
CHAPTER  4 P ro ce ss- R e so u rce  D ecopos it ion

4.4.2 I N I T I A L I Z A T ION PROCESS: F u r t h e r  Decomposit ion

I n i t i a l i z a t i o n  can be 
P r e p a r a t i o n  of 

i n t e r n a l  and
- C onf igu r ing  the  

optimizes) the

s e p a r a t e d  in to  tw o  processes: 
th e  F i l e  S e r v e r :  I n i t i a l i z i n g  th e  s e r v e r ' s  

e x t e r n a l  r e s o u rc e s  and i t s  processes.
F i le  S e r v e r :  Loading da ta  which m od if ies  (and 

fu n c t io n in g  of th e  f i l e  s e r v e r  a c co rd in g  to
expected  co n d i t io n s  or  pe r iods  of use.

4 .4 .2 . 1  R e s o u rc e  P r e p a r a t i on P ro c e s s  (F ig  4.4.2a)

T h is  process p e r fo rm s  th e  i n i t i a l i z a t i o n  o p e ra t io n  on a l l  f i r s t  
ie ve i  re so u rc e s  and those  com pr is ing  th e  n e tw o rk  i n t e r f a c e .  : t  
a lso  i n i t i a t e s  t h e  q u e i i i j- p ro d n c in g ,  d i s k - r e a d ,  d l s k - w n t e  and 

rack-send  com plet ion  processes. The s e r v e r  processes f o r  each 
node, h o w eve r ,  - re  i n i t i a t e d  from  th e  queue-produc ing  process, 
when i t  f i r s t  r e c e iv e s  a r e q u e s t  from  t h a t  node. I t  has th e  
f o l l o w in g  c h a r a c t e n s t  i c :

PROCESS'. I n i t i a l i z a t i o n  
BEGIN:

• I n i t i a l i z e  th e  1 s t  le v e l  and n e t w o r k - ln t e r f a c e
re s o u rc e s  «

• P e r fo rm  the  C o n f ig u ra t io n  Process «
» I n i t i a t e  c o n c u r r e n t  processes  »

END: I n i t i a l i z a t i o n

4 4 .2 , 2  C o n f i g u r a t i o n P ro c e s s  ( F ig  4.4.2b)

C o n f ig u r a t io n  e n t a i l s  us ing  c u r r e n t  s e le c t io n s  f o r  an y  f l e x ib le  
c h a r a c t e r i s t i c s  of the  f i l e  s e rv e r ,  The process has to  re ad  th e  
c o n f ig u r a t io n  f i le ,  and d e te rm in e  s e t t i n g s  such  as t h e  d e f a u l t  
opera t ing  system. I t  also reads the  ID-numbers of the  disks which 
a re  most o f t e n  used. Each  of th e se  d isks a re  opened and w i l l  
remain so fo r  the  d u r a t io n  of th e  session , s a v in g  t im e  when a 
user requests  one of th ese  d isks. A t  any  s tag e ,  th e  d isks a re  
open a t le a s t  once, so t h a t  the  d if  a re  n e ve r  a c t i v e l y  c le a re d  
from th e  cache. I t  has th e  fo l lo w in g  c h a r a c t e r i s t i c :

PR O C ESS :  C o n f ig u r a t i o n  
BEGIN:

■ Read the d e fa u l t  o p e ra t in g  system from Con f ig$F i le  •
I Call the Common$Disk*Open t roces«  to  open th e  d isks

ol the d e fa u l t  o p e ra t in g  t y s te m  «
■ For each disk-ID l is ted  in t * C o n f ig iF i l e  »

t Rf-ad the  disk-ID «
* Call the  Common*Disk$Open process »

END: Conf ig u ra t io n
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4.4.3 NODE -S E T V E R  PROCESS: F u r t h e r  le v e ls  of Decomposit ion

The fu e  s e r v e r  is no t  only r e q u i r e d  to  p ro v id e  d isk  d a ta ,  bu t  
must prov ide f u n c t io n s  f o r  a t t a c h in g  d i f f e r e n t  pseudo-disks to  a 
node's '.--lves. T h e re fo re  th e  s e r v e r  must m a in ta in  an image of the  
d r i v e s  fo r  th e  node w h ich  i t  is s e r v in g .  I t  m ust a lso keep 
in f o rm a t io n  on th e  u se r  c u r r e n t l y  a t  i t s  node. Ea ch  fu n c t io n  
prov ided to the  use r  can be seen as a process a t  t h i s  level.

4 4 ,3. 1  N o d e - S e rv e r  P rocess : S u b - P r o c e s s e s

The in d iv id u a l  n o d e - se rv e r  process  can be d iv id e d  in t o  processes 
f o r  i n i t i a l i z a t i o n  o f  th e  n o d e- se rve r ,  decoding of re q u e s t s ,  and 
w i t h  s e p a r a t e  p rocesses to  handle  r e q u e s t s  f o r  each of the  
fu n c t io n s  p ro v id e d  to  users.

4 4.3.1.1 ;  n i t  i t !  i t  a t  to n  P r o c e s s  ( F i g  4 .4 .3 a )

The process reads th e  node number which  i t  must se rve , a f t e r  i t  
has been i n i t i a t e d .  I t  i n i t i a l i z e s  i n t e r n a l  r e s o u r c e s  and 
connects the  d e fa u l t  opera t ing  system to  th e  d r iv e s .

PR O C ESS : I n i t i a l i z e  N o d e - Je r v e r  
BEGIN:

Read (Node$Num ber)
« In form  P roducer  process Node number has been read  »
• In i t i a l i z e  th e  D r i v e t M a p  Resou rce  »
* Z e ro $ C u r re n t * S e t t in g s  - fo r  C u r r e n t  U ser Record «
» A t t a c h  d e fa u l t  o pera t ing  system v.o node's d r iv e s  « 

END: I n i t i a l i z e  N o d e - S e rv e r
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4 .4 .3.1.2 D e co d  m e  P r o c e s s  ( F ig  4 4 .3  b)

Decoding is a c o n t in u a l  p rocess re a d in g  re q u e s t s ,  i d e n t i f y i n g  th e
fu n c t io n  req u es ted ,  and ru n n in g  th e  process w h ich  hand les t h i s
fu n c t io n .  I t  has t h e  fo l lo w in g  c h a r a c t e r i s t i c :

PROCESS: Decode Request 
TEGIN:

R e p e a t :  F o r e v e r  
BEGIN:

Dsqoeue  (Node Q sue)
• In t e r p r e t  and process request  *
CASE: • Fn id e n t i f ie s  req u es t  as »

ReadtTra^k: • C A LL  Read$Tr,*ck »
W rite tS e c  ‘.or: ■ C A LL  W n t e » S e c t  «
SigntOn: » C A LL  S lgn tOn  «
S ig n tQ f f : . C A LL  S lg n *O f f  «
Attach*Common$Disk: « C A LL  A t tach tCo rem o ntD isk  » 
A t t a c h * U s e r * D i s k .  « C A L L  A t t a c h $ U s e r $ D is k  » 
Detach*Dnve : « C A LL  D e ta ch $ D r lve  •
Rqst*$OS: « C A LL  R q s t tO S  *

END:
END:

END: Decode Request

4 4 3.1.3 R e t d  T r s c k :  R e q u e s t  H a n d l i n g  P r o c e s s  (F ig  4.4.3c)

Th is  must in t e r p r e t  and process a req u es t  fo r  a t r a c k  o f f  one of 
the  d r iv e s  The process must f i r s t  i d e n t i f y  w h ich  pseudo-uisk is 
connected to  the  d r i v e .  I t  has th e  fo l lo w in g  c h a r a c t e r i s t i c :

D r iv e ,  Head

PROCESS: R e a d tT ra c k  
BEGIN:

• In t e r p r e t  the  request :  I t  id e n t i f i e s  th e
and PC-Track  to  be read  a t  the  node •

• Id e n t i f y  which disk is connected to  t h i s  d r i v e  and
co n v e r t  the  PC _T rack  ♦ Head to  a single t r a c k  o f f s e t  
in th e  Pseudo-d isk 's  f i l e  image »

• Fe tch  the  re q u ire d  t r a c k  to  Ihe  cache »
• W a i t  u n t i l  the  t r a c k  is in the  cache «
■ Enqueue an o u tp u t  message, c o n ta in in g  the .

Funct ion : Same as the  req u es t  fu n c t io n  
Cache»<Jr oup. T ra c k *G ro u p  m  cache c o n ta in in g  

t r a c k  - used to  l a t e r  update the  cache.
Drive, PC-Track, Head: as supp l ied  in 
Track$Pos: Loca t ion  of t r a c k  data  in 

END: R e a d i ’i r a c k

t h i s

th e  r e q u e s t  
cache memory*
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4 .4.3. 1.4 W n t e - S e c t o r :  R e q u e s t  H  and  l i n g  P r o c e s s  (F ig  4.4.3d)

Th is  process handles requ es ts  to  update a pseudo-disk w i t h  s e c to r  
d a ta .  I t  has th e  fo l lo w in g  c h a r a c t e r i s t i c :

PROCESS : W n t e i S e c t  
BEGIN:

« I n t e r p r e t  th e  request :  I t  i d e n t i f i e s  th e  D r i v e ,  Head, 
PC-Ti ack and se c to r  which was w r i t t e n  to, and the  
S e c to r  Pool e n t r y  con ta in ing  th e  da ta  »

« Id e n t i f y  which  disk is connected to  t h i s  d r i v e  and
co n v e r t  th e  P C _T ra ck  ♦ Head to  a s ingle t r a c k  o f f s e t  
in  the  Pseu do -d isk ’s f i l e  image «

» F e tc h  the  re q u ire d  t r a c k  to  th e  cache *
« W a i t  u n t i l  th e  t r a c k  Is in  th e  cache  *
• C ach e_Pe r fo rm $ W i' i te  - copy th e  da ta  from i t s  se c to r

pool e n t r y  to  i t s  p o r ' t io n  in th e  cache *
* Release th e  sec to r  e n t r y  back to  th e  S e c to r  Pool *

END: W n t e S S e c t

4 .4.3.1.5 S ig n - O n :  R e q u e s t  H a n d l i n g  P r o c e s s  ( F ig  4.4.3e)

Th is  processes a req u es t  to  a t t a c h  a user to  th e  system  and allow 
him access to  h is  disks, and a n y  s o f tw a re  to  which  he is  allowed 
access. I t  has th e  fo l lo w in g  c h a r a c t e r i s t i c :

PROCESS: Sign$On 
BEGIN:

» I n t e r p r e t  th e  request :  I t  prov ides th e  User$Num and 
th e  password of th e  user s igning on »

« Read U s e r ’s c h a r a c t e r i s t i c s  from  U s e r $ In f  o rm a t io n  
resource, and v e r i f y  th e  password «

IF : « Successfu l - i.e. password m atches  *
THEN:

• Copy d a ta  from e n t r y  in U se r$ In fo rm a t io n  to
C u r r e n t  U ser Record •

* CALL  A t t a c h iO S  - a t t a c h  th e  O pe ra t ing  System
spec if ied  as ln i t$ O S  in U se r  Record »

« Enqueue an o u tp u t  message, c o n ta in in g  the :
Funct ion : Same as th e  requ es t  f u n c t io n  
S ta tu s :  W h e th e r  r e q u e s t  was su cce ss fu l  
User in fo rm a t io n  such as th e  c a te g o ry  of access, 

the  op era t ing  system  and maximum user  d isks «
END: Slgn$On
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4.4.3.1.6 S i g n - O f f :  R e q u e s t  H a n d l i n g  F r o c e s s  (F ig  4.4.3 f )

The s ign o f f  f u n c t io n  d isco n n ec ts  a u se r  f rom  th e  node, w h ich  
must be re se t  to i t s  i n i t i a l  s t a t e  before  th e  use r  was a t ta ch ed .  
I t  has th e  fo l lo w in g  c h a r a c t e r i s t i c :

P R O C ESS :  S ign$O f f 
BEGIN:

• Remove link  in U se r  Record to  lo ca t ion  of user disks » 
» C A L L  Z e ro $ C u r r e n t$ ie t t in g s  - Reset U se r  Record *
« C A L L  A t ta ch $ O S  fo r  th e  d e fa u l t  O pe ra t in g  Sys tem  *

END: S ig n $ O f f

4 .4 .3 .1 . 7 M t a c  h-C onmon- b i s  K : R e q u e s t  H a n d l i n g  P r o c e s s

(c f : Fig 4 4 .3 g) The process handles a requ es t  to  a t t a c h  a common 
disk to  th e  node's d r iv e s .  I f  th e  f i l e  num ber re q u e s te d  is an 
a p p l ic a t io n  number, then  a l l  d isks in  th e  a p p l i c a t io n  must be 
a ttached . i f  su ccess fu l,  th e  d isk  is  a t t a c h e d  to  th e  f i r s t  f r e e  
d r ive ,  o r  i f  m u lt ip le  d isks  w ere  re q u e s ted ,  to  s e q u e n t ia l  d r iv e s .  
I t  has th e  fo l lo w in g  c h a r a c t e r i s t i c :

PROCESS: A ttach$Com m on$D isk  
BEGIN:

• I n t e r p r e t  tn e  request :  I t  con ta ins  th e  F i le  number, 
load type  and r e a d / w r i t e  in d ic a to r  d e s i re d  «

« C A L L  Cor»mon$Disk$Attach - open th e  disks, v e r i f y  
access and a t t a c h  disks to  a va i la b le  d r i v e s  «

