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'^1.' (Standard;Mult'i« 'i ,asUi.ng} i.v >t e«t(»ll operating  syycuw dt-.vidufirsd by 1CX 

Vi mitad to tun off the DEC Fi)P-*!I ■ range-, .a? computers.- . T h i s ' r e p o r t  

o u t l i n e s  th>5 n w d i ? i c a t tons C a r r i e d  o!>. to SMI  to include  memory management, 

shield enables  the operating  .ayst.an, to address 128k  or ?1! words meraory. 

:7orSlier Xe-atvres. have'been . .added,  cc'-the o / s ,  to allow  on l ine  loading of 

new or . mpdil led . t asks .  This manual', also o u t l i n e s  some - of the concepts 

used its SMT . ,i;«s achieved task  -.changing a s w e l l  as how the .system  is put 

together .  ' : - : : -. ■ ;

This"- report should be read In conjunction' with  the reference  1 to gain .-a 

full un derstanding  of the o / s .  Thi p report,  does not rep lace Reference  1 

but e x p l a i n s  the modi f icarions  carried  out to Include.- Memory.. Management

The operating  system was renamed Developed SHT (DSMT) to d i s t i n g u i s h  

between 1(!1 developed o /s  and the AEC1 'nodi.fi ed vers ion .

Reasotf ror Modif icatlon : ' ■ ' . '. : . ' ■ ' ' ' . - , . -

the S K "  o / s  is  used extensi vely w ith in  AECX . - The o / s  has certa in  

lii«ications which have prevented further  features  fro-n bein,« ad'ved to the 

computet systems rurminp, on StST, The prime lim itations  was that the o /s  

die! *iot ticil'-e the raemory Management uni  f: (bmu) supplied  .-by M X ,  ured in 

conjunction  with  t h e 'PUP-11 .processors* This has limited sy'steras to 28k 

words af: m em ory.  •

Tht o /s .  has now hoeii upgraded to u t i l i s e  the mrou and .to address  128k  words 

us.'fng fihe 18 bit, address bus or <2K words o&infi the 22' Bir Bus,

J'ht report o utl ine  the procedures to design a system which can cater £or 

tastes, up to ISk words 1 nnp, and a common area- of. 4k words*' The method used 

sc change t h i ? is descriped  in Appendix  6 .  ' . . ■ ' ,



■ ■. - ■ ■ . - : ; p a r t  e  ■ . .■ . : :

Memory Management P h ilosophy/Impleweritat I oft •/ •• ; ^

B1 , Desc r ip t io n  of SMT Prior  to Introduct ion  of t,he: H o d iE lca t lb n s  ; : -

SMT is  a small real time 'o /s  designed  to run on the BEG PDP-11 p rocessors .  

The o /s  supports .16, user tasks and provides  f a c i l i t i e s  which e o n t r a i  the 

in ter a c t iv e  and communication between che tasks an d  the outs ide  worlds

The user  tasks communicate w ith  th« o/.s v ia  thfe task and f a c i l i t y  control; 

procedures .  It  is  these procedures and the c lock  task  which control  the 

task  changing mechanism of SMT. (see  Figure  B i )

A task  change can occur due to 3 p o ss ible  reasons ;

. ■ 1,  A task control proc was c a l l e d .  ;

■ 2, A  f a c i l i t y  control proc was c a l l e d .  :

3 ,  A c lock  interrupt  occurred which forced the processor co execute

\ thw CLOCK task and then procedes t<v CHANGE, .

(see  Figure  B2)

A f t e r  the execution of any one of these: procs,  the machine procedes to 

execute the SVC proc ca l led  CHANGE which executes as an H task.

The proc CHANGE merely selects  * w h i c h •• task to run aftar,  having  f i r s t l y  

checked that the event Q is .empty .  IE the event Q is not empty it c a l I s  

RETEV which  empties the event- Q> ■ : : . .

I f  the event Q is empty it checks the STAT word of the h ighest  p r io r ity  

task to see if  all  the conditions  ore OK to run. it  i»e»  $TAT=G »»« .  not 

stopped,  or delayed or waiting  for  an event .

CHANGE continues  down the STATAD array  (since; it was set up in  SET?HQ in 

prior ity  order)  u n t i l  it finds  the h ighest  p r io r ity  task with  i t ! s STATUS 

word OK.

GHAMGE then saves che task number in CUR TEX and then c a l l s  KETFIH ‘which 

sets  up the. task  environment to run the task.  ' .

A task may also  be interrupted .  When this occurs^ the task s tate  saved 

by a CALL of PIORTLj which uses the hardware s t a c k  while  exec utin g  the 

: servicing ;  routine .  After  the interrupt  se r v ic in g  routine  has been 

completed* the, ' routine may either  terminate  by p utt in g  an EVEHT in £ha 0 

which e f f e c t i v e l y  calls  CHANGE or a c a l l  may be made of RBTFIM whisl; 

Continues the execution of the interrupted  *\ask. ( see  f ig ur e  B 3 )

: RETF1N takes- the task numjier in CtSRTEX mtd replaces  t h e . macMtie ragiaaeici 

. with  '.'the values  -saved -on the'-.-stack* On ce •, a I i .. t he.. ■ ».* eg*. p t o  i?:* !isvr. £ssv-.. 

replaced the task-may continue when* -U o f f .  ' ;

B2 ISard wa r e Consi dpra11 ons ; . r -

The m u  has 2 modes of operators- The one fcminR "K er ne ln mode and the 

: other ^'llser mode” * ; ' ■ ..

