER)
| 5
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DOSVM_SUPERVISOR CAIlS (Sve)

ALL DOSVM USERS RUN IN “VIRTUAL MODE”.  VIRTUAL
MODE IS A COMBINATION OF:

A) PAGING MODE WHICH IMPLIES ADDRESS TRANSLATION

AND THE POTENTIAL OF GENERATING PAGE-FAULT INTERRUPTS,
IT ALSO MEANS THAT THE USER CANNOT JUMP OUT OF HIS
VIRTUAL MEMORY.

B) RESTRICTED MODE - WHICH MEANS THAT CONTROL AND
1/0 INSTRUCTIONS WILL GENERATE A RESTRICTED MODE
INTERRUPT .

BUT WHAT IF THE USER WISHES TO CALL ON THE SUPERVISOR
TO PERFORM A FUNCTION ON HIS BEHALF:
E.G. RETURN INFORMATION
PERFORM DEVICE1/0
ACCESS THE FILE SYSTEM
v ETC

IN THIS CASE THE USER MUST ISSUE THE “svc” INSTRUCTION,
FOLLOWED BY A CODE TO TELL THE SUPERVISOR WHAT HE VANTS
IT TO DO,

THE SVC INSTRUCTION IS NOT RESTRICTED, BUT GENERATES
AN INTERRUPT USING LOCATION 'G5 AS THE VECTOR.-




. SYC CODE FORMAT

CLASS

~
SPECIFIES SUPERNSOR

“BOUNCE -BIT

"INTERLUDE CODE

FoNeTioN

4




DOSVIH SVC ENTRY HANDLER
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THE USER’S MACHINE STATE IS STORED IN RVEC (ONE 16-WORD
BUFFER PER USER). '

THE VALUES OF THE ARGUMENTS PASSED TO THE SVC ARE. STORED
IN RMVEC. IF AN ARGUMENT IS AN ARRAY NAME, THE ADDRESS
OF THE ARRAY IS STORED.

RMVEC IS ONE ARRAY OF 40 WORDS AND IS USED AS WORK
SPACE BY SUPERVISOR FUNCTIONS.

b



DOSVYM REV, 8  SVC CODES

crass 1
cope_(ocTAL) NAME
109 ATTACH
101 SEARCH
102 SAVE
103 RESTOR
104 RESUME
195 EXIT
106 ERRRTN
107 ~NOT USED-
il10 GETERR
111 PRERR
112 GINFO
115 CNAME
114 ERRSET
115 FORCEW

DESCRIPTION

ATTACH TO UFD
OPEN/CLOSE/DELETE ETC FILE
SAVE MEMORY IMAGE

READ SAVED FILE INTO MEMORY

XECUTE SAVED FILE

RETURN TO COMMAND LEVEL
ERROR RETURN

GET ERROR VECTOR

PRINT ERROR VECTOR

GIVE STATUS INFORMATION
CHANGE FILE NAME

SET ERROR VECTOR

FORCE -BUFFER-WRITE TO DISC



(=

200
291
232
203

530
501
502
503
504
505
506
507
510

511

512
513
514

copE_(oCTAL) NAME

READ

WRITE
RDLIN
WTLIN

-

CLASS D
PRWFIL
CNECTS
ENTRYS
SEXITS

DESCRIPTION
READ FROM DISC
WRITE TO DISC
READ LINE FROM A FILE
WRITE LINE TO A FILE

PSITION/READ/HRITE FILE
CONNECT SHARED PROCEDURE
ENTER SHARED PROCEDURE
EXIT FROM SHARED PROCEDURE

class b - NONE
c1ASS 5 (CANNOT REFLECT)

RREC READ DISC RECORD
WREC WRITE DISC RECORD
TIMDAT GET TIME AND DATE

~RESERVED FOR DIGITAL INPUT-
=RESERVED FOR GOULD PLOTTER-

RECYCL GIVE UP TIME SLICE
DSINIT INITIALISE DISC

BREAK ENABLE/INHIBIT QUIT

TOMT MAG TAPE

TLMPC MPC LINE PRINTER

TCMPC ‘MPC CARD READER

TSAMLC ASSIGNED AMLC LINE HANDLER

TSve VERSATEC PRINTER/PLOTTER



cope (ocTAL)
630
€01
602
€03
604

/700
701
722
703
704

1090
1201

1139.

1200

1300

1301
1302

DOSYM REV. & SVC CODES

cLass 6
NAME DESCRIPTION
COMANL INPUT COMMAND LINE
CclIN INPUT COMMAND CHARACTER
CMREAD
CMINP SWITCH TO#FROM COMMAND FILE
CNINS
cLass 7
-NOT USED-
-NOT USED-
TNOU OUTPUT N CHARS TO TTYHNL
TNOUA OUTPUT N CHARS TO TTY
-NOT USED-
crass 10
TSMT MAG TAPE
TésLC SMLC
cLass 11
TLMPC MPC LINE PRINTER
crass 12
TCMPC MPC CARD READER
crass 13

RESERVED FOR USERS CUSTOM sSvC's
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SVC RETURN

AFTER THE SUPERVISOR HAS PERFORHMED OR ATTEMPTED TO PERFORM
THE REQUIRED FUNCTION IT GOES TO THE SVC RETURN LOGIC.

A) FUNCTION COMPLETE - SETS USERS P COUNT IN RVEC TO
POINT TO USER’S NORMAL RETURN ADDRESS (VIRTUAL).  GOES

TO GENERAL TRAP RETURN LOGIC WHICH WOULD NORMALLY RESTORE
THE USER USING RVEC.,

B) FUNCTION NOT POSSIBLE - E.G, NO ROOM IN DEVICE
BUFFER. SET THE USER'S STATE AS APPROPRIATE (E.G. OPHWAIT

OR INPUT WAIT). CALL THE DOSVM SCHEDULER (COMXIT).

C) ERROR RETURN - SETS USERS P COUNTER IN RVEC TO ERROR
RETURN VALUE SPECIFIED AND GOES TO GENERAL TRAP RETURN
LOGIC.,
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VIRTUALISATION OF PJO INSTRUCTIONS

AS DOSVM USER RUNS IN RESTRICTED MODE, ANY 1/0
INSTRUCTIONS WILL GENERATE AN INTERRUPT VIA LOCATION '62,

THE VIRTUAL MACHINE CONCEPT IMPLIES THAT A PROGRAM WHICH
WILL RUN UNDER DOSVM WILL ALSO RUN UNDER DOS (AND VICE-
VERSA) AND WILL ALSO RUN FREE STANDING (AND VICE VERSA).

IN ORDER TO ACHIEVE THIS, DOSVM WILL HANDLE THE RESTRICTED
MODE INTERRUPT, INTERPRET THE 1/0 INSTRUCTION GENERATING
THE INTERRUPT, AND IF POSSIBLE, PERFORM THE FUNCTION
REQUESTED BY THAT INSTRUCTION,

INTERPRETATION OF THE FOLLOWING INSTRUCTIONS IS PROVIDED:-

ASR, CENTRONICS PRINTER. OR ANY SERIAL PORT ON OPTION A

ocP 4, ocp 104, 1na 4, 1na 1004, 1na 1204, 1ns 1304,
oTA 4, ota 10U, sKks xxol.

PIR
ocP xxal., sks xxol, ina 1, 1nA 1001,

PIP
OCP XX02, SKS Xx02, oTA Xx02

CONTROL PANE!
INA 1620, oTa 1720,

29
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EVERY TYPE OF INTERRUPT IS ASSOCIATED WITH A BUFFER AREA
IN WHICH THE MACHINE STATE OF THE INTERRUPTED PROGRAM IS

STORED.

RVEC CONTAINS A COPY OF THE MACHINE STATE FOR EVERY USER
WHO IS NOT ACTUALLY RUNNING.

ON RETURNING FROM AN INTERRUPT, TRPRTN (TRAP RETURN) IS
CALLED, GIVING THE ADDRESS OF THE MACHINE STATE BUFFER TO
BE RESTORED: IF THE INTERRUPT HAS NOT CAUSED RESCHEDULING
(x1Tsw = 0), TRPRTN WILL JUMP DIRECTLY BACK TO THE USER
WITH THE MACHINE STATE SUPPLIED.

IF THE INTERRUPT HAS CAUSED RESCHEDULING, TRPRTN WILL
COPY THE MACHINE STATE OF THE USER INTO THE USER'S OWN

BUFFER IN RVEC AND CALL COMXIT TO GO ON TO THE NEXT

USER,

26
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OPERATION OF LOW-SPEED CHARACTER DEVICES -

I.E. ASR, TERMIMNALS ON AMLC, PAPER TAPE
AND THE CENTRONICS PRINTERS
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"EMLIOB” AND “TOLIOB” ARE CALLED BY THE SUPERVISOR ON
BEHALF OF THE USER TO TRANSFER CHARACTER BETWEEN HIS
VIRTUAL MEMORY AND THE RING BUFFER.  THEY MAY BE ACTIVATED
BY EITHER

A) THE USER DOING AN SVC WHICH CALLS “FMLIOB” OR
“ToL10B”

B) THE USER DOING A VALID INA OR OTA WHICH IS TRAPPED
BY THE SUPERVISOR WHO CALLS FMLIOB OR TOLIOB

WHEN A USER TRIES TO DO AN OUTPUT TO A RING BUFFER WHICH IS
FULL, OR AN INPUT FROM A RING BUFFER WHICH IS EMPTY, HE IS
PUT IN TO A WAIT STATE, AND CONTROL OF THE C.P.U.,'S IS
PASSED TO THE NEXT USER BY COMXIT.

