


























3. SYSTEM DESCRIPTION 

This Chapter contains a description of the 3040 Controller and i s  presented 

in terms of t h e  reg is ters  whose contents control the Controller operation and 

provide information to  the CPU,and the instruct ions which control those 

reg is ters .  

Figure 3-1 i s  a block diagram of the 3040 Controller interfaced with a PDP-3 

and a s ing le  disk drive. Using programmed 110 instruct ions,  information moves 

to  o r  from the Control Register, the Status Register, the Track Address - - 
Register, and the Sector Address Register; only to  the Seek Address Register, - 

and only - from the Seek Status Register. The two buffer inter face reg is ters  

are connected to  the DMA (Direct Memory Access) f a c i l i t y  of the PDP 8 for  

data t ransfers and the Current Address Register i s  attached to  the DMA f a c i l i t y  

for  specifying the locations in the CPU memory to  (or  from) which the data i s  

to be transferred. 



REGISTER DESCRIPTIONS 

The following cont ro l ler  reg is ters  are those with which the programmer has 

d i rec t  contact (e i ther  establ ishing or interogating the i r  contents) :  

Control Register 

The Control Register (12 b i t s )  contains the busy and done f lags t o  indicate 

the current s ta tus  of a cont ro l ler  operation, the disk u n i t  se lec t  b i t s  

used to  sel.ect one of the four ports fo r  a data t rans fe r ,  the extended 

memory address f i e l d  fo r  DMA t ransfers ,  the in ter rupt  and format enable 

b i t s ,  and a read disk b i t  t o  indicate the direct ion of the DMA t ransfer  

taking place. The spec i f ic  b i t  assignments are as follows: 

FUNCTION 

Extended Memory Address: Contains the three most 
s ign i f icant  b i t s  of the computer memory address fo r  
DMA t ransfers .  

Unused: Will always read as zeros. 

Interrupt  Enable: When s e t ,  t h i s  b i t  wil l  enable the 
control ler  to  generate an in ter rupt  request when the 
done b i t  gets s e t .  

Format Enable: When s e t ,  t h i s  b i t  wil l  allow a sector 
to be formatted. 

Disk U n i t  Select:  A two b i t  f i e l d  select ing one of four 
ports for  a data t ransfer .  

Read Disk Enable: This b i t ,  which i s  automatically 
control led by the cont ro l ler ,  i s  used to  indicate the 
direct ion of a data t ransfer .  When s e t  the control ler  
i s  reading from the disk and when c lear ,  the control ler  
i s  wri t ing onto the disk. 

Busy Flag: Indicates the cont ro l ler  i s  busy t rans- 
ferr ing data to  or  from the selected disk. 

Done Flag: When s e t ,  t h i s  b i t  indicates tha t  e i ther  
(1 )  a data t ransfer  operation has been completed o r  ! ( 2 )  an independent seek operation has been completed 
while there i s  no data t ransfer  act ive to any of the i 
other three ports.  



* Sta tus  Reg is te r  

The S ta tus  Reg is te r  (12 b i t s )  inc ludes seven e r ro r - i nd i ca to r  b i t s  and two 

disk-operat ion b i t s .  A t o t a l  of  nine e r r o r s  a r e  sensed by t h e  c o n t r o l l e r .  

They have been div ided i n t o  th ree  equal groups so  t h a t  a two-bi t  f i e l d  may 

descr ibe  which of t h e  t h r e e  e r r o r s  has occurred o r  t h a t  none of t h e  th ree  

has occurred. The complete b i t  assignments a r e  a s  fol lows: 

BIT 

0 

192 00 
01 

10 

11 

334 00 
I 
! 0 1 

FUNCTION 

Error  Flag. Ind ica tes  t h a t  an e r r o r  occurred. 

No Format, S e l e c t ,  o r  Timing Er rors .  
Format Error .  Ind ica tes  an at tempt  t o  format a d isk  
without having t h e  format switch i n  t h e  FORMAT pos i t i on ,  
o r  t o  format a f ixed-head d isk .  
Se lec t  Error .  Disk command assigned t o  a po r t  t h a t  
e i t h e r  has no d isk  o r  has a d isk  which i s  not in:a 
condi t ion t o  opera te .  
Timing Error.  Computer did not respond in  time t o  
rece ive  o r  supply a data word from/to t h e  Cont ro l le r .  

No Logical Address In te r lock ,  Address Ver i f i ca t ion  o r  
Seek Incomplete Er rors .  
Logical Address In te r lock .  Ind icates t h a t  t he  t rack  
address given t o  the  Cont ro l le r  i s  g rea te r  than the  
maximum t rack  value f o r  t h e  d isk se lec ted .  
Address Ver i f i ca t ion  Error:  Ind ica tes  t h a t  t h e  
Cont ro l le r  has detected a d i f f e rence  between the Track 
Address Word -in t h e  s e c t o r  i t  i s  at tempting t o  read o r  
w r i t e  and the t rack  address i t  expects t o  f i nd  the re .  
The Cont ro l le r  i n i t i a t e s  an automatic r e s t o r e  on t h a t  
d i sk .  
Seek Incomplete Error:  Ind icates a hardware malfunction 
i n  t h e  d isk .  The Cont ro l le r  i n i t i a t e s  an automatic 
r e s t o r e  on t h a t  d isk .  

No Write Lock O u t ,  Write Check o r  Cycl ic Redundancy 
Check Er rors .  
Write Lock O u t  Error :  Ind ica tes  an e r r o r  occurred when 
the  program attempted t o  wr i t e  onto a wr i te-protected 
s e c t o r .  The format switch can over r ide  t h e  wr i te -  
p ro tec t  capab i l i t y  i n  t he  moving-head d isk .  
Write Check Error:  Ind icates a malfunction i n  the  d isk 
t h a t  makes i t  incapable of  wr i t ing  da ta .  
Cycl ic Redundancy Check Error:  Ind icates t h a t  an e r r o r  
was detected i n  the  cyc l i c  redundancy check word when 
reading back t h e  data from the  d isk .  