To keep SMT as simple as possible  it was decided ? * 'Kv-j'S'l , f  W -  

user task  operates in Kernel mode. .
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Figure  B3

S-TASK CHANGE DUE TO  AN INTERRUPT



The virtual;. addressing  space of the. ramu; l a s  a f ixed  length  of 3 21c words .

This  length is d ivided  into  ^ sections; ,  each, of 4k words .length. Each

section  has 2 reg isters  associated  witli; it: namely the PAR (Page address 

.register.), and the  PDR (Page  descr iption  r i g i s t e r ) .  .

The PAR contains  a mapping constant to which the v ir t ua l  address is added.  

This  new address is the new address i n : physical  memory. . .

The PDR provides in formation .'fed. fchc v- processor; on the sections 

a c c e s s i b i l i t y  ( r e a V w r i t s ,  write,  only; etc|  length etc*

For s im plic ity  sake the PDR have been madft f ixed  so that for a ll  the tasks 

the same constants  apply  i . e .  a l l  APR section  are  4k lon g ,  read /w r ite  

a c ce s s ib le  and upward expanding,  / ; . Vr ' v

The mmu has a status reg ister  0 (SRO) which contains  the abort error .flag.," 

memory management enable  mode of o perat ing ,  various  other  maintenance 

information .

To enable the mmu bit 0 of SRO has to contain  a zero ,  otherwise  the 

v i r t u a l  address co incide  with  the physical address u mmu does not map the  

VA to the PA. '

Status register 2 (SR2) contains  the last instruction  address at the time 

of a mmu abort .  This  r eg ister  can be used to find  what caused  the mmu 

error .  : '

I f  an mmy error occurs the processor  traps to location  octal 25 0 .  A trap 

handler  has beefs written to save SRO a n d S R 2  so that when RRGEL is called  

they may be printed  out, :

Reference 3 should be consulted  to obtain  de ta i ls  of the above.

Memory Ma nap,erne nt 

B 3 .1 Introduct ion :

The modifications- carried  out were m inim ized  : so that a few new 

concepts were introduced  to SMT as possible- This section  provides 

the .design  philosophy used to achievn memory management in SMT.

B3»2 Memory iiana»emcnt Phllosphy and PAR Swopping

The basic concepts of memory management l ies  in mapping.  What the 

mmu , do (is is take a single  v ir tual  space address and maps i t  into a 

physical space address ,  The actti?4 location in physical  space is 

given  by the constants  located in :eln» PA R 's .

This idea 

used was 

time a task

has been extended to cb inclde  with tasks .  The approach 

to assign each user  ta-sk a set of PAR co nstan ts .  Every 

is; to run the o perat in g  system in s t a l l s  the user t a s k 's

relocation  constants  into 

task into scope befo re it 

simple ytit e f f e c t i v e  method 

in memory, (see Figure B4)

the  PAR; r eg isters .  This  brings  the user 

precedes ’ to execute the task,  This is a 

i n • deteri'iining where the task i s  s i t t i n g
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It  seemed lo g ical  to put die swopping of the PAR 'S at the b eg in n in g  

of RE TFIK , i . e .  the task  PAR constants  are i n s t a l l e d . i n t o  the  PAR 

. reg is t e r s  bringing  the task into scope* Only then is an unwind of

the task  re g is t e r s  mad^. ;

■ ; ' By doing it in the. manner described  above,  the v;hole interrupt  

. ha rid 1 ing mechanism is not a f fe cte d ,  : .

. . B 3 .3 PAR A s s Ignments . : / \ . . ■ . : ; . ' '

. A f t e r  having decided where the PAR constants  are to be swopped the

next quest ion  was which PAR constants should bfe swopped,

The philosophy  used is shown in Figure  B5,  '

. The f i r s t  three, pages AFRO,: APR! and APR2 were made fixed  in memory,

i . e .  they contain  the same constants  irr es p ect ive  of which task; is

■ • running ,  implying that the operating  system w i l l  always be in scope.

. . APRO and APR1 contain  the operating  s /stem ,  .

APR2 has been left aside  for use as a database/common proc/common 

data area .

APR? has also been made fixed  in memory and is the system I / O  page .

T h is  implies that in d iv id u a l  user tasks 'w ay  have a maximum length  of 

16k words each,  occupying APR1s 3 , 4 , 5  an d . Su

With modifications  the common area may be expanded to 16k words 

length and in d iv id u a l  tasks of maximum length-12k words.

: F igure  B6 and B? i l l u s t r a t e  two tasks res id ing  in v ir tual  space and

. how they map to physical a4drass.es.