SUBROUTINE BUFCHK IS USED BY THE SUPERVISOR TO SEE IF A
RING BUFFER IS FULL OR NOT.

CALLING SEQUENCE

P
¢
CALL FMLIOB(BUFFERINDEX,CHAR)RETURNS TRUE IF GOT A CHAR.
A=l
CALL TOLIOB(BUFFERINDEX,CHAR)RETURNS TRUE IF CHAR STORED.

CALL BUFCHK(BUFFER INDEX) RETURNS TRUE IF ENOUGH ROOM



IsEDRVER - ASR DM

FPollleEd 1o TIMES PER SECoND

o e e —
- P S 6 TNPUT — TEY 00T PUT
//£ N A Sy NO IN (u’ {K)"._.
e v
/,,." "ii'j’{\\]\l{\x‘\.i}
APoT NS NO
AT e, fo i EXIT
SUPK. oQ/_g,I.S’f ASE
[ NG
' =T o A o
| SET euiT_ | | T ASR o exiT
l FLAG FoR | ! "arrrn!/—'"*“"“
| AsR vseR | | VES
i |
I ' —— =
EXT NES | EMLIOB
~ e /\\\L(!LF/ | CeT cnag FoM
C SRV . ~ OUTPUT RING
TOLIOD NO | BuFFER
|SToRE LF LN | L —
e BUFFER O ToLIo® l
|AsC DSER SToRE CcwAR IV ‘ 1 )
(NG BUFFER FoR | oM
. —l-— SR _USER | | | P'ij?
OTA . | TOTA’
| OPOSITE . | .
. CHARACTER Y
—— EXIT.
|
EXIT
-_—




. ——— -8 . e

CENTRONCES PRINTER DRVER  (CENDIM)

/Puu.ﬂa 330 TiMEs [sEC

gy L.T.C.

— e 2 TURN

FeTuPN.

BLSY
YES

SWITCR oPTioN-
ft To TS PoRT
TELL ASKDM

T0 RE-IMTALSE

LCET CHARACTER
!Fﬂor( N

BuFFER
| (aALL FTiLzoh)
|

QuT PUOT
CHARACTER

(oTA 4)

S




DOSVM_AMLC DRIVER
(AMLDIM)

THE AMLC DRIVER WILL NOW CONFIGURE ITSELF TO USE EITHER

AN & OR 16 LINE AMLC WITH A DEVICE ADDRESS OF 53 or 5l,

THE 31 USER VERSION WILL MODIFY ITSELF. TO USE A COMBINATION
OF TWO S OR 16 AMLC BOARD SO LONG AS ONE HAS A DEVICE
ADDRESS OF 53 AND THE OTHER AN ADDRESS OF 5%,  THE SYSTEM
CONSOLE MAY BE USED TO RE-CONFIGURE AMLC LINES BY THE AMLC
COMMAND.

aMLc (ProTocoL) LINE (CONFIG)

PROTOCOL MAY BE A)  TTY TERMINAL PROTOCOL

B) TTYHS - HIGH SPEED TERMINAL

c) TRAN - TRANSPARENT PROTOCOL
p) TRANHS - HIGH SPEED TRANSPARENT
E) TTYNOP — DO NOTHING

CONFIG IS THE LINE CONFIGURATION WORD
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AML.C_DRIVER TABLES

ONE WORD FOR EACH AMLC LINE

LWORD
LINE CONFIGURATION WORD
E.G. - LINE NUMBER
= LINE SPEED
- STOP BITS
- PARITY

—~ CHARACTER LENGTH

IADR
- POINTER TO ADDRESS OF 1/P PROTOCOL

QADR
~ POINTER TO ADDRESS OF 0/P PROTOCOL










a) Cutput Line Configuration OTA '0154
1125 4]s 6 7[s 910[11 12 15[14 15 16] ;
Linc[ L-~Charactcr J.enoth
umber
(Bit 4 15 16
1s 1.SB) o
00 - 5bits
1 0 - 6 bits
0 1 - 7bits
1 1 - 8bits
Type of Parity
0 - odd parity
1 - cven parity

Parity Disable

0 =
] 1 @

Fnable Parity -
Diable Parity

* Parity is generated
on transmit and
checked on receive.

Nunber of Stop Bits

0 - 1 stop bit

1 - 2 stop bits

Line Speed (Data Rate)

8 9 10
BiiTTE 0 0 0 - 110 @aud
into 0 0 1 - 134.5 baud
controller 0 1 0 - 300 baud
0 1 1 - 1200 baud
1 0 0 - Programned _
Clock (9éec )
set to any 1 0 1 - Assigned by
of list via— 1 1 0 - user from the
jumpers on 1 1 1 - following
board 75,150,600,
1800,2400,480
9600 and 19, 2
baud (Default
Selection 1s
Loop Line 101 - 75 baud

110 - 150 baud
111 - 1800 baud
Data Set Control Bit
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AMLE OuTPUT

CALL oN C.TT Fof Clouf

FOR £VERY Zekos celr 1M clouf
BY “AhcounT’

¥
TTYOUT -
GET NEXT
- CUAR FROM
VA -~
\: WG DUFFER
] % R THIS o
l LINE & SToRE I
3 o= N | e
| l CE L ————— e | ‘
; | AMLC
1 r—l TAKES CHAR
| AND OVEEWRITES
\ CELL WITH
- ~ \_) ze0

" !

QuTeuT RN
BufFref FofR
THIS LINE




AviLe INPUT

BuTYER E.O.F.
OK ¢.T.L. FoKk
. / Do wpPuT S GRoufP
P27 BT
— lmc L

/

v
1R ¥ h
o AMLIN .

\ DNSTACK PRoTocoL
WORD S Fork _
/4 | oM pASS HiG ToLIOB
f ; TUBBLE CHR LlNE.
_ THeLe £ TN
{
=y
€ \a b
: ®
: 1F slw ¥ |
t £.cNO \%0& INPOT QlNCé'
‘ \ BUFFSE O
i foveen 3 ) THS LINE.
T

e 1
DuAL TUBBLE HHBLE .
BLCFERS VSeTy BY %l
AMLC 1

|

~ \/
{ 00TPLT KW

BUFFER FOE TH4 ’ :’
LINE.




LINE C.EoLP CoNFIGURATION

GRouPd

| —(NO. OF LINES)

L)

-z k"’ y
7 /I;,’;_'.‘/.-:? 3 e .’m_ / \
/0 TFIRST LINE NO. LOJ
[ _/ : f (;
GC(\:}’}I: i 1—_,—-—-"'///,-', f'/ ’i'
i - A A
- e 2 ' Do TP FL
< = L
T g B //. - : /’;
3 | ; J //
gl 4
o YA A A /
S VS »
{"M ; cRouPL .-—(N(:}. OFf L_“\:g«a) <_Q)
) : | i \//'
K j’ {'—“*“*‘“‘\—\._\H/ FIEsT LINE NO lo
(4 B

m

CupnZacTed Tl

- ~ -
- ) T I
E'u\l AGLY W oK D

é

1

Tif FLAG




AMLC LINE PROTOCOLS

TTY (TTYIN, TTYOUT) TERMINAL PROTOCOL

¥ECHO CHARACTER IF IN FULL DUPLEX,

*FORCE BIT 8 OF CHAR. ON |

*IGNORE LF

*STORE LF IN BUFFER WHEN CR RECEIVED AND ECHO CR LF

*DO NOT ECHO IF LINE BUFFER IS FULL

¥CONTROL P AND BREAK CAUSE TERMINAL TO QUIT IF
NOTAN ASSIGNED LINE

TRAN (TRNSIN,TRNOUT) TRANSPARENT PROTOCOL.

*IGNORE STATUS AND BREAK
*NO CHARACTER MODIFICATION
*NO REFLECTION

TTYHS (TRHOUT) HIGH SPEED TERMINAL PROTOCOL

*IF MORE THAN 40 CHARS IN OUTPUT BUFFER, TURN ON
CTI FOR THAT LINE, THEN USE TTYOUT PROTOCOL, IF
LESS THAN 1}, TURN OFF CTI.