Unused: Will always read a s  zeros.  
: 

Busy Flag: Same b i t  a s  i n  the  Control Regis ter .  1 

Done Flag: Same b i t  as i n  t h e  Control Regis ter .  ! 
1 



Seek Status Register 

The Seek Status Register, used to  hold the s ta tus  and resu l ts  of a l l  seek 

operat ions, i s  composed of four 3-bi t  reg is te rs ,  each of which i s  associated 

with a dis-k port. In each 3-bi t  r eg i s te r ,  two b i t s  are used t o  indicate 

the resu l ts  of the l a s t  seek on the port while the th i rd  b i t  i s  a dynamic 

indicat ion of whether the port i s  ready to  receive a seek command. This 

reg is ter  may only be read back to  the accumulator, while the two b i ts  

used to indicate the seek resu l ts  are automatically cleared upon a seek 

being i n i t i a ted  on t ha t  port .  Those ports n o t  having disks connected t o  

them wil l have the i r  3 b i t  reg is te r  read back as a 7 The complete b i t  

assignments a re  as follows: 

1 0-2 Status reg is te r  corresponding to  disk port 3 .  1 
3-5 Status reg is te r  corresponding to  disk port 2 .  I 
6-8 Status reg is te r  corresponding "to disk por t  1.  I 
9-1 1 Status reg is te r  corresponding to  disk port 0. 

Indicates tha t  a Hardware Seek Error has occurred. This 
can occur from e i ther  seeking to  a non-existent cyclinder 
( i  .e . ,  a Logical Address Interlock Error) or  i f  the disk 
was unsuccessful in  seeking to  a legal cyclinder number 
( i  . e . ,  a Seek Incomplete Error).  If a Seek Incomplete 
does occur, the cont ro l ler  wil l  automatical ly generate 
a restore command to  the disk. 

l i t , / ,  Indicates tha t  a Busy Error has occurred. This can occur 
from in i t i a t i ng  a seek on a port when i t  was e i ther  act ive 
doing a data t ransfer  or  was not in  a condition to  receive 
a seek operation. In e i ther  case, the seek command i s  
ignored when t h i s  er ror  occurs. 

2,5,8,11 A dynamic indicator  for  whether the port i s  in a condition 
to  receive a seek command. A zero indicates i t  i s  ready , 
while a one indicates tha t  e i ther  the head i s  presently I 

i moving o r  t ha t  the drive i n  not ready. , < 



" Seek Address Reqister 

The Seek Address Register i s  a 12-bit  reg is te r  used to  temporarily hold 

the port and cyl inder address while an overlap seek i s  i n i t i a ted .  I t  i s  

a lso  used as a communication path f o r  those program 110 instruct ions 

entering the Track Address Register. The Seek Address Register may not 

be read back in to  the accumulator, and i s  always f ree  to  receive programmed 

information without any timing res t r i c t ions .  The spec i f ic  b i t  assignments 

a re  as follows: 

- 
BIT FUNCTION 

I O Y 1  

A two-bit f i e l d  used to  se lec t  the port on which the 
overlap seek operation i s  t o  be i n i t i a ted .  

1 2-11 The t rack address to  which the head wil l  move when th'e' 
I overlap seek i s  executed. This track address i s  composed 
1 of a cyl inder address ( b i t s  2-10) and a head se lec t  b i t  

! ( b i t  11) f o r  moveable-head disks and i s  a s t ra igh t  track 
address fo r  fixed-head disks. 

* Track Address Reqister 

The Track Address Register i s  a 12-bit  reg is te r  used to  hold the track address 

f o r  read and wr i te operat ions. I t  i s  entered with the s ta r t i ng  track address 

when the read o r  wri te operation i s  i n i t i a ted ,  and i s  automatically updated 

when data t ransfers  require going across track boundaries. The spec i f ic  b i t  

assignments are as  follows: 

FUNCTION 

Unused: Will always be read as a zero. 

Disk Select :  A zero wil l  se lec t  the non-removeable disk 
and a one wil l  se lec t  the removeable disk f o r  a moveable- 
head disk. This b i t  should be a zero fo r  the fixed-head 
disk. Y 

The track address to o r  from which the cont ro l ler  wil l  
t ransfer  data. This track address i s  composed of a 
cyl inder address ( b i t s  2-10) and a head se lec t  b i t  
( b i t  11) fo r  moveable disks and a s t ra igh t  track 
address fo r  fixed-head disks.  



Sector Address Register 

The Sector Address Register i s  used t o  hold the sector  address fo r  read 

and wr i te operations. I t  i s  a 4-bit  reg is te r  which i s  loaded with the 

s t a r t i n g  sector  address pr ior  to  the i n i t i a t i on  of the read or wri te 

operat ion, and i s  automatically updated fo r  data t ransfers which require 

going across sector boundaries. 

BIT FUNCTION 

1 0-7 Unused: Will always be read as zeros. 

Sector Address: A four-bi t  f i e l d  which provides 16 
sectors  per t rack.  

The 4-bit  Sector Address Register should be viewed as the l eas t  s ign i f icant  

part  of continuous disk address, where the Track Address Register i s  the 

most s ign i f icant  par t .  Thus, when the automatic updating increments the 

Sector Address Register back t o  zero, i t  wil l  a lso increment the l eas t  

s ign i f i can t  (head se lec t )  b i t  of the Track Address Register. W i t h  th is  

addressing scheme, only multi-sector t ransfers  going across cyclinder 

boundaries wil l  loose a revolution while the head moves. 

OTHER REGISTERS 

The reg is ters  described below are  also used by the 3040 cont ro l ler ,  b u t  are not 

avai lable to  programmer contact.  

Word Count Reqister 

This 12-bit  reg is te r  s tores the number of words remaining to  be t ransferred 

and i s  updated as the t ransfer  of each word takes place. 