B4 User Task  Stacks :

SMT supports TIT!./2 is a slack  based operating  system in which the state  of 

a given, task  may be given by the last l in k  cell on the stack .

Each task has to have its  own stack .  With the introduction  of memory 

... management the stack  could e ither  have been placed in the common a r e a ,  

. w i t h  the result  that a large portion  of the common area would have been 

lost due to the in clus ion  of all the user task stacks .

Thus each task ca r r ie s  w ith  i t  in the user  task space., (above the common 

area)  i ts  own stack ,  The operating  system l i n k  to the stack at 

in i /t iaHz a i ; io n  tirae. (See  Section  B6 on run time l i n k i n g ) .

The Comrtgin Art>a . .

The system hag. been designed  with  a common area of 12k words i . e .  in 

A P R 0 , 1 , 2  vie can install  the fol low in g :  . .

1 ,  SMT operating  system (approx.  7k words long) .

2, I / O  driverfi with  buffers  defined  by the user ,

3 ,  . Database .  ; ■ J - ■ ■ : \ '

; 4.  Common data b r i c k s .  .

5 . Common proc br icks .  ; .

r- a -



Figu re  B5

VIRTUAL ADDRESSING SPACE 
ALLOCATION & PHILOSOPHY

I /O  PACE

60 000 -»----------------------- T A S K  S T A R T

40 000 

20 000

0 000 ----- -. O /S  *  D . B .

S T A R T  ADDRI iSS OF A L L  T A S K S  THE SAME ic GO OOOg



• I ' Hi Figure  B6

■■
I I ! '

®

fia

■1

i - liij

O ’)

0 5

LU
DC
Q

Q

O
Z

<  CL
. a *  

<

H  ( / )

SE c/3
" - ■ *’kdLi
.z.'-b
o  a .

2  ” ^  

si <a
L L

o CO'
>- 

z  y
o
Iwwu _
1-  o
O  H  
<

U1
O
<
5E

to
<
h-

LU
u
<

</)
<
\~

!/)
<
H



Figure  B7
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Figure B 8
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item 3 , 4  and 5 w e  . a l l ' areas  which more than one task .uses.  I f  only  one 

ta sk  uses a p a r t i c u l a r . b r i c k  it is obvious that the b r i c k  should not be in 

dre common area but with the task.  . .

The above . '-mentioned . 'areas:-are a l l  task b u i l t  to form one image which is 

in s t a l l e d  in the bottom 3 PAR pages.  . \ ....

Once having b u ilt  this common area ,  the symbols d e f i n i t i o n s  table  is used 

to task build  the user liases

fjjotet IP a change is made to the common area  all  the user tasks have to

:■  be re b u il t  since  they a l l  l ink  to the common .area. :  ̂ ;

L in k in g  of UsV*r tasks  to o / s  ........... .............  :

The o r ig in al  SHT all the user  tasks were b u i l t  as one image. : The

stack  and task entry points  of each task  were passed to the o / s  at task 

b u i l d  time) v i a  the pointer  TKDPN. . • : \

The new o /s  has the f a c i l i t y  to r&lond tasks at, run time. This  

necess itated  ihe conccpc of l inking  the o /s  to the tusks to be changed.

What was decided is to build  each task  w ith  a dummy module (SMTTE) at the 

base  of each task .  This  Module co ntain ing  2 1NTS,  these be ing  the stack  

and task  entry point .  Those 2, v ar iables  are put in the data  brick  at task 

build  time. Bach task  is task built  in d iv id u a l ly  with  the symbol 

d e f i n i t i o n  table produced by LSX“ 11M (See Figure  R8) of the common area .  .

At ‘i n i t i a l i z a t i o n  time when the o / s  runs Cor the f i r s t  time, the o / s  takes 

the si.nek address  (which is also  the pointer  to the SVG DATA area)  o f ' e a c h  

task  and puts i i  in the table  ca l l e d  CELL in TASKDATA. . , ■ ,

Each task  it ' n T t t e l ix e d  by the stack i n i t i a l i s a t i o n  proc IfSERTASKINlT. 

(see  Section  This proc i n i t i a l i z e s  the table  CELL in TASKDATA and

.‘■vise puts >*he r.as\ en'-ry .point onto the task stack.



PART G

NEW OR MODIFIED

New SMT Modules

New or M odif ied  SMT pirocs

New/modified  SMT data

.PROCEDURES BRICKS , DATA BRICKS AMD MODULES

NAME : N/M* MODULE ' REFERENCE

*  ■ DSMTU2 ' ; C l . l

— - DSMTB4 Cl .2

TUDRV ' . ■ C l . 3

SMTCTLA . C l .  4

SMTTE , : Cl.  5

SETFMQ v M DSMTBI C 2 . 1

• US ERTASICIKIT N DSMTBi C 2 . 2

- SETPAR : M DSMTBI C 2 . 3

— STPAR - N DSMTBI C 2 . 4

— GETSTEP N : DSMTBI C 2 .  5
~ SET STATADS • N . DSMTBI : C 2 . 6

. LOADER - N DSMTB4 C 2 . 7

RETFIN H DSMTBI C 2 . 8

— . LOADER CONTROL N DSMTB4 C 2 . 9

- TU58 ; N ' ■DSMTB4 : C 2 . 10

WO RKTU N TUDRV c 2 . 1 1 ;