IF : « Successfu l AND Load iType  is Immediate  »
THEN: * P r e f e t c h  f i r s t  se t of d isk ’s t r a c k s  to  cache » 

« Enqueue an o u tp u t  message, c o n ta in in g  th e  fu n c t io n ,  
th e  s t a tu s ,  the  f i r s t  d r i v e  to  which  a new disk was 
a t ta ch ed ,  and the  q u a n t i t y  of d r iv e s  a t ta c h e d  *

END: A t tach$Com m on$D isk

A t t a c f i - U s e r - D j s k :  R e q u e s t H a n d l i n g  P r o c e s s

4.4.3 h ) When a u se r  sigtis-on, a l l  th e  u se r  d isks  a re  
to  d r i v e s .  H o w eve r ,  d isks  may be d isconnec ted  and 

la t e r .  The req u es t  con ta ins  the  number of th e  user disk 
not a disk 's f i l e  number. I f  zero, i t  means t h a t  a l l  of 

t h e  u s e r ’s d is k s  m us t  be co n n e c ted .  I t  has  t h e  fo l lo w in g  
c h a r a c t e r i s t i c :

PR O C ESS : A t t a c h * U s e r $ D is k  
BEGIN:

» I n t e r p r e t  th e  request :  I t  con ta ins  th e  number of th e  
user disk and th e  r e a d / w r i t e  in d ic a to r  des ired  *

• C A L L  U s e r iD is k *  A t t a c h  - v e r i f y  u se r  has th e  disk(s), 
open the  disk(s) and a t t a c h  to  a va i la b le  d r i v e s  »

« Enqueue an o u tp u t  message, c o n ta in in g  th e  f u n c t io n ,  
the  s ta tu s ,  th e  f i r s t  d r i v e  to which a new disk was 
a t ta ch ed ,  and th e  q u a n t i t y  of d r iv e s  a t ta c h e d  «

END: A t t a c h $ U s e r $ D is k

4.4.3.1.6

l e f :  F ig  
a t t a c h e d  
requ ired  
requ ired ,
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4.4.3.1.9 V e t a c h - V n v e s :  R e q u e s t H  an d  l i n g  P r o c e s s

(c/: F ig  4.4.31) Th is  processes a r e q u e s t  to  d e ta ch  d isks  from  a
node’s d r iv es .  The r e q u e s t  s p e c i f ie s  th e  s t a r t i n g  d r i v e  and th e
q u a n t i t y  of d r i v e s  to  d e ta c h  d isks  from . I t  hss th e  fo l lo w in g  
c h a r a c t e r i s t i c :

P R O C ESS :  D e t a c h S D n v e s  
BEGIN:

» I n t e r p r e t  the  re q u e st: I t  co n ta in s  th e  f i r s t  d r • and 
the  q u a n t i t y  of d r iv e s  from  which  to  remove dl'.KS «

» C A LL  D r .v e iM a p _ D e ta c h  «
END: D e ta c h $ D r iv e s

4 .4 .3 .1 , 1 0  C h a n g e - Q p e r a t i n g - S y s t e m :  R e q u e s t  H j n d l m g  F r o c e s s

( c f .  F ig  4.4.3 j )  The process hand les  r e q u e s t s  f o r  a change in 
^  o p e ra t in g  system . I t  has th e  fo l lo w in g  c h a r a c t e r i s t ’ c:

PROCESS: Rqst*C  
BEGIN.

» I n t e r p r e t  th e  r e q j e s t :  I t  co n ta in s  th e  number of th e  
o p e ra t in g  system  d e s i re d  »

IF : • The requested  o p era t in g  system  is not c u r r e n t  • 
THEN:

« C u r re n t .  OSiNum := Rqst$OS *
■ C A LL  A t ta c h * Q S  - Detaches a l l  d r iv es ,  a t t a c h  che 

o p era t in g  system  w ith  a d i r e c t o r y  disk and use r  
disks. I f  an e r r o r  occurs, a t t a c h  d e f a u l t  O.S. * 

END: R q s t tO S
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4 .4 . J . ?  N o d e - S e rve r  P rocess ; L o c a l  N e s o u  r c e s

The n o d e - se rv e r  process must h ave  loca l r e s o u rc e s  w h ich  r e f l e c t  
th e  c u r r e n t  s t a t u s  of the  l ink. Th is  includes an image o '  which 
(S J k s  a re  connected  to  th e  c l i e n t ’s d r i v e s ,  th e  c h a r a c t e r i s t i c s  
of the  c u r r e n t  user, and th e  c u r r e n t  o u ts ta n d in g  request .

4.4.3.2.1 D r i v e

Th is  resource  maps each of a node's disk d r iv e s ,  to  th e  open disk 
e n t r y  of a pseudo-disk c u r r e n t l y  connected to  th e  d r iv e .  T he re  is 
a s im i l a r  map m a in t a in e d  a t  each  node's n e t w o r k  i n t e r f a c e  
- a lthough here, the  d r i v e s  a r e  mapped to  th e  f i l e  num bers of 
pseu do-d isks  ( c / : s e c t io n  3.3). C l e a r l y ,  a n y  c h a n g e  in  t h e  
s e rv e r 's  map must be coupled to  changes a t  th e  node's map.

l a t a  D e s c r i p t i o n
D r i v e * A r r a y :  C o n s is ts  of an a r r a y ,  w i t h  an e n t r y  f o r  each

d r ive .  Each  e n t r y  shows the  Open Disk Number (in  th e  Open
Disks Map) of th e  pseudo-disk connected to  t h i s  d r iv e .  

P erm $Dn v e » L in n t :  Any d r iv e s  below t h i s  l im i t  cannot h ave  t h e i r
d isks de ta ch ed  - th e  l im i t  must f i r s t  be lowered . T h is  is
used to  ensure  t h a t  t h e re  is a lw ays  an op e ra t in g  system disk 
connected as a node's f i r s t  d r i v e .

O p e ra to r s
I m t .  T h is  s e ts  each 

l im i t  to  zero.
Crunch: This is used to  t id y  up a f t e r  detachments. A t t a c h m e n ts  

a re  s h i f t e d  to  d i f f e r e n t  d r i v e s  u n t i l  a l l  th e  d r i v e s  w i t h  
a t ta c h e d  disks, a r e  th e  low-num bered d r iv e s .

S e t * P e rm s  T h is  s e t s  th e  P e r  m $ D r i v e $ L im i t  to  t h e  
numbered a t t a c h e d  d r i v e ,  making a l l  th e  c u r r e n t l y  
disks ’pe rm anent’ - i.e. th e y  cannot be removed v ia  
o p e r a t i o n .

A t tach-D isks : This takes  the  g iven open disk e n t r y  and 
r e q u i r e d ,  and lo ca te s  s u f f i c i e n t  f r e e  s e q u e n t ia l  
th is  may re q u i re  t h a t  the  D n v e i A r r a y  be crunched, 
d isk  num ber (and s e q u e n t ia l  d isk  numbers, f o r  
g re a t e r  th a n  one) a re  a t ta c h e d  to  th e  d r iv e (s ) .

Detach D r ives : Given a s t a r t i n g  d r i v e  and a q u a n t i t y ,

d r i v e  as u n a t t a c h e d ,  and th e  P e rm a n e n t

h ig h e s t-  
a t t a c h e d  

a de tach

q u an t l*  y 
d r i v e s  
The open 

q u a n t i t i e s

remove disks from the  sp ec i f ie d  d r i v e s
d r i v e s  w i l l  not be 
DriveMap, w a i ts  fo r  
from the  cache, and 
Open Disk Map.

removed, 
any disks 

marks each

I t  c le a r s  
open fo r

h o w eve r  
th e  e n t r i e s  

w r i t i n g  to  be
of the  disks closed

t h i s  w i l l  
p e rm anen t  

in  th e  
f lushed  

in th e
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4,4.3.2.2 C u r r e n t  U s e r  R e c o r d

T h is  is a s ing le  re c o rd  used to  s t o re  a 
once he has s igned-on  - in f o r m a t io n  Is 
U s e r $ In f o r m a t i o n  r e s o u r c e .

u s e r ’s c h a r a c t e r i s t i c s  
o b ta in e d  from  th e

Data D e s c r i p t i o n  
T he re  is a single record  

User$Num: U se r  number 
Access$Config: C a te g o ry  

a p p l i c a t i o n s .
M ax*Q ty :  The q u a n t i t y  of user 
OStNum: The c u r r e n t  opera t ing  

th e  bootab le  d r iv e .  
User$Kile$Num: F i le  numbers f o r  

from  th e  u se r  num ber { c f :  
D ir*Connect: A UnR to  the 

s e r v e r ' s  d is k .

w i th  the  fo l low ing 
of th e  c u r r e n t  user, 
o f  u se r  - used to

Item s:

d e te rm in e  access to

disks allowed fo r  t h i s  user, 
system in use, and connected to

each u s e r  d isk  a re  c o n s t ru c t e d  
se c t io n  3.2.3 and f i g  3.2.3.1). 

loca t ion  of th e  user '*  disks in th e

O p e ra to r s
Read and w r i t e  o p e ra t io n s  
C u r r e n t t S e t t i n g s  r e s e t s  each 
value.

a r e  a v a i la b le .  An 
item  in th e  re c o rd

o p e r a to r  Z e r o i  
„o i t s  d e f a u l t

4 4.3.2.3 C u r r e n t  R e q u e s t

Th is  s to res  the  c u r r e n t  req u es t  w h i le  
s t r u c t u r e  is t h a t  of an u n s t r u c t u r e d
r e q u e s t s  has a d i f f e r e n t  s t r u c t u r e .  The f i r s t  e n t r y  
r e q u e s t  f u n c t i o n .

i t  is being processed. I t s  
a r r a y ,  s ince  each of th e

is  th e

J

■j
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4.4.3.3 Node-Sei v e r  P rocess : F u r t h e r  S u b - P r o c e s s e s

F u r t h e r  d e co m p o s it io n  is  r e q u i r e d  of th o s e  r e q u e s t  han d l in g  
processes which in v o lv e  the  a t ta ch m en t  of d isks. P rocesses  can be 
i s o la t e d  w h ic h  manage o p e r a t i o n s  on re s o u rc e s  to  open u se r  
disks, a t t a c h  u s e r  o r  common disks, and a t t a c h  an o p e ra t in g  
system . (A process to  manage opening common d isks has a l r e a d y  
been i d e n t i f i e d  e x t e r n a l l y  to  t h e  node s e r v e r ) .  These form  
sub-processes 01 r e q u e s t - o r ie n t e d  processes, w h ich  i n t e r p r e t  th e  
a c t io n  r e q u i r e d  by re q u e s ts .

The opera t ions  can f a i l  a t  an y  s tag e  (e.g. i f  access is denied), 
r e q u i r i n g  t h a t  t h e  r e s o u r c e s  be r e s t o r e d  to  t h e i r  o r ig in a l  
s t a t e s .  Su ch  co m p l ic a t io n s  a r e  not p re sen ted  in th e  process 
b e l ia v .o u r  d e s c r ip t io n s  g iven  The sub-processes a r e  i l l u s t r a t e d  
in f i g u r e  4 4 .3.3(a-d), and th e  m o d i f ie d  r e q u e s t  h a n d l in g  
p ro cesses  in  f i g u r e  4 .4 .3 .3 (e- j).

4 4.3.3.1 A t t a c h  O p e r a t i n g  S y s t e m  (F ig  4 4 .3 .3 a)

This process manages o p e ra t io n s  r e q u i r e d  to  connec t  an o p e ra t in g  
system  to  a node's d r iv e s .  I t  must use th e  o p e ra t in g  sys tem  
number to  ob ta in  th e  app lica t ion  con ta in ing  th e  disks fo r  ru n n in g  
th e  o p e ra t in g  syntem , and a t t a c h  th e se  d isks. I f  a u se r  is 
co n n e c ted ,  i t  m us t  a lso  a t t a c h  a d i r e c t o r y  d isk  ( f o r  t h i s  
o p e ra t in g  sys tem  and th e  u s e r ’s c a te g o ry ) ,  and th e  u s e r 's  disks. 
I t  has th e  fo l lo w in g  c h a r a c t e r i s t i c :

PROCESS: A t t a c h t O S  
BEGIN.