Current Address Register e 

This 12-bit  reg is te r  holds the 12 l eas t  s ign i f icant  b i t s  of the core memory 

address fo r  the word being t ransferred and i s  incremented a f t e r  each t ransfer  

occurs 



' Data Sh i f t  Reqister 

During a read operation the Data Sh i f t  Register takes the data from the disk 

in  a bi t -ser ia l  fashion ( l e a s t  s ign i f icant  b i t  f i r s t )  and when a complete 

word has been assembled tha t  word i s  t ransferred in paral le l  t o  one of 

the buffer inter face reg is ters .  The t ransfers  a l te rna te  between Buffer 

Inter face Register #1 and Buffer Interface Register #2. During a wri te 

operat ion,data from the buffer in ter face reg is ters  are a l ternate ly  trans- 

ferred a word a t  a time in to  the Data Sh i f t  Register which in turn t rans- 

mits the data in a b i t -ser ia l  fashion ( l e a s t  s ign i f icant  b i t  f i r s t )  out to  

the disk. 

Buffer Inter face Register -4. 

As mentioned above, the data coming from the disk to  the computer o r  vice 

versa pass through one of the two buffer inter face reg is ters .  For a sequence 

of words being t ransferred,  the reg is ters  are used a1 ternately ( f i r s t  

Register #1, then Register K, then Register # lUand so on).  This double 

buffering scheme gives the computer twice the one-word t ransfer  time t o  

respond t o  a data t ransfer  request. With the high b i t - t ransfer  ra tes of 

these disk dr ives,  t h i s  i s  par t icu lar ly  important i f  time-consuming 

ins t ruct ions,  such as ind i rect  addressing sequences, are being used. 

Arithmetic Check Reqister 

This reg is te r  accumulates the ari thmetic checksum word generated during the 

t ransfer  of data to or  from a sector .  After a wri te operation t h i s  word i s  

wri t ten a t  the end of each sector.  After a read operation,the previously 

wri t ten checksum word i s  compared to  the contents of t h i s  reg is ter  to  

, veri fy the correctness of the data t ransfer  operation. 



Sector Counter 

This reg is te r  contains the number of the sector  currently under the read/ 

wr i te heads. As the disk revolves, the Sector Counter i s  updated by the 

sector pulses from the disk and i s  compared with the contents of the Sector 

' Address Register in order to determine when a data t ransfer  operation should 

begin. This counter i s  located in  the disk drive fo r  moveable-head drives 

and on t h e  disk inter face cable fo r  fixed-head drives. 

DISK SECTOR FORMAT 

This sect ion describes the format of each sector on the cartr idge disks and the 

fixed-head disks. 

Moveable-Head Disk Sector Format 

The format f o r  a moveable-head disk sector i s  i l l us t ra ted  i n  Figure 3-2. Each 

item in t h i s  sector  i s  described below. 

- F i r s t  Preamble 

The preamble a t  the beginning of each sector consists of twenty 12-bit  

words wri t ten on the disk. The f i r s t  239 b i t s  in  the preamble are 

zeros; the l a s t  b i t  i s  a one. 

- Track Address Word 

l h i s  12-bit  word wri t ten on the disk contains the track address of the 

par t icu lar  sector .  The track address i s  written on a cart r idge when 

i t  i s  formatted. Before a data t ransfer  operation takes place, t h i s  

track address i s  read and compared with the desired address in  order 

to  veri fy tha t  the correct  track has been located. Bits 1-11 of the 



rack Address Word m u s t  correspond d i rec t l y  w i t h  b i t s  1-11 of the Track 

ddress Register f o r  the ver i fy  to  be completed. Bit 0 of the Track 

ddress Word i s  used as  the wr i te  protect  b i t  f o r  the sector.  I f  i t  i s  

a zero; normal operation wi l l  occur. I t  i t  is s e t  to  a one, the sector 

wi l l  be write-protected and a wr i te lock out er ror  wi l l  occur i f  an 

attempt i s  made to  wr i te in  a write-protected sector.  Placing the 

format switch i n  the "FORMAT" posit ion wi l l  override th i s  wr i te protect  

b i t  and allow updating of data in  a write-protected sector.  

- Second Preamble 

The Second Preamble contains a 51.2 us s t r ing  of b i t s  (a l l  zeros except 

f o r  the l a s t  b i t  which i s  a one). This preamble envelopes the wr i te 

ampli f ier turn-off and turn-on fo r  the format and data sect ions 
' ., 

respectively, and provides the read c i rcu i t ry  with a zero f i e l d  f o r  

resynchronization during a read operation. 

- Data - 
The data portion of the sector contains 256 12-bit  words. 

- Cyclic Redundancy Check Word 

This 12-bit  word i s  the one 's  complement sum of the 256 data words in 

the sector .  This word i s  automatically computed by the cont ro l ler  and 

writ ten on the disk during a wri te operation. I t  i s  read and compared 

w i t h  a recalculated value from the disk data t o  ver i fy  the val idat ing 

of the data t rans fe r  during a read operation. 

- Overhead 

The overhead i s  the unused portion of the sector .  I t  i s  nomially 

157us, b u t  will vary as a function of the instantaneous speed tolerances 

of the disks and w i t h  interchangabi l i ty tolerances of the disk cart r idges.  



One Sector  

Figure 3.2 Moveable-head d isk  Sec tor  Format 

Fixed-Head Disk Sec tor  Format 

The format f o r  a f ixed-head d isk  s e c t o r  i s  i l l u s t r a t e d  i n  Figure 3.3. Each item 

i n  t h i s  s e c t o r  i s  descr ibed below. 

- Preamble 

The preamble a t  t he  beginning of each s e c t o r  cons i s t s  of n ine b i t s .  The 

f i r s t  seven b i t s  a r e  ones followed by a zero-one combination f o r  t h e  l a s t  

two b i t s .  

- Data 
The data por t ion of t h e  s e c t o r  conta ins 256 12-b i t  words. 

- Cycl ic  Redundancy Check Word 

This 12-b i t  word i s  t h e  one ' s  complemen m of t he  256 data words i n  
7 

t h e  sec to r .  This word i s  automat ica l ly  computed by the  c o n t r o l l e r  and 

wr i t t en  on t h e  d isk dur ing a w r i t e  operat ion.  I t  i s  read and compared 

with a reca lcu la ted  value from t h e  disk'data t o  v e r i f y  t h e  v a l i d i t y  of 

t h e  da ta  t r a n s f e r  dur ing a read operat ion.  