_ BEGIN : M DSMTBI C 2 . 1 °

~ INTPTS ; ' M DSMTBi C 2 . 13

ERPEIN M DSMTB2 C2-14

~ START M DSMTB2 C 2 . 15

- INSTRUCT M ’ SMTCTLA C 2 . 16

LDRDATA N DSMTU2 C 3 .1

SMTDATA N DSMTU2 C 3 .2

_ STEP . N SMTTE C 3 . 3

- TEP : ; , N - DSMTBI : ; C3 .4

- TASKDATA M DSMTB3 C 3 . 5

TU5SLDR N" DSMTB3 L C 3 . 6

- TU0RIVER2 N DSMTB2 <33..?-

*  NEW or MODIFIED



^  New SMT Module s . • : ■'■■■ - - . ' '

Cl .1 PS MTU2 : ■ V ' ; . v ' •' : : TV

This  module contains  i.»o data bricks  .''namely SMTDATA and LDRDATA. 

These bricks  con Gain, al l  the data required to bootstrap the system 

as well  as a l l  the use task data .

This module w i l l  always be located between octal 400 to octal 1400*

This  module is loaded at bootstif'ip tirne as well  as '’verytimej a task: 

: ' i s  loaded using the LOADER TASK. : ,  ' \  ;

For a complete d e scr ip t io n  of the data bricks see S e ct io n  G 3 .1  and 

C 3 . 2 .  .

C l .  2 DSMTB4 * ' ' ; : - ' '

This  module contains the LOADER task and a l l  the procs required  to 

control the Incoming data from the  TU5S ,  - ' , /

: : C l . 3 TUDRV ' : , - . : '■'• .

This module contains a TU58 loader urogram. See W0RK.TU in Section  

C 3 . ’ '

C l . 4  . SMTGTLA ■ ■ \  \  ̂ ' : : . ■ ; ' ■' ' ' V

: The control A task has been removed as a system task from SMTB2 and

now appears as a user task .  ■

T h e tQ are l im itations  to doing t h i s , that i s , the  user can nrw look 

: at data - l o c a t i o n s ■■ in the  common a re a ,  i . e .  o / s ,  database ,  common

data  bi-icks and common procs.  Data bricks in the user task area  is 

not a c c e s s i b l e ,  with this version oE Memory managed SMT.

'. C l . 5 SMTTE " ' ■' ; ■ . .' '' . " : : : : ; ■

This module is used when a user task is b u i l t  into a task  image. 

This module contains  a data b r ic k  STEP which in s t a l ls  the address of 

the  current  task stack and task entry point at the bottom 2 

locations  oC the task  image. See Section 3 . 3 .

i if* 
7/C

'tm



Cl New SMT Modules

C l . l  PS MTU 7. : : V : . ;

This module contains two data bricks  namely SMTDATA and LDRDATA.

These bricks  contain a lT  the data requited to .vvtscrap the system

: as well as a i l  the use task data .  -

This module w i l l  always he located between octal 400  to octal 1 4 0 0 .

This module is loaded at bootstrap time: as well  as everytirne, a task  

is loaded using  the LOADER TASK;  ■ '

For a complete descr iption  of the data bricks  see Section  03.1. and 

0 3 . 2 .

0 1 . 2  DSMTB4 ’ - ■ : r- ' ;

; . 'This: module contains the LOADER task and al l the procs required  to 

control the incoming data from the TU58.

0 1 . 3  TltPRV .V '■ : ' ■ U

This  module contains a TU58 loader program. See WORKTU in Section

0 3 .  . ■ ■ .. V .

0 1 . 4  SBTOTLA : ' ' : \  : ■

The control A task has been .removed <js a system task from SMTB2 arid 

now appears as a user task .  ‘

There are limitations  to doing t h is ,  that i s ,  the user can now look 

at data, locations  in the common area ,  i . e .  o / s ,  database ,  common 

data  bricks  and common procs- Data bricks in the user task area is 

not a c c e s s i b l e ,  with t h i s 'v e r s i o n  of memory managed SMT. .

0 1 . 5  SMTTE '• . ' V ' .

This'  'nodule;  is used when a user task is b u i l t  into a task image. 

This module contains  a data b r i c k  ST0P which i n s t a l i s  the address of 

the current  "task -"stack- and task entry: point at the bottom 2 

locations  of the task image. See Section 3 . 3 .



G2 NEW OR MODIFIED SI IT PROCEDURE BRICKS

C2>1 SETFMQ MODIFIED DSMTBl :

SETFMQ being the STARTUP task is the f i r s t  task, to run when the 

system is started  or r e sta r ted .  The function  of SETFMQ has not been 

a lt e r e d ,  but the proc has been greatly  raodified to f a c i l i t a t e  the 

i n i t i a l i s a t i o n  of the user tasks .  .