• Se t  P e r m » D r i v e | L im i t  to zero «
• CALL  D n ve$M ap_D e tach  - fo r  a ll  d r iv e s  «
» Delete l ink  in U se r  Record to  user disk locat ions  - 

disks fo r  a d i f f e r e n t  op era t ing  system a re  lo ca ted  
in a d i f f e r e n t  place »

• C A LL  Common$Disk$Attach - fo r  the  OS's f i l e  number « 
IF : » No U se r  is c u r r e n t l y  connected »

THEN: » C A LL  D n v e tM a p  S e t i P e r m  «
ELSE

• C A LL  Com m on*Disk*Attach  fo r  th e  d i r e c t o r y  disk « 
« C A LL  D n v e *M a p _ S e t$ P » rm  «
IF: » Q u a n t i t y  of disks allowed user is not zero « 

THEN:
• A t t a c h  U se r  d i r e c t o r y  »
« A t t a c h  each user disk fo r  w r i t e  access »

END: A t t a c h t O S
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4 .4 .3.3.i  U s e r - D i s k  A t t a c h m e nt P r o c e s s  (F ig  4.4.3 3b)

T h is  process manages re so u rc e  o p e ra t io n s  r e q u i r e d  to  a t t a c h  a
u s e r  d isk  to  t h e  f i r s t  d r i v e  a v a i l a b l e .  I t  in v o k e s  th e
User$D isk$Open, to  f i r s t  open th e  disks. I t  has th e  fo l lo w in g  
c h a r a c t e r i s t i c :

PR O C ESS : U s e r » D i s k * A t t a c h  
BEGIN:

• Rece ive  th e  p a ram e te rs  of th e  request :
Disk: 1 ic a te s  which  of th e  u se r  disks is  r e q u i r e d  
R ead$W rite :  The r e a d / w r i t e  in d ic a t o r  of the  d isks  «

« Check t h a t  the  maximum user disks allowed fo r  the  
c u r r e n t  user is not exceeded •

* C o n s t ru c t  a f i le  number from the  u se r  number and Disk* 
IT: (D isk  : 0)

THEN: « A l l  user d isks fo r  t h i s  u se r  w i l l  be a t ta c h e d *  
E L S E :  « A single u se r  disk w i l l  be a t ta c h e d  »

Repeat: » F . "  each d isk to  be a t ta c h e d  »
BEGIN:

» C A LL  U se r iD isk iO p en  »
• C A LL  D r iv e $ M a p _ A t ta c h  »

END:
« R e tu rn  the  f i r s t  d r i v e  connected, th e  q u a n t i t y  

connected, and th e  s t a t u s  «
END: U s e r $ D is k * A t t a c h

4 . 4  3.3.3 C o a m o n - D js k  A t t a c h m e n t  P r o c e s s  ( F ig  4.4.3.3c)

T h is  process manages re s o u rc e  o p e ra t io n s  r e q u i r e d  to  a t t a c h  a
u s e r  d isk  to  t h e  f i r s t  d r i v e  a v a i l a b l e .  I t  in v o k e s  t h e
CommoniDisk$Open, to  f i r s t  open th e  d isks. I t  has th e  fo l lo w in g  
r  h a r  a c t e r  i s t i c :

PROCESS: Common$Diski A t t a c h  
BEGIN:

» Receive th e  pa ram e te rs  of the  request :
F i le iN u m ; F i le  number of d isks r e q u i r e d  
L o a d tT y p e :  Type of load r e q u i r e d  ( Im m e d ia t e / F la t )  
R e a d *W n te :  The r e a d / w r i t e  i n d i c a t o r  of th e  d isks 
OSiNum: The o p e ra t in g  system  of the  c a l le r  
Acc«ss$Conflg : The c a l l e r ’s c a t e g o r y  of access «

« C A LL  CommontDiskSOpen «
IF :  « S u c c e s s fu l  «

THEN:
* C A LL  D n v e $ M a p _ A t ta c h  «

• R e tu rn  o u tpu t  pa ram ete rs :  the  f i r s t  d r i v e  connected , 
the  q u a n t i t y  connected, and th e  s t a t u s  •

END: C o m m rn $ D isk *A t ta ch
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4 4.3.3.4 U s e r - D i s k  O p e n i n P r o c e s s  (F ig  4.4.3.3d)

Th is  process manages reso u rce  ope ra t io n s  r e q u i r e d  to  open a u se r  
disk - making i t  a v a i la b le  tc  be connected to  a d r iv e .  I t  has th e  
f o l l o w in g  c h a r a c t e r i s t i c :

PR O C ESS :  Use r$D isk*O pen  
BEGIN:

« Rece ive  th e  p a ram e te rs  of the  request :
FUe$Num: F i le  number of the  user disks re q u ire d  
R e a d tW n te :  The r e a d / w r i t e  in d ic a to r  of th e  d isks  •

« Sea rch  fo r  F i le  number in Open Disk Map »
IF  ■ Disk is in  Mao «

THEN:
• M ark  Disk open in Open Disk Map f « r  th e  typ e  of

access requested  by R e a d iW r l t e  *»
« W a i t  u n t i l  Op$Tab le_D isks iReady  is t r u e  f o r  t h i s  

disk e n t r y  i.e. re a d y  fo r  use «
ELSE:

« C A LL  O p*T ab ie_D isk$ A t tach  - c r e a t e  e n t r y  in  the  
Open Disk Map, f o r  t h i s  disk «

» M ark  disk open in the  Open Disk Map fo r  th e  type  
of access re q u i re d  by R ea d $ W r l te  »

• H D *A t ta ch _O p e n $ C re a te $ F i le  - l ink  e n t r y  to  f i l e  «
• R e tu rn  the  f i r s t  d r i v e  connected, th e  q u a n t i t y

connected, and th e  s t a t u s  »
END: U s e r tD is k iO p e n
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FIG 1.4.3.3 (f-h) - FURTHER DECOMPOSITION: MQP£-S£RY£R FRQCESS
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5 IMPLEMENTATION OF THE MINIMAL FILE SERVES

The com puter chosen :o r  p r e l im in a r y  im p le m en ta t io n  of th e  f i l e  
s e r v e r  was an In t e l  S ys tem  86/330A. The d isk  c a p a c i t y  o f  30 
M bytes  and RAM c a p a c i t y  of about 260 K b y tes  a f t e r  th e  op era t ing  
system has been loaded a re  inadequate  f o r  suggested  d isk  s to ra g e  
and cache requ irem en ts .  However, i t  was chosen on th e  bas is  of 
i t s  a v a i l a b i l i t y  and t h a t  of a m u l t i- t a s k in g  o p e ra t in g  system , 
th e  iRMX-86. M u l t i - t a s k i n g  f a c i l i t a t e s  e x p lo i t in g  th e  n a t u r a l  
c o n c u r r e n c y  of t h e  a p p l i c a t i o n ,  w h e re  a v i r t u a l  s e r v e  is  
p rov ided to  each node in the  ne tw ork . The p rocesses is o la te d  in 
th e  design a r e  r e a d i l y  pe rfo rm ed  c o n c u r r e n t l y ,  w i t h o u t  th e  need 
to  implement a complex schedu l ing  a lg o r i th m .

5.1 T H E  iKH X  O P E R A T IN G  S Y S T E M

The iRMX 86 op e ra t in g  system is a m u lt i- ta sk in g  r e a l- t im e  system  
fo r  the  In te l  lA P X  8086 m ic rop rocesso r  - enhanced  v e r s io n s  e x is t  
fo r  l a t e r  In te l  chips such as th e  iRMX 286R fo r  th e  lA P X  80286 
[19, pp 390).

A b r i e f  o v e r v i e w  of th e  o p e ra t in g  system  is  g iv en  he re ,  w i t h  
p a r t i c u l a r  a t t e n t io n  to  the  f e a t u r e s  used in th e  f i l e  s e r v e r .  A 
comprehensive o v e rv iew  is  g iven  in  th e  I n t e l  I n t r o d u c t i o n  to  th e  
iRM X o p e ra t in g  sys tem  [20), and [T u c k e r ,  19].

The iRMX 86 is designed as a m odular o p e ra t in g  sys tem , w i t h  a 
la y e r e d  a r c h i t e c t u r e ,  a l low ing  i t  to  be c o n f ig u re d  to  c o n ta in  
ju s t  th e  sub-systems re q u ire d  by th e  a p p l ic a t .o n .  I t  c o n s is t s  of 
the  following sub-systems - a l l  excep t  th e  nuc leus  a r e  o p t io n a l:

The N u c le u s  ’ j th e  h e a r t  of th e  op e ra t in g  system p ro v id in g  
s u p p o r t  f o r  m u l t i - t a s k i n g ,  m u l t i - p r o g r a m m in g ,  m u t u a l  
e x c lu s io n ,  s y n c h r o n i z a t io n  and i n t e r - t a s k  com m un ica t ion .

The b a s i c  I / O  S y s t e m  p rov ides  f i le  management and the  d e v ic e ­
independent i n t e r f a c e  to  in p u t  and o u tp u t  dev ices .

The E x te n d e d  I / O  S y s t e m  is an extens .on  to  th e  bas ic  I/O 
system p ro v id in g  a s im p le r ,  more e a s i l y  used i n t e r f a c e  to  
I/O  d e v ic e s .

T h » Hum an I n t e r f a c e  p rov ides  an in t e r f a c e  w ith  a te rm in a l-  
based u s e r ,  and s u p p o r t  f o r  an e x t e n s i v e  r a n g e  of
comm. 1s.

The Te. i n a l  H a n d le r  allows a te rm in a l  to  be used w i t h o u t  
using the  I/O  system or Human in t e r f a c e .

The A p p l i c a t io n  L o a d e r  allows an app l ica t io n  to  load programs 
and o v e r la y s  from  disk.

The o p e ra t in g  sys tem  has an o b je c t- o r ie n t e d  design  [19, pp 387). 
A u se r  c r e a t e s  and m a n ip u la te s  o b je c ts ,  r e f e r e n c in g  them v i a  a 
16-b it  to ken ,  a l l o c a t e d  by th e  system . The n uc leus  su p p o rts  
se ven  o b je c t s  - t a s k s ,  jobs , segm ents ,  m a i lboxes ,  sem apho res , 
r e g io n s  and ex ten s io n s .  The fo l lo w in g  se c t io n s  c o v e r  each  of 
these object:; and d isk  in p u t / o u t p u t  f e a t u r e s .
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Jobs  a re  th e  e n v i ro n m e n ts  in w h ich  t a s k s  o p e ra te .  They  p ro v id e  
support fo r  m ult i-program m ing  - th e  a b i l i t y  to  r u n  in i s o la t io n ,  
more th an  one a p p l ic a t io n  s im u lta n e o u s ly ,  'tasks in  an a p p l ic a t io n  
a re  grouped in to  a job where th e y  a re  p r o te c t e d  from  ta s k s  in 
o th e r  jobs. Each job has I t s  own memory pool from which memory 
is a llocated  when i t s  tasks c r e a te  ob jects. Each job m a in ta in s  an 
ob jec t  d i r e c t o r y  which can be used to  p ro v id e  ’ru n - t im e  b in d in g ’ 

d a ta  sh a red  be tw een  ta sk s  in  d i f f e r e n t  jobs, th ro u g h  a ta sk  
ca ta logu ing  ari ob ject under > te x tu a l  name which  is known by the  
o th e r  task  The o th e r  task  can o b ta in  the  token fo r  th e  ob ject 
from the  job ’s ob ject d i r e c t o r y ,  us ing  t h i s  t e x t u a l  name.

5.1.1 J o b s

5.1.2 T a s k s

Tasks a re  th e  a c t i v e  o b je c ts  in a system . T h e y  a re  execu ted  
c o n c u r re n t ly ,  bu t only one t a s k  w i l l  a c t u a l l y  be r u n n ir . ?  a t  any 
time.

A ta sk  is a lw a ys  in  one of f i v e  e x ecu t io n  s t a t e s  - asleep, 
suspended , as leep-suspen ed, r e a d y ,  and ru n n in g .

A task  is  as  Je e p  i f  i t  is w a i t in g  f o r  a r e q u e s t  ( f o r  an 
o p e ra t in g  sys tem  fu n c t io n )  to  be s a t i s f i e d .  Most r e q u e s t s  
allow a task  to  sp e c i f y  th e  le n g th  of t im e  w h ich  i t  is 
prepared to  w a i t  A task  can also pu t i t s e l f  to  sleep fo r  
a s p e c i f i e d  t im e - le n g th .

- A task  ran be placed in the  su s  pended  s t a t e  by a n o th e r  task
or by susperd ing i t s e l f .  Each ta sk  has a suspension depth 
r e f l e c t i n g  t h e  num ber of ’su spends’ o u ts ta n d in g  a g a in s t  
i t .  The resume opera t ion  reduces th i s  suspens ion  C^;>th. A 
t a s k  le a v e s  tn e  suspended s t a t e  once i t  has a zero 
su spen s io n  d e p th .

The as  lee  p - s u s  p e n ded  s t a t e  o c cu rs  when a s leeping t a s k  is 
suspended. I t  w i l l  l e a v e  t h i s  s t a t e  e i t h e r  when i t s  
sleeping time exp ires , o r  a n o th e r  ta sk  resum es i t .

A t a s k  is  r e a d y  i f  i t  is  n o t  a s leep ,  su spended  or 
i s l e e p - s u s p e n i e d .

- Only one task  can be in th e  r u n n in g  s t a t e  This w i l l  a lw ays
be th e  ta sk  in th e  r e a d y  s t a t e  w h ich  has th e  h ig h e s t  
p r io r i t y .

A t a s k  has a p r i o r i t y  a s so c ia te d  w i t h  i t  - an in t e g e r  v a lu e  
between 0 (H igh) and 255 (Low). The p r i o r i t y  is used in th e  task  
queues of ob jects, and fo r  the  schedu l ing  of ta sk s .

The schedu l ing  a lg o r i th m  is p r io r i t y - b a s e d  and p re- e m p t ive .  T h is  
means t h a t  the  system a lw ays  executes the  h ig h e s t  p r i o r i t y  ta sk  
which is re ad y  to  run. I f  a n o th e r  ta sk  w i th  a h ig h e r  p r i o r i t y  
becomes ready , i t  pre-empts th e  c u r r e n t  task .
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Occasiona lly  a ta sk  needs a d d i t io n a l  memory. The nuc leus  p ro v id e s  
ca l ls  f o r  a l lo c a t in g  and d e - a l lo c a t in g  memory In o b je c ts  ca l led  
segments. A segment is a contiguous block of memory d y n a m ic a l ly  
a l lo c a te d  from  a job s memory pool. The token  ass igned  to  a 
segment is th e  base address of ‘ h a t  segment.

