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in ikernel mode” and thus the tasks operate in the mo st permiSszve,
state at all time. Kernel mode was chosen so that the operation of
“the memory managed SMT still remained simple. 1f both '"user" and.

“kernel" modes were used, the efficiency of SMT would have been

primitive is called

The mmu has ‘a, status 'registar 0 (SRO\ which contains the abort

error flag, memory management enable, made of operatlng and various
other maintenance information. To enable the mnu, bit O of SRO has
to contain a zero, otherwise the virtval address coincide with the
- physical addre¢s and the mmu does not map the virtual address to
-~ the thsucal address.' : N R e e e

'Staﬁu5~ register ,2 (SRZ) coﬁtaiﬂé,the 1ast‘ins£ruction address at
~the time of a mm abort. This register can be uséd to find what
‘caused the mmu error. e e S
1f an  mmu errorfoccuré the processor traps to location octal 250.
A trap handler has been written to save SRO and SR2 so that when

RRGEL, the error reporting procedure, is called they may be printed
out. Reference 2 8 sheuld be c@nsulted to obLain details of thls.k,”

MENORY MANAGEMENT PHlLOSOPHY

Sl 3 1 1ncroductzon

new .

'flost. That is, a great deal of time would have been spent, mapping
~ the kernel into virtual addre5aing Space, every time a kernely

Th mod1f1cacinns carriad out were minimlzed 50 that as few :

new concepts wore introduced to SMT as possible. This

“section provides the design pnllosophy used to. achieve nenmry
managemenc in SMT. ,

For the remainder of the :hesis, the term “memory management"

~ 15 construed as inplying ‘memory mapping . As will be seen

the final solution did not 1mp1emenh features for uhe control

of = memory access which is part and parcel of ‘'memory
management", but merely cthe mapping of the user tasks Erm
phiysical address space into virtual address sPaee‘ :

o 4.3,2‘u5er Task_Stacks

SMT is, a stavk~basea ,kernel'inkwbi¢h the;State of @ given

task ~ds . given kby_ the last  link cell on the stack'~'

corresponding to that task., Each task has its own stack.

With the dintroduction of memory'mamageménc‘thefStackfcculdkV

~either have been placed in the comnmon area, with the result
thet a large portion of the common area would have been lost
due to the inclusion of all the user task stacks. The second
option available, was to have the Lﬂsk stack included in the
“task. image. ~ S

The aqcond qptian was chosan such that each task carries with
it in the user task space, (above the common ‘avea) its own
stack.  With the inclusion of the stack in the task image,

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

‘kernel. This s the first piece of information required by
the kernel to 1n1Lna11za the task and then to execute it. The

kernel links to the task when the system is started up the
Eirst time. T hus is desctibod more fully in section 4.3.6.
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S ?hr Pﬁﬁg‘u éﬁi” e R R
The *ybh0n§h45 bevn ﬁeS&gnen with a comnou area of 12k wordv' S SR

13 pages of 4k words each. see Fip 4.06), i.e. in APRO, 1, 2 in e o
owhich owe ocon o install thL ialﬁowlmg.: o ~ T S

: 1;' SMT kernel (appxnxg T warda Long ). o
SO input/output drivers with buf(era deiuLd by Lhe user.
%, The syskem database.
~ . Common data bricks. o : ERE S - S o
CBC Gommon procedure bricks. e f", S e e e

Cdtems 3, 4 and & ave all areas which are uged by more g
one task.  1f only one task uses a particular brick it is
gbvious that the brick should wot be in the common area but
with the task. SRR SIS : o

Thi:  gholee of 18k was  wade after considering typical
- databases uspd on  BMI systems at present. The databases
looked mt, werp of the order of magnictude 2.5 ~ 4 k words. 1§
. database of lengeh 3k words was used, an area of 2k words
~would  be left for comnon data and procedure bricks, which is
adequate. This 12k word common area can be expanded up to 16k
words o5 was dome on the Chlorine Plant supervisory system.
CFall deLail oo how o te expand Lhe common area is given in
yeference 2.8, What has Lo be borne in mind, is that if a
lawyer ﬂnmmun area is used, the task space’ ia reduced from
e words {4 pages) te 12k words (3 pages), WhlGh in any
Cevent de osrilloa %ub%lnnhial space Ior a task; :

e 1ubﬁv£meanuneﬁ arsas ar' all linked to form one image
whieh 6 dustalled in Lhe bottom 3 PAR pages of virtual E e ¥
Coaddres ¢,@pacm This &anmnn area remains permanently installed L