SETFMQ has been div ided  into 3 sections  namely:  ,..

1.  the s t a t i c  i n i t i a l i z a t i o n  cf the a rr a ys ,  queue e t c ,  :

2* the dynamic i n i t i a l i z a t i o n  of the system tasks .  : . .... \

. 3» the dynamic i n i t i a l i s a t i o n  of the user task.  .

(See  Dravjing C.l) .

- Once all  the system tasks have been i n i t i a l i z e d  i . e .  (T^NSTSK)  the 

STATADS array is set up and contains only  the system tasks in i t .  

The r e a s o n . f o r  doing this is that ones the loader starts  loading the 

User tasks* the. manner in which )t  operates)  requires  that other  

tasks are  running,  since  it is an interrupt driven loader .  .

While  the LOADER is loading the user tasks the system tasks a r e  

. running ,  e special ly  the f a i r  back task .  '.

For this same reason the -STARTUP task  now has a pr ior ity  higher than 

the FALLBACK task.  If this was not, the case,  the processor would 

never return to SETMQ sin ce  the FALLBACK task would always run.  '

. When SETFMQ is completed the cask', is STOPPED and wil 1 never be 

started  Again ,  This  implies that the STAT word of SETFMQ w i l l  never  

be 0 and then it 'will  never r u m  i»e .  the FALLBACK task w il l  run in 

. the norrml manner, : /

The only time SETPMQ w i l l  run a ft e r  startup  is when it becomes the 

SR". task .  There is no problem here in that when a ca ll  of RETEV is 

made, RETEV c a l l s  the SET task v ia  RETFIN and not via CHANGE. This  

implies" that RETEV forces the processor to run the SET task and does 

not use the CHANGE option to check the tasks STAT, .

The processor f i r s t  checks whether ; al l  the tasks have been loaded 

: previously  by checking the flag  LOADEDFLAG* The f lag  is s t a t i c a l l y

loaded .«"■ o and is made «  1 once all the tasks have been loaded the 

'. . ■ f i r s t  time.  . : ■

I f  LQADHOPLAG i s ■ 0  it then checks the tasks f i r s t  PAR value  (PARS)

. whether the task e x i s t s .  If the task exists  PAR3 i s ; non ze ro .  I f  

it does not ex ist  it, is s 0 .  I f  the PAR3 value does ex ist  a ca l l  of 

LOADER is made w h ic h  loads -and i n i t i a l i z e s  the task.  In this  manner 

a l l  the tasks are loaded one at a time, When al l  the tasks are 

loaded LOADFDPLAG is made w 1. ^

If* LOADEDFLAG •'» i it Implies task has been loaded.  It  then does a 

further check to see whether the task  was loaded su cessfu lly  the 

.f irst  time. Each task has a byte ca lled  BADLOAD, This is non aero 

if  the task was not loaded succes sl'ul l y , Therefore  if  a tusk  was, 

not loaded sucessfully  the stack is  not i n i t i a l i z e d  and the STAT 

word is made non »ero ( i . e ,  STOPPED).

- 12 -



Figure  C l

MODIFICATIONS TO SETFMQ TO LOAD USER TASKS



The other p o ss ib l ity  is if  the task had already :been loaded 

. S u c es s fu l ly .  I f  this i s ' t h e  case ,  the task - stack is i n i t i a l i z e d  by 

; : a ca l l  of USERTASKIMIT.  ( see section .02* 2 ) .  .

‘ Once a ll  the user tasks have been i n i t i a l i z e d  and loaded ( i f  run for 

the f i r s t  time) the array STATAf) I s ;  set up again  by a ca l l  o£ 

SETSTATAD proc. (see section 0 2 . 6 ) .  But now the array is set up w ith  

both the user and system tasks ,  ,

The STARTUP task ends o f f  with  a c a l l  of STOP which STOPS i t s e l f  'and  

; this part of the proc w i l l . p o t  run. again-

C 2 . 2  : USERTASKINIT - . : . : /  :

The procedure used to i n i t i a l i z e  a stack for a user task has been 

removed, from SETFMQ and put into another  proc b r ic k .  The reason 

for separating  the -.procedure--,...' is because a user task can now be 

loaded on line*  Once loaded the task  stack has to be r e i n i t i a l i z e d .  

This  is done by a ca ll  of USERTASKIN7 T from the loader proc .  This 

would not be p o ss ible  if the stack i n i t i a l i z a t i o n  procedure was le ft  

within  SETMQ.

. USERTASKINIT controls  the 3 steps  n e c e s s a r y  to i n i t i a l i s e  a user 

task stack  as outlined  in Section B6 and Figure  02 .

: . The proc f i r s t l y  i n s t a l l s  the task PAR constants in the mrau which 

puts the task  in scope* This is done by a call  of SETPAR.

It  then extracts  the 2 entry points required  to i n i t i a l i z e  the ^tack  

from the bottom of the task  image by a call  of proc. GETSTEP.