S . 1.3 S e g m e n ts

5.1.4 M a i l b o x e s

A mailbox is an ob jec t  which prov ides  f o r  message queueing. I t  is 
used to  pass a token f o r  an o b je c t  from  one t a s k  to  a n o th e r .  
There  a re  two queues, one f o r  ta sk s  w a i t in g  to  r e c e i v e  o b je c ts ,  
and th e  o t h e r  f o r  th e  o b je c t  tokens  sent. O b je c t  queues a re  
processed f i r s t - m / f  i r s t - o u t ,  w h i le  th e  ta sk  queue can be e i t h e r  
F IFO  or p r io r i t y - b a se d  - spec if ied  when the  mailbox is c> eated. A 
m a ilbox  has a h ig h - p e r  f  o rm ance  f ix ed - s iz e  o b je c t  i-jeue whose 
m em ory space is p e r m a n e n t l y  a l l o c a t e d  when  t h e  m a i lbox  is 
c rea ted . Once i t s  size is exceeded th e  nucleus must a l lo c a te  more 
space, t h e r e b y  slow ing  queue ing  o p e ra t io n s .

5.1.5 S e m a p h o re s

Sem ap h o res  e n ab le  t a s k s  to  send s ig n a ls  to  o t h e r  ta sk s .  A 
semaphore is a cu s to d ia n  of a b s t r a c t  ' u n i t s ’. Tasks  r e q u e s t  o r  
re lease  a sp ec i f ic  number of u n i t s .  The sem aphore  a l lo c a te s  u n i t s  
according to  how many i t  has in i t s  custody. I t  has a queue fo r  
ta sk s  w a i t in g  to  be a l lo c a te d  u n i t s .  T h is  t a s k  queue can be 
e i t h e r  F IFO  or p r io r i t y - b a se d  - determ ined  when th e  semaphore is  
c r e a t e d .  The semaphore can be used to  im plem ent i n t e r - t a s k  
s y n c h ro n iz a t io n  and m u tu a l exc lus ion .

5.1.6 R e g io n s

A Region is an ob jec t t h a t  guards a spec if ic  co l lec t ion  of shared  
da ta .  Each task  a w a i t s  i t s  t u r n  a t  accessing th e  region. Once i t  
gains access, th e  ta sk  canno t be suspended o r  de le ted  by o t h e r  
tasks, u n t i l  i t  s u r re n d e rs  access. The P r i o r i t y  of th e  t a s k  t h a t  
has access, is ra ised  t e m p o ra r i l y  i f  a n o th e r  h ig h e r  p r i o r i t y  ta sk  
is r e q u e s t in g  access. N es t in g  of re g io n s  (i.e. a ta sk  access ing  
two regions s im u ltaneous ly )  can cause deadlock, w h e re  one or more 
t a s k s  p e rm a n e n t ly  lock each o t h e r  o u t  of r e q u i r e d  re s o u rc e s  
[ ?1 ,  Pf.9-5).

5.1 7 E x t e n s io n  O b je c t s

I t  is possible to  c r e a t e  custom ized o b je c ts  w h ich  h ave  th e  same 
p r o te c t io n  and c o n t r o l  p ro v ided  to  iRM X  s t a n d a rd  o b je c ts .  These 
o b je c t s  a r e  c a l le d  e x te n s io n  o b je c t s  A n y  in s t a n c e  of an 
ex ten s io n  o b je c t  is ca lled  a com posite  ob jec t .
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The B as ic  I/O  sys tem  p ro v id e s  th e  u s e r  w i t h  d e v ice- in depen den t  
I/O. I t  has two la ye rs .  The dev ice  d r i v e r  p rov ides  the  in t e r f a c e  
between the  h a rd w a re  co n t ro l le r  and the  I/O system  - th e r e  is a 
dev ice  d r i v e r  fo r  each p e r ip h e ra l  in the  system. The f i l e  d r i v e r  
p ro v id e s  th e  i n t e r f a c e  be tw een  u se r  t a s k s  and th e  I/O  system , 
th ro u g h  th e  p ro v is io n  of sy s tem  ca l ls .  I t  s u p p o r ts  tw o  f i l e  
in t e r f a c e s .  The p h y s ic a l  f i l e  i n t e r f a c e  is  used on d ev ices  such 
as p r i n t e r s  and t e rm in a l s  w h ich  do no t  h a v e  a f i l e  s t r u c t u r e ,  
a l t h c ' f h  i t  can be used on d isk  dev ices  as well. The named f i le  
i n t e  'e  p ro v id e r  f i l e  o r g a n iz a t io n  on m ass-s to rage  dev ices .

H l e r a r c h i c a l  f i le  s t r u c t u r i n g  is su ppo rted .  T h is  means t h a t  any  
num ber of le v e ls  o f  d i r e c t o r i e s  a re  a llowed, w h e re  a d i r e c t o r y  
c o n ta in s  f i l e s  a n d / o r  f u r t h e r  s u b - d i r e c to r le s .  T h is  a id s  choosing 
un ique  f i l e  names, and p ro v id e s  qu ick-access ,  lo g ica l  f i l i n g .

F i l e  a c ce s s  c o n t r o l  is also provided. The job in which a f i le  is 
c re a ted  owns the  f i l e  This job ca r  sp ec i fy  o th e r  Jobs which  may 
access t h i s  f i l e ,  and e x a c t l y  whac t y p e  o f  access ( r e a d / w r i t e )  
th e y  a re  allowed.

Contro l o ve r  f i l e  / r a g  m en ta t ion  is also p ro v id e d  fo r ,  by a l low ing  
each f i l e  to  h ave  i t s  own g r a n u l a r i t y .  space  on th e  s to ra g e  
de v ic e  is a l lo c a te d  to  t h i s  f i l e  a c co rd in g  to  t h i s  g ra n u le  size. 
T h is  a l lows th e  u s e r  to  t r a d e  o f f  speed v e r s u s  w as ted  dev ice  
space, both of which in c re a s e  w i t h  l a r g e r  g r a n u l a r i t y .

a s  mentioned, th e  1RHX o p e ra t in g  s y s tem  has tw o  i n p u t / o u t p u t  
sub-system s, w here  th e  ex tended  I/O  sys tem  p ro v id e s  a s im p ler  
i n t e r f a c e  w i t h  s y n c h ro n o u s  ?/0, a u t o m a t i c  b u f f e r in g ,  and th e  
o ve r la p p in g  of I/O  o p e ra t io n s .  I t  can p e r fo rm  read- ah ead  and 
w n te- b eh in d  opera t ions  using i t s  b u f f e r s ,  on th e  assum ption  t h a t  
m o s t ly  s e q u e n t i a l  I/O  o p e r a t i o n s  a r e  r e q u i r e d .  T h is  is  not 
e f f i c i e n t  f o r  random -access I/O  o p e ra t io n s .

The Bas ic  I/O  sy s tem  p ro v id e s  more f l e x i b i l i t y .  I t  a l lows a 
cu s to m iz e d  b u f f e r i n g  t e c h n iq u e  to  be im p lem en ted .  I t  a lso  
. e q u ir e s  s y n c h ro n iz a t io n  be tw een  I/O  and p rocess ing , a l low ing  one 
e x p l i c i t  c o n t ro l  o v e r  o v e r la p p in g  I/O  o p e ra t io n s .

b.1.6 I/O  F e a t u r e s

5.2 CODING P H IL O S O P H Y

The PL/M  programming language was used due to  i t s  a v a i l a b i l i t y  on 
th e  s y s te m . P L / M  is a h ig h - le v e l ,  b l o c k - s t r u c t u r e d  language 
supported on In te l  products . However, i t  is confined  to  th e  In t e l  
C o rp o ra t io n ,  w h ich  is  an im p o r t a n t  con ce rn  f o r  p o r t a b i l i t y  and 
m a in t a i n a b i l i t y .  S in c e  f in a l  dep loym ent of th e  f i l e  s e r v e r  is 
u n l ik e ly  to be on t h i s  machine and may not be in PL/M , the  code 
has been p u rp o s e ly  s t r u c t u r e d  to  re se m b le  P A S C A L ,  to  a id  
u n d e r s t a n d in g  and t r a n s la t i o n .
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Some po ints  on P l /M, need to be h igh- ligh ted  [22).
The language is  w eaK ly  typ ed ,  th e  f i v e  bas ic  t y p e s  being 

b y te ,  word, double-word, i n t e g e r  and r e a l .  A r r a y s  and 
s t r u c t u r e d  types  a re  su ppo rted , a l th o u g h  s t r u c t u r e s  w i t h in  
s t r u c t u r e s  a re  not.

C h a r a c t e r  s t r i n g s  and t h e i r  m a n ip u la t io n  a r e  no t  d i r e c t l y  
s u p p o r t e d .

V a r i a b le  p a r a m e te r s  a re  su ppo rted  by passing  a p o in t e r  to  
th e  v a r i a b l e  to  th e  p ro ced u re ,  a l th o u g h  a b s t r a c t i o n  of 
purpose is no t  a ch ieved .

- There  is no e q u iv a le n t  of th e  Pasca l  R e p e a t- U n tU  s t a t e m e n t  
and a r r a y s  a re  a l l  s u b s c r ip t e d  from zero, w h ich  can lead 
to  lo g ic a l  d i f f i c u l t i e s  and some i n f l e x i b i l i t y .

W h i le  im p l i c i t  i n i t i a l i z a t i o n  of v a r i a b l e s  is  su ppo rted ,  e x p l i c i t  
m i t i a l i z a *  ion has been adhe red  to, s ince  th e  f e a t u r e  is  not 
a lw a y s  a v a i l a b l e  in o t h e r  languages.

The coding then , in a d d i t io n  to  being an im p ls m e n ta t io n  of th e  
design, a lso complements th e  des ign  d e s c r ip t io n  of c h a p te r  4. I t  
can be used as lo w - le v e l  p ro g ra m  d e s c r ip t io n  code, f o r  re-  
im p lem en ta t io n  in a n o th e r  language  o r  sys tem . The l i s t i n g s  also 
p ro v id e  th e  d e ta i l e d  d a ta  d e s c r ip t io n s  f o r  r e so u rc e s ,  w h ich  w e re  
not included in c h a p te r  4, to  avo id  d u p l ic a t io n .

5.3 

The s t r u c t u r e  of th e  design, in  te rm s of processes and re s o u rc e s  
has been f u l l y  a d h e re d  to . C o n c u r r e n t  processes  h av e  been 
implemented as t a s k s ,  w h i le  th e  m u tu a l e x c l u s i v i t y  of r e s o u rc e  
access has been a t t a in e d  t i r o u g h  th e  use of r e g io n s .

Appendix B c o n ta in s  th e  coding l i s t i n g s .  The code f o r  th e  f i l e  
s e r v e r  is d i s t r i b u t e d  o v e r  a num ber of f i l e s .  R a t h e r  th a n  
p resen t ing  a single l i s t in g  of the  e n t i r e  program w i th  all of i t s  
in c lu s io n s ,  each f i l e  is p re sen ted  s e p a r a t e l y  in  th e  appendix, 
and ordered  to  correspond w i th  th e  d e s c r ip t io n  of t h e  design in 
c h a p t e r  4.

The f i l e  s e r v e r  'main code’ ( l i s t i n g  in Append ix  B.2.1) combines 
a l l  of these p a r t s  in to  a s ing le  program , t h ro u g h  s t a t e m e n t s  to  
in c lu d e  t h e  f i l e s  f o r  e x t e r n a l  r e s o u r c e s  ( t h e  N e t w o r k - s e r v e r  
i n t e r f a c e ) ,  i n t e r n a l  r e s o u r c e s ,  and p rocesses . E x e c u t io n  m ere ly  
in v o l v e s  in v o k in g  t h e  i n i t i a l i z a t i o n  p ro ces s  - w h ic h  w i l l  
i n i t i a l i z e  re so u rc e s  and i n i t i a t e  th e  o th e r  processes

The p rogram  a lso  in c ludes  f i l e s  f o r  global l i t e r a l  d e f in i t io n s ,  
th e  e x t e r n a l  p ro c e d u re  d e f i n i t i o n s  of o p e r a t i n g  sys tem  ca l ls  
used, and a set of simple s t r i n g  fu n c t io n s .  The s t r i n g  fu n c t io n s  
r e q u i r e d  f o r  com parison  (e.g. of passw ords) and c o n c a te n a t io n  
(e.g. to  c o n s t ru c t  f i l e  names ), a re  no t  a v a i l a b le  in PL/M ,
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The c o n c u r r e n t  processes of th e  design - processes f o r  queue 
p ro d u c in g ,  d i s k - r e a d in g ,  d i s k - w r i t i n g ,  co m p le t in g - s e n d s ,  and th e  
node se rv e rs  - a re  implemented as ta sks  coded as PL/M  procedures. 
T h e y  a re  i n i t i a t e d  as t a s k s  by th e  i n i t i a l i z a t i o n  p ro ced u re ,  
w h ich  is ca l led  by th e  f i l e  s e r v e r  main code. The n o d e - se rv e r  
tasKs are  c re a ted  by th e  queue-produc ing  ta sk ,  when i t  r e c e i v e s  
requ es ts  from a node fo r  which  a s e r v e r  does not y e t  ex is t .

When tasks a re  c rea ted ,  th e y  a re  assigned a s t a c k  segment, d a ta  
segment and a p o in te r  to  th e  f i r s t  in s t r u c t io n  of th e  new task . 
In t h i s  sense th e y  become ru n n in g  In s ta n c e s  of a D a r t i c u l a r  
sequence  of code T h is  a l low s  m u lt ip le  t a s k s  to  c o n c u r r e n t l y  
execute  the  same code, b u t  w i t h  s e p a r a t e  d a t a  and s t a c k  a re a s ,  
Th is  f e a t u r e  has been u t i l i z e d  in th e  code f o r  th e  n o d e - se rv e r  
processes, which t h e r e f o r e  has to  be r e - e n t r a n t .

