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can be execucsd or pIeparns o~ .G

azgembied, compiled, link-edited, etc.-~ for future use in

programns ave eveculted within a mumitilevel

pfioriﬁy ty“tb basod on priority interrupts.
Hardware interrupts are connected to the highest levels and

~

there"ore have priority over software levels, to which user programns

can be connected. The user can {ix these prionity
wishes, except for some hardwvare interrupts which have fixed
rity levels.
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‘system provides for the following real-time facilities:

- multi-tasking

~ time-slicing

- program activation under timer contirol
- reentrant routines

s 7\ {0 _1)5 G-f ;_,@4.,!11,.5,,14,«., 2272 .(,JL/r'C, y; )
~ dynumLGJlowdlng of disc-resident programs. /,Oggygksﬁaaa4é
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Fox these purposes, the foregrounu area of memory can be
divided into several partitions, for different functions.
Conmunication between programs with different functions in -~

¢different partitions is possible because, if tho memoTy ﬁrOuecf option

is included, they are protecbcd againgt Urtblﬁg only ~ any program can

()

.

read deta located in any partition. .
Programs mist be connected to a level but, in addition, the possibility exists
to commect them to a Real Time Clock oxr to a timer, o

Frogrems on disc can be loaded dynamic into a gpecial partition.

If necessary, such a program can be

o

call;
swapped out of memory back onto disc,

thus releasing memory space for a program of higher priority.




v

The minimum configuration

- PB55 or PBEO computer with 8k words jof memory.

~ operator's typewriter with punched tupe equipment. -
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v have priority over software levels,

Hardwaxe Interrupt Lines

To these linés (memory locations 32 through 6% end 96 through 111) routines

are
inte

etce

comnected which are required to service internal or external hardware

rrupts, such as from power failure, real time clock, peripheral devices,

These woutines, commected to any of the levels O through 47, will, when
called through an interrupt, run on the priority level asscociated to that
interzopte. Only a higher priodity ianfterrupt will be able to overrule the

. running ones

.

Some of these hardware interrupts have fixed priority levels in the stendard

monitors delivevred with the systems, If the user wishes to fix these prio~

rity levels in enother way, he must change the monitox,

O: -power failure detection
l: 13 (monitor request)s
stack o?erflow;
illeéal code uvsed
2: =xeal time clock

3: memory protecty ‘

privileged instruction jused

4z eontrol panel

Fad

Yoreover, if any of the fo]lging peripherals are included in a configuration,
SN

w

Ve
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zr levels can be connected by the user ag he wishes.

Vhen an inferrupt occurs, two results are pogsible:

~ if the progrzm being executed at the time of the interrupt
is of a higher priority, the interrupt is not accepted
but must wait until its priority level can be serviced, i.e.
until it becomes the highest level requesting central
processorrtime.

- if the program being executed at the time of the interrupt
is of a lower priority, thé interrupt is accepted, i.e. control .
is transferred from the running program to the program required

to service the interrupt (the interrupt routine).

If the interrupt is accepted, the running program is stopped

at the end of the current instruction and control is fransferred
to the interrupt rdutine after registeﬁ‘AO'and the Program Status
Word (PSW){‘have been stored by hardware in the stack. As it is . .
mandatory for the interrupt'rputine to use only the registers’
A1 through A8, it must itself take care of saving the contentg
of these registers in the stack as well as any other parameters
of the interrupted program that need saving. )
This stack is handled automatically by the monitor, usingVA1S

as the stack pointer. Therefore it is forbidden to the user

to use register A15 in his instructions.

v

Note: One of the interrupt lines is a common line, able to accept up to 16.

signals. This line can be comnected to any of the hardware interrupt loca~

tions and the signals on the line can be inhibited or enabled by means of

~I
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This part of the priority system permits mal i-tasking between programs, The

priority levels 50 to 62 are comnnected to f 5. One or moxe

prograns may! be connected to the same level. These tasks must be activated
through monitor reguests ox operstor control statements. It isg possible fox
one task to activate another one.
Level 63 is reserved fox programs using the background area. '
Requests for activation of a program ave handled by the dispatcher, a monitor
‘part (on level 48) which divides the central processor bime so as to start pro=
grams according to priority. When the dispatcher starts a program, it pleces
the level comnected to that progrem in the Priovity Level register (PL). This
egister consists of 6 bits and, conseguently, can hold any runber from O te
630 The Pl—register always contains the level numbexr of the running pxogx‘m or
routines Thus, upon interrupt, the dispatcher can compare the level of the
interrupting‘program with the contents of the Pl-register which contains the
level of the xrunning pragram. If the interrupt was made by a program with a higher
priori’y level than the one currently contained in the PLmrengtorg the
runnLnﬂ‘provram is stopped, the level of the 1nLeTvupt1nﬂ program is pladed-in

the Pl—register and this program is started.

