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;} Modu'e