Sub-processes w i th in  th e  above processes, h ave  also been coded as 
procedures, They a re  a c t i v a t e d  by o r d in a r y  p ro ced u re  ca l ls  from  
tasks  The disk-open process is a sub-process to  both  th e  node- 
s e r v e r  and i n i t i a l i z a t i o n  p ro cesses  ( l i s t i n g  in  A p p en d ix  B.5). 
N o d e - s e rv e r  sub-processes a r e  grouped in t o  ' r e q u e s t '  p ro ced u re s  
(3rd  - leve l,  c f  Appendix  B.4.3.4), w h ich  i n t e r p r e t  r e q u e s t s  f o r  
each a v a i la b le  f u n c t io n ,  and th e  's e r v in g '  p ro ced u res  (4 th - le v e l ,  
c f  Append ix  B.4.3.3), w h ic h  p e r f o rm  a c t io n s  r e q u i r e d  by th e  
3 r d - l e v e l  f u n c t i o n s

5.3.1 P r o c e s s e s

5.3.2 S c h e d u l in g  oj Tasks

a simple s t r a t e g y  f o r  th e  sch edu l in g  of t a sk s  was ta k en  as a 
f i r s t  step. I t  was based on th e  disk being th e  c r i t i c a l  resource  
and l im i t i n g  p e r f o rm a n c e  of th e  f i l e  s e r v e r .  The D isk-Read 
P ro cess  was g iven  th e  h ig h e s t  p r i o r i t y ,  and w i l l  t a k e  c o n t r o l  
w henever i t  >• not w a i t in g  fo r  the  disk o r  fo r  a read request .  
E v e n  a t  f u l l  toad, i t  should spend s u f f i c i e n t  t im e  w a i t in g  f o r  
d isk  accesses, a l low ing  th e  o t h e r  t a s k s  t a k e  c o n t ro l .

The o th e r  ta sk s  (D is k - W r i t e ,  Q u eu e-P ro du ce r ,  Com plete-Sends and 
a l l  S e r v e r  tasks ) were g iven equal p r i o r i t y .  A run n ing  ta sk  loses 
co n tro l  when i t  has to  queue to  access a resource . I t  w i l l  also 
y ie ld  co n tro l  when i t  must w a i t  f o r  som eth ing  to  happen to  a 
re so u rce  before  con t inu ing  (e.g. A s e r v e r  t a s k  must w a i t  i f  i t s  
node’s queue has no e n t r i e s ,  o r  f o r  th e  cache  to  h a ve  c e r t a i n  
t r a c k s  marked p resen t by th e  d isk-read  process). In  t h i s  case i t  
y ie ld s  con tro l by sleeping fo r  a zero time length , w h ich  has th e  
e f f e c t  of placing th e  ta sk  a t  th e  r e a r  of th e  queue of t a s k s  
which are  re a d y  to  run .

T h is  use of th e  sleep s t a t e  g ives  th ese  t a s k s  a po ll ing  t y p e  
c h a r a c t e r i s t i c .  When idle, t h e y  do not w a i t  u n t i l  an e v e n t  has 
happened, bu t co n t in u a l ly  become a c t i v e  to check w h e th e r  an e ve n t  
has  happened.

- 5.6 -
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Resources have be»n coded as c o l le c t io n s  of d a t a  s t r u c t u r e s ,  and 
t h e  p ro c e d u re s  r h i c h  o p e ra te  on th e se  d a t a  s t r u c t u r e s .  The 
r e q u i r e m e n t ,  t h a t  p ro cesses  o n ly  a f f e c t  t h e  r e s o u r c e  d a t a  
s t r u c t u r e s  th ro u g n  th e  o p e ra t io n s  p ro v id ed ,  has been adh e red  to  
in th e  code.

S t a t i c  a l lo ca t ion  of memory fo r  r e so u rc e s  was p r e f e r r e d .  H o w eve r ,  
la rg e  d a ta  blocks in th e  cache and s e c to r  pool, w ere  a l lo ca te d  
dyn am ica l ly  w i th  requ es ts  fo r  iRMX segments - t h i s  was done a t  
th e  i n i t i a l i z a t i o n  of th e  re so u rce s .  Dynam ic a l lo c u t io n  was also 
n e ce s sa ry  to  o b ta in  segments w h ich  could be used to  send d isk  
read  requests  v ia  a mailbox.

Regions have been used to  ach ieve  m utual exc lus ion , t o r  re so u rc e s  
used by more than  one task. A process must re c e iv e  access to  the  
r*g ion  before  p e r fo rm in g  o p e ra t io n s  on th e  r e s o u rc e ,  a f t e r  w h ich  
i t  must re lease  th i s  region. T h is  leads to  tw o  r e s t r i c t i o n *  w h ich  
w ere  cons ide red  when coding

- Each ta sk  must re le a se  a reg ion  as soon as possib le, s ince  
o th e r  processes may be a w a i t in g  access to  a re rou rce . This 
e s p e c ia l l y  means t h a t  w h i le  access ing  a re so u rce ,  d isk  
o p e ra t io n s  must be avo ided .

When a t a s k  r e q u i r e s  access to  more th a n  one reg ion  
s im ultaneous ly , i t  must r e q u e s t  access in  a s p e c i f i c  o rd e r  
and r e le a s e  t h e  r e g io n  in  r e v e r s e  o r d e r .  I f  t h i s  
convention  is not adhered to, such n e s te d  access can lead 
to  a deadlock problem - where  two ta sk s  each r e q u i r e  th e  
region to  which th e  o th e r  task  has access before  th e y  can 
proceed.

Sem aphores w h ich  can also im plem ent m u tu a l exc lus ion , w e re  no t  
used because of th e  fo l low ing  l im i t a t i o n s

Low p r i o r i t y  t a s k s  w h ich  c u r r e n t l y  h a v e  c o n t ro l  of the  
semaphore, do not have t h e i r  p r i o r i t i e s  ra ised  i f  a h ighe r  
p r i o r i t y  task  is w a i t in g  fo r  th e  sem aphore.

A ta sk  can be suspended even w h i le  i t  is  a ccess ing  a 
s e m a p h o r e .

This means t h a t  high p r i o r i t y  ta sks  (e.g. th e  Disk-Read t a s k )  can 
be de layed  i n d e f i n i t e l y ,  w h i le  a low er  p r i o r i t y  t a i k  has c o n t ro l  
of th e  semaphore. These l im i t a t i o n s  do no t  app ly  to  reg io n s  
[21. PP9-3).

In th e  Common Disk Open process, i t  was n e ce s sa ry  to  nes t  
access’s to  reg ions . F i r s t  th e  Common I n f o r m a t io n  Resou rce  must 
be accessed, and th e n  th e  Open Tab les  R esou rce , so t h a t  th e  
Common In fo rm a t io n  f i le  is not used aga in ,  b e fo r e  th e  a p p l ic a t io n  
is a t t a c h e d  to  th e  A p p l ic a t io n  Hap S in ce  t h i s  is th e  on ly  
i n s t a n c e  of n e s te d  re g io n s ,  dead lock  w i l l  n o t  o c c u r  (c f :21 , 
PP9-5, fo r  f u r t h e r  d iscuss io n  of th e  deadlock of nested  reg ions ).  
H o w e ve r ,  any  f u r t h e r  deve lopm ent r e q u i r i n g  n es ted  reg ions , must 
m a in t a in  t h i s  o r d e r  of a c ce s s in g  i.e . t h e  Common S o f t w a r e  
Ia fo rm a t io n  Resou rce  be fo re  th e  Open Tab les  Resourca .

5.3.3 R e s o u r c e ?

5.7 -
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5.3.4 Queue R e s o u rc e s

of mailboxes could not be made, since the  queues of 
resources  need to  be accessed by the  n e tw o rk  process 
on a d i f f e r e n t  p ro cesso r  and no t  u n d e r  th e  lRM X  

o p e ra t in g  system . These  queues w ere  c o n s t ru c te d  w i t h  a f ix ed  
po o l-sue  in s t a t i c  memory.

E x te n s iv e  use 
th e  e x te rn a l  
w h ich  ru n s

The Disk-Read Queue was fu l l y  implemented us ing
and the  mailbox opera t ions  of SendiMessage and
segment has to  be dynam ica l ly  c re a ted  fo r  each 
th e  cache to  the  Disk-Read P rocess .

an lRM X  mai'box 
Rece> ve$Message. a  
request  sent from

5,3.5 E x t e r n a l  R e s o u rc e s

The  e x t e r n a l  r e s o u r c e s  c o m p r is in g  th e  n e tw o rk  i n t e r f a c e  a r e  
sh ared  between two processors - t h a t  of th e  f i le  s e r v e r  computer, 
and th e  n e tw o r k  i n t e r f a c e  u n i t  wh ich  p e r fo rm s  th e  n e tw o rk  
process The sh ared  d a ta  s t r u c t u r e s  a re  loca ted  in t h e  f i l e  
s e r v e r ’s m emory, to  w h ic h  th e  n e tw o rk  p rocesso r  has d i r e c t  
access The two processes must have  t h * i r  own se t  o f  o p e r a to r s  
w h ich  they  employ to  o p e ra te  on th e  d a ta  s t r u c t u r e s .  O p e ra to r s  
r e q u i r e d  by th e  n e tw o rk  process h ave  been inc luded  in l i s t i n g s  
f o r  th e  sake of completeness.

The e x te rn a l  resources  also have  reg io n s  g u a rd in g  th e  e x c l u s i v i t y  
of the  resource  from m ult ip le  s e r v e r  tasks. However, i t  was not 
po ss ib le  to  use re g io n s  to  a c h ie v e  m u tu a l ly  e x c lu s i v e  access 
be tw een  th e  f i l e  s e r v e r  and n e tw o rk  processes - th e  n e tw o rk  
process ru n s  on i t s  own p ro cesso r ,  and no t  u n d er  th e  iRM X 
o p e ra t in g  system . In s tea d ,  a sys tem  of t h r e e  sem aphores was 
used, whose lo ca t io n s  in th e  f i l e  s e r v e r 's  memory a r e  known by 
th e  n e tw o rk  processor .

M u tu a l  exc lus ion  was applied on ly  to  th e  access ing  of c r i t i c a l  
c o n t r o l  v a r i a b l e s  in  th e  r e s o u r c e  - in  a m u l t i- p r o c e s s in g  
e n v i ro n m e n t ,  i t  would be i n e f f i c i e n t  to  exclude  access to  th e  
whole resource  (18) The o p e r a to r s  used by th e  f i l e  s e r v e r  and 
th e  n e tw o rk  processes must ga ri access t h ro u g h  th e  semaphore, 
b e f o r e  t h e y  u p d a te  t h e  r j s o u r c e ’s c o n t r o l  v a r i a b l e s .  These  
o p e r a to r s  t h e r e f o r e  inc lude  th e  r o u t in e s  to  gain  access t h ro u g h  
t h e  semaphore.

The  f i l e  s e r v e r  and  n e t w o r k  p r o c e s s o r  e a ch  h a v e  tw o  
a c c e s s - r e l a t e d  r o u t i n e s .  One r o u t in e  r e q u e s t s  access f o r  th e  
process and th e  o t h e r  re le a se s  th e  semaphore. T h e re  a re  t h r e e  
semaphore v a r iab les .  One in d ica te s  w h e th e r  th e  f i le  s e r v e r  has o r  
is request ing  access, and a n o th e r  w h e th e r  .he  n e tw o rk  has or  is 
r e q u e s t in g  access. The t h i r d  in d ic a t e s  w h e th e r  th e  re s o u rc e  is 
c u r r e n t l y  be ing  accessed.