Memory Allocation ' i e e T N S SR i e e s

lThe lower part of the memory is reserved for the monitor. ‘ 5
The upper part is available to the user and can be divided into

. & Foreground Ares and 2 Background Area, where & further sub-

division into different partitions is possible in the Foreground Area ,

Foreground Ares
. R

In this part of the memory the realmtlme prOﬂeSDAn* takes

‘placé,
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It ig poseible to deline enly
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certain types of partition, not making use of the possibility

to have all four types.

foreground ares, the monitor can

supervise the execution of up to 13 uger tasks (connected to
levels 50 to 62) and the intérrupt routines (levels O
to 47).
The following memory partitions can be defined (by operator
control message DP):
MONTTOR AN BUFTER RESIDENT DYNAMIC BACKGROUND
REENTRARD | POOL . POREGROUND | AREBA AREBA

SUBROUTINES | ! ! g |

PO Pi ’ P2 to PH P6 P7

PO: This partition contains the bootstrap, interrupt

locations and monitor. Moreover, the reentrant subréutines,
i.e. subroutines which can. be called by any program,

are aiso loaded into this area. This must be done at system
generation time. It ig not possible to add new subroutines

dynamically.

P1: This partition can be used by foreground programs to

reserve space for buffers ({Get Bufferf monitor requests).

‘P2 to P5: Up to 4 partitions for resident foreground programs.

Otl ai & /m«c

P6: A partition where programsYcan be loaded dynamically ('Activatef

monitor request) from disc to be executed. It is possible
to have program swapping in this area.
P7: Background area.
A1l user programs loaded into the same partition are allowed
‘to work within the boundaries of that partition during a run.
A1l have the same memory protection mask. This protection is

against writing only; any program can read data located in any

partition,.so as to make interprogram communication possible.
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As mentioned above, lhere are two types of programs: intverrupt

routines (levels O to 47) and software level programs

(levels 50 to 63)«

G
An interrupt routine is a specisl program called through an

interrupt to take a specific action when a certain event occurs,
foxr exaﬁple when an optional instruction is used wvhich is not
provided for in a particular configuration (illegal code interruph:

& simulabion routine is executed) or when the control panel
interrupt button is pushed, etc.

Avi interrupt routine runs with the hardware interrupt level
sgociated to the interrupt signal through which it is called.

Bach interrupt is associated to a location in memory which contains

the addresg of the interrupt routine.

If s user writes an interrupt routine, to be connected.to one of
the interrupt levels, he must connect it to the correct interrupt
level location,

This may be done as follows: °

For example, a routine labeled INTRO is to be comnected to interrupt

level 10, so the starting address of the routine has to be loaded into

MenoLy location X'54', This can be done as follows, providing a relocatable.

roulbines

TDENT
!
|

AORG /54

DATA INTRO

i RORG o
l
‘ i
' e I S|
{ j inverrupt routine_
& | RS

ED
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tents of these

eck (HSR 8,415) and
L at vhe e > (MIR B,415).
hand]ed 1 tﬂe.monitor? with A15
as steck pointer. The user may not operate on this register.

Any othor registers or-parametvers wnich the user wants to save
must be stored in a mave area, the address of which is given

b
in the Program Control Table (

ee helow).
I this interrupt routine is interrupted , the

interrupt program are taken from

registeriAl to A8 of the old
the stack and stored in the save area of the old program.
Then the registers A1 to A8 of the interrupted routine are
placed in the stack. At the end of the interrupt routine the

reverse process takes place and all registers are restored.