- Overhead 

The overhead i s  t h e  unused p o r t i o n  o f  t h e  sec tor .  It has a  nominal 

va lue o f  20 us. 
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F igu re  3.3 Fixed-Head D isk  Sector  Format 

*NOTE: The f o r m a t t i n g  o f  t h e  f ixed-head d i s k  i s  done by t h e  w r i t i n g  
of a  c l o c k  t r a c k  on t h e  d i s k  w i t h  spec ia l  equipment. 

D I S K  CONTROLLER INSTRUCTIONS 

This  sec t i on  descr ibes t h e  i n s t r u c t i o n s  used t o  s p e c i f y  t he  operat ions 

o f  Model 3040 C o n t r o l l e r  when they  a re  i n t e r f a c e d  t o  a PDP 8 Ser ies computer. . 
These i n s t r u c t i o n s  a re  used f o r  bo th  moving-head and f ixed-head d i sks .  Table 3-1 

summarizes the  i n s t r u c t i o n s  and t h e i r  f unc t i ons .  



Table 3-1 

Model 3040 Disk Cont ro l le r  I ns t ruc t i ons  f o r  t h e  PDP 8 Ser ies  Computer 

I ns t ruc t i on '  

- DSDD 

DLCR 

DRCR 

I 
DCSR 

6503 Read Control Reg is te r  

6504 Clear  S ta tus  Reg is te r  

Octal Equivalent* 

Read S t a t u s  Reg is te r  

Function 

DRSR 

6501 1 Skip on D i s k  Done. I 

6502 Load Control Reg is te r  I 

i 
! + 

DLSS 6506 Load Seek Address Reg is te r  and 
I I n i t i a t e  Overlap Seek 1 

-- - 

DRSS 
I 

Read Seek S t a t u s  Regis ter  I 

DSDE 651 1 . . Skip. on Disk  Error  i 

DLSR 651 2 Load Sector  Address Reg is te r  1 
! 

DSRR 
I 

Read Sector  Address Reg is te r  
\ 

DLTR 6514 Load Track Address Reg is te r  and 
I n i t i a t e  Read I 

DLTW 651 5 Load Track Address Regis ter  and 
I n i t i a t e  Write 

DRTR 6516 Read Track Address Reg is te r  

' DWCA 6517 I n i t i a t e  Word Count and Current 
Address Sequence 

* The use of t he  s tandard device codes 508 and 518 f o r  the Model 3040 
Cont ro l le r .  i t 



1 Instruct ion: (Octal Code: 6501) 

1 Skip On Disk Done i 
This instruct ion causes the computer t o  skip the next instruct ion whenever the 

done f lag ( b i t  11  of e i ther  the Control Register o r  the Status Register) i s  s e t  

in the control ler .  

I Instruct ion:  (Octal Code: 6502) 

Regi s t e r  

This instruct ion t ransfers  the contents of the accumulator in to  the Control 

Register. I t  i s  used to  i n i t i a l i z e  the Control Register pr ior  t o  a data r- 
t rans fe r ,  part icular ly the extended memory address, in ter rupt  enable and 

format enable b i t s  

1 ~ns t ruc t i on :  - (Octal Code: 6,503) 
I 
I 

I Read Control Register i 

This instruct ion c lears  the accumulator and then t ransfers  the contents of t 

Control Register in to  the accumulator. 

Instruct ion: 
I 

(Octal Code: 6504) ! 

' Clear Status Register 
I 
I 

This instruct ion c lears  a11 the b i t s  in the Status Register in the control ler .  



I ; I ns t ruc t i on :  (Octal Code: 6505) 1 
1 Read S ta tus  Regis ter  

This i n s t r u c t i o n  c l e a r s  the accumulator and then t r a n s f e r s  the  contents of  

t h e s t a t u s  Reg is te r  i n t o  the  Accumulator. 

I ns t ruc t i on :  (Octal Code: 6506) 

Load Seek Address Reg is te r  and I n i t i a t e  Overlap Seek 1 
This i ns t ruc t i on  t r a n s f e r s  t h e  contents of t he  accumulator i n t o  the Seek Address 

Reg is te r  and i n i t i a t e s  an over lap seek ( a  head movement without a fol lowing da ta  - 
t r a n s f e r )  t o  the  d i sk  po r t  spec i f i ed  by b i t s  0 and 1 and t o  the  t rack  spec i f i ed  

by b i t s  2-11. This  i ns t ruc t i on  can be i n i t i a t e d  a t  any time and w i l l  be ignored 

i f  on t h a t  po r t ,  another  seek o r  a data t r a n s f e r  i s  cu r ren t l y  being executed. 

(Octal Code: 6507) 

1 Read Seek S ~ C I L L I ~  Reg is te r  1 
This i ns t ruc t i on  c l e a r s  the  accumulator and then t r a n s f e r s  the  contents of t he  

Seek S ta tus  Reg is te r  i n t o  the  accumulator. The indiv idual 3 - b i t  r e g i s t e r s  f o r  

each po r t  combine t o  make a 12-b i t  t r a n s f e r  with b i t s  0-2, 3-5, 6-8, and 9-11 

corresponding t o  d isk por ts  3 ,  2 ,  1 and 0 respec t ive ly .  

I 1 I ns t ruc t i on :  
I 

(Octal Code: 6511 ) 1 

Skip on Disk Error 

This i n s t r u c t i o n  causes t h e  computer t o  sk ip  t h e  next i n s t r u c t i o n  whenever the  

e r r o r  f l a g  ( b i t  0 of t h e s t a t u s  Reg is te r )  i s  s e t  i n  t he  c o n t r o l l e r .  