T h e re  is a set of these  semaphores .<nd semaphore access ro u t in es ,  
f o r  the  N e tw ork  Inpu t Queue, N etw ork  O utpu t Queue and th e  S e c to r  
Pool ( c f :  Ap pen d ices  B.1,1, B.1.2, and B.1.3). S em a p h o re  access  
r o u t in e s  r e q u i r e d  by th e  n e tw o rk  process h a v e  been inc luded  in 
l i s t in g s  fo r  the  sake of complev eness. The mechanics of o b ta in in g  
access can be described in PDL as fo l lows:
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VAR » Access Semaphores »
SI Boolean * 1st Process has or is requ es t in g  access
S? Boolean « 2nd Process has or  is req u es t in g  access
S3 Boolean * Access to  the  reso u rce  has been g ran ted

to one of th e  Processors

P R O C ED U R E :  P ro c e s s - l$  Access
* Th is process is g.ven p r i o r i t y  - norm ally  th e  consumer *
BEGIN:

IF  • 2nd Process is not requ es t in g  access i.e. S2 : Fa lse  « 
THEN:

« 1st process requests  access - S I  := T ru e  «
REPEAT:

« W a i t  u n t i l  the  2nd processes re q u e s t  is decided « 
U NT IL : • S2 is fa lse  OR S3 is t r u e  - 2nd process

has backed o f f  or has gained access *

IF  • 2nd process has since gained access i.e. S2 = t r u e  » 
THEN. « The 2nd process has access - S I  :s Fa lse  «
E L S E  » G ra n t  access - S3 :: T ru e  »

• R e tu rn  the  va lue  of S I  - T ru e  i f  access is g ran ted  »
END: P ro c e s s - l$ A c c e s s

PR O C ED U R E :  P r o c e s s - l * R e le a s e  
BEGIN

S3 :: Fa lse  
St :« Fa lse  

END: P r o c e s s - l$ R e le a s e

P R O C ED U R E :  P ro cess-2$ A ccess
• Norm ally  th e  producing process »
BEGIN:

IF  « 1st process is not requ es t in g  access i.e. S i s Fa lse  « 
THEN:

» 2nd process requ es ts  access - S2 :s T ru e  •
IF  * 1st process has since requested  access i.e. S l r T r u e  « 

THEN » Back-o '*  to  allow 1st access - S2 :< False »
E L S E  » G ran t  access - S3 :: T rue ;

* R e tu rn  the  va lue  of S2 - T ru e  i f  access is g ran te d  «
END: P ro cess- 2 $  Access

PR O C ED U R E :  P ro c e s s - 2 $ R e le a s e  
BEGIN:

S3 : Fa lse
52 : Fa lse  

END: P ro c e s s - 2 $ K e le a se

Each proress nas i t s  own exc lus ive  semaphore which in d ica te s  t h a t  
i t  has requested  access, b u t  th e  t h i r d  semaphore in d ic a t e s  t h a t  
access has been g ran ted . Three  semaphores a re  necessary , to  ta k e  
in t o  acco un t th e  complete  a s y n c h r o n o u s i t y  of th e  two processes, 
One process may advan ce  an y  number of s tep s  w h i le  th e  o th e r  
a d v a n c e s  j u s t  one. The abo ve  a lg o r i t h m  d e a ls  w i t h  th e  
co m p l ica t io n  t h a t  a process may r e q u e s t  access, check t h a t  th e  
o th e r  process is not re q u e s t in g  access, bu t  by th e  t im e  i t  has 
se t  i t s  semaphore th e  o t h e r  process has s.nee  re q u e s te d  access, 
or may even have rece ived  access.

- 5.9 -



CH APTER  5 - Im p lem entat ion

5.3.6 I/O  Opera* ing  S y s tem  F e a t u r e s

The Extended I/O system  (EIOS) was used both  f o r  disk opera t ions  
i n v o l v i n g  pseudo-disk f i l e s  and f o r  th e  f i l e s  c o n ta in in g  d a ta  
used by the  system. A ll system  ca l ls  a r e  t h e r e f o r e  syn ch ro n o u s ,  
and t a s k s  w a i t  f o r  co m p le t io n  o f  a d isk  o p e r a t i o n  b e fo r e  
re q u e s t in g  a n o th e r  (i.e. d isk o p e ra t io n s  w e re  no t  over lapped ).

B u f f e r i n g  was not used on pseudo-disk  f i l e  o p e ra t io n s .  In s te a d ,  
t r a c k s  a re  read  from th e  f i le s  d i r e c t l y  to  th e  re q u i re d  place in 
th e  cache. T h is  a vo id s  the  i n e f f i c i e n c y  of copy ing  long blocks 
of da ta  from b u f f e r s  to  th e  cache, a f t e r  t h e y  h a v e  been read  
from  disk. The cache  p c ' f o rm s  i t s  own p re f e t c h in i ?  s t r a t e g y .  
B u f f e r i n g  was used f o r  t h e  d a t a  f i l e s  o f  t h e  u s e r-  and 
comm on-disk in f o rm a t io n ,  and c o n f ig u r a t io n  re so u rce s .

F i le  access p ro te c t io n ,  provided by th e  o p e r a ' i n g  sys tem , has not 
been u t i l i z e d ,  s in ce  i t  s t r i c t l y  c o n t r o ls  access of d ' f f e r e n t  
jobs to  a f i le .  The f i l e  s e r v e r  is a single Job and a l l  i t s  ta sks  
h ave  access to  i t s  f i le s .  Access and p r o t e c t io n  f e a t u r e s  of 
pseudo d isks a re  p ro v id e d  a t  th e  a p p l ic a t io n  le ve l .

The co nnec t ions  to  f i l e  and d i r e c t o r y  lo ca t io n s ,  r e q u i r e d  in  th e  
Open Disk Map and Open A p p l i c a t io n '  Map (of t h e  Open Tab les 
Resource) and th e  C u r r e n t  U se r  Recoru , a r e  p ro v id e d  v ia  tokens. 
The t e x t u a l  names of lo ca t io n s  can be d is c a rd ed  a f t e r  making 
th e s e  c o n n e c t io n s .

The g r a n u la r i t y  of pseudo-disk f i le s  was added as an e x t r a  f i e ld  
in th e  c h a r a c t e r i s t i c s  of an a p p l i c a t i o n ,  a l lo w in g  op t im um  
g r a n u la r i t y  to  be chosen fo r  each. ( I t  shou ld  be a m u lt ip le  of 
two i PC) floppy disk t r a c k s  - i.e. 9 K b y te s  - c f :  S e c t  5.3.8).

5.3.7 Use of O th e r  iHMX F e a t u r e s

The f i le  s e r v e r  was t r e a t e d  as a single j o b  in th e  iRMX system, 
con ta in ing  a l l  a v a i la b le  memory. I t  s e ts  i t s e l f  up as a job, in  
th e  ’m a in ’ code p r i o r  to  c a l l in g  th e  i n i t i a l i z a t i o n  process.

An iRM X sem aphore was used f o r  s y n c h r o n i z a t i o n  when passing  
p a r a m e te r s  to  a new ly  c r e a te d  n o d e - se rv e r  ta sk .  The sem aphore 
a l low s  th e  t a s k  to  access a common v a r i a b l e  of th e  queue- 
producing task, to determ ine  which node-number i t  i~ to  se rve .

5.3.8 A l t e r a t i o n s  to  th e  Desigr

An a l t e r a t io n  was necessary  in implementing th e  cache, due to  a 
d i s c r e p a n c y  t*' t h e  s e c to r- s iz e  of th e  s e r v e r ’s d isk, and of 
c l i e n t  floppy u.sks. A t  the  c l i e n t  , ( in  MSDOS), th e  s e c to r  -size 
is 512 bytes , wh ile  f o r  the  s e r v e r s  disk i t  is 1024 bytes . I t  is 
t h e r e fo r e  impossible tr> read a single t r a c k  (or an odd number of 
t ra ck s ) ,  or to  w r i t e  a s ing le  s e c to r  of th e  pseudo-disk, to  th e  
s e r v e r ’s disk e f f i c i e n t l y .  The bas ic  d a ta  u n i t  o f t h e  cache has 
th e r e fo r e  been changed to  a doub le- track , which  is a whole number 
of sec tors  on th e  s e r v e r ’s disk. When w r i t i n g  from cache, an even 
number of s e c to r s  a r e  w r i t t e n ,  w . i ich  co in c ide  w i t h  th e  s e r \ e r  
d i s k ’s s e c t o r s .
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5.4 F U T U R E  WCBK.

Thfc f i l e  s e r v e r  was n e v e r  i u l l y  im plemented, s in ce  d u r in g  th e  
p r o je c t ,  t h e  p h y s ic a l  i n t e r f a c e  of th e  n e tw o rk  on w h ich  th e  
s e r v e r  is based, was abandoned. T h is  f lo ppy  d isk  d r i v e  i n t e r f a c e  
was the  e n t i r e  m o t iv a t io n  f o r  the  a r c h i t e c t u r e  of a f i l e  s e r v e r  
based on pseudo-disks. The r e s u l t in g  l im i t a t i o n s  due to  f loppy 
d is k  s ize  and r e q u e s t s  f o r  e n t i r e  t r a c k s  ( c f :  Chapter- 2) 
in f lu e n c e d  th e  F i l e  S e r v e r ' s  design. a p i e r  t ) ,

W i t h  t h e  l i m i t a t i o n s / r e s t r i c t i o n s  imposed by th e  f lo p p y  rfisK
r t v l t n J  u * * 0* r e m o v e d ' t h e  f l l e  s e r v e r ’s d e s ig n  cou ld  " 
mer?t in ” ° w eve r  *as a r « ued ln c h a p te r  7), t h e r e  m ight s t i l l  be 
r e q u i r e d  « 7 r a “ “ ’’ " ' " V < . , „ e n . e n t  „ e c h , „ , s „

I f  th e  s e r v e r  was f u r t h e r  im plem ented , e i t h e r  as is  o r  w i t h  
changes, t h e  fo l lo w in g  a re a s  would need a t t e n t i o n .

of WdS encountered  w»th the  im p lem entat ion  in PL/M
m u lt ip le  n o d e - se rv e r  processes. su ch  code is  r e q u i r e d  to  be

T h ls  V i v t a i i s  “ t h  " “ ' V - 16 ta S k S  t0  • « «  code segment
t a s k ’s . t V r i  h s to ra g e  f o r  v a r i a b l e s  is  a l lo c a te d  on the  
t a s k  s s t a c k ,  and n o t  in  a s t a t i c  d a t a  seg m en t  H o w e ve r
^ n 2 UPV . J : , C? " r * d ^ 'R E E N T R A N T - ,  a re  not a llowed ‘ to  c o n ta in
co n ta^  * P r0CCdur?s  [2 2 ’ PP 8-10]. Code f o r  th e  s e r v in g  process
re  i r i t t e n " ^ ?  a16''*** , ° f  n6Sted  p ro c e d u re s ’ a n <> i t  could not be re  w r i t t e n  as a s in g le ,  v e r y  long p ro ced u re .

? o p iM 1Ui i«0 n t h I OUi ! d , fc.* t0  inC lUde in th e  s e r v e r  p r o e ™ * '  m u lt ip le  ta^k  wnnM k node-serve r process, w i t h  d i f f e r e n t  names. A s ing le  
ta sk  would b#> c re a ted  fo r  each copy of th e  code. How ever such a

whiUc h 0 nwouldVO,7 / r  lnClUdl: e a b ° U t 40 C° pies of t h i s  process - w h ich  would f a r  exceed c u r r e n t l y  a v a i l a b l e  me-oory. I t  could
Z ~ S th e  a * a te m p o ra ry  so lu t ion , by in c lu d in g  a few

, process, to  a l low  t e s t i n g  of th e  f i l e  s e r v e r
J l t im a . e l y ,  the  system  would h a v e  to  be re-codea  in  a language  
w h ich  f u l l y  su p p o r ts  r e - e n t r a n c y .  a a in  a language

“ I ?  5 e h ,d u „ „ s COU1C be „ a «
p o l l in g  c h a r a c t e r i s t i c  w e re  t r a n s fo r m e d  

in to  an i n t e r r u p t  c h a r a c t e r i s t i c ,  w h e re  a ta sk  w a i t in g  an e v e n ?
d l ' s T r e l d i i i 5* ! !  0T l \  h11 15 r e s '*med by a n o th e r  ta sk .  A l th o u g h
Disk- W r i t e  process t p r ‘ o r i t y  th a r ‘ l h a t  of w r i t i n g ,  once the

^  Process has con tro l  i t  should be a llowed to  p e r fo rm  a

to  move e i sT wh er e  ^  a "  PSeUdh° ' dlSk be f0Pe th e  d l sk  head *»»«wed 
t o  a c h i e v e  t h i t  /  s emaphore  could be used in d isk o p e r a t i o n s

^ l o r n i i r  tot m bSe f ^ x ^ h . r  “  * ,l0Ww r i t e  ta sk  p r i o r i t y  could be 
v n t e  l i s t  in the  cache gets too

to be f le x ib le 1 he
when the leng th of th e
allow i t to  deal w i th



CH A PTER  5 - Im plem entat ion

Only  th e  i n t e r a c t i v e  s e r v in g  process of th e  m in im al t i l e  s e r v e r  
has been coded. The pro je  t  n e ve r  reached th e  t e s t i n g  phase, so 
e x t e n s i v e  t e s t i n g  is  s t i l l  n e c e s s a r y  and t h i s  r e q u i r e s  th e  
e x is te n c e  of th e  d a t a  f i l e s  f o r  a p p l i c a t io n s  and u se rs .  O f f- l in e  
management fu n c t io n s  th ro u gh  which  these  f l ie s  can be c re a ted  and 
m o d if ie d  m u s t  s t i l l  be w r i t t e n  - e s s e n t i a l l y  t h i s  i n v o l v e s  
s tan d a rd  d a tab ase  e d i t in g  f e a t u r e s .  I n t e g r a t e d  t e s t i n g  w i t h in  th e  
n e t w o r k  can th e n  be pe r fo rm e d  and p e r fo rm a n c e  e v a lu a t e d  
h o w e v e r ,  a c t u a l  p e r f o rm a n c e  m e a s u re m e n ts  w i l l  r e q u i r e  some 
in t e r p r e t a t i o n ,  s ince  f i l e  s e r v e r  p e r fo rm a n ce  is h e a v i l y  r e l i a n t  
on cach ing  ( c / :s e c t io n  2.3.3), w h i le  th e  cache  size is  nominal.

- 5.12 -



6 POSSIBLE EXTENSIONS TO THE MINIMAL FILE SEEVEE

The c e n t r a l  fu n c t io n  of the  f i le  s e r v e r  is th e  exchange of t r a c k s  
and s e c to rs  be tw een  c l i e n t s  and th e  pseudo-disk  f i l e s  on th e  
s e r v e r ’s d isk . As such, th e  m in im al f u n c t io n s  r e q u i r e d  o f  th e  
f i le  s e r v e r  have  been id e n t i f i e d  as t h o s "  in v o lv e d  w i t h  exchange 
of d isk  d a ta ,  e s t a b l i s h in g  u se r  co n n ec t io n s  and th e  swapp ing  of 
d isk s  a t t a c h e d  to  d r iv e s .

