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in "kernel  mode" and thus the tasks operate  in the most permissive  

state  at a ll  time. Kernel mode was chosen so that the operation  of 

tht memory managed SMT s t i l l  remained simple.  I f  both " u s e r "  and 

" k e r n e l "  modes were used ,  the e f f ic ien cy  of SMT would have been 

lost .  That i s ,  a great deal of time would have been spent,  mapping 

the kernel into v ir tu al  addressing space,  every time a kernel 

pr im it i v e  is c a l led .

The mmu has a status reg ister  0 (SRO) which contains the abort 

error f l a g ,  memory managemtnt enable ,  mode of operating  and various  

other maintenance information .  To enable the rrrnu, bit 0 of SRO has 

to co n t a in  a zero ,  otherwise  the v irtual  address co incide  with the 

physical  addrefs  and the rrrnu does not map the virtual  address to 

the physical  address .

Status r eg ister  2 (SR2) contains  the last instruction  address at 

the time of a mmu aborL .  This register  can be used to f ind  what 

caused the  rrmu error.

If  an mmu error  occurs the processor traps to location octal 250 .  

A trap handler  has been  written to save SRO and SR2 so that when 

RRCEL, the error  reporting procedure ,  is called they may be printed 

out.  Re ference  2 . 8  should be consulted to obtain  details  of this .

MEMORY MANAGEMENT PHILOSOPHY

4. ,'3.1 In  trod uction

The m odif ication s  carried  out were minimized so that as few 

new concepts were introduced  to SMT as p o s s ib l e .  This 

section  provides the design philosophy used to achieve memory 

management in SMT.

For the remainder o£ the thesis ,  the term "memory management" 

is construed ais inp lying •‘memory mapping '. As w i l l  be seen 

the f in a l  solution did not implement features for control 

of memory access which is part and parcel of ’‘m^rrory 

management", but. merely the mapping of the user tasks frc/ 

physical, address space into vir tual  address space.

4 . 3 . 2  User Task Stacks

SMT is  a stack-based kernel in which the state of a given 

task  is given by the last l ink  cell on the stack 

corresponaing  to that. task.  Each task has its  own stack.  

With the introduction  of memory management the stack  could 

e ither  have been placed in the common area ,  with  the result 

that a large- portion of the common area would have been lost 

due to the. in clus ion  of al l  the ui>er task stacks .  The second 

option a v a i l a b l e ,  was to have the task stack  included in the 

t;a sk image .

The second option war, vhosen such that each task ca rries  with 

it in the user task space ,  (above the common area )  its  own 

stack .  the in clus ion  of the stack in the task image,

the start  address of the stack has to be passed to the 

kernel .  This Is the f i r s t  piece  of information required by 

the kerne) to i n i t i a l i z e  the task and then to execute i t .  The 

kernel links to the task when the system is started up the 

f i r s t  time. This is described  more fully  in section  4 . 3 . 6 .
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beginning  of the procedure RE TF1N , i . e .  the  task  PAR 

constants  are in sta l le d  into the PAR reg isters  bring in g  the 

task i n t o  scope. Only then is an unwind of the task 

reg isters  made* ( see  Figure A . 3)

The i n s t a l l i n g  of the constants  at the beginning  of . RETF1N 

enables the remainder oE J^ETFIN to remain the same and also 

SMT is unaffected  by the additional  in struc t io ns .  The 

primitives  c a l l i n g  RETF1N remain the same ie it is not 

necessary  to f i r s t  call a procedure to i n s t a l l  the task PAR 

constants  , and then another ca ll  of RETF1N to unwind the 

stack .  Another  section of the kernel namely the existing  

interrupt  handling mechanism is not a f f e c t e d .

Figure  4 . 4  i l l u s t r a t e s  RETF1.N prior  to the addit ion  of memory 

management f a c i l i t i e s  and f igure  4 . 5  that after the  

f a c i l i t i e s  have been added .