TRANHS (TRHOUT) HIGH SPEED TRANSPARENT PROTOCOL

AS TTYHS, BUT THEN USES TRANSPARENT PROTOCOL

TTYNOP

NO ACTION
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ASSIGNABLE AMLC LINES

SYSTEM CONSOLE
CONFIG NUSR PAGEDEV1 COMDEV AVALIM PAGEDEVZ NLINE

NLINE 1S THE NUMBER OF ASSIGMABLE LINES

NUSR+NLINE MUST BE LESS THAN OR EQUAL

10 16 (OR 32 FOR BIG DOSVM)

ASSIGNABLE LINES NORMALLY START AFTER THE TERMINAL
LINES,

USER TERMINAL
ASSIGN AMLC (PRoTocoL) LINE (CONFIG)

USE PROGRAM WHICH DOES:-

-

caLL T8AMLC(LINE,LOC(BUF),CCNT,KEY,STATV)

KEY = 1 INPUT
= 2 INPUT TILL NEW LINE
= 3 QUTPUT
= I! GET NO. CHARS IN I/P BUFFER
5 CHECK ENOUGH ROOM IN 0/P BUFFER

UNASSIGN AMLC LINE

NOTE
T$AMLC USES svc 513
ASSIGNABLE LINES DO NOT INVOLVE EXTRA PAGING SPACE
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CobMMuNicnTion  BETwzEN  DosvyM  SYSTEMS

DosSvi Dosvi-l

\
,\

/
N
)|
-
X

T~  AMLC L AMLE

r

OKs S AMLE TRHNG § oKy AS AMLC TRANS 77
OV TERMLL - 04 TRAMLE

R o 22D ~ /9 (ol I S W TN / \
KRustnT FRED 5 (W) ZLENI TN T (N

€ CK; TS

DATA 18 TLANSIWTTED 1) BLOCKS OF 64 WoRDSD
[ ESTONES Wikl BRE 0LTPuT EYERY N BLOCKS
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Doy B T-BANGEL TDRIVER
1O BALD VERS (0N

Qe BuErers CHARACTERS
USER | o 1 2345L78
9 FMEEOD . [T TLILi

USER

e
\\.
FMLIGR 1T 1T \4\ .
| T BIT-
B BANCER FPog:
—_——
. olN ¢, pa
| _I - INSTRUCTION,
i ! EHETOS CIr 17T T //’/ ///
: ; P :
; ‘\. ’/7,/ ',,.
L o
S ‘ * APPRORIATE  START
i HILICS . T - = o
f f BITS AKE ADDED .
e * DRWER RuNS (0 TiHES (sge.
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\N

DOSVM = CLOCK VECTOR

= 1 min UPDATE MINUTE COUNTER FOR USER.
UPDATE ALL DISC BUFFERS, CHECK
IF AUTO-LOGOUT REQUIRED.

- 1/75 sec - PAPER TAPE PUNCH

- NOT USED

- 1710 sec - asr

- 1/3 seEc - GENERAL WAIT CHECK

- ALARM VECTOR USED BY SMLC

- ALARM VECTOR USED BY MAGNETIC TAPE

- 1/3 sEc CYCLE CURRENT USER (TIME SLICE CLOCK)

vauTM(8) - INITIALISED VALUE OF TIMER
vcLock(8)- VALUE COUNTED UP ON EVERY CLOCK INTERRUPT
VALARM(8)- FLAG (0 OR 1) USED BY COMXIT
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COMXIT

IF XITSW 1s TRUE COMXIT CLEARS XITSW AND LOOKS AT ALL &

WORDS IN THE ALARM VECTOR. IF XITSW IS FALSE, COMXIT
GOES DIRECT TO THE SCHEDULER, THE FOLLOWING ACTION IS

PERFORMED FOR EACH OF THE ALARMS:-

la -
2,5 AND & -
5 -
6 - smc -
7 - MT -
0
) -

THEN

60 SEC. ALARM - INCREMENT ELAPSED TIME AND
DATE. UPDATE ALL ASSOCIATED DISC BUFFERS
TO DISC, TICKLE MPC,

- ASR AND PTP —~ DO NOTHING,

1/3 SEC GENERAL WAIT CHECK - ALL USERS IN
OUTPUT WAIT STATE ARE GIVEN A STATE OF
“RUNNING”.,  TICKLE GOULD PLOTTER.

CALL SMLCEX

CALL MTDONE

1/3 CYCLE CURRENT USER - SET CYCUSR TO TRUE

WE GO TO THE SCHEDULER
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'

DOSVM SCHEDULER - (PART OF COMXIT)

DECIDES WHICH SHOULD BE THE NEXT USER TO RUN AFTER THE
CURRENT USER HAS COME TO THE END OF HIS TIME SLICE.,

STARTS BY LOOKING FOR A USER IN ANY INPUT WAIT STATE
(1, So0r 9),

STATE 1 - COMMAND I/P WAIT - CALL COMANL TO READ COMMAND
FROM DEVICE OR FILE.

STATE 5 - INPUT WAIT - IF CHARACTERS ARE AVAILABLE FROM
THE INPUT BUFFER, THE USER IS SET IN THE RUNNING
STATE AND RE-STARTED.

STATE @ - SUPERVISOR INPUT WAIT - SUPERVISOR PROCEDURE IS
RE-STARTED.,

IF NONE OF THESE STATES ARE FOUND, A NEW USER IS CHOSEN
ON A RING BASIE, AND THE ACTION DEPENDS ON THE STATE OF
THAT USER:-




W O N O Ul I W N =

[T S S W T S S O o
Uls W N o

USER STATE VARIABLE

COMMAND I/P WAIT
DOSSUB

RUNNING

DISABLED

I[/P WAIT

GEMERAL WAIT

COMANL 1/P WAIT
SUPERVISOR WAIT
SUPERVISOR I/P WAIT
DISK I/0 WAIT
SUPERVISOR LOCKED
FLEX TRAP WAIT
NETWORK SYNC 1/0
GENERAL HETWORK WAIT
FAM WAIT



4

DOSYM USER STATE VARIABLE
COMMAND INPUT WAIT

THE USER IS CURRENTLY RUNNING AN INTERNAL
COMMAND IN THE SUPERVISOR (DOSSUB).

RUNNING - 1,E. THE USER IS CURRENTLY USING
A\
TIME ON THE C.P.U.

NOT USED.

INPUT WAIT., THE USER IS WAITING FOR INPUT
FROM A DEVICE.,

GENERAL WAIT:  (0/P) WAIT).
COMANL INPUT WAIT
SUPERVISER WAIT STATE

SUPERVISOR INPUT WAIT STATE
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CLOCK VECTORS & ALARMS USED BY PRIMOS

Xo. | cLOCK ALARM COMMENTS
1 1 MIN Ve UPDATE "TIME NOW'. UPDATE ALL DISC
BUFFERS. CHECK AUTO-LOGOUT CLOCK &
LOGOUT IDLE USER IF NECESSARY.
CANN MPCXEC
TN
2 Y, ¢ SEC CALL BRPDIM IN TMAIN. ,
NO ACTION IN COMXIT -
2 |
3 v AMLC DROPPED CARRIER. FORCE LOGOUT, .*
LINE IF DLOGOT # O. \
, \
A Y. o SEC CALLS ASRDIM IN TMAIN.
5 %% SEC GENERAL WAIT CHECK. RESET ANY USER
IN O/P WAIT TO A "RUNNING" STATE.
ALSO TICKLE THE. GOULD PLOTTER!
6 L CALL SMLCEX - SMLC SERVICE ROUTINE
7 iy CALL MTDONE - MAG TAPE CLEAN-UP
ROUTINE.
M
8 L sec TIME-SLICE CLOCK - CYCLE CURRENT USERS -
2 SET CYCUSR - TRUE
9 USED BY NETWORK.
PROCESS ALL NETWORK REQUESTS
10 USED BY FAM. IF FAM USER IS IN

STATE 15 - CAUSE IT TO BE RUN




ScAn TowWousR  FIRaT

~LooK FoR ANY TIP wiiT

THEN _SCAN _CPUSK

AcCTioN.

A}
= )

N
~1

4y el
AR

m

APPCoR RNT =
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leTions FoR  cPusg

CONMAND L (P wAT - O]P NESSACE \F oNE
| | 15 WAITING LLooK FoR
NERXRT VUSEeER -

VossoBD - CAwL Dossud (DossuB
AN QUANG E TWE STATE
£ QEciduL ConmT oF (F
o @@o@N@-@M;ﬁ&&fﬁ
STATE To @ ¢fT Né‘u\‘r g
LALL Conanl A«ﬂ\ﬁ\.

RutitaNe- = CALL TRPRTN To RoN
vs e |

COMANL = CALL €onANL ol VSHER
L RoN \F ConhAnd
CoMPLETE ,

SoPeERrUSoR WiT (8,67) - JonP TO LocATN tN .
pesvnt.

.q'
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AeTiona FoR  cPusl

COMNAND T (P WAT - O]P NESSACE \F oNE
| 19 WAITING | eoK For
NERT USER

Doss 0B - eALL DossoB (DossuB

MAY CUANG € THE STATE

a @EC@(\.&,'&ML(T oK \F

T RETORNS, coéﬁgv.;sms
- STATE o «:s:.e,/jt NA{T & -
. eflL ComANL Am\ﬁ\.. |

.- :o(. j‘“”‘ Biaatty -4 0w

Rulvia N ~ CAUL TRPRTN To ReN
vsERk -

ContANL < CALL conadNL EoR udHer
L RoN & CormanNDd

{~ | - _ -
» CoM PLeTE .