i the bottom I pagess Whenever a task change is made, only
the rask PAR's are sWQpped and not the. common area PAR's.
Unes haviny built this common avea, the symbols deﬁ1n1tions
rable  ag the task builder guneranqa by in RShnllM is used to
rash &n%id %hé U5 Gy :nska;, ;

ya;c? ;£  i change is made to the conmon area all the user

1A ske b b he T&uuilt %ihﬁ? nhey all link to o the commaon
PR S : <

Wyl ;gmazﬂ ﬁawaﬁament Fhilmsphv Al PAR Swapping

Cthe bavis ﬁﬁnfﬂﬁhu ol mcm»ry management lies in mapping. The
Y maps a0 xing)e virtual space address into a physical space
address, The actual logation in physical =pace is given by
P me“,uz! 1oea et 4 Llw PAR's.

e ddea by bose ‘uxLﬂnded to goineide with tasks: The

voreh owned o wan oo assipe wach  user task a set of PAR
STIR T YRR Bvory Lime o task is Lo run, the kernel installs

e 'H‘tx lnvL‘a vrelocatiou constants into the PAR repisters,
Thic brinse  the user task into scope before it procedes to
YGCULM Lnu"task, This is 4 simple yet elfective method iu
determi\ing where the task is located iﬂ menmry.~

1]

~it Seemedk logical to pUL thc 4wopping oﬁ the PAR's at the
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beginning of the procedure RETFiN i.e. nht~ task PAR

constants are 1installed into the PAR reglsters brlnglng the

task into scope.  Only then is an unwind of the task
registers made. (see Figura&f}) S | Ae.Ea sk

‘The,'installlﬁg of the conscants at the beginning of RETF1N

enables the remainder of RETFIN to remaln the same and also

SMT is ,unaxfected by the “additional 1nstruat1ons. The -
S primitives culiing RETFLN remain the -same ie it is not

necessary to first call a procedure. to install the task PAR
constants, and then another call of RETFIN to unwind the
stack. Another section of the kernel viamely the eXlStlng4, 1:,

';anterrupt handling mechan1sm is not affected,  ’

 Figure 4. 4 11]ustrates RbTFlN pxlor to the sddition of memory

management facilxtles Cand Eigure 4 5 that after the

5f3cmllt1es have been added

PAR&AssignmentS'

After jhéving decided on the apprbpriaté point‘for the:PAR  :

constants to be swopped, the next question was whict PAR

constants should be swepped. The phllisophy used is shown in
Figure 4.6 and has previously been dlscussed in sectlon
4.3.3. Bt e R e e 5 ;

 The ,first 'three pages APRQ APRl and APR2 as well as APR/

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

constants  irrespective of which task is running, 1mply1ng

‘that the kernel will alwayq be in scope.

APRO and APRl contaln rhe kernel

APRZ has been 1efc asade Eor use as ‘a datu*ase/commonf
procedure/comman data area.

APRT has also been made. ‘Bixed in nemory and is the
~bY5th 1/0 page S ~ : S

‘Thi$7=1mplleo~ chat individual user &asks may have a maximum

‘length 16k words each, occupying APR's 3,4,5 and 6. With
'delficatlons ‘the common area may be expanded to 16k words

length  and 1nd1V1dual tasks of max imum length 12k words (See

~ Ref 2. 8).

4.3.6

‘Figure ~417' and 4.8 summarise the above mechanism,

i)luSLrﬁting‘ two . tasks residing in vlrtual space ahd how :
they map to physical addresses. T

‘Llnking of User Lasks to khe Kernel

The original SMT LQgEiher with all Lhe user ta«;ks were built: ‘
as oune image. The stack and task entry points of each task

were passed  to the kcrnel at task build time, vla a pexnner~ |

called TEDEHN.
The new kerrel has the facility to reload tasks at run time.

This necessitated ‘the concept of linking the kernel to the
tasks to be changed A ‘ P : ~ e
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| Figure 4.6
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1f . the cOmmon 'afaa‘ and all the user tasks 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 Lo 
the kernel, two ‘entry points have to be knoWn, namely t he top

‘,of the stack and also the sLarting point nf the tasku

Therefora‘ Lhese two parameters have to - e passed from the

~user task space to the kernel. The kernel has to know where
“to find these two points and the method used was to build

each task with a dummy module (SMTTE) at the base of each
task.  This module contains 2 integers, these being po:nterS’
- to  the stack and task entry point (See Figure 4.9). These 2

: variablns are -put in the databrick (in SMTTE ). at task build
time by RSYi]M - the supporting development environement,