Software Level Programs

These are programs belonging to user hasks connected to

any of the levels 50 to 63. They are activated through a
monitor request or an operatov conbtrol message, after which
the dispatcher starts them according to their PLlorltV

After loading of a program, all the relevant information
about it is stored in a Program Control Table (PCT; see below)
and the program remains under control of the monitor until

it is terminated. During this time it passes through various
states, which are‘recorded fae -
the PCT: o
-~ inactive: the program hes been connected to a level but it

has not been called yet.

- -active: the program has been called, but is not yet termi-
nated. i ®
- wait for execution: the program"is ready to use central

processor time when it-has priority.

.f'wéii,far an event: the program hag given up control volunt+

~
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programn is swapped out

, Gwapmpd versiong
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PRO e~

: GCRAIM

[L‘ ;uv‘f« — -

NAME

o ,/fd'l A%

START ADDRESS

e Vs
[,/f'«/t &

SAVE ARBA ADDRESS

A{PIE|ID|L|S| BH BEVEHT COUnT

e STATUS

BCB ADDRESS (WAIT)

BB ADDRESS (ACTIVATLE)

PCT ADDRESS

SCHEDULFED LABEL ADDRISLS

CHATHTNG LINE ¥
CHATNIG POTNTLR FOR DYNAKIC BUFFER
DISC (‘m ECTOR- ADDRESS
CTOR WULBER sp CLEVHL

WAIT'D

508 ADDRESS TOR SCHED. LABUL

0’1'2’5‘/ 5161

T8 9101112715 147

,
PLOgrams must
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a save area vhers

registers A0 to A14 end PSVW in case of an vﬁhu]LPVI

l, thig is & =scheduled

p—- 3t % P & P [ o B SO b ¢ Pei e 3. $
word O is the Status Word. At the same $ime,
p

5 AE L. '
: P=1, if proegram is in pause state, 0 if not

1, if main program has exited; 0 if scheduled label exit
Bit 3s: D=1, if program is disc res dent, 0 if core resident
4¢ L=1, if the program has been loaded (dlsc ~res sident prog 3
5 0 if not ‘ _
Bit 5: 8 =1, if the program has been swapped, 0 if not
Bits 6 - 8: PN= partition number for this program (from O to 7) '3

Bits 9~15: event count

word 42 contains the ECB address on which this program is
waiting if it has given a 'Wait for an event'! monitor requesd.
word +4 contains the BECB address for an 'Activate! monitox
request for another program, to enable that program to walt

for this one's exit. . : _ v )
word +6 contains the address of the Program Control Table of

the activated Program,.

word +8 contains the address of the first scheduled label in
this program. _

vord +10 is a chaining link. If there'are more Programs on

the same level, this-word points to the PCT (Status word) of
the.nextAprogram and so on. The chaining link of the last
program points back to this PCT. In fhis case, F:O.

It is also possible that several prograns hzve made an 'Activate!
monitor request for this one. In that case these requests are
guened, link-tables are built for each program in the gqueune

and the cnqanlrg»lwnk peints to the first word of the link~

S
~

S
N



table belonging to :
Cheining Link -——-f
.
The last link'points back to the chaining
link in the PCT.
Ifi  case of such a stacked activate request, F=1.

- word +12 contains a chaining pointer for a dynamic buffer,i.e.
the address of a buffer reserved by a fGet Buffer! reguest.
- word +14: Bits 0-2: disc unit number (from O to 7)
Bits 3-15: disc or secltor address

= word +16: Bit O: this bit is set to 0 in case a reserved buffer

— overflows. The program is put in wait state until a new, large

enough; buffer has been reserved.

Bits 1 to 8: disc sector number .

Bit:9: 8P=1, if this program is swappable

O, if not.
Bits 10-15: contain ﬁhe priority level of this
~ program. . ' '
-~ word +18: It is not allowed for the user to specify’a "Wait!

request in a scheduled label. In‘emergency casges, the

monitor will do this and this word is then used for the ECH
address. S '

o
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17
18

19
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29

31
32
33
34
35
36

PP

'v"

Lagt typevwnite mnucr apt, for the monitor.
¥

9p!
3

Honitor examines typewriter messages, [inds:

55y

Ae

PR dnterrupt, for level Bl.

evel 53 is restarted.

Level 53 gives 1/0 monitor request LhW for PP, so0 53 from here on
22 8 q §

fyaiting for an event',

so level 55

becomes

j
w

PR interrupt, (It was already waltvng9 but the LKM interrupt hag a highex

hriority). .
Monitor starts level 54,

Level B4 starts ruoming.