4 . 3 . 5  PAR Assignments

A f t e r  having  decided on the appropriate  point for the PAR 

constants  to be swopped, the next question  was whicl PAR 

constants  should be swopped. The phil isophy  used is shown in 

Figure  4 . 6  and has previously  been discussed  in section  

4 . 3 . 3 .

The f i r s t  three pages APRO, APR! and APR2 as well  as APR? 

were made fixed in memory, i . e .  they conta in the same 

constants  irr es pec tive  of which task is  running,  implying 

that the  kernel wil l  always be in scope.

APRO and APR1 contain the kernel.

APR2 has been left aside  for use as a datii, a se/common 

procedure/conmon data area.

A’PR7 has also  been made fixed in memory and is the 

system 1 / 0  page.

This implies  that individual  user tasks may have a maximum 

length of 16k words each,  occupying APR 's  3 , A , 5 and 6 .  With 

m o d if ica t io n s  the common area nay be expanded to 16k words 

length and individual  tasks of maximum length 12k words (See 

Ref 2 , 8 ) .

Figure 4 . 7  and A , 8 summarise the above mechanism, 

i l l u s t r a t i n g  two tasks re s id i n g  in virtual space and how 

they map to physical addresses.

4 . 3 . 6  L in k in g  of User tasks to the Kernel

The o r i g i n a l  SMT together with all the user tasks were built  

as one image. The stack and task  entry points of each task 

were passed to the kernel at. task  build  time, via a pointer 

ca l l e d  TKDFJS, : :

The new kerrel lias the fa c i l i t y  to reload tasks at run time. 

This n ecess itated  the concept of: l inking  the kernel to the 

tasks to be changed.

- 20 -



Figure. 4.4

RETF1N PRIOR TO ADDITION OF 
MEMORY MANAGEMENT FACILITIES



Figure 4.5

RETFIN AFTER THE ADDITION OF 
MEMORY MANAGEMENT FACILITIES
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Figure 4„8
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ACTION OF MMU ON VIRTUAL ADDRESS 
TO PHYSICAL ADDRESS MAPPING



I f  the  common- afea  and a l l  the user  casks are  created as 

seperate  operations ,  a technique had to be devised  for making 

the user  tasks known to the kernel .  For a task to be known to 

the k e r n e l ,  two entry points have to be known, namely the top 

of the stack  and also  the sLarting  point  of the task.

‘Therefore these two parameters have to be passed  from the 

user task space to the kernel.  The kernel  has to know where 

to f ind  these two points and the method used was to build  

each task  w ith  a dummy module (SMTTE) at the  base of: each 

task .  This module contains 2 integers ,  these be ing  pointers  

to the  stack and task entry point. (See  Figure  4 . 9 ) .  These 2 

v a r ia b le s  are put in the databrick ( i n  SMTTE) at task  build 

time by RSX11M -* the supporting development environement . 

Each tas'<- 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 RSX-11M of the common area,  so 

as to s a t i s f y  all the cross-re fencing from the user task to 

the procedures  in the kernel .

At I n i t i a l i z a t i o n  time when the kernel runs for  the  .first,  

time, the kernel takes the stack address (which  is also the 

po inter  to the SVC DATA area) of each task and puts it in an 

internal table called CELL in a data b r i c k  c a l l e d  TASKDATA. 

This can only be. done dynamically and below a descr iption  is 

given of the method used to implement this dynamic task 

, itiitxalisafcioru ■■ - - ■ ■  ̂ .