H ow eve r ,  o t h e r  is su es  rem a in ,  such as th e  p ro v is io n  of p r in t i n g  
s e r v ic e s ,  th e  c o l le c t io n  of s t u d e n t  f i l e s  f o r  m a rk in g  by th e  
a n a l y s i s  m ach in e  and a c o n d e n s e - a n d - c o m p a c t  f u n c t i o n  f o r  
e l im in a t i n g  f r a g m e n t a t i o n  w i t h in  th e  pseudo-disks. in  a d d i t io n ,  
fo r  the  s e r v e r  to  be used in a more u n iv e rs a l  co n te x t  outs ide  the  
spec ia l ized  e d u c a t io n  e n v i ro n m e n t ,  i t  would be d e s i r a b le  t h a t  i t  
can be extended to support a v a r i e t y  of fu n c t io n s  assoc ia ted  w ith  
h igh  le ve l  s e r v e r s  (c f  S e c t io n  1.3).

Th is  ch a p te r  a t t e m p ts  to  e s t a b l i s h  how th e se  f u n c t io n s  could be 
im plemented, and i f  t h e y  a re  fe a s ib le .  In  a l l  of t h i s  i t  is 
im p o r t a n t  t h a t  th e  e f f i c i e n c y  of d a ta  t r a n s f e r  is  no t  e f f e c t e d  
t h r o u g h  th e s e  f u n c t i o n s  o v e r lo a d in g  t h e  c a p a b i l i t i e s  of t h e  
s e r v e r  machine.

The im p lica t ions  fo r  pe rfo rm ance  due io  f r a g m e n t a t io n  w i t h in  th e  
pseudo-disks was d iscussed  in  se c t io n  2.3, and t h e  need f o r  a 
condense f a c i l i t y  to  rem ove  t h i s  f r a g m e n t a t io n  was e s ta b l is h e d .  
A t  the  same time th e  pseudo-disk f i l e s  can be compacted so t h a t  
th e y  con ta in  only t h a t  p a r t  of th e  disk which  con ta ins  data .

Com paction  in v o lv e s  r e o rg a n iz in g  s e c to r s  w i t h in  th e  pseudo-disk, 
and  a l t e r i n g  f i l e  s t r u c t u r e  I n f o r m a t i o n  (e.g. d i r e c t o r y  
in f o rm a t io n ) ,  to  r e f l e c t  th e  new o rd e r .  The com pact ion  a lg o r i th m  
is th e r e fo r e  h e a v i l y  dependent on knowledge of th e  f i le  system of 
an o p e r a t i n g  s y s te m ,  so t h a t  t h i s  f a c i l i t y  sh ou ld  on ly  be 
p rov ided fo r  o p e ra t in g  systems which would be w ide ly  used on th e  
system.

In M~-DOS th i s  invo lves  f in d in g  each f i le  on th e  pseudo-disk, and 
cho o s in g  new c o n t ig u o u s  c lu s t e r s  f o r  th e  f i l e .  The s t a r t i n g  
c l u s t e r  in th e  f i l e  e n t r y  in i t s  c o n ta in in g  d i r e c t o r y  and th e  
f i l e  a l lo c a t io n  ta b le  (FA T ),  must be c o r r e c t e d .  Id e a l l y  one would 
have  two copies of th e  pseudo-disk in memory - th e  o r ig in a l ,  and 
one fo r  s to r in g  th e  co r re c te d  disk. The l a t t e r  tan  be copied to  
the  pseudo-disk f i le  when i t  is complete. A less memory in t e n s i v e  
approach might have  to  be used.

Com paction  need on ly  be pe r fo rm ed  on d isks  w h ich  h a ve  been 
updated When a disk is opened fo r  w r i t in g ,  th e  disk- ID must be 
logged in a f i l e  r e c o rd in g  a l l  pseudo-disks w h ich  h ave  been
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6 POSSIBLE EXTENSIONS TO THE MINIMAL FILL SERVER

The c e n t ra !  fu n c t io n  of the  f i le  s e rv e r  is the  exchange of t r a c k s  
and s e c to rs  between c l i e n t s  and th e  pseudo-disk f i l e s  on th e  
s e r v e r ' s  disk As such, the  m inimal fu n c t io n s  r e q u i r e d  of th e  
f i le  s e r v e r  have  been id e n t i f i e d  as those  in v o lv e d  w i t h  exchange 
of disk da ta ,  e s t a b l i s h in g  u se r  conn ec t io n s  and th e  swapping of 
d isks  a t t a c h e d  to  d r iv e s .

H ow ever,  o th e r  issues rem a in , such as th e  p ro v is io n  of p r in t i n g  
s e rv ic e s ,  th e  co l le c t io n  of 3 tu d e n t  f i l e s  f o r  m ark ing  by th e  
a n a l y s i s  m ach in e  and a c o n d e n s e - a n d - c o m p a c t  f u n c t i o n  f o r  
e iit . m a t in g  f r a g m e n t a t i o n  w i t h in  th e  pseudo-disks. In a d d it io n ,  
for- the  s e r v e r  to be used in a more u n iv e rs a l  co n te x t  outs ide  th e  
sp ec ia l ized  e d u ca t io n  e n v i ro n m e n t ,  i t  would be d e s i r a b le  t h a t  i t  
can be extended to support a v a r i e t y  of fu n c t io n s  assoc ia ted  w ith  
h igh le ve l  s e r v e r s  (c f  S e c t io n  1.3).

Th is ‘ hap te r  a t te m p ts  to  e s ta b l i s h  how th ese  fu n c t io n s  could be 
. m pie men ted, and i f  t h e y  a r e  fe a s ib le .  In a l l  of t h i s  i t  is 
im p o r ta n t  t h a '  the e f f i c i e n c y  of d a ta  t r a n s f e r  is not e f f e c t e d  
t h r o u g h  th e se  f u n c t i o n s  o v e r lo a d in g  th e  c a p a b i l i t i e s  of th e  
s e r v e r  machine

• 1 COMPACTION AND THK C O N T IG U ITY  OK ’D IS K S ’

The im p lica t ions fo r  perform ance due to  f r a g m e n ta t io n  w i t h in  th e  
pseudo-disks was d iscussed  in se c t io n  2.3, and th e  need fo r  a 
condense f a c i l i t y  to remove t h i s  f r a g m e n t a t io n  was e s ta b l ish ed .  
A t the same time the  pseudo-disk f i le s  can be compacted so t h a t  
th ey  con ta in  only t h a t  p a r t  of the  disk which con ta ins  data .

mpa<ticn in v o lv e s  r e o rg a n iz in g  s e c to rs  w i t h in  th e  pseudo-disk, 
and  a l t e r i n g  f i l e  s t r u c t u r e  i n f o r m a t i o n  (e.g. d i r e c t o r y  
in fo rm a t io n ) ,  to  r e f l e c t  th e  new o rd e r .  The com pact ion  a lg o r i th m  
is th e re fo re  h e a v i l y  dependent on knowledge of the  f i le  system of 
an o p e r a t i n g  s ys tem , so t h a t  t h i s  f a c i l i t y  sh ou ld  only be 
provided fo r  op era t ing  systems which would be w ide ly  used on th e  
system

In MS DOS th is  invo lves  f ind ing  each f i le  or the  pseudo-dirk, and 
choos ing  new co n t ig u o u s  c lu s t e r s  f o r  th e  f i le .  The s t a r t i n g  
c l u s t e r  in th e  f i l e  e n t r y  in i t s  c o n ta in in g  d i r e c t o r y  and the  
f i l e  a l lo c a t io n  ta b le  (FA T ),  must be c o r r e c te d .  Id e a l l y  one would 
have  two copies of the  pseudo-disk in memory - the  o r ig in a l ,  and 
one for s to r in g  the  co r re c te d  disk. The l a t t e r  can be copied to  
the  pseudo-disk f i le  when i t  is complete. A less memory in t e n s iv e  
approach might have to  be ured.

Compaction need only be pe rfo rm ed  on d isks  w h ich  h ave  been 
updated When <t disk is opened fo r  w r i t in g ,  th e  d isk- ID  must be 
logged in a f i l e  r e c o rd in g  a l l  pseudo-disks w h ich  h ave  been
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a l te re d .  A compaction tasK would op era te  in th e  background, where 
a disk-ID is dequeued and th e  com paction  a lg o r i th m  p e rfo rm ed  i f  
th e  disk is not in use.

6.2 A N A L Y S IS  M A C H IN E  l.INIC

f a r t  of the  envisaged system  is a m achine f o r  th e  a n a ly s is  of 
s t u d e n t  p ro g ram s . T h is  wou ld  in c lu d e  t h e  m a rk in g  of t e s t  
so lu t io n s ,  and p ro v is io n  f o r  on- line  a n a ly s i s  as an a id  d u r in g  
l a b o r a t o r y  sessions. The a n a ly s i s  machine has to  use th e  f i l e  
s e r v e r  to  ob ta in  the  u se rs '  f i l e s  and to  r e t u r n  th e  r e s u l t s  of 
the  a n a ly s is  to  s tu d e n ts .  H o w e ve r ,  w h e reas  th e  a n a ly s i s  process 
is perform ed on f i les , the  l in k  is not f i le-b ased ,  b u t  o r i e n t a t e d  
to  th e  p ro v is io n  of pseudo-disks.

The a n a ly s is  m achine could o b ta in  th e  u se rs  f i l e s  by s w i t c h in g  
s tu d e n ts ’ pseudo-disks l i i to  i t s  d r iv e s  from which i t  can read the  
f i l e s  to  be ana lysed , and on w h ich  i t  can re c o rd  i t s  r e s u l t s .  
A l t h o u g h  t h i s  is  th e  s im p le s t  a p p ro a ch  to  im p lem en t ,  some 
c o m p l i c a t i o n s  a r i s e .

The f i le s  to be ana lysed w il l  need to  have  a s t a n d a r d  name 
so t h a t  th e  a n a ly s i s  m ach ine  can lo ca te  them on th e  
s t u d e n t ' s  p s e u d o - d isk .

Pseudo-d isks h ave  th e  c h a r a c t e r i s t i c  of a l low ing  on ly  s ing le  
access in w r i t e  mode. Th is  is s a t i s f i e d  du r ing  th e  m ark ing  
of te s ts ,  but when a n a ly s is  is r e q u i re d  as an on- line  aid , 
bo th  th e  s tu d e n t  and th e  a n a ly s is  m achine r e q u i r e  w r i t e  
access to  th e  s t u d e n t ’s pseudo-disk. T h is  means t h a t  th e  
r e q u e s t  f o r  a n a l y s i s  sh ou ld  r e s u l t  in  th e  u s e r 's  d isk  
being sw itched  out of h is  d r iv e s  and only sw itched  back in 
once th e  a n a ly s is  is complete. T h is  leads to  u n d e s i r a b le  
'd e a d - t im e '  f o r  th e  user .

The an a lys is  machine needs to  read f i le s  from the  pseudo-disk 
and thus  w ill have  to  be run n ing  the  same o p e r a t i n g  s y s te m  
as t h a t  under w h ich  th e  u s e r ’s pseudo-disk  is  used. S in ce  
t '  e a n a ly s is  s o f t w a r e  ru n s  u n d er  MSDOS [2), on ly  MSDOS 
pseudo-disks could oe an a lysed .  C u r r e n t l y  t h i s  p re s e n ts  no 
problem s ince  a l l  s t u d e n t  a ss ig n m en ts  a re  a s s o c ia te d  w i t h  
M SDO S, b u t  i t  is  u n d e s i r a b l e  t o  p r e c lu d e  f u t u r e  
ass ignm en ts  based on o t h e r  o p e ra t in g  sys tem s. In s te a d  i t  
would be p r e f e r a b le  t h a t  a f i l e  - i r r e s p e c t i v e  of th e  
o p e ra t in g  system  in w h ich  i t  was produced - and no t  a 
pseudo-disk, be passed f o r  a n a ly s is .

A l t e r n a t i v e l y ,  mechanisms must be p rov ided  w h ich  c ' lo w  s ing le  
f i le s  to  be sent fo r  ana lys is .  The complication is h -v to  a ch ieve  
th i s  g iven  the  b lo ck- o r ie n ta ted  n a t u r e  of th e  l ink.