PP interrupt for level 53, interrupted by a PR interrupt.

PR interrupt, then PP interrupt routine is restarted.
Level 54 is restarted.

Last PR interrupt for level 51,

interzupt, for level 53,

Monitor decides to restart level 51- (1Ls PR input is
Lewvel 51 is restarted, ,.;
PP intexrrupt, for level 53, '

fevel 51 is restarted.

ready.)

Level 51 gives monitor request(IKM) BExits 51 becomes inactive,

Last PP interrupt for level 53,
Menitor decides to restart level 53,
Level 53 is restarted,

Level 53 is running.

Level 5% gives monitor request (LKM) Exit: 53 becomes

inactive.
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be connected to a
— o Q rine eege et i .S . T o I

Tor interruot level done by the loader accovding to

B T 1 % i o s & o
the AORG directives

2oL

[T S = e Fodd s CRVUIE SN L I S A S T e w5, S-SR B s s
hardvware locabions with the stariing addresses of the interrupt

Tor software levels the connection must be made by
- operator control message CL; ox
~ a monitor request from another program (*Connect a Program to

a Levei*)

For the background level the connection is made by the loader.

Program Swapping

In ovder to use processor time more efficiently, progrem
" swapping has been included as a feature of this system.
During & program run, it is possible that the execution of the
pregram is halted temporarily at certain poin‘ts‘(emge pause, I/O),
To allow parallel processing of other disc resident programs,
the monitor can then swap the susgended program back onto disc
4o make room for another one. . : -
This feature entails certain resbtrictions: :
- swapping is possible only to and from the dynamic area of

the foreground (P6)
~ Any internal buffers, e.g. for I/O and Event Control Blocks

A

zOf a swappable program must be reserved and used in the buffer

N:pool (P1). Tor thig purpose, there are two monitor requests:s
!Get Buffer' to reserve a buffer and 'Release Buffer! to release
_i?he buffer space after use. )
~WWhen these programs are stored on the disc for the firgt time, the user

mist define whe£heﬂ*a brogram is swappable or not, in the operator
-control message SA. If a program is declared swappable, the

monitor will reserve an area behind the program on the disc.

This area will have the same length as the swappable program

and will be used to sﬁore the prbgram in case of a swapping

procedure.

/5
/A
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subrouting :oe subroutines must be
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loading tine and it 1s notu

on. Programs

.1 Functiont

CTP A14, < subroutine namep

)

If & reentrant svbroutine itself

Y 4

e CNPR Sty guey - B ~ d= 3
needs memory space, it must get

\;
this in the buffer pool (D1

waarals Pl neyy ~ 4
wrough the monitor reguest
-

, Buffert. If this woutine wants to call ancther, also reen-

e
trant subroutine, it must reserve two extra words in this buffer.

(‘f‘ A L431{OTF“K LROUTA — e e e o e e e — — PSW 4 AOQ (PL) 2> (414)
(L ’

- 3 | |
T 4 \ FV )] b e e = PBW 4 AO (ROUTA = (£15)

ROUTA =— —p PSW + AO (P2) -~ (A14)

,5?

¢ 3
. RIN Al4
-~ Program P11 starts running.

~ CEF is given, PSW + AO of ?1 are sﬁored in stack, of whigh

address is given in A14 and subroutine ROUT is started.

-~ Program P2 interrupts, PSW and AO of ROUT are stored in stack
specified in A15 and P2 starts running.

- C¥F is given, PSW + A0 of P2 are added to the stack speolflcd
in A14 and subroutine ROUT is started and allowed to terminate
with RTN Al14. |

~ P2 is resumed and allowed to terminate normaliy,

- Via A15 subroutine ROUT is resumed and allowed to terminate
with RTN A14,

- P11 is resumed.