With  the entry points  in data Erick  TEP a call  of the o r ig inal  

STK1NI.T i n i t i a l i z e s  the user task stack .

Hew SMT Procs : - : ; ; ; - /

0 2 . 3  SETPAR M W  DSMTB1 : .- ; ' : - -. ;

When the system is being i n i t i a l i z e d  for  the f i r s t  time, the 

processor executes the proc SETFMQ which  is the  STARTUP task.

. SETFMQ ‘i n i t i a l i z e s  al l  the stacks i . e .  sets up the SVG data area 

p o in t er ,  RG as well as the v irtual  start  address of the base proc.

To i n i t i a l i z e  ... the user task, the USERTASKINIT proc firist ca l ls  

SETPAR to install  Che task  PAR constants  in the irnnu. This is done 

by jumping to the label STPAR (see  section 0 2 * 4 ) .  On returning  from 

STPAR the user task stack  and procs w il l  be in scope and the stack  

can be set u p . .

The parameter passed to the proc Is the USERTASKNO. .

0 2 . 4  STPAR ■ ; . ; : '

This procedure is used to sot op the PAR 'S from the data contained  

in LDRDATA for a given task number* This proc is used at 

i n i t i a l i s a t i o n  and cask changing time* Only user task PAR*s are 

changed.  This task was not written in R T L /2  since and, R T L / 2  stack  

environment does not exist  in RETFIK to support stack manipulations*
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j

The proe users 3 words of stack for the ca lculat io ns  of the record  

length .  The stack  used is the stack  of the precious running task .  

The. locations  used on the stack are above the saved ragis ter and so 

the security  of the task is hot endangered.

This PAL proc is called  e ither  from SETPAR during  start up time or 

from RRTFIN at task  change time. . . . . .

G 2 .5  GETSTEP ;: / ' ; - V  : '

. \ At . the STARTUP phase ^ h e n  a l l  . t h e  tasks are being i n i t i a l i z e d  

GETSTEP is used to. get the stack  and task entry point from the f i r s t  

' two locations  of the task image. This proc moves the entry points 

from v ir tual  locations  60000  and 60002  to the data b r i c k  TEP,  the 

data  being manipulated by STK.1N1T() .

C 2 . 6  SETSTATADS ’

SETSTATADS Is-.: the procedure which . sets up the STATADS array in 

prior ity  order .  ■ ■ - : ■ ^

The STATADS array is an arr ay .used  by CHANGE to determine which task

• to run.

; The array is an array of pointers  which point to the, task STAT word*

The array is arranged in : task  priority  order with  the h ighest  

prior ity  at the top and going down with decreasing  task p r i o r i t y .  

This array is set up by t h e ‘ STARTUP task (SETFMQ).  .

CHANGE starts  at the f i r s t  address in STATADS/and checks if  the STAT 

word is «  0 i * a . ready to run. It continues  down the table  until  it 

f inds  the highest pr ior ity  task with  U s  status OK. : .

The STA"rADS a r m y  is setup twice onci* after the system tasks have 

been i n i t i a l i s e d  and once after  the user tasks have been loaded.  

See SETFMQ for the reason why this is done.

The parameter passed to SETSTATADS is the number of tasks to be 

i n s t a l l e d  in the STATADS array*.  .

0 2 . 7 LOADER

(see  Figure G3 for  phiioaophy)

This proc is used to load tasks into memory either  at startup or

while the system is on line* The proc. can e ither  be c a l led  from the 

. STARTUP . task (SETFMQ) , or the LOADER task TU58.  Two . p a r a m e t e r s a r e  

passed to LOADER*■ o-oc being  the 'task number to load and the second,

_ a flag which indicates  who called  LOADER. The flag  is set tos

1 if ca l led  from TIJ58

0 i f  ca lled  from SETFMQ . :

The f lag  is used for the following purpose:  i f  LOADER is c a l l e d  

from SETFMQ the data b r i c k  LDRDATA i.i not; loaded from block 1 of the 

tape and only tihti task is loaded,  Thus whqn the system is loaded 

for the f i r s t  time all the user tas>kf> arc loadtKl one at a time.

II; LOADER is called  from TU5.8 it mean's that an on l ine  load has been 

requested* In this ease  r.He data brick. LDRDATA is loaded f i r s t  and



Figure  C3
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... the data contained  in i t  is used to load the requested task .  This  

enables : the task  STAT word and the cask length to be changed in 

LDRDATA o f f  line  and this new value to be used by the on line  loader 

program, ■ :

The data requited  to load t h e ' t a s k  or LDRDATA is set up in this proc 

and ; Chan a ca l l  of the LOADERCONTROL proc is mad© which a c tua l ly  

control  the transfering  of the task from the tape to the memory 

locations .

This program also communicates the success o r  f a i l u r e  o f  the l o a d  to

- the  operator .  ■: . ■■ ■ / " . ■■■■■;'.. ' ...'.

I f  a t a s k . was not  loaded sucessfully  the BADLQAD byte ass ocia ted  

with; (the task is made = 1 and the STAT word of the task is  made =

. . STOPPED. ... ... . . .. . . : ; .■ . . : ; .....