Sofﬁvemsé@ wh\T (8,"!)"_'XUND TO LOCATN tN
| Desyn, o

. A
-l
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DOSVM INTERNAL COMMANDS

ALL INTERNAL COMMANDS HANDLED BY SUBROUTINE DOSSUB,
DOSSUB IS CALLED BY COMXIT WHEN STARTING A USER IN
COMMAND INPUT WAIT STATE. USER STATE IN DOSSUB IS
ALWAYS 2. '
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PRIMOS INITIALISATION - REV 11

SUBROUTINE AINIT (VERSION, MEMORY SIZE, LSVEC)
CALLED AFTER CONFIG COMMAND HAS BEEN READ ‘

* CLEAR QUIT FLAG FOR ALL USERS
* TYPE CHEERY MESSAGE “PRIMOS III <REV 11.15>

XX.XK MEMORY IN USE
PLEASE ENTER DATE

* READ COMMAND USING DOS CMREAD

* IF COMDEV AND PAGDEV ARE EQUAL, SET UP PAGREL
* LOCK PAGE MAPS FOR NUMBER OF USERS CONFIGURED.
* LOCK SECTOR O .

* LOCK CODE BETWEEN MMAP AND LOCKIT

* IF CONFIG COMMAND REFERS TO VALID MODE NAME
(SYSA OR SYSB), LOCK CODE BETWEEN LOCKFA AND LOCKTA.
OTHERWISE DISABLE NETWORK. T

*  LOCK TTY INPUT AND OUTPUT .BUFFLRS.

* LOCK OTHER LOW SPEED BUFFERS.

* LOCK 1ST ASSOCIATIVE BUFFER.

* CLEAR USRCOM FOR SYSTEM

* ATTACH SYSTEM TO UFD "QMDNCO", USING A BLANK PASSWORD

* LOCK SMLC CODE BETWEEN SLCINI AND SLCTOP IF SMLC IS
CONFIGURED IN BY '"CONFIG" COMMAND.

* ALLOCATE ASSIGNABLE LINES.
* OPEN & SKIP FIRST LINE OFCOMMAND FILE "'C&PRMO"



I

N

CONF1G TRMUSR PAGDEV COMDEV AVALM PAGDEVZ NIINE PH

ERROR IF COMMAND NOT GIVEN BY SYSTEM TERMINAL
SET “CPTE” TO POINT TO END OF AVAILABLE MEMORY
cHEcks (TRMUSR + NLINE) < 1& (or 32)

cHECKS (TRMUSR + PH) < 1t (or 32)

SETS ALJZ?ERMINAL USERS IN STATE 4,

LOCKS PACE MAPS OF TERMINAL USERS AND PHANTOM
USERS. (INCLUDES SECTOR 1), ‘

LOCKS SECTOR O, '
LOCKS DOSVM CODE BETWEEN “MMAPY AND “LOCKIT", :

LOCKS RING BUFFERS FOR TERMINALS AND ASSIGNED AMLC %LINES-
LA

\
)

LOCKS RING BUFFERS FOR OTHER LOW SPEED DEVICES \
(PTR/P, CENTRONICS). ‘ \
REDUCE NUMBER OF ASSOCIATIVE BUFFERS FROM LS TO 32 IF
LESS THAN 16 USERS.

LOCKS THE FIRST ASSOCIATIVE BUFFER IN MEMORY
STARTS-UP THE COMMAND DEVICE (CALL TRWRAT)

ATTACH THE SYSTEM TO CMDNCO (CALL ATTACH),

CLEARS USRCOM FOR USERS.

OUTPUTS “LOGIMN PLEASE” ON ALL TERMINALS.
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RESTORE
CALLS DOSVM SUBROUTINE “RESTOR”.

READ THE “SAVE FILE VECTOR” INTO RVEC FOR CURRENT USER.
MARKS THE USER'S PAGE MAP WITH “No coPYy oN DIsc” FOR
PAGES RESTORED PAGES,

READS SAVED FILE INTO SPECIFIED ARE/-\.‘-OF USER'S VIRTUAL
MEMORY .

ouTPUTS “0K”, ON TERMINAL AND RETURNS FROM DOSSUB, \"

RESUME .

AS FOR RESTORE, BUT INSTEAD OF OUTPUTING "OK”™ RETURNS FROM
DOSSUB, SETS THE USER STATE TO 3 (RUNNING) AND CALLS
COMXIT.,

S



ASSIGN

SCAN VALID DEVICE NAME TABLE (DEVNAM) TO FIND DEVICE
NAME SUPPLIED, '

GIVE ERROR MESSAGE IF “DEVUSR” FOR DEVICE FOUND IS NOT
7ERO OR EQUAL TO THE CURRENT USER (“cusr™),

SET DEVUSR FOR THIS DEVICE EQUAL TO CURRENT USER.

CALL “DEVONF? FOR THIS DEVICE TO PERFORM THE ASSIGN
FUNCTION PARTICULAR TO THIS DEVICE - E.G. TO SET A FLAG
TO BE CHECKED BY THE DEVICE DRIVER.

AMLC AND DISK ARE SPECIAL CASES FOR THE ASSIGN COMMAND.

coMINP  (FILE NAME)

CALLS SUBROUTINE COMINP

COMINP OPENS THE COMMAND FILE ON THE SPECIFIED FILE UNIT
(IF NOT SPECIFIED = 6) AND SETS cOMSWI (CUSR) AND
coMUNI (CUSR).

START

SETS UP RVEC FOR THE CURRENT USER TO EQUAL THE OCTAL

1
'
t

\'-

PARAMETERS SUPPLIED. SETS THE USER STATE TO 3 (RUNNING)

AND CALLS COMXIT.

\
\

g3
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CONFIG TRMUSR PAGDEY CQMDEV AVAIM PAGDEVZ NI INE PH

- ERROR IF COMMAND NOT GIVEN BY SYSTEM JERMINAL  ~
- SET “CPTE” TO POINT TO END OF AVAILABLE MEMORY”

- cHecks (TRMUSR + NLINE) 16 (or 32) ///' B
- CHECKS agRMUSR + PH) 1€ (or 32).
oW

- SETS ALLATERMINAL USERS IN STATE &4, -

- LOCKS PACE MAPS OF TERMINAL USERS AND PHANTOM
USErs. (INCLUDES SECTOR 1).

- Locks secTor O, \

- LOCKS DOSVM CODE BETWEEN “MMAP” AND “LockIT",

- LOCKS RING BUFFERS FOR TERMINALS AND ASSIGNED AM%C LINES.

- LOCKS RING BUFFERS FOR OTHER LOW SPEED DEVICES \‘
(PTR/P, CENTRONICS)., ‘ ' \

- REDUCE NUMBER OF ASSOCIATIVE BUFFERS FROM L8 TO 32 IF
LESS THAN 16 USERS,

-~ LOCKS THE FIRST ASSOCIATIVE BUFFER IN MEMORY

- STARTS-UP THE COMMAND DEVICE (CALL TRWRAT)

- ATTACH THE SYSTEM TO CMDNCO (CALL ATTACH).

'~ CLEARS USRCOM FOR USERS,

- OUTPUTS  “LOGIM PLEASE” ON ALL TERMINALS,
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RESTORE
CALLS DOSVM SUBROUTINE “RESTOR".
READ THE “SAVE FILE VECTOR” INTO RVEC FOR CURRENT USER,
MARKS THE USER’S PAGE MAP WITH “NO COPY ON DISC” FOR

PAGES RESTORED PAGES.,

READS SAVED FILE INTO SPECIFIED AREA OF USER'S VIRTUAL

MEMORY .

OUTPUTS “OK", ON TERMINAL AND RETURNS FROM DOSSUB.
RESUME . %

AS FOR RESTORE, BUT INSTEAD OF OUTPUTING "OK" RETURNS FROM

DOSSUB, SETS THE USER STATE TO 3 (RUNNING) AND CALLS

COMXIT.,



ASSIGN

SCAN VALID DEVICE NAME TABLE (DEVNAM) TO FIND DEVICE
NAME SUPPLIED.

GIVE ERROR MESSAGE IF "DEVUSR” FOR DEVICE FOUND IS NOT
ZERO OR EQUAL TO THE CURRENT USER (“cusr”),

SET DEVUSR FOR THIS DEVICE EQUAL TO CURRENT USER.

CALL "DEVONF” FOR THIS DEVICE TO PERFORM THE ASSIGN

[}
)

C
FUNCTION PARTICULAR TO THIS DEVICE - E.G. TO SET A FLAG
TO BE CHECKED BY THE DEVICE DRIVER. 5

AMLC AND ﬁISK ARE SPECIAL CASES FOR THE ASSIGN COMMAND.

COMINP. (FILE NAME)
CALLS SUBROUTINE COMINP
COMINP OPENS THE COMMAND FILE ON THE SPECIFIED FILE UNIT

(1IF NOT SPECIFIED = 5) AND SETS comswI (CUSR) AND
coMuNI (cusRr).

START

SETS UP RVEC FOR THE CURRENT USER TO EQUAL THE OCTAL A
PARAMETERS SUPPLIED, SETS THE USER STATE TO 3 (RUNNING)
AND CALLS COMXIT.
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DOSVM INTERNAL COMMANDS

’ .