Noﬁe:'the stack indicated by A14‘has to be reserved by the user

in PO;.the stack indicated by A15 is reserved and handled
by fhe monitox.
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level,

Thiz functiong as followss

Let us assume that level %2 is connected to
and also to a program conia

| .
ivates

on's, o
L

bh

ie switching proce

T™is calling sequence

switching

55

onitor

to go to level

G g : o FTEN o ek s
Real Time Clock—3 (52— Byivching progremn:
LDK 47, 55
LKM
DATA 13
requests
< on level
LKM
DATA % PExib!
Level 55 has three programs connected to it: A,B and C.
At an interrupt of the real-time clock (every 20 milliseconds),

\Ji

the program connected to level 52 pexforms the sw1tch1nv request

and exits. Provided level 53 ox 54 have not interrupted, the

dispatcher then act1Vat

55,
This program then starts

one of the

to whichever one it was pointing!

running:

- until it is interrupted by 53 or 54 or a level of higher

priority than 52, or

@

- until 20 milliseconds have passed. Then the real time clock

programp A, B or C on level

rvequest

1

gives another interrupt and control is returned to the program ..

on level 52. Another request is performed, level 52 exitg

and, ba%rmng hlgner pri

on 1eve1 55 is started,

iority interrupts, the next program

to run until another 20 msecs.

passed or g higher priority interrupt occurs.,

have

This sequence contlnues until the prOHrdmdA B and C have had

enough processor Tlme to be executed. .

%
T O g
I
swltohlng as much as
ccan be connected to i

;to level 51. In this

—

evel 50 and the programs to be switched

for any reagson it is desired to limit the interrupts during

possib le, the switch request and the clock

~case, only hardware interrupts can interfere.

/

&
#



erator control mesgage request,
5 P [ 8 T "
h hes first been connected to a level,

to the clock algo. In this way, a progranm can

through clock

o O S |
Innut/0utout

.1

Input/Ouuput operations are initiated

chrough a monitor request for pewie

pheral units, not directly from the user program through I/0 instmetiong,

'At'sygtem generation time the I/0 modules inside the monitox

are filled with the necessary data. .

'In the I/O reguests in his program the user indicates the

input or output functions he wants performed. These functions
are of three types: :

~ Basic I/O requests: these requests are meant for binary I/O,
as the monitor does not in this case provide for data conversion
or character checking, only for control command initialization
and end-of-operation signals.

~ Standard ASCII I/O requests: for these fequests some facilities
are available, such as errvor control characters and data
conversion from external code to intermnal ASCII co@e and vice
versg. The characters are checked for end-of-data and they are
stored seven by seven bits, two characters to a word.

- Standard object I/0 requests: for these requests the folyowiﬁg'
facilities are available: ervor control characters, checksum .
and data conversion from external 4~4~4~4 or 8-8 punched tape
formet to internal 16-~bit format.

"If a user has a non-standard device in his configuration or
adds a new device, the interrupt routine he writes for this
device al1ows him to have direct control of it.

Any I/0 operations in such a routine must e made through this

type of request, ‘

il
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Pile codes are used for the purpose of relerencing files

and devices. They consist of two hexadecimal charactiery from

XYOT! tp X'FP'. Some of these file codes are standard, i.e. the

user is bound to specifly them, as they have been incorporated

X101t = Standard Source Input’

X102 = Standard Listing Output

X¥10%' = .Standard Punch Output

X*O4‘ = Standard Object Inpuf

X105 = Operator's Typewriter (Input and Ouupuc)

X'0AY, X'OB', Xtocr, X10D! are reserved for disc units.
X1OE! = Sbandard Library Input. '

X10F' = Standard Program Input

File codes arec assigned by means of the operator control message
AS. ' |

User file codes, i.ev the file.codes that are not qtnndaig but
can be assigned by the user as desired, are all codes from X'10!
through X'7F! _

The file codes from X'FO! thfough X'FF! must be defined at disc

initiaglization time, to be used for data files on disc

Device Addresses

When assigning a file code, it is necessary to specify the address
of the device to which the assignment is made. It shesuld. be noted,
that some of these device addresses are standard. They are the

following
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X201 punched

St 2,

}L' )\) X s

AVt
ZV2T0

XTBP

It is not allowed to use AT00' ap an

(V2FY and XP3RY are Tixzed by
X120, X130! gad X'10' are fixed by

configurations.

addre
hardwvarsa.

software to have standard

The DMAC and adapter must always have addresses X'1P! and X'OFf

becauvse of their priority.

Device Nemes

The following device names are useds
TY: operator's typewriter '
TR: ASR tape reader

TP; ASR tape'punch

PR: - punched tape reader

PP: tape punch

LPs line printer

CR: card readex

CP: card punch

MTe @agnetic tape

TCs magnetic tape cassette