■ This  ftiplies that the task '*?tll n o t  be able to run and cannot be 

STARTED (see  mod to START section  C 2 . 1 5 ) .

I f  a taiik was successf  ully  loaded : the task stack  is i n i t i a l i z e d  by a 

c a l l  of USERTASKIN1T and BADLOAP (Task  Humber) is made = 0  and so 

the  task can be STOPPED and STARTED as at w i l l .  : '

0 2 . 8  RETP1N

RETFll! is the proc which sets up the RTL /2  environment to run a

• selected  task.  RETF1M restores the machine reg isters  to th^ s t a t e  

they were in,  p r io r  to an .interrupt or a task change.

The proc does not select  which task to run. The proc is entered

w it h  the task nuroh-cr ' to run in CURTEX. This  proc may e ither  be 

ca l led  from CHANGE nr any other task .  L!hat the proc does is the 

Col lowing ;

It takes CURTEX and decides  f i r s t l y  whc’-'her it  is a system or a i r  
task .  I f  it is n u s e r , t a s k , . the ptoc makes a jump to STPAR and 

loads the PAR values into the respective  re g is te r s .  The task w i l l  

now be in scope as we]I os its own stack .

Thu following w il l  now be carried  out whether it is a user or a 

system task :

The base address of the task stack is then removed from CELL and put 

into  RQ, The stack  pointer is then removed from SX6 and put into R6 

and the remaining 'stored t.nsk registers  are loaded into the machine 

r e g is t e r s .  The. task starts  off  with an RT1.

Q 2 . 9  LOADERCONTROL, ;

(see  Figure C4 for philosophy)  . :

Th is  proc does the control of the absolute  loader in WORKTU. a f te r  

having been ca l led  by LOADER. This  »)roc loads the s pecif ied  task  in

5,1,2 bytfj lengths i . e .  1 tape block at a time. The block is loaded 

Into  a buffer,  under interrupt control in proc, MORKTU. After  having  

been loaded s this pros then sets up die PAR window -* . PAU6 d m o s e n  to 

(point  to the address where the pron".wi is to be relocated  i;o< Once 

the relocation  is compU’ted,  the pointers are set up to point to the 

start  of the buffer  again and the bottom of PAR6« The r e lo c at io n  

constant la then Incremented by J O  that is the bottom of PAR6 now

- 15 -



LOADERCONTROL PROC PHILOSOPHY
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points  5  , %  -whrdn-up in .memory. , ' " ' :

. The Lu ad is cample.!: 6 aft at no more. 312  byte chunks exist-

Tim LOADERCOMTROL proc as sum as. that the PAR a r e a s < i * e .  p a g e s , a ire 

îk words long and are consecutive  In  memory,. : :

c72<i o T ti58 :. ■ ■' . ; ' : ""
("see flowchart i»et< Figure 0*5) - ;

This proc is now a system t a s k « The o b jec t iv e  of having  this task 

is chat individual  tasks c a n 'b e  loaded on Ti e .

I f  from the CTLA. task .the operator  enters an iiT the TU58 task is 

star te d . The TU5B task  then pr ompts the operator  for a task number. 

The task then STOPS the task required to be loaded so that the task 

: w i l l  not run while- it is being replaced and also makes the tasks

< BADLDAD byte non zero so the task cannot be STARTED. .

A c a l l  ' is then made of the proc i,QABER which loads "the required  

task* .1 request to load a task from TUSft a lso  loads the data brick

■ LDRDATA* ; - ; , : ■. ’ ' • /? .  ...■ ■• '• ■

F i n a l l y  the TU58 task is put back to sleep .  ■

fig. It I^RKTU ■: ’ \ . '

This  proc is the absolute  loads Cor the TU58 used to load the user 

. . tasks at startup  of on l i n e ,  . " - '/' '

The proc I n i t i a l i z e s  the TU58j receives  data from the TU5S and

. controls, the protocol required  by the TUSB tape drive ,

WORRT.U a fter  having been c s X led by LOADERCOMTROL i n i t i a l i s e s  the 

tape driver  and receives all the data from the tape driver  under 

. interrupt control .  This  implies that an R T L /2  environment has to 

exist  to  operate  this driver and also that the system has to be

■ • • ■ running* - ' ' ■ V : ■ "■ "

-JrtRKTl? expecta that  the mod-** IOPKT contains all  the details  of the

t-ask t-o bn L o aded* ' . • " : . . .. . . .  .

-or?v3.-2 BEaiN . : ' : ■- ' ' ; /' :

Th& proc BEG'l, 1-1 is used £o in it ial  itso the machine before  the STARTUP 

task  run has been modified so that the mmu is also i n i t i a l i s e d  and 

enabled.  The PAR c o n sta n ts '-of th-vcommon a r e a 's  are put into the 

mmu PAR reg isters  and the PDR registers  ore all i n i t i a l i z e d  to. be 

R/tJ upwards expanding-. .

s
This has to be dons glnee the common area PAR*s are not swopped at

task changing time and 'remain constant ,  unless the machinc is

reconl: igurnd , ' ■

CJ»:, 13 1NTPT8

/LNTPTS i ■ 

rout in r k .-

.1 . ihwiwiV .jfr.u•; wh'ich eontniivs a l l  the interrupt s e r v ic in g

The mum has n t.rnp mHsmUaMscl w it h  it ,  in tho event of a mmu fault



Figure  C 5
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or . violation- e . g .  a w i n e  was attempted into a read only seccion  

This  trap is in location octal  250 .  .