The kernel  has to know that the task e x is t s  and a lso  where it 

resides  in memory. The technique used was to put a iatabrick 

co ntain ing  the PAR constants at a place known to the loader 

task  at system start up.  The procedure followed is to f irs t  

load the  databrick  f irs t  containing the PAR constants  and 

then to use the information in this databrick  to load the 

kernel and then to load the user tasks one at a time. As each 

task  is loaded,  the task PAR constants are i n s t a l l e d  into the 

mmu so as to bring the task into scope and then the two entry 

points are removed from SMTTE. Each task  is i n i t i a l i z e d  by a 

stack i n i t i a l i z a t i o n  procedure called  USERTASKIN1T.  This 

procedure i n i t i a l i z e s  the cable CELL in TASKDATA and also 

puts the  task entry point onto the task stack .  See Figure 

4 . 1 0  tor the various steps in I n i t i a l i z i n g  a task .  After  all 

the u& er  tasks hove teen loaded,  the system scheduler  table 

Is set up.

CONCLUSION : : : - ; : ■■■ '

The method used to implement manor y management is  described  in detail  

in this chapter* The design philosophy used and the reasons for 

using the selected  techniques are described .  D iscu ss io n  is  also made 

on how the M o d i f i ca t io n s  a Meet, .the'run** time aspects  of the ketnie.lv 

A brief  look »fc the system startup or i n i t i a l i z a t i o n  was made. in .  For 

a fu l l  descr iption  of this aspect, of system generation refer to 

rete rence 2 . 8 .
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Figure 4.10
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CHAPTER 5

'SUMMARY AND DlSCUSSION

USER EXPERIENCE IN INSTALLATION

Eied ' . .kernel /  was tested or) a process  'cotitroi a p p lica tio n  in A EG 1 

was. necessary  ter carry out the following modifications.  to the 

software  in order to make i s  su itable  fo.x. operation witlt the; new

The mod'

L t d . It

exis ting

kern e l :

1 .  ■ All

2. All

3 . All

A. All

k er ne l 's  method of generating  u s er  casks.

Hie conversion took approximately  1 week co complete.  Tnt w f . t v !  .. •• 

loaded onto an o f f - l in e  computer and i t  was checked and- vs  r i f led  v  

operation was identical  to the o r i g in a l  system. The software \ts>z v .- ■ 

loaded into  the plant  ( i . e .  on l i n e )  computer and has  run without .*. • 

for the previous n ine  months prior to the submission c-f t.hlt rHsso ’. ' V . - .

The increase  in overhead was measured and found f.f. K. *. i: < . - : : ■ 

order of 1%). This corresponds to the increase  ca3c.ulafoJ .

SUMI1ARY OF KERlCL ENHANCEMENTS . :

The kernel was a d d it i o na l ly  enhanced i :  'include aa interrupt  .drive?;/l^.-v.u-.r 

program and driver to -interface to a UEG Tl’ .'r \ ?tetn. This  driver  is 

to load the system at bootstrap  u’nie : it may also  bu used tu U u r  

indiv idu al  tasks .  The driver may also \used by npplieaftien r-.-

transfer data  to tape.

The old SMT was previously  b u i l t  as one image and then loaded intc- the 

machine .  In the new memory managed vers ion  of SMT each task  is .built: 

seperately and at startup ,  tasks are loaded one at a time under tlu 

control  oE the SMT startup program. This feature has made if. possible  t:. 

do mod if  ications  to a task on a host  no chine  and to load the  afcEected ta.O 

into the target machine on-line,  This  feature is useful in that a s i n & h '  

task can be loaded into  the machine rather than loading  "ht  iv.i t 

syscem. ■/.■.• ■ '■'''/... /  ' ■ ,

S U G G E S T lO m  FOE FUTURE WORK : . ■' /

The p r o je c t  has been  extremely successful its iKpietM’nt uni pit- tun-time 

aspects of the memory-managed SMT.

There are however areas which could be studied further ,  the most important 

beir-'1 the programming support environment for the development of systems 

operating under SMT.  .



communicate w it h  the kernel* This  task a lso  has the ability,, to. look  at 

the consents  of memory l o c a t io ns .  This task  in the new kernel has M e n  

conf igured as a user  task and thus can only look at memory locations  in 

the common a r e a .  It could be modified to look  at any locations  in 

physical memory thus enhancing i t s  usefullness .