ALL INTERNAL COMMANDS HANDLED BY SUBROUTINE DOSSUB.

DOSSUB 1S CALLED BY COMXIT WHEN STARTING A USER IN
COMMAND INPUT WAIT STATE.  USER STATE IN DOSSUB 1S
ALWAYS 2. |

5



Dise KECORD FORNAT. -

FEKc(’H - m; RECORD ADDRESS

REKPoP - FATHER RECORD ADDRESS (UFY oR SD)

ReKFPT - FORWARD POINTER

REKBOT - B ACK WACD POINTER

REKDCT — DATA COUNT 1IN Lzcold

REXTYP — &Co@ T PE

TN S e g e s s e n s b e s em —— i e e e~




DAaTA

DATA
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TR W

UFD

HEADER WoRd CoONT (g)
— OWNEK
— PASSWORD | -
- NoN-owNeR _ o
— PR3 WOR™D -

S PREE o

PLGIVMING  RECORD ADDRE S5 -
— - FILE . =
= NAME | -

SPARE

OWNER PloT=cTioN  WeYS lNON'OWNEQ PRoTECTOoN K=V%

A

N

\
UeD

FHERDEQ

>0 FD

ENTRY

(CE PERT
Fok eACH
Fl L_E)

bo



- DSKRAT .

VU p—

WoRDS 1IN HeADER (5)

Dise RECORD “S2E (NoRNALLY 44%)

NonseR ofF RECORDS Fof FiLE SYSTEM -

CYLINDER CoUNT

P
!
\

\
’D%{(I?QT
’ HEADER

NOMBER - of HERDS TN PART TION

’ nlp g

.

Kzcords 0-15

L corDs ib-31

O=UVSED
A=FREE

i i N
. , - |
1514 032 8 .7 |6i514 3|21
R { i i
.
i A R
i 5 i !
I S - R A b
: ! T . L. e
0 H M . I
P Pl . '
S o ! i
; i S LSS S
i 1 f 5
; A :
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KecoRD @ of DAM FILE

\
ADDRESS OF RECORD 1
y - . 9
a ©w ¢ 3
ete )
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SECHENT DIRECTORY
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ASSOCIATE BUFFERS

WHEN ATTACH, SEARCH, PRWFIL, GETREC OR RTNREC WISH
TO READ OR WRITE A RECORD THEY DO IT USING ASSOCIATIVE
BUFFERS.,

SAM FILES, DAM FILES, MFD'S UFD'S SEGMENT DIRECTORIES
AND RAT'S ARE ALL ACCESSED VIA ASSOCIATIVE BUFFERS.

ASSOCIATIVE BUFFERS ARE HELD IN PAGED MEMORY IN A
SPECIAL SUPERVISOR SEGMENT - SEGMENT 0.
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BOFNEW —=| LINK

KECORD ADDRES
DEVICE
CHANGE. FLAG

DOUFOLD ~2>

SEGHENT { -DosvH

A(WTHIN - SUBROLTINE. LocATE )

MoSsT

| e CENTLY
fAeceEssEmD:
RBUFFZ R

LEAST
ReCeNTLY
ACcEssED
BuEFER

_SEGMENT o

!

£5122 WORDS
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LOCATE (KEY RA LDEY) Key BT 1b-CHANGE
BT 15 -BYPASS Fead

|

uNLoc K
NEWEST

[ TAUFFER

|

17RY TO TFIND
ENIKY IN
& TN

MAYE. RBUFFEK

THe NEwesr €

PACE TN ¥
NECESS ARY _ i

| \
LoeK i
NEWEST \
\

BOFFER

—— e TURN

1
Wi te ouT
OLDEST KPLoRYD
Ta VISC IF
cHAGE rLAG SET

KsAan TN
NEWEST BUFF.

1 KeOUIPED

l
ZeTorN.
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DYNAMIC DISC RECORD ALLOCATION

* WHEN THE FILE SYSTEM NEEDS MORE SPACE TO WRITE NEW DATA
ON THE DISC IT USES THE FUNCTION GETREC. '

NEW REC. ADD = GETREC (RECORD ADDRESS, DEVICE NO.. ALTRET)

GETREC LOOKS AT THE BIT PATTERN IN DSKRAT AND TRIES TO FIND
A SPARE RECORD AS NEAR AS POSSIBLE TO THE CURRENT RECORD

* WHEN THE FILE SYSTEM DELETES OR TRUNCATES A FILE, GIVING
UP DISC SPACE, IT USES SUBROUTINE RTNREC !

CALL RTNREC (RECORD ADDRESS, DEVICE NO,).

RTNREC UPDATES DSKRAT TO INDICATE THAT THAT RECORD IS NOW
AVAILABLE.,

G
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{m

CUFD

HOMUFD

LOGNAM

COMPAR
ERRVEC
VCNECT
SCRAT

USER COMRON (usrcoM) (PAGED)

STARTS AT :75000 IN DOSVM SEGMENT 1,
REPEATED FOR EVERY USER (256 WORDS PER USER).

VSTAT - STATUS E.G, OPEN FOR READING, WRITING, BOTH
VBRA BEGINNING RECORD ADDRESS
VDVNO - DEVICE NUMBER

VDCRA - CURRENT RECORD ADDRESﬁ} DAN

VDRWP - READ/WRITE POINTER FILES REPEAT
VCRA - CURRENT RECORD ADDRESS 18 TImMES
VRWP -~ READ/WRITE POINTER

VRPIV - ACCESS PRIVILEDGES

CURRENT UFD NAME \

CFDBRA BEGINNING RECORD ADDRESS O
CFDDEV DEVICE NUMBER {

CFDPOP RECORD ADDRESS OF FATHER UFD OR SD \‘
cFDOVIN = 1 IF OWNER = 0 IF NON OWNER

YUl WN

HOME UFD NAME

HOMBRA
HOMDEV AS FOR CUFD -
HOMPOP
HOMOWN

LOGIN NAME

NNPERESNOULTE W

(40 woRDS) COMMAND LINE BUFFER

(40 WORDS) ERROR VECTOR

(1 worb) POINTER TO COMNECTED PROCEDURE
(4 worRDS)  SCRATCH FOR CNSNS

b3



PASSWD XXXXXX 277777

WHERE XXXXXX IS THE OWNED PASSWORD

AND  27Z7ZZ 1S THE NON-OWNER PASSWORD
PROTECT FILENAME N1 N2

WHERE N1 1S THE OWNER PROTECTION KEYS

AND N2 1S THE NON-OWNER PROTECTION KEYS

NO ACCESS ' s
READ ACCESS

G~ VALID KEYS ARE:-
WRITE ACCESS Y
READ AND WRITE ACCESS

DELETE#TRUNCATE

DELETE, TRUNCATE AND READ

DELETE, TRUNCATE AND WRITE

N O UT S W N e O

ALL ACCESS

EORCE WRITE

& cALL FORCEW (0, FUNIT)

RWILOCK .
RWLOCK MAY BE CHANGED‘TO ALLOW MULTI-ACCESS TO ONE' FILE:-

0 1 READER OR 1 WRITER

1 N READERS OR 1 WRITER (DEFAULT VALUE)
2 N READERS AND 1 WRITER

3 N READERS AND N WRITERS

£9
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EXAMPLE OF USE OF LOCATE AND DEMOTE

FOR A SAM FILE IN DOSVM

TVIETUAL NeHOKY

CET RECORD
DATA INTo DOSUH

MOVE WoORDS
REQUIRED TO
VRER'S NETUAL
MEHORY

“LocaTte” .

“Movuau"

GET NEXT KECR
INTo DoSYH
SPACE USING
FowARD POINTER

PuT Plevious

RECORD ON THE
END o€ THE

QLUELE

J

“LOCATE"

"DEMOTE.

DoONE
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CALL TIMT(UNIT, PBUFF, NW, INST, STATUS).

UNIT - MAG TAPE DRIVE - G, 1, 2 or 3,

PBUFF - ADDRESS OF DATA BUFFER

NW - NUMBER OF WORDS TO TRANSFER

INST = INSTRUCTION TO MAG TAPE - E.G. READ, VRITE, REWINR.’

STATUS - STATUS VECTOR 3 WORDS:- \

1 - sTATUS FLAG (= 0 IF OPERATION COMPLETE,
=1 IF OPERATION STARTED,)

2 - HARDWARE STATUS

3 - NUMBER OF WORDS ACTUALLY TRANSFERRED

T$MT USES svc 510

MAG TAPE IS NOT BUFFERED UNDER DOSVM
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TAPE TEANSFER WiTHWN  PACE.