The se r v ic in g  routine  written for this trap is. the fo l lo w in g :  The 

error  number al located  to a 250  trap i.s 3 6 ,  i . e .  whan a ca l l  of 

R.RGEL is made the. error number w i l l  be 36.

The routine  also saves the: two m m us tatus  registers .  SRO and SR2 

which w i l l  give an ind ication  of where the fau lt  occuread since  SR2 

freezes  the contents  of i t s e l f  at the occurence of a mmu fa u lt .

The mmu is reenabled' a fter  t h e . recording of the data and a jump to 

the error handling  mechanism is  made.

C 2 . 1 4  ERPR1N

The error  prin ting  task has been modified to pr in t  out the mmu statu 

reg isters  SRO and SR2 when ever the error pr in t in g  task  is started

by rr ge i . . , ; . ' ' ."■■■ . . . : : ..;

C2..15 START

The START proc has been modified  so that when a request  is made to 

star t  a user task the proc f i r s t  checks whether the BADLOAD byte  of 

the task  is zero .  A zero means that it was loaded s u c e s s fu l ly .  

This check has been put in so that a task which has been loaded with  

an error cannot, be started  from another task if  the LOADER proc 

S TOP 'S  the task .  •

I f  an at tempt is made to start  a user task with  a BADLOAD byte not = 

0 an error  37- is made by RRGEb.

C 2 .1 6  INSTRUCT

The operator can communicate d irectly  with the system and perform 

ce rta in  . . "functions .  These .functions include sett in g  up of the  date 

and time, the starting  and stopping of tasking and. also  the looking 

at of memory locations*

The m odifications  carried  out to this system task is that it now 

appears as a user task and not a system task i . e .  it does not i-eside 

In the common area.

Tb* ' : f i e a t io n  to the GTLA task is that it now starts  the loader 

‘.‘ u v" by entering  LT after  the nermal CTLA ptompt.

One major l imitation  rs putting  the GTLA as a user task is that the 

user can only looi.t at memory locations  located  in the common area 

i . e .  o / s ,  database,  common procs and -1/0 channels.

- 17 ~



NEW OR MODIFIES) SMT DATA BRICKS

DATA IiDRDATA NEK OS MTU 2

This data  b r ic k  contains a ll  Che data required  to fu l l y  s p e c i f ’/  a

user task, ; for loading  into the machine  as well as al l  the user task

d a t a /  Tins  data previously  appeared in SMTUl. .

The items are :

ARRAY (NUSERTASKS) 1 N T ■BLOCKNQ

ARRAY (NUSERTASKS) INT TAPE LENGTH

ARRAY (NUSERTASKS) BYTE USERPRIO

ARRAY (NUSERTASKS) BYTE USERSTAT

ARRAY (NUSERTASKS)- APSET CURAPSET

Each element de f ines  the 

location on the TU58 tape of 

the corresponding  task*

Each element de f ines  the 

length of the corresponding  

task  in bytes on the TU58 tape* 

Each element d e f ines  its 

prior ity  of the corresponding  

task  at i n i t i a l i z a t i o n  time. 

Each element def ines  the status 

of the corresponding  task at 

i n i t i a l i z a t i o n  time. .

This is an a rray of records 

d e f in ing  the PAR constants  for 

the corresponding  tasks.  The 

m od e  descr iption  of APSET is 

r;he fo l lowing :

M O D E  APSET C1NT PAR3, PAR4, PARS, PAR'o.) .

Each element of this mode contains the constants that have to be 

placed in the mmu to relocate  the tasks in physical  memory.

The f i r s t  2 arrays are used to load the task o f f  the TU5B tape and

the remaining arrays are used for ; task i n i t i a l i z a t i o n  and task  

changing.

DATA SMTDATA NEW T)S?-1TU2 y  V : V ; . ' y

This  data b r ic k  is used to define  the length of the common area in 

bytes and also where the common aroj is located on tape ( i . e .  block 

number).

These 2 pieces  of information are used by the bootstrap  program* 

The reason for putt in g  this data here is that if the common area is 

changed y SHTQATA c;in be changed and not the bootstrap program.

The items are:

1NT SMTPLOCKNQ 

SHTbEMGTH

Where conitnott area is on tape,  

How many bytes on tape* ,

DATA STEP NEW SMITE

SMTTE is used to determine the location; of the task entry point 

SMTJQB and the stack entry point TASKSTK. When built  w ith  the task 

and ' . th.e • .STB fi le of the common area the address oE the two 

mentioned entry points is put into the two locations  at the bottom
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