3-14 



I 1 I n s t r u c t i o n :  ( O c t a l  Code: 6512) 1 
1 Load S e c t o r  Address R e g i s t e r  1 
T h i s  i n s t r u c t i o n  t r a n s f e r s  t h e  l e a s t  s i g n i f i c a n t  4 b i t s  ( b i  

accumulator  i n t o  t h e  S e c t o r  Address R e g i s t e r .  

pzzK ( O c t a l  Code: 6513) 

1 Read S e c t o r  Address R e g i s t e r  1 - 
T h i s  i n s t r u c t i o n  c l e a r s  t h e  accumu la to r  and then  t r a n s f e r s  t h e  S e c t o r  Address 

R e g i s t e r  i n t o  b i t s  8-11 o f  t h e  accumulator .  
sÃˆÂ 

( 2 )  When t h e  t r a c k  and s e c t o r  a r e  reached, t h e  c o n t r o l l e r  goes t h r o u g h  

an address v e r i f i c a t i o n  sequence where i t  v e r i f i e s  t h a t  t h e  c o r r e c t  

t r a c k  has been reached by r e a d i n g  t h e  T rack  Address 

I n s t r u c t i o n :  ( O c t a l  Code: 6514) 

Word and comparing it w i t h  t h e  c o n t e n t s  o f  t h e  T rack  Address 

R e g i s t e r .  T h i s  v e r i f i c a t i o n  sequence i s  done o n l y  f o r  moving- 

, head d i s k s  t o  v e r i f y  t h e  head movements,and i s  n o t  needed t o  v e r i f y  

Load T rack  Address R e g i s t e r  and I n i t i a t e  Read 

t h e  e l e c t r o n i c  head s e l e c t i o n  c i r c u i t r y  o f  t h e  f i xed-head  

'. 
T h i s  i n s t r u c t i o n  t r a n s f e r s  t h e  c o n t e n t s  o f  t h e  accumulator  i n t o  t h e  Track Address 

R e g i s t e r  and i n i t i a t e s  t h e  f o l l o w i n g  sequence: 

( 1 )  A  seek i s  i n i t i a t e d  t o  t h e  t r a c k  s p e c i f i e d  by b i t s  1-11 o f  t h e  

T rack  Address R e g i s t e r  on t h e  d i s k  p o r t  s p e c i f i e d  by b i t s  7 and 

8 o f  t h e  C o n t r o l  R e g i s t e r .  



( 3 )  After the ver i f ica t ion sequence i s  done ( i f  needed) the read 

sequence wil l  commence where the cont ro l ler  wi l l  convert the 

se r i a l  data on the disk in to  paral le l  12 b i t  words and t rans fe r  

them in to  core using the Current Address Register as the pointer 

as to  where to s to re  each word in core. 

(4)  The read operation wi l l  continue unti l  the number of words 

i n i t i a l l y  specif ied in the Word Count Register has been 

t ransferred.  As the data i s  read in  from each sector on the 

disk,  a one's complement sum i s  calculated from the data and 

compared with the cycl ic  redundancy check word in  t ha t  sector  

t o  veri fy the va l id i t y  of the data. 

(5) The cont ro l ler  operates on to ta l  sector  each time b u t  t ransfers 

only the i n i t i a l  Word Count Register number of words in to  core. 

Should the i n i t i a l  value be less  than or equal to  a sector  length, 
- 

the read operation wil l  terminate a t  the end of the i n i t i a l  

sector  a f t e r  checking the va l id i t y  of the data. Should the 

i n i t i a l  value be greater than'a sector length, the read operation 

wil l  go automatically from sector to  sector (checking fo r  address 

ver i f ica t ion on each sector i f  necessary) and wil l  cross both 

track and cycl inder boundaries unt i l  the i n i t i a l  Word C o u n t  

Register value of words has been t ransferred.  

NOTE: For moveable-head disks,  i t  wi l l  take an additional 

revolution when reading across cyclinder boundaries 

to  allow time fo r  the heads to  move. Except fo r  t h i s  

case, a l l  large t ransfers  wil l  go from sector t o  

sector without losing any time between sectors .  



(6 )  As each sector i s  read successful ly, the disk address (viewed as 

a 15 b i t  reg is te r  composed of b i t s  1-11 of the Track Address 

Register as the most s ign i f icant  part  and the Sector Address 

Register as the l eas t  s ign i f icant  par t )  i s  incremented t o  point 

t o  the next sector .  Thus, a t  the conclusion of the data t rans fe r ,  

the disk address wil l  point to the sector immediately following 

the l a s t  sector  read i f  the t ransfer  terminated successful ly. 

data t ransfer  or  when 

been sensed, the Done Flag wil l  be s e t  and an in ter rupt  request to  

the computer wi l l  be generated i f  the Interrupt Enable Bit ( b i t  5 
*- 

of the Control Register) i s  s e t .  

This instruct ion t ransfers  the contents of the accumulator in to  the Track 

Instruct ion: (Octal Code: 6515) 

Load Track Address Register and I n i t i a t e  Write 

Address Register and In i t i a tes  a WRITE sequence. These are the same s e t  of sequences 

* 

as the READ instruct ion with the following exceptions: 

In the address ver i f icat ion sequence, the most s ign i f icant  b i t  of 

the Track Address Word i s  tested to  see i f  the sector i s  write- 

protected. Trying t o  wr i te into a write-protected 

sector wil l  terminate the wri te operation and s e t  both b i t s  0 

and 6 i n  the Status Register. 

The write operation wil l  t ransfer  words from core to  the disk 

unt i l  the i n i t i a l  value of the Word Count Register has been 

reached. I t  wil l  then write t h e  remaining words in the sector 

(should t h e t e  be any) as zeros. 
* 



. . I e  i t  i s  t ransferr ing data to  each sector ,  the control ler  

computes the one's complement sum of the data in the sector 

and then writes th i s  value as the Cyclic Redundancy Check Word 

immediately a f t e r  the data in each sector.  

~- I Instruct ion: m (Octal : 6516) 

1 Read Track Address Register 1 
This instruct ion c lears the accumulator and then transfers the b i t s  1-11 of the 

Track Address Register into the accumulator. 

Instruct ion: (Octal Code: 6517) I 
I n i t i a t e  Word Count and Current Address Sequence I 

This instruct ion wil l t ransfer  the contents of the accumulator into the Seek 

Address Register and i n i t i a t e  the following sequence: 

(1)  The control ler  in terprets  the information in the Seek Address 

Register as an address and transfers th i s  information into the 

Current Address Register. 