(™

—— — Swee  mame  ——

' 400 A :

W(. / ]
Lock VUSERS MC’T O
= ‘ Z~ DHA XFEFR

A

2' \

pnGeE N 0 TRPE.
HMEMoRY ‘ ;
DuvRING ) % '
RANSFER % \
______ \
,5000
"booss |

e e

-~

USEPS VIRTUAL MEMORY
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MAC TAPE TRANSFER declfosS PAGE

400 | ]

5192 Words
10

e e —— . e

oL

o

USERS WCTUAL MEMORY Dosvi SEGHENT 1

As Tlo works oN PHYSICAL ADDRESSES, AND BoTH

USER SPACE AND THIS .PART OF DOSVH ARPE PAGED,
912 WOoRDS 15 THE MHAXIMUM BLocK SIZE.
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SEVE  LEGISTERS
|
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INTERRLPT

|
Sz m_laeﬂﬁ)
SET XITSW

(cAvses TRPRTN
TO CALL coHXlT)

TCAP RETuRN

CoMXIT

|

ALaevi (1) SET?
YES

|
CALL MT DONE

MTDONE

ReETLURN
STATUS TO

Lsek

coPy RATA
T0 VSER SPACE
1F CRoss PAGE
PerD

UNLocK PAGE

Vo
KeTHRN To
CORKIT

)

\




(=

{™

DOSVIM HANDILER FOR DATA PRODUCTS LINE PRINTER

CALL TSLMPC (UNIT, PBUF, NV, INST, STATUS).

LINE PRINTER UNIT N

UNIT -
PBUF - POINTER DATA BUFFER (2 CHARACTERS#WORD)
MW - NUMBER OF WORDS TO PRINT ON LINE

INST - 10000C ReAD sTATUS

L0390 PRINT A LINE
20012 SKIP A LINE
20018 SKIP TO TOP OF PAGE

v

230xX SKIP ON CONTROL TAPE CHANNEL
STATUS - 1S A 3 WORD ARRAY, STATUS IS RETURNED IN  \
THE SECOND WORD:-

200 - oN-LINE

100 - NoT BUSY - I.E. THER IS ROOM IN THE
PRINTER BUFFER QUEUE, AND A CALL TO
WRITE A LINE WILL RETURN IMMEDIATELY.

300 - BOTH ON-LINE AND NOT BUSY.

TSLMPC USES svc 511
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cALL TScMPC(UNIT, PBUF, NW, INST, STATUS)

CARD READER

UNIT - UNIT NUMBER
PBUF -~ POINTER TO DATA BUFFER
NV - * NUMBER OF WORDS TO READ
INsT - 100000 READ STATUS

- 49000 reap carp (ascirn) \

- 60000 READ CARD IN BINARY FORMAT
STATUS - 3 WORD VECTOR

-  WORD 1 - DEVICE CODE

- WORD 2 - 2

TScMPC USES sve 512

00
40
20

- N =

ON-LINE
ILLEGAL ASCII
DMX OVERRUN
HOPPER EMPTY

MOTION CHECK

READ CHECK

777
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CALL NpPC¥ec

ol END-of
LCANGE
u'\l'('tﬂ()fUPT.
THpexEC 'roé DEVICE
/"‘f‘/' /?’
// |
- / :
GUELE oF g
RofeeRs @ |7 ‘
(Dg_\(\EE \
P
!
Lo
\\
[Pe DeviCE
- INTERFACE
MoDULE
| .
e P T '";'“'*trf'

LeeKED oSy
SPACE

1%



BuFFsF CoNTRaL

Ok

PONTEE, CE AND cP oN MP¢

QUELE CONTEOL THBLZS 175000 -
PRINTER o
e P
FEAD T - /3/ PRWTER
WRATE 8 ~l \
_ T ¥
foP o
| BoTToM e \Ffol’l
™~ USER
\, ProGRAM
- ‘\«\. ] '
CARD KEADER \> b
(= AD fr4000 - \
v/
WRTE —\\7{\' \'ro Vol
e M\; o _ 7 PRo GRAM
ToP —  \
BoTToM ——_ ) . )
N\ w,\ﬂ?oﬂ
CARD PUNCH AN CACD
I \ Ferte
CeAD — .
3 A ~._ 174 6oo # o eARD
(m | VETE - R =~ puneH
& 3 p . "( 7‘}. <
/O |
( " T7500 ™ \Ffor{ ussR
BoTTOM — PRocEAM.

DosvYH SegHeENT 4
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INTERRUPT-LEVEL SOFTWARE FOR |P. CR AND CP ON MPC

56 I .

PR .

END OF RANGE ‘1
mTEM?uK'p\(’on PRANTER j OONTER
(C- , | T .
3 ) DONER  CODE

N/

)

MPCINT L
{EONTER CLERN-UP
! CODE
{

' # | HPCXEC g N
- S | CARD READER
G mbexee DRWER - N

/ ! DRWER Cc\’DE
ColnTCOL g == !
CoDE \'\_ \

| cPY |
y |
fap FETURN - KD PUNEH
DRVER CODE.

CR 1S oMITTED FRoH STANG 1F NoT ASSIGNED,

<0



TiME. (W67 _To_SeALE)

PHYSIcAL CARD FEAD |DMA | PHYSicAL cARD €EAD |DHA ck
DHA PHYSICAL CARD FONCH cP
loma | prysicaL peINT. ' |LP
. L \'\
Eof FloM ¢k T \
\\

E.0.f, FRoM ¢CP

£.0.P FloH PANTER

THE EFFECT 1S THAT ALL THREE DEVICES CAN BE
DRIVEN AT FULL SPEED, WITH EQUAL PRIORITY

Bl
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- SETS UP INTERRUPT VECTOR ('56) TO POINT TO
"MPCINT”

- LOCKS MPC DRIVERS IN MEMORY

MPCSNT - MPC INTERRUPT HAMNDLER
-~ SAVES MACHINE STATE, ACKNOWLEDGES INTERRUPT
- CALLS MPCXEC TO CLEAN UP AND TRY NEXT DEVICE

= TRAP RETURN

USER_SUPERVISOR CALLS_FOR MPC (T$cMPC, T$LMPC) N

TESTS IF DEVICE ASSIGNED

INITIALISES MPC (MPC$NI) IF NOT ALREADY DONE

MOVES USERS DATA TO/FROM BUFFER QUEUE FOR DEVICE.

IF NO ROOM IN BUFFER, OR NO INPUT DATA AVAILABLE,
PUTS USER IN WAIT STATE AND CALLS COMXIT.

MPC_CEVICE ASSIGNMENT
ASSIGNMENT OF MPC DEVICES CAUSE THE DOSVM VIRTUAL
SecTorR 173 (PR) oR 174 (crR/cP) TO BE LOCKED IN MEMORY,
IN THE CASE OF THE CARD READER, THE INPUT BUFFERS ARE
CLEARED.

2



clin
cALL cliIn

GETS CHARACTER FROM USER TERMINAL OR COMMAND FILE.
RESULT IS RETURNED IN COMMON VARIABLES:-

“ELAG” - TRUE IF CHARACTER GOT

™ : . “clcHAR" - CHARACTER

-
g

93
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CALL CNIN$ (PBUFFER, CHAR-CHOUNT, ACTUAL COUNT)

- READS SPECIFIED NUMBER OF CHARACTERS FROM TERMINAL OR
COMMAND FILE (DEPENDING ON THE COMMAND SWITcH (comswI)
INTO USERS O¥WN BUFFER.

COMANL. \
CALL COMANL | -
\.
READS COMMAND LINE FROM TERMINAL OR FILE OF CURRENT)
USERS INTO SUPERVISOR'S INTERNAL BUFFER FOR THAT USER
SN UsRcoM. .
CMREAD
CALL CMREAD (ARRAY)

TRANSFERS ASCII FORMAT COMMAND LINE (IN USRCOM) TO -
ASCIIFOCTAL ARRAY.

24
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SUBJECT : CX MONITOR

A Background Monitor and a Command file submission program (CX USER)

are now available on the Production time-share system. They allow any user
£o submit a command file into the queue and have it processed when all pre-
viously submitted files have been completed. In addition, the user may
query the system to check the status of the Camﬂ.and.file and its position in
the FIFO queue.

I. Users View of the CX USER Program

1. File submission to the queue is easy. Simply type

‘cX file name

The file submission program will enter the command file at the bottan of

the queue. In addition, it will be assigned a CO file number, from l to 71.
A1l future references to this job will be made to the CO file, not to the
original file name. ‘-\

2. The following commands are recognised by the CX USER Program

Cx /St# - Print the status of file ¥ #
The job may exist in one of four states
WALTING : in queue, waiting to be run
EXECUTING : Command file running
ABORTED : job did not run to completion
COMPIETED : job terminated with CX /E (see below)

cx /oHEHF Drop filedrs= from WAIT queue

cx /0 Print job Queue. This will list the CO file names
and owners thereof, of jobs in the wait queue. Jobs
executing at the time will have an asterisk before the
- file name.

cxX /A -  TList the entire Job Activity File (71 entries).
This will list all the entries and the status of
each job held on the file.

cxX /p - List all the users Persomnel entries in the Job Activity
File.
cX /E - End command file - can only be issued from a running com-

mand file (see description of command file)

g vy



II Description of Cormand File

Except for same minor changes, the CX Monitor command file has exactly the sare

format as a phantom command file.
The first line of this file should be :
*EXXXXKK  (where XKXXXX is the job identifiex)

This is used to identify the job to the user and may be omitted. The next
line nmust be an attach to the appropriate UFD and finally, the last line
should contain

cx /B
This informs the Background Monitor that your job has completed coirectly.