5 , 4  CONCLUSION

In ■.conclusi.on> the  addition  of memory management f a c i l i t i e s  to SMT has 

been su c ce ss fu l ,  wi th the new kernel operational  in one on-line computer 

system of AEC1 Ltd .  Although the memory managed SMT has a s l ig h t ly  

increased overhead ,  the irrp lementa ti on is extremely e f f ic ie n t  and the 

basic  design concepts  of the SMT kernel have been reta in ed .

The enhancements and new features described in this  report have made the 

SMT kernel more po\\?erful and f lex ible  and have enabled the full  

ca pa b il ity  of the  DEC hardware to be u t i l i z e d .  Further  features have been 

addeei to the .kernel to al low on-line loading of new or modif ied tasks*



APPENDIX A

INCREASED OVERHEAD TIME CALCULATIONS

This appendix  in d icates  the method used to ca lculate  the increase  in overhead 

due to the introduction  of memory management a c t i v i t i e s  into  SMT.

The scheduling  or task changing mechanism in SMT is sp l i t  into 2 procedures ,  

namely the procedure  CHANGE and the procedure RETF1N,

Figure  A1 i n d ic a t e s  how these two are related and where the statements 

in cre a s in g  the overhead are s i t u a t e d .

The procedure CHANGE is entered a fter  a ca l l  of a primitive  (eg DELAY,  WAIT 

etc )  as o utl i n e d  in chapter 3 .  The next task  to run is chosen and a call  of 

RETFIN is made. : : . : = ■

RETF1N then proceeds to set up che R T L /2  environement for the chosen task.  Two 

sections  of logic  have been added to RETTIN and it is this logic that has 

increased  the overhead,  the remainder of the procedure has remainded the same. 

The f i r s t  stage checks to see if the task  s e le ct e d ,  is a user task  or a system 

task .  I f  it is a system task, toe task is  in scope and thua, PAR constants  need 

not be loaded into the machine r e g i s t e r s .  While if it is a user task  the 

second stage is entered into.

In the second sta g e ,  the memory management registers  are loaded , br ing ing  the 

t a s k  into scope .  Hie remainder of the procedure stays the same.

The c a l c u l a t i o n  assumes that the module is compiled using  the extended 

i n struc t io n  set option ( E l ) .

No o f  n w  instru ct ions  i n  the f i r s t  stage

If a system task "  instructions ; 1

- execution time t 14. 5 mi cro Saconds

us e i' ta sk - instructions ; 3

- execution time ! 20 . 5 micro Seconds

No o f  new in s t r u c t i o n s  in  the second s t.age

I f  a user task  - instructions : 10

- execution time : 90 micro Seconds

I n c r e a s e in  overhead time for a t ask change t o ;

A user  task - A. 5 mi croSeconds /ta sic change

A system task  - 1 1 0 .5  microSeconds/task  change

An estimate  of the number of times this w i l l  occur in one second,  gives  an 

in d i c a t i o n  of the overhead increase .

The clock  task w i l l  execute every 20 mS , ie  50 times per second.  I f  the user 

tasks are entered  after each clock  task  execution ,  this implies that the user 

tasks may be entis;:r“d into 50 times a second.  This is true, if the user tasks 

never have time to complete,  ie the processor is running at 100 % load .  If the 

system load is 50% and the remainder of the time(507o), the f a l l  back task  

ex ec u te s ,  this inplies  that the user tasks w i l l  execute 25 rimes a second and

- 24 -



Figure A l
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t h e  system task  w i l l  execute  25 times a second.

Thus

CLOCK TASK EXECUTIONS 50 x 4 . 5  = 22 5 .0

FALL BACK TASK EXECUTION 25 x 4 . 5  = 1 1 2 . 5

USER TASK EXECUTION 25 x 1 1 0 . 5  = 2 7 6 2 .5

TOTAL IS 3 1 0 0 . 0  micio seconds

as a percentage per second

( 3 1 0 0 . 0 )  x 10 x 100
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