(2)  I t  then uses th i s  address plus the Extended Memory Address (b i t s  

0-2 of the Control Register) as a pointer and i n i t i a tes  a two 

word DMA sequence. 

( 3 )  The f i r s t  word retr ieved i s  interpreted as the i n i t i a l  word count 

for  the?i^t~'-i$ data buffer and i s  transferred into the Word Count 

Register. 

' ( 4 )  The second word retreived i s  interpreted as the i n t i a l  core address 

fo r  the ensuing data buffer and i s  transferred into the Current - 
Address Register. 



CONTROLLER OPERATIONS 

The f o l l o w i n g  i n fo rma t i on  i s  p rov ided t o  he lp  t he  user  b e t t e r  understand t h e  

Model 3040 C o n t r o l l e r  and a i d  i n  i t s '  programming. 

Master Clear  

The Model 3040 C o n t r o l l e r  con ta ins  i t s  own master c l e a r  generator  

c i r c u i t  and a l s o  rece ives  the  master c l e a r  s i gna l  o f  t h e  Program 110 

bus. The master c l e a r  f u n c t i o n  c l e a r s  t h e  Status Reg is te r ,  t h e  

i n t e r r u p t  enable, fo rmat  enable, busy and done b i t s  i n  t he  Cont ro l  

Regis ter ,  t h e  busy and hardware e r r o r  b i t s  i n  each o f  t he  Seek Status . <,> 

Regis te rs  and a l l  sequence c o n t r o l  s t a t u s  i n  t h e  c o n t r o l l e r  necessary 

t o  i n i t i a l i z e  t h e  c o n t r o l l e r .  

* The Overlap Seek and The Seek Status Reg is te r  

The purpose o f  the Seek Address and Seek SAatus Reg is te rs  i s  t o  g i v e  

t h e  Model 440014500 Disk Systems a  t r u e  over lap  seek c a p a b i l i t y ,  which 

i s  independent o f  whether a  da ta  t r a n s f e r  i s  i n  progress on another 

p o r t .  An ove r l ap  seek i s  i n i t i a t e d  by the  execut ion o f  the DLSS 

i n s t r u c t i o n .  There b i t s  0  and 1  o f  t he  Seek Address Reg is te r  d e f i n e  

which o f  t he  f o u r  d i s k  p o r t s  t he  seek i s  t o  take  p lace  on, and b i t s  

2-11 d e f i n e  the  c y c l i n d e r  and head-select ( i  .e., t he  t r a c k  address) 

t o  which the  heads should be moved t o .  The Disk Se lec t  B i t ,  b i t  1  

o f  t he  Track Address Reg is te r ,  does n o t  need t o  be de f ined  f o r  t he  

ove r l ap  seek ope ra t i on  s ince  a l l  f o u r  heads i n  t he  moving-head d i s k  

d r i v e  a re  a t tached t o  t he  same head p o s i t i o n e r  mechanism. The ove r l ap  

seek c a p a b i l i t y  can be used even i n  a  s i n g l e  d i s k  d r i v e  system, s ince  

any read o r  w r i t e  i n i t i a t i o n  w i l l  be au tomat i ca l l y  queued i n  t he  
v 

c o n t r o l l e r  u n t i l  t he  p o r t  on which t h e  data t r a n s f e r  i s  t o  take  p lace  



becomes ready. This  queue a l s o  a l l e v i a t e s  any t im ing  r e s t r i c t i o n s  

on when t o  i n i t i a t e  a  read o r  w r i t e  sequence. 

The Completion o f  an over lap  seek on any p o r t  w i l l  s e t  the  done f l a g  

i n  bo th  the  Status and Contro l  Reg is te r ,  i f  and on l y  i f  a  data t r a n s f e r  

i s  n o t  a c t i v e  a t  t h a t  t ime. A program i n t e r r u p t  w i l l  a lso  be generated 

i f  i n t e r r u p t s  a r e  enabled a t  the  t ime t h e  done f l a g  gets s e t .  Should 

any over lap  seek operat ions te rminate  dur ing  a  data t r a n s f e r  on another 

p o r t ,  t h i s  f a c t  w i l l  n o t  be i d e n t i f i e d  t o  the  program a t  t h a t  t ime, 

and i t  w i l l  be up t o  the  user t o  i n t e r r o g a t e  t h e  Seek Status Reg is te r  

( b i t s  2, 5, 8, and 11 f o r  p o r t s  3, 2, 1, and 0 r e s p e c t i v e l y ) t o  determine ., 
i f  any o the r  head movements d i d  te rminate  du r ing  the  data t r a n s f e r  

should t h i s  i n fo rma t ion  be needed. 

The hardware w i l l  au tomat i ca l l y  p r o t e c t  aga ins t  t h e  i n i t i a t i o n  o f  

over lap  seeks i f  the  p o r t  i n  ques t ion  i s  t f resent ly  e i t h e r  a c t i v e  w i t h  

a  data t r a n s f e r  o r  has i t s ' h e a d  moving and i s  n o t  i n  a  c o n d i t i o n  t o  

enact another seek. I n  bo th  these cases, t h e  seek i n i t i a t i o n  i s  

ignored and the  busy e r r o r  b i t  i n  t h a t  p o r t ' s  Seek Status Reg is te r  

i s  s e t .  

' The Contro l  and Status Reqisters 

Except f o r  the  done f l a g s  c a p a b i l i t y  o f  be ing  s e t  a t  the  end o f  an 

over lap  seek, bo th  the  Contro l  and Status Registers a re  used 

e x c l u s i v e l y  f o r  data t r a n s f e r s .  The Status Reg is te r ,  which conta ins 

any e r r o r  i n fo rma t ion  r e s u l t i n g  from a  data t r a n s f e r  along w i t h  the  

redundant busy and e r r o r  f l a g s ,  can have the  e r r o r  p o r t i o n  c leared 

o n l y  by program c o n t r o l  and s e t  on l y  by the c o n t r o l l e r  upon the  

de tec t i on  o f  any o f  the  n ine  e r r o r s .  This  r e g i s t e r  should be c leared 



p r i o r  t o  a  data t r a n s f e r  i n i t i a t i o n ,  so t h a t  any i n fo rma t ion  i n  i t  

a f t e r  t h e  data t r a n s f e r  can be on l y  a  r e s u l t  o f  t h a t  da ta  t r a n s f e r .  