A COMPIETE status is flagged in the activity file and the user is f—lo‘a?y‘aﬁ )

out. Note that if the command file is terminated, for any reason, before
this statement is encountered, an ABORT state is flagged in the activity
file.

III CX Monitor Initialisation
1. To initialise the activity file

A CXUFD
R * CXINI‘I‘
2. To start the Background Monitor
A CXUFD
PH PH(CGO
3. To run jobs see Users View of CXUSER

IV Description of Files required

UFD -~ CXUFD -

CXUSER - - )

CXSUB ) ,C c- USER - cammand to create CX File Sukmission Program
CXMSTR ) C¢& RN - comand to create Background.Monitor
CXSLAV ) ' ‘.

PH-GO Phantom to initialise the Background Monitor

CXINIT ‘

* CXINIT Program to initialise the activity file

UFD -~ //XEQ

CcLscan Should contain PH Pt SCAN

S



PZSCAN should contain A //XE0

' R *SLAVE
*SLAVE copied from CXUFD
JOBS* activity file created be * CXINIT

V Activity File Format
For entries 1 - 71, user job entries, file format is

WORDS DESCRIPTION
1l : Job State Woxrd

1 - in wait queue

2 -~ executing

3 ~ aborted

4 -~ job camplete
2-4 Ovners login name
5-8 Time entered queue
9 -12 Time started éxecut-ing

13 Reserved '

14-17 Tie aborted / completed
18-20 Job Identifier

- Entry 72 is the activity file in the batch control entry.

20 elements are used as follows
(19.72) Next CO file 4 to be assigned
(20.72) Current job

VI Example CX Command File
The following is an example of a CX Command file :
*% TESTID
A JDMW
‘A [EVLOP 1/2
FIN DEMO 1/777 30
108D
10 B<DEMO
LiB
SA *DEMO
EX
CX /E

Only two of the
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STRUCTUI N OF PAGED MEMORY SYSTEMS

-~ .- 3
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\. by John Witliam Poduskn - ;
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&
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l'aging is a method of scrarating the virtuel addresses generated by a , S ¢

program from the physical ad-lresses of 2 niemory system. But paging is s

niwch more flexible than simp.s reclocation rnethods because it allows 2 _ R

n. arly arbitrary mapping of victual to physicuel address space. - ;.

}-aze~-Turning is a sepn rate notion and implies the use of a two-level E

storage system (high-speed mumory and a drum system, for example) £

and provides 2 metnod for effectively decoupling the size of virtual address

spac2 from high-specd memory space; €. g., it is possible to run 64K pro- ]

grams in an 8K'memory system. _ ) . .o H

The f¢llowing describes the notion of paging, irnplementation of paging,’ %

. 3 . < 3 2e g Iy - 3
associntive paging, and page-turmng. In addition, the relation of paging

to effective high- speed memory allocation, reliability, and graceful degre- i

dation of computing systems is considered. : 5

Notion of Paging :

Paging is o method of distributing the memory requircments of an opera-
tional program over whatever HSM (High-Spzed Memory) is available;

i.e.,, a new process in a multifunctional computing system can be run in
whatever HSM space is available. This problem of allocating HSM can be
very serious in multiprogram ing systems (especially in manned, multi-
access systems), mainly because of the unpredictable requirements for -
capacity. In addition, paging allows memory reconfiguration to be done with
softwarec ouly (no hardware switching) by a supervisory program in such a
way that ucsy processes are unaffected by the change. Memory Paging or,

N DRI P SO T

rnore precively, Physical Memory Paging nct only solves the problem of
allocation a:zd reconfiguration, but in addition provides many other valuable
features, suth as memory protection, two-level storage, memory Seg-
mentation, c¢lc, - T

This paging ol memory is accomplished by considering the address as pre-
scnted by a coinputer (the virtual address) and the address referenced by
the memory system (the physical address) as being separate. For con-
creteness, let us consider the operation of 2 PRIME computer systemg . IR
The virtual address of the PRIME is 16 bits wide and provides for 210 or i
64K words, However, the amount of physical HSM attached to the PRIME . '
can vary from 4K to 64K words, so there is already apparent a distinction T
between virtual address space and physical address space. ‘
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Let us now go onc siz2p further and divide both thé virtual memory and
physical memory inio cqual-length blocks (we shall call them pages) of
words, say 292512 -vords pur block (actually any power of 2 would do, but
512 seems most reisonablei, Then (as illustrated in figure 1) there are
27128 pages in the virtual address space, and 2™ pages in the physical
HSM system,

Now in a normal PRIME, one¢ would associate virtual page 1 with physical
page 1, virtual page ;7 with physical page 17, etc. But it is perfectly
possible to associate virtual page 1 with physical page 13, and virtual page
14 with physical page 7, ctc., in any ovdering desired as long as the map-
ping of virtual pages into physical pages is unique and complete — aftexr all,
any one physical page is just as good as any other physical page.

An example of mapping of virtual addresses into physical addresses is
ahown in figure 2. The mapping is as follows: y .

Virtual page . Physical page
00 . 12
01l 21
02 ' _ 13
03 o - 0l
04 R I 03
05 N - , 00

Thua the virtual address '01065 is virtual page '01 and word number 1065
and ¢night be expressed as 01/065, since virtual page '01 maps into physi-
cal poge '21, the corresponding physical address is 21/065. :

All th:at is required to perform this association in the computer is a map
of virtnal page numbers into physical page numbers; i.e., a table is
require:! which will yield the physical page number when the virtual page
number is searched for, This map or table could be in a separate high-
speed stire, or, more reasonably (as shall be shown), it could be in nor-
mally adidressable HSM. In either case, the hardware is required to per-
form 2 «3rt of indirect address cycle on every memory reference,

An alternate and perhaps instructive way to view the notion of paging
developud here is to consider that the leftmost seven bits of the virtual
address (i.e¢., the virtual page number) specify a base register; that the
rightmost eight bits specify a relative displacement; and that the base
register can contain only numbers (base addresses) which are multiples
of '1000. o '

lrnpleméntation of Paging Schemes

The notion of paying is an important one because of the many systems
advantages provirded, but there is also one serious difficulty to circum-
vent: since evuery memory reference requires an indirection through the




page map, the effective memory speed may be cut in half; i.e., every .
memory refercuce requires two memory cycles, one for mapping and one
for datum. There are a numbcr of ways of getting around this problem of
multiple memory access, the most promising of which is associative
paging (discusscd later), but it is important to consider first just howa
paging scheme miht be implemeanted.

The central-processot/high-speed-mor. ory (CP-HSM) interface may most
reasonably be consitlured to be containca = four functional boxes as follows
(see figure 3): the (¥ proper which given - irtual addresses and receives
(or stores) data, the MRC (Memory Reicrence Controller) which converts
virtual addresses inlo physical addresscs and attempts to access the proper
memory bank, the ADU (Access Distribution Unit) which resolves con-
flicts between competing requirements for reference to a given memory
bank, and the HSM bank proper which accepts physical addresses and )
yields (or stores) data. Computing systems contructed of these four func-
Honal boxes can be considered truly modular because additional CPs or
HSMs can be attached to the system by nominal expansion of ADUs and
MRCs. - -

The hardware equipmmt required for implementing a paging system fits
most reasonably into the MRC; i.e., the functional unit'which converts
virtual addresses into physical addresses. In the case of a PRIME, the
virtual address arriving at the MRC is 16 bits long (7 bits for virtual page
nurnber and 9 bits for word number). This division of virtual page and
wvrord number can usefully be represented by "vplwn, " meaning the concat-
enation of virtual page and word number. The MRC is then responsible
for transforming the virtual page number into 2 physical page number
(vp->pp), forming the resultant physical address (pp}wn) and then causing
that memory reference to be made. :

The process of looking up a page number in a map requires, of course,
that the hardware know where the map is. The map might be very small
in length and reside in live registers (as in the SDS-940), or it might be
of muderate (say less than 64 entries) in length and reside in a small
scratvh pad memory (as in the IBM 360/44), or it might be of arbitrary
length and reside in regular HSM (as in the IBM-360/67 or the GE-6415).
The latter scheme is by far the most flexible (and least costly) and will be
considcred here, ' - ‘ o

The residence of the page map in HSM implies that the address of the map
be available to the MRC. While this address could be fixed (wired-in), a
far morc f{lexible scheme is obtained if the page map address can be set
under program control. A page map address register (PMAR) is provided

for this purpose and it defines the origin of the page map. The page map

most conveniently begins at a location which is a multiple of the map
length; e. g. ., for the PRIME with 7 bits for the virtual page number, the
map is 128 words long and, most conveniently, begins at a location which
is a multiple of 128, In addition, there must be a register to hold the
resultant physical page number (PPR), as illustrated in figure 4,




With such an associative store, the operation of the MRC would be some-

With the 1'RC constructed as shown schematically in figure 4, the fetching
operation ".akes part in two steps as follows:

1. Step 1, Niapping Fetch

address: (PMAR) f)'p .

data: ({ PMALR) ] vp)>{PPR

2,  Step 2, Daia Fetch

address: (PPR)]wn
data: {(PPR)f wn)}~>CP

where parenthesis are used to denote contents. The potential inefficiency

of paging shiows clearly here becausc of the extra memory reference required.
for the map- ‘ng fetch. :

Associative i’aging’

Paging impicientation schemes which require a specially programmed
store or speci:l registers are less effective than those having page maps in
HSM fcr a nu:- her of reasons, including: (1) page maps in HSM allow oper-
ating progranu to alter the map, (2) several maps may be in HSM at one
time, (3) the c: nplete virtual memory space can be changed by simply
reloading the 1'VfAR, and (4) a. given process may consist of many virtual
core images. '\ he primary disadvantage of having the page map in HSM

is simply that .itective memory speed is cut in half.