One possib le  method would be to  copy th e  r e q u i r e d  f i l e  to  an 
improper pseudi-disk. The concept of an im p ro p er  pseudo-disk  was 
in t ro d u c e d  to  a c h ie ve  a d i r e c t o r y  d isk w h ich  could De accessed 
under any opera t ing  sys tem  ( r /  se c t io n  3.2.7). Such  a d isk  dees 
n o t  c o n t a in  f i l e s  s to re d  a c co rd in g  to  a p a r t i c u l a r  o p e ra t in g  
s y s t e m ’s f i l e  s y s te m , b u t  c o n t a in s  a s in g le  f i l e  s t o r e d  on 
co nsecu t ive  sec to rs  of th e  d isk. Read ing  of and w r i t i n g  to  th e  
disk re q u i r e  d i r e c t  s e c to r  accesses. When re a d in g  th e  f i l e ,  t h e r e
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is no way of de te rm in ing  how many se c to rs  in 
the  f i le  ends - which may be midway th ro u g h  
when th e  f i l e  is w r i t t e n ,  th e  f i r s t  b y te s  
b y t e - le n g th  of th e  f i le .

th e  f i le ,  and where  
a sector. T h e re fo re ,  
shou ld  c o n ta in  th e

When a user issues a request  fo r  an a ly s is ,  he spec i f ies  th e  f i l e .  
A te m p o ra r y  pseudo-disk is  c r e a t e d  on th e  s e r v e r  - w i r h in  an 
a n a ly s is  section and named a f t e r  the  use r  and the  f i le  name - and 
is a t ta ch ed  to  one of th e  user 's  f r e e  d r iv e s .  The r e q u i r e d  f i l e  
is copied to  th e  disk, wh ich  is then sw itched  ou t of th e  d r i v e ,  
and the  name logged in to  a l i s t  of f l ie s  a w a i t in g  
the  an a lys is  machine is ready , i t  a t t a c h e s  th e  disk 
d r iv e s  and copies the  f i le  across to  i t s  own disk, 
pseudo-disk is th en  de le ted .

a n a ly s is .  Once 
to  one of i t s  
The te m p o ra ry

R e tu rn in g  th e  r e s u l t s  of th e  a n a ly s is ,  is  a ro u gh  r e f l e c t i o n  of 
th e  above. Once complete, a new improper disk is  c re a ted  - w i th  
i t s  name based on t h a t  o ' th e  o r ig in a l  req u es t  - and th e  re su l t
f i le  from the  a n a ly s is  copied 
issue  a re q u e s t  to  r e c o v e r  
a t t e m p t  w i l l  . a i i  i f  t h e  
successfu l, the  r e s u l t  f i l e  is 
r e s u l t  disk is de le ted .

t c  i t .  The u se r  can a t  any  t im e  
th e  r e s u l t s  of th e  a n a ly s i s  - th e  
a n a l y s i s  is  n o t  y e t  complete. I f  
copied to  th e  u s e r ’s d isk , and th e

T h is  rem oves  t h e  p rob lem s of be ing  t i e d  in t o  
op era t ing  system, th e  need f o r  s t a n d a rd  f i l e  names 
’ d e a d - t i m e ’ .

a p a r t i c u l a r  
and of u se r

b.3 P R IN T IN G  S E R V I C E S

I t  is des irab le  to  have  a nigh spee* p r i n t e r  as a shared  reso u rce  
on th e  network . Th is  n ece s s i ta te s  a p r in t in g  s e r v i c e  p re sen ted  to 
each  node, w h ic h  s c h e d u le s  (and keeps i s o la t e d )  i n d i v i d u a l  
p r i n t i n g  r e q u i r e m e n t s .

Once again howevi r , p r in t in g ,  which is b y te  or f i l e  o r ie n te d ,  has 
to be ach ieved on block s t r u c t u r e d  l in k .

I t  is  a t t r a c t i v e  to  t r a p  th e  p r i n t e r  o u tp u t  a t  each node 
computer, and r e d i r e c t  t h i s  to  th e  s e r v e r ,  so t h a t  th e  n e tw o rk  
is  t r a n s p a r e n t  to  e x is t in g  s o f t w a r e  w h ich  uses th e  p r i n t e r .  
However, i t  would be e x ceed in g ly  i n e f f i c i e n t  f o r  th e  n e tw o rk ,  i f  
each b y te  sent to  the  p r i n t e r  was sent as a message to  the  s e r v e r  
(s in ce  each messages e n t a i l s  w r i t i n g  a se c to r ) .

In  a d d i t i o n ,  i t  is im p o r t a n t  t h a t  p a r t s  o f p r i n t o u t s  from  
d i f f e r e n t  nodes a re  no t  in t e r l e a v e d .  In s tea d ,  i t  is  n e ce s sa ry  
t h a t  th e  e n t i r e  p r i n t  1 3 a ccu m u la ted  b e fo re  i t  is  re le a se d  f o r  
p r i n t i n g .  T h is  c o n s id e r a t i o n  does n o t  e x i s t  m  s in g le  u s e r  
s i t u a t i o n s ,  w h ere  s o f t w a r e  sends d a ta  to  th e  p r i n t e r  as i t  
becomes a v a i la o le .  The u se r  w i l l  h ave  to  is su e  a command to 
perfo rm  th e  p r in t  of w hat has been accumulated.

6.3 -
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The su g g es ted  a p p ro a c h  is  to  h a v e  a s in g le  f i  e im p ro p e r  
pseudo-disk a t ta ch ed  to  a d r i v e  a*, th e  c l ie n t ,  which is ded ica ted  
fo r  p r in t in g  purposes. Once again, th e  f i r s t  p a r t  of th e  da ta  can 
be used to  in d ica te  the  leng th  of the  p r in to u t .

A ro u t in e  a t  th *  c l i e n t  would h ave  to  t r a p  and a c cu m u la te  in 
memory, any  da t4  sen t  to  th e  p r i n t e r .  As s u f f i c i e n t  d a ta  is 
a ccu m u la ted , s e c to rs  can be w r i t t e n  to  th e  c u r r e n t  p o s it io n  on 
th e  p r i n t  d isk. When th e  u se r  is sues  a command to complete 
p r in t i n g ,  th e  re m a in in g  d a ta  in memory can be w r i t t e n  to  th e  
p r in t  disk, and th e  c o r r e c t  len g th  of th e  p r i n t o u t  i n s e r t e d  a t  
the  s t a r t  of the  disk A command is then sent to  the  f i l e  s e rv e r ,  
r e q u e s t in g  a p r in t o u t .

When th e  s e r v e r  r e c e iv e s  th e  re q u e s t ,  i t  must rename th e  f i l e  
holding th e  pseudo-disk of th e  u s e r ’s p r in t  d isk and enqueue th i s  
f i le  f o r  p r in t i n g  iA new pseudo-disk f i l e  m ust be c r e a t e d  fo r  
th e  u s e r 's  p r i n t  d isk ) .

P r i n t i n g  a t  th e  s e r v e r  in v o lv e s  dequeu ing  a f i l e ,  i n t e r p r e t i n g  
i t s  length, and sending i t  b y te  by b y te  to  th e  p r in t e r .

•4 F I l . E  T R A N S F E R

As m entioned, th e  s e r v i c e  is o r ie n t e d  to w a rd s  th e  p ro v is io n  of 
pseudo-disks and not the  t r a n s f e r e n c e  of f i le s .  Y e t  c e r t a i n  f i l e  
m a n ip u la t io n  can sometimes no t  be a c h ie ve d  d i r e c t l y  w i t h in  t h i s  
approach

a means of f i l e  t r a n s f e r  u s in g  a s in g le  f i l e  ' im p ro p e r '  
pseudo-disk was in t ro d u ce d ,  f o r  the  c o l le c t io n  of s t u d e n t ’s f i l e s  
to  be ana lysed , and f o r  p r in t i n g  purposes. T h is  same te ch n iq u e ,  
can be used to  a llow  th e  t r a n s f e r  c f  f i l e s  b e tw een  d i f f e r e n t  

p e r a a n g  s y s t e m s  and  b e tw ee n  d i f f e r e n t  u s e r s .  The ’im p ro p e r ’ 
d isk  is used as an in t e r m e d ia r y .  S in ce  th e  t r a n s f e r  is not 
node-to-node, but by way of the  f i le  s e rv e r ,  the  t r a n s f e r e n c e  of 
f i le s  between users can be well c o n t ro l le d  from  th e  s e r v e r .  T h is  
would allow t r a n s f e r s  to  be ^ e v e n t e d  d u r in g  t e s t s .

An a l t e r n a t i v e  is to  allow requests  to  th e  f i le  s e r v e r  to  r e f e r  
to  f i l e s  on th e  pseu do-d isk . A l t h o u g h  th e  s e r v e r  v ie w s  a 
p seu do-d isk  as a s in g le  f i l e ,  i t  would  be p o ss ib le ,  g iv e n  
knowledge of th e  f i l e  s t r u c t u r e  on th e  pseudo-disk, to  e x t r a c t  
p a r t i c u l a r  f i l e s .  T h is  f e a t u r e  cou ld  be p r o v id e d  f o r  th e  
most - i>s,?d o p e ra t in g  system s, w here  in t ra - p se u d o - d is k  m a n ip u la t io n  
based on knowledge of the  f i le  s t r u c t u r e  is a lr e a d y  necessary , to  
a c h ie v e  compaction and c o n t i g u i t y  (c f  s e c t io n  6.1).

T h is  would allow th e  co l le c t io n  of f i l e s  f o r  a n a ly s i s  and th e  
p r in t in g  of f i le s  to  be ach ieved somewhat more e f f i c i e n t l y ,  Using  
th is  approach, a request  would spec i fy  the  f i le ,  which the  s e r v e r  
cou ld  e x t r a c t  from  th e  p seu do-d isk , and send d i r e c t l y  f o r  
p r im in g  or ana lys is . The fo rm er method invo lved  the  user copy ing  
the  f i le  from his u se r  d isk to  a n o th e r ,  s ing le  f i l e ,  pseudo-disk.



CHAPTER 6 - Possible Ex tens ions  to  the  F i le  S e r v e r

E f f e c t i v e l y ,  t h i s  moans t h a t  the  f i le  is t r a n s f e r r e d  f i r s t  to  th e  
user and then back to  the  f i le  s e r v e r ,  be fore  th e  f i le  was sent 
fo r  p r i n t  in *  o r  a n a ly s is .

S H A R E D  D A T A B A S E S

P re se n t ly ,  c o n c u r re n t  use of disks is confined to  when th e  u se rs  
r e q u i r e  re a d - a c re ss  on ly. T h is  p laces l im i t a t i o n s  in  su p p o r t  of 
sh a red  da ta-bases , w h ere  s im u lta n e o u s  access w i t h  th e  p o s s ib i l i t y  
o f update , is n e ce s sa ry .

S u p p o r t  of sh a red  da ta - b a ses  would g e n e r a l l y  e n t a i l  a l lo w in g  fo r  
tn e  c o n c u r r e n t  acce ss  and u p d a te  o f  th e s e  d a ta - b a s e s ,  by 
d i f f e r e n t  users .  Such  c o n c u r r e n c y  c o n t r o l  is g iv en  co n s id e ra b le  
su ppo rt  in h igh  le v e l  f i l e - s e r v e r s  [3, pp359, pp370). Thus, w h i le  
c o n c u r r e n t  u p d a te  was n o t  m  th e  o r i g i n a l  scope o f  t h e  
e d u c a t io n a l  a p p l ic a t io n ,  i t  is d e s i r a b le  t h a t  th e  sy s tem  can be 
upgraded to  support i t  should i t  become n e ce s sa ry  - p a r t i c u l a r l y  
i f  the  system is to  have  more genera l app lica t ion .

To allow the co n c u r r e n t  update  of a pseudo-disk, i t  is n e ce s sa ry  
to  ensure  t h a t  a s ingle co n s is te n t  v iew  of th e  disk is m a in ta ined  
on the  network . Th is  means t h a t  the  d i s t r ib u te d  system of caching 
(i.e. caches a t  th e  d isk  e m u la to r s  o f c l i e n t  nodes) must be 
d isab led  f o r  a l l  d isks  s u p p o r t in g  sh a re d  update . These caches 
allow th e  p r o l i f e r a t i o n  of m u lt ip le  v e r s io n s  of th e  t r a c k s  of a 
p seu do-d isk , s in c e  t r a c k s  he ld  a t  an e m u la to r  would n o t  be 
a f f e c t e d  when a n o th e r  c l i e n t  updates  those  t r a c k s  a t  th e  f i l e  
se rver.

S e c t io n  1.3.7 in t ro d u c e d  th e  tw o-phase  lock ing mechanism used to  
a c h ie v e  s y n c h r o n i z a t i o n  of c o n c u r r e n t  accesses. H e re  ' lo ck ing ' 
o b ta in s  e x c lu s iv e  access to  a reg ion  of d a ta ,  w h i le  'un lock ing ' 
r e le a s e s  th e  re g io n .  S o f t w a r e  must adh e re  to  th e  fo l lo w in g  
c h a r a c t e r i s t i c  f o r  access ing  reg ions .

R e q u e s t  th e  r e q u i r e d  d a t a  r e g io n (s ) .  I f  su cce ss fu l ,  th e  
s e r v e r  locks th e  reg io n s  a g a in s t  f u r t h e r  acc-:ss.

- Complete th e  ' t r a n s a c t i o n '  on th e  reg ion .
R e lease  t h e  r e g io n (s )

Once re leased , th e  d a ta  at th e  c l i e n t  must be con s ide red  vo id , 
and any f u r t h e r  t r a n s a c t io n s  in v o lv in g  i t ,  must r e q u i r e  a n o th e r  
requ es t  to  th e  f i l e  s e r v e r .

Th is  locking protocol can be used fo r  c o n c u r r e n c y  c o n t r o l  in  th e  
access of pseudo-disks. T h e re  a re  h o w e v e r  some l im i t a t i o n s  in 
what can c o n s t i t u t e  a da ta  region.

F U e - J o c f ( i n s  is u n s u i t a b le ,  because th e  l ink  is d isk-based , and 
th e  f i l e  s e r v e r  is ig n o r a n t  o f  w h a t  c o n s t i t u t e s  a f i l e  a t  th e  
c l i e n t ,  T h is  o b v io u s ly  p rec lu des  any reg ions  w h ich  a re  p o r t io n s  
of a f i le ,  sue.i as database  records w i th in  a f i l e .  Regions w h ich  
can be c o n t ro l le d  by th e  s e r v e r ,  must t h e r e f o r e  be p h y s ic a l  
blocks on the  pseudo-disk - e i t h e r  th e  e n t i r e  disk, a f ixed  block 
( t r a c k  or  se c to r ) ,  o r  a v a r i a b l e  sized block.
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