The Cont ro l  Reg is te r  conta ins  bo th  c o n t r o l  and s ta tus  i n fo rma t ion  

f o r  data t r a n s f e r  operat ions.  B i t s  0, 1, and 2 comprise t h e  Extended 

Memory Address f i e l d ,  which are  t h e  t h r e e  most s i g n i f i c a n t  b i t s  o f  

t h e  1 5 - b i t  (32K address a b i l i t y )  memory address used f o r  a l l  DMA 

t r a n s f e r s .  The f o u r  b i t s  comprising t h e  i n t e r r u p t  enable, format  

enable and d i s k  u n i t  s e l e c t  b i t s  must be app rop r ia te l y  s e t  by t h e  

programmer according t o  t h e i r  usage. However, w h i l e  read d i sk ,  busy 

and done f l a g s  may be s e t  o r  c leared by a  DLCR i n s t r u c t i o n ,  they a r e  
<-. 

a l s o  under automatic c o n t r o l  o f  the  c o n t r o l l e r .  The read d i s k  b i t  

i s  used t o  c o n t r o l  t h e  d i r e c t i o n  o f  DMA t r a n s f e r s  and must be 

c o n t r o l l e d  f o r  bo th  t h e  word count /cur ren t  address sequence as 

w e l l  as t h e  read o r  w r i t e  operat ions.  The busy f l a g  i s  au tomat i ca l l y  

s e t  a t  t h e  t ime o f  a  DLTR o r  DLTW i n s t r u c t i o n  and c leared when the  

data t r a n s f e r  terminates.  The done f l a g  w i l l  au tomat i ca l l y  be c leared 

( i f  i t  i s  n o t  a l ready)  a t  the  t ime o f  a  DLTR o r  DLTW i n s t r u c t i o n  and 

w i l l  be s e t  when t h e  data t r a n s f e r  terminates. 

* Word Count/Current Address Sequence 

The word count /cur ren t  address sequence was designed t o  a l l o w  t h e  user 

t o  i n i t i a l i z e  two o f  t h e  t h r e e  bas ic  parameters needed t o  i n i t i a t e  a  

data t r a n s f e r  w i t h  one programmed 1/0 i n s t r u c t i o n .  The c o n t r o l l e r  

i n t e r p r e t s  the  i n fo rma t ion  t r a n s f e r r e d  du r ing  a  DWCA i n s t r u c t i o n  

as t h e  address o f  t h e  f i r s t  o f  two consecut ive words i n  core,  and 

i n i t i a t e s  a  two word OMA sequence t o  r e t r i e v e  them. Th is  w i l l  r e q u i r e  

t h a t  t h e  Extended Memory Address f i e l d  i n  the  Contro l  Reg is te r  must 

p o i n t  t o  t h e  4K memory bank i n  which t h e  word count and c u r r e n t  



address parameters  r e s i d e  p r i o r  t o  t h e  OWCA i n s t r u c t i o n .  Should t h e  

ensu ing  d a t a  t r a n s f e r  be t o  o r  f r o m  a  d i f f e r e n t  4K memory bank, t h e  

Extended Memory Address f i e l d  must be r e s e t  p r i o r  t o  t h e  DLTR o r  DLTW 

i n s t r u c t i o n s .  The word c o u n t  r e g i s t e r  i s  a  1 2 - b i t  r e g i s t e r  and a l l o w s  

f o r  a  f u l l  4096 word t r a n s f e r  f r o m  a  s i n g l e  d a t a  t r a n s f e r  i n i t i a t i o n .  

The Extended Memory Address f i e l d  i s  n o t  capable  o f  b e i n g  incremented, 

so t h a t  any t r a n s f e r  i n c r e m e n t i n g  t h e  1 2 - b i t  c u r r e n t  address R e g i s t e r  

p a s t  i t s  maximum v a l u e  w i l l  wrap around t o  t h e  b e g i n n i n g  o f  4K memory 

bank p o i n t e d  t o  by  t h e  Extended Memory Address f i e l d .  

* Read o r  W r i t e  Opera t ions  
'd' 

The d e s i g n  concep t  o f  t h e  Model 3040 C o n t r o l l e r  was t o  m i n i m i z e  t h e  

programming sequence needed t o  s e t  up and i n i t i a t e  a  d a t a  t r a n s f e r  and 

have t h i s  one sequence capab le  o f  t r a n s f e r r i n g  f r o m  1  word t o  4096 words 

w i t h o u t  r e g a r d  t o  any d i s k  boundar ies .  The c o n t r o l l e r  u t i l i z e s  two 

c o n s e c u t i v e  d e v i c e  code n u m b e r s f o r  i t s  i n s t r u c t i o n  s e t  and these  

numbers a r e  s e l e c t a b l e  t o  be any two c o n s e c u t i v e  numbers s t a r t i n g  

w i t h  an even number. A l s o  f o r  POP-8E o r  M o r  F computers, t h e  

OMA p r i o r i t y  i s  n o r m a l l y  s e t  t o  l e v e l  1, a l t h o u g h  any o f  t h e  o t h e r  

e l e v e n  l e v e l s  may be s e l e c t e d .  

The sequence t o  i n i t i a t e  a  d a t a  t r a n s f e r  i s  d e s c r i b e d  by t h e  

f o l l o w i n g  f l o w  d iagram a l o n g  w i t h  t h e  1/0 i n s t r u c t i o n  mnemonic 

used t o  accompish each a c t i o n :  



CLEAR STATUS REG DCSR 

I 
SET EMA F I E L D  FOR WORD I 

COUNTICURRENT ADDRESS SEQUENCE : DLCR 

I N I T I A T E  WORD COUNT/CURRENT 
ADDRESS SEQUENCE 

LOAD SECTOR ADDRESS REGISTER I 

D W C A '  

DLSR 

I N I T I A L I Z E  CONTROL REGISTOR FOR ; 
DATA TRANSFER ! 