The advantages af the HSM map can be retained while increasing memory
speed to nearly rormal by employing a small associative store, and in
fact, this is what is done on the Atlas, the GE-645, and the IBM 360/67,
The idea is simply this (see figure 5): Suppose a few (say 4) holding regis-
ters (an associat:..: store) are incorporated into the MRC to save the last
few distinct mapping references; and suppose further that the associative
store is consulted first before a mapping reference is made. If the asso-
ciative store is very fast and causes no decrease in speed, one can expect
very good results because (a) instructions are normally executed sequen-
tially, and (b) data tends to be very well clustered. It turns out, in fact,
that the statistics are better than one might expect; e. g., for a 64K virtual
memory, 128 each 512 word pages, and a 4-word associative store, one ; ..
can expect that fewer than 10% of the memory references of an "average" -
program require a mapping reference. RS

thing as follows (see figure 5):
Start: Compare vp with all vp's held in the associative store.
A. If vp matches one in store:

1. form data address pp|wn
2. recad data and transmit to CP




B. If vp matches no vp in store:
1. form map address {pmar)[vp »
2. read map and put result in associative store
- ,
]

. continue as in A above

Thus the MRC mates vse of a . imultancous comparator circuit to perform
the association fur-tion and per ‘orms a mapping reference to memory only
as required.

-

All associative mapying schemes operate on much thec same prmcnples,

and the only swmf:c.: nt difference among the various systems are the num-~
ber of registers in 1k« associative store and the maunner in which a new

map refcrence replaces an existing one (step B.2). The number of registers
(sometimes called "sticky' register <) in the associative store is clearly a
variable sub_]ect to economic c.onsxde ration, but the replacement scheme
1mp1emcntr_u can cause cons1derable variations in the efficiency of the
system.

One 51n~p1e replacemvnt scheme is the 'round robin'' method in which the
register replaced is choosen cyclically from the rchsters in the associative
store. Such a replacement scheme makes no use of .any l\nowledgo gained
from the usage hlbt(t]) of the information, but even so it is a simple scheme
and can be very effeczive. A random replacement scheme has very similar
properties - o -

A more cffective replacement scheme can be devised by ordering the regis-
ters in the associative store in order of time since last usage, Whenever-an
associative register is used, it is "promoted™ to the top of the list and all
others are "pushed down'" a notch. Whenever a mapping reference is re-
quired, the least used register is replaced and promoted, Such a priority
replacement scheme takes some account-of history and on the average per-
forms much better than a round-robin scheme.

Implementing a priority replacement scheme can be somewhat comphcatc-d
Theoretic ally, the information required to specify the priority sequence of
N register is log2{iv!) bits (flip-flops), but the logic rcquirements for chang-
ing the priority sequence are very large., One can also attach a binary
register of length about log2(N) to each sticky register and use it to hold a
priority number., This scheme requires a total of about N¥log2(N) bits of
storage but considerably less logic than the scheme above. A final scheme
of implementing the priority mechanism is to have a separate bit of infor-
mation for expressing the truth of p1 (register i has priority over register

j- Since pij is the negative of pJpa.nd P)) is not required, this scheme

requires N#(N- -1)/2 bits of storage. While the storage requlrements of
this method rise eventually as N= ‘N compared with the N+¥log 2(N) of the
above two methods, the logic requirements are very modest, and this
latter method is invariably the least expensive implementation.




Page-Turning

The notion of pagine so fn . developed consists of 2 mapping of virtual
addresscs into physical & i resscs thrench a map and perhaps aided by an

associalive store. ilowe ¢, it is gquite nossible that physical memory
and virtual memory ave - difverent sices, ¢r that for some other reason
it is necessary to avoid ' ving nll viriual pages in physical memory.
Supposc, for concrutenc ., that a PRIMIE vas implernented with only 8K

of physical HSM bLus tha:  nuss storage device were connected. With but
8IC of HSi, only 1{ of tt .. 124 possible virtual pages can reside in HSM at™
a given instant, and the rest must either be lost ox placed in mass storage.
Unless some modiiicati - is made to the paging systemn, the program is
still constrained to SI< ¢« HSM,

Suppose, however, tha' the excess portions of a 128-page program are
kept in mass storage a .2 that the paging systern is :nodified as follows:
Every cntry in the pag: map points either toa physical page in HSM or to
a place in mass stare <here the page conltents are stored, each entry also
has a bit to indicate wicther (L page is in 1854 or not, and the MRC modi-
fied to perform an int. rrupt sequence if reference is made to a page not in
HSM. Such a schiine xtends the function of the page map from a simple
memory mapping to irlude other information aboutl interruption and page
location. It will late. prove useful to place-even morc information in the
page map. )

The interrupt caused by a page fault {the interrupt occurring when a page
is not in HSM) can b used effectively by an interrupt routine to.dump out
an old pape, bring i+, the page required, and restart the interrupted pro-
gram. This notion is called Page-Turning, and it allows the size and
availability of HSM !, be completely decoupled from the size and number
of processes partinlly loaded into HSM.

A pag:ny and page -turning scheme can be viewed as causing HSM to be
treated us an assoclilive look-aside store operating in conjunction with
master copies ol infurmation residing in mass storage. The efficiency of
such a systcm dep.rds on the availability of HSM, the speed of mass
storage, and the -irategy of the interrupt program (the Ycartographer'').
Usually, the.secc acary storage mechanism isa small fast drum and the
strategy ¢employ--d .5 a random or round-robin replacement scheme.

Page-turning is an important notion because it allows a process of nearly
unboundecd size to ran in whatever HSM space is available. Furthermore,
any number of processes (dependent or independent) can be partially loaded
and exccution can be switched among these processes at the will of the
scheduling mechanism without regard to swapping. Finally, the extension .
of the MItC and n.cmory map function opens the door to protection schemes
for purc procedures, cte. :

Two pitfalls do arisc in the use of page-turning schemes and are worthy of
some note, First, the interrupt scquence must cause the PMAR to be




C et

reloaded and the associative store Lo be cleared, otherwise the MRC

might make memory rererences for the interrupt routine in the memory of

original process. Second, the page-lurning program must never allow
self to be swaponed ou!, (.:lI'!t-’:l‘\ViS(: the program would get into an interrupt

loop.

Summary

The nctions of p'w-nq and page-turning are extremely important to the
eficctlive use of mcdern multifunctional computers because these schemes
provide effoctive answers to the three most serious problems 1n the use of
HSM, to wit:

-

1. HSM ]locmuon, protection, and relocatmn
2. Maedular expandability
3. Reliability and gracc.ful degredation

Paging itself provides a method of protecting and relocating memory in an
effcctive way. Paging alzo allows the casy allocalion of pages of HSM
located anyvhere, even in memory modules of different speeds. It avoids
the problem of physically raoving program and data to close up gaps in
memory. Page-turning complements paginﬂ and eliminates the necd for
any relation l:.atv'epn virtual memory-size and physical memory size
{cxcept for cificiency cons*d;rahon)

Paging and page-turning also provide a simple way of allowing and imple-
menting a modular expansion capability for HSM, Memory map entries
invari ably provide room for many more pages than implemented in HSM;
c. g., the PRIME paging mechanism would reasonably allow for 4,096 pages
of 512 work for a total of over two million words., If the map generation
outines choose page locations from a list held as data, then physical mem-
ory can be expanded almost without limit by the 51mp1e modification of a
hst — a trivial program change. : N

In a2 similar way, if a diagnostic routine (or a human maintainer) should
discover a faulty memory module, a simple programmed change to the list
of available pages would cause the map-maintaining routines to completely
ignore that region of HSM. Thus, memory failurcs can be accommodated
with softwarc only — there is no need for hardware switching or shutdown.

The notions of paging and page-turning may be extended in several direc-
tions.. For cxample, the map entries might very well have extra bits for
indicating that a certain page is to be protected for read- only, or execute-
only, or write-only, etc.

Memory allocation schemes have also been extended to include the notion
of scgmentation. This is a scheme for providing the user process with

- as many segments of decoupled memory as are necessary. ‘Segmenting

on the one hand, provides the user with the illusion of a two-dimensional




k

e

memory arganired as a few colunmns »f many words each. Paging, o
other hand, is a tool provided for the efficiont use of a supervisory r
nd is undetectadle by Lire user process.
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