 Each  task is task built individually ‘with  the  symbol
“definition table praduced by RSX-1iM of the eommon area, so
as to satisfy all the LYO$S*IEfEﬂC1ug from che user task to
‘the procedures in the kernel e,

"At inltlalizatlﬂn tnme when the kernel runsg EQ Lhe Elrstf .

time, the kernel takes the stack address (which is also the
pointer to the SVG DATA area) of each task and puts it in an

“internal table c¢alled CELL iu a data brick called TASKDATA,

‘This. can only be done dynamically and below a ‘description is

piven of the method u;gd “to implement this dynamic task =

‘iﬂiﬁializaticn.

‘~The kernal has to know that the task exists and also where it

~ resides in memory. The technique used was to put a latabrick

‘ chtaining the PAR constants at a place known to the loader
task at - system start up. The praeedure followed is to Eirst
 load  the databrick first 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 ana - As each

Lask is loaded, the task PAR constants are installed inte the
mmu s0 as to bring the task into scope and ‘then the two entry
points are removed from SMTTE. Each task is initialized by a
stack injtialization procedure ‘called  USERTASKINIT. This
procedure initializes the table GCELL in TASKDATA and also
puts the task entry point onto the rask stack. See Figure
4.10 For the various steps in initializing a task. After all
the user tasks have ‘been loaded, the system scheduler table
18 set ups ' : o

”CONCLUSlON

The me thod used Lo impleent nEmMaIry management is descr1bnd in deLall

dp o this chapLer. The design philosophy used and the reasons for
~using  the selected techniques are described, Discussion is also made
‘o how the modifications alicet the run~time aspects of the kernelﬁf

A brief look 2t the system startup or initialization was made in. For
a full dcscr:plicn ’of this aspect of system penevation refer to

"‘;reierencc 2.8
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CHAPTER 5

© SUMMARY AND D1SCUSSION

‘USER EAPERIENC,E m 1NSTALLAT’LON

;;The nnd1f1ed kernel was tested on a prmces¢ CQﬂLrﬁl applacqc:mn in ABGI
Ltd. 1t was necessary to carry out the following modifications. to the;
existing software in order to make is sulnable for operation with the new

o kernel: S , : »

;1. ~!A11 the common. data areas were grﬁuped ian one module,,
‘2. Al the common procadures were grcuped ;ntm o ne modu}a*
3. All che dev1re drivors were gronoed into a madule*

4o AL tha user tasks were modified : fbéiuonpatiblﬁ w&2$‘n«w te
kernel‘s meahcd oi generat:ng user casks, ' i R

o The éonvarsion; took appxoxlnmtely 1 week Lc conp]atai‘;?hu~;w£hwi‘.
loxded onto an off-line computer and it was checked and werified
‘operation was identlcal “to the original system. The software was
loaded into the plaut (f.e. on line) computer and has run without
‘fqr the prev1ous nine months pllof to tbe subndssman of hgi* %:s@ﬂa :

Ihe, jncrease in averhead was measureﬁ and found e be 5{
fordet‘of 1%) i Th;s corresponds to the %nareacc cd}cuiatch

SUMMARY QF KERKFL ENHANGE& NTS

The kerael was additlonally et ahcﬁﬂ 05 include an iutermupt driven lo G
- program and driver to interface to a DEC TUSC :vigem. This dwiver is used

to load the system at  bootstrap ofme i iU omay also be used fu leal
Cindividual tasks.; The driver may alse uued by appl%uﬂ iﬁﬂ~lﬁ$kﬁ B

transfer data to tape.

The ,old SMT was previmusly builn as one ima&e and then loaded dinte the
‘machine. In the new memory managed version of SMT each task is built
seperately and at startupy tasks are loaded one at a time undexr the
control of the SMT startup program. Thig feature has made it possible to
~do modificationd to a rask on a host michine and to load the atfected tash
4into the target machine on-line. This feature is vseful in that & ulnglz
pask can be loaded dinto the machine rather ‘than loading rho corplet o
- 'SYSﬁﬁm» . o - S R : ; T

SUGGESTIONS TOE FUTURE_WORK

The project haé been eyuremely‘sucuesslul ,implvmuntxng the run-tinge
aspects of Lhe memory~managed SMT. SO o S
Ther& are however areas which could be studled Eurther the most important
beir>» the programming support environment for the development 0£ systems
operating under SNT. :