I 

DLCR 

\/ 
i : 
I LOAD TRACK ADDRESS REGISTER AND 

I 
I N I T I A T E  EITHER READ or WRITE DLTR or  DLTW 

i 

As seen from th i s  flow diagram, the same sequence i s  used fo r  both 

read and write operations with the only dif ference being whether a 

DLTR or DLTW instruct ion i s  used. Program writ ten to  operate in  

only 4K of memory don' t  need the second DLCR instruct ion.  
- 



* Data Transfer Monitoring 

The Model 3040 Control ler i s  designed to  u t i l i z e  both the skip on done 

and in ter rupt  capabi l i t ies  of the computer. Thus once the data t ransfer  

has been i n i t i a ted ,  the user may periodical ly t e s t  fo r  the completion 

of the data t ransfer  by executing a DSDD instruct ion with the resu l t  

of skipping the next program instruct ion i f  the data t ransfer  i s  

completed. I f  the user chooses not t o  periodical ly t e s t  f o r  the 

data 

time 

wi 11 

data 

t ransfer  completion, he may s e t  the in ter rupt  enable b i t  a t  the 

he i n i t i a l i z e s  the Control Register fo r  the data t rans fe r ,  which 

resu l t  in  an in ter rupt  generation upon the completion of the 

t ransfer .  *.. 

I f  the in ter rupt  method i s  chosen, the in ter rupt  rout ine must f i r s t  

poll a l l  devices to see which device has interrupted. Once the 

cont ro l ler  has been ident i f ied as  the interrupt ing device, o r  i f  the 

periodic done f lag test ing was used t o  determine the data t ransfer  

completion, the skip-on-error ins t ruct ion,  DSDE, can be used to  

t e s t  i f  any er rors  occurred during the data t ransfer .  I f  any er ror  

did occur, the descript ion of the er ror  can be obtained by interrogating 

b i t s  1-6 of the Status Register. 

The act ion taken by the program in case of errors wil l  depend on the 

spec i f ic  appl icat ion. However, cer ta in  errors may allow recovery 

techniques while others are invariably f a t a l .  Address Veri f icat ion, 

Write Check, Cyclic Redundancy Check, Timing, and Seek Incomplete 

er rors  may sometimes be corrected by repeating the current operation 

(which includes re in i t i a l i z i ng  the Control and Status Registers).  

I f  the er ror  i s  a recoverable one, i t  wil l  not pers is t  f o r  morethan 

seven attempts. Beyond seven attempts, i t  should be considered f a t a l .  



I f  the in ter rupt  scheme was used, the programmer should c lear  L m m c  

done f lag pr ior  t o  the execution of an ION instruct ion t o  prevent 

any :fa1 se  in ter rupts  from occurring. 

* Disk Formatting 

Before data can be writ ten onto a moving-head disk sector ,  and hence 

read from the sector ,  the sector must be formatted by wri t ing a 

preamble and Track Address Word a t  the beginning of each sector.  

This i s  accomplished by i n i t i a t i ng  a wr i te sequence, the same 

sequence as i f  wri t ing data except f o r  the following conditions: 

1 )  The format switch must be manually placed 

in the FORMAT posit ion. 

2) The format enable b i t  ( b i t  6 of the Control 

Register)must be s e t  to  a one. 

3) The word count must be specif ied fis 25% 

(21 l0 ) -  

4) The data buffer must be following: 

a )  the f i r s t  23g (1giO) words must 

be zero. 

b)  the 24% (2010) word must be 4000%. 

c )  the l a s t  word of the data buffer 

i s  the Track Address Word. 

Thus, each sector  i s  formatted separately by i n i t i a t i ng  a wr i te 

sequence with the above special requirements. I t  wi l l  resu l t  in 

a s t r ing  of 239 zeros being placed on the disk s ta r t ing  a t  the sector 

notch with a one being wri t ten on the disk in  the 240th b i t  time 

(96us) ., The twelve b i t s  immediately following the s ingle one b i t  
1 

wil l  be the ~ r a c k ~ d d r e s s  Word 



Track Address Word and Sector  Wr i t e  P r o t e c t i o n  

The l a s t  word o f  t h e  data b u f f e r  when f o r m a t t i n g  a  sec to r  i s  the  . 
Trac-k Address Word. For normal opera t ion  ( i .e . ,  n o t  w r i t e - p r o t e c t i n g  

a  sec to r )  t h e  most s i g n i f i c a n t  b i t  o f  t h i s  word should be a  zero and 

b i t s  1-11 are  i d e n t i c a l  t o  t h e  b i t s  1-11 which were loaded i n t o  the  

Track Address Reg is te r  when the  w r i t e  sequence was i n i t i a t e d  t o  format  

the sec tor .  I f  i t  i s  des i red  t o  format  t h e  sec to r  i n  the  w r i t e -  

, p r o t e c t  mode, t h e  most s i g n i f i c a n t  b i t  ( b i t  0) o f  the  Track Address 

Word must be s e t  t o  a  one. Once i t  i s  fo rmat ted  i n  t h e  w r i t e -  

p r o t e c t  mode, da ta  may be w r i t t e n  i n t o  t h e  sec to r  by l e a v i n g  t h e  

I*- format sw i t ch  i n  t h e  FORMAT p o s i t i o n ,  which performs as a  w r i t e '  

p r o t e c t  o v e r r i d e  swi tch.  

When a  sec to r  i s  format ted,  data must be f i r s t  w r i t t e n  i n t o  the  sec to r  

before any v a l i d  read opera t ion  may be i n i t i a t e d  on t h a t  sec tor .  Thus 

when r e f o r m a t t i n g  a  normal .sector  i n t o  a  wr i t e -p ro tec ted  sec tor ,  t h e  

data i n  the  sec tor ,  i f  i t  i s  t o  be saved, must f i r s t  be read i n t o  a  

temporary s torage area w h i l e  the  sec to r  i s  reformat ted,  and then 

r e w r i t t e n  i n t o  t h e  sec to r  a f t e r  i t  has been reformat ted.  