The original SMT kerﬁé1~has an'S—task used primarily for the dperatbr to

- 22 -
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'~_commualcaLP with the kerneiy'"ThiS'task éiso has the abiiiti,to;lobkkat,

the con‘ents of memory locations. This task in the new kernel has been
conf igured  as ~a - user task and thus can only look at memory locations in.

the common area. - 1t could be modified to loﬂk at - any lovatlons in-
'kphysiual menbry chus enhancing xts usefullness.: o :

‘ 4‘§9NCLU§19§ T

~In conclusion, the addition of menmry management Ea0111t1es to SMT has‘
been  successful, with the new ketnel Operatlonal in one on-line computer i
system of AEC1 Ltd.  Although the memory managed SMT has a sliphtly
~increased ‘overhead “the implementation is extremely effic1ent and the;f~
basic d951gn concepts of the SMT. kernel have buen retained. Lol :

The :enhancemantS’ and new features described in this report have made taef
SMT kernel more powerful and flexible and have  enabled the full
capablllty of the DEC hardware to be utilized. Further features have been
adden to the kernel to allow onuilne loading of new or modifled tasks~~
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APPENDLX A

INCREASED OVERHEAD TIME CALCULATIONS

'his appendlx. indxcates the method used to: calculace the increase in overheadr:
‘due to the introductxon of memory management acti v1t1es into SMT. »

The schedulxng ot task changing mechanlsm in SMT is split 1n Lo Z‘procedﬁfes;'*

‘namely the procedure CHANGE and the provedure RETFIN, SN

Flgure Al indicates how these ‘twb are relaﬁed ;and 'wheré the'étateﬁénﬁs‘”“

vrlncrea51ng che overhead are sltuated.4

“fho o€ new instn1ct10ns in the fxrst snage

‘Ihe ‘procedure CUANGE 5 entered after a call of a pr1mitive (eg DELAY WAlT ;
etc) as ouvlined in chapter 3 The next task to run is choSan and a call of,:"

RETFIN 1S made‘

RETFIN then proceeds to set up the RTL/2 envixonement 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 First stage checks to see 1f the task selected, is a user task or a system
rask. 1f it is a system task, ahe task is in scope and thus PAR constants need .
“not be loaded ‘into the- machlne reglst?rs, While it it is a user task the
‘sec0nd stage is. entered into. : o :

1n the seccnd stage, the mennly management registers are loaded,; brlngxng the 

uask into scope, The remaindar oﬁ Lhe procedura stays the same.

The calculatlon aSSumes Lhat the modple ,is c0mp11ed‘“usmng,fthé‘axtendéd'
”‘instructicn set cptxcn (51) ' g : : : s '

4
A system task - 110,

If a avstem task - 1n5truct10ns ‘,1'

ok ~=§xa¢utibn,timef ~ 1 14.5 micro Smconds.
Cuser task - instructionsg poede e
: — execution time ¢ 20.5 micro Seconds

No of new instructions in the second stage

1f a user task - instructions °,~ : 10

- execution time  : %0 micro Seconde

Increase in overhead time for a task change to:

A~u5ér task - 4.5 microSeconds/task change
L

michSeLonds/Lask change

An. estimate of the number of times Lhis wlll ac cur in one second gives an ,~9 -
'1ndicat10n oﬁ the ovexhead increas : L

The. clock task will execure every 20 m$ , 1e 50 times per second 1£ the user o

tasks are entered affer each clock task execution, this 1mplles that the user
tasks  may be encered into 50 times a second. This is true, if the user tasks
never have C1ne to complete, ie the processor is running at 100 % load. 1f the

‘system load - 50% and the remainder of the t1mc(50%); the fall back task -
fexeCutes;,‘this implies that the user tasks will execute 25 times a second and

-2l -
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| sAVETAask
 PARAMETERS

SERVICE EVENT Q f—

- SELECT WHICH TASK
TO EXECUTE NEXT |

" STORE SELECTED
 TASK NUNBER

 PROCEDURE RETFIN |

{INSTALL CONSTANTS |
JIN PAR REGISTERS |

2
5

|LOAD DATA OF STACK
~ INTO REGISTERS

| sTART EXECUTING | o
'SELECTED TASK | | | i S

By
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‘the system task will execute 25 times a second.

Thus o

'GLOGK TASK EXECUTIONS
FALL BACK TASK EXECUTION 25 %

USER TASK EXECUTION

TOTAL 18

"~ as a percentage per secondi

gow

il

~.3100.0

(3100.0) x 10

: :'4 QnB Vo‘

925.0
112.5

2762.5

e o, b it

B
% 100

~miero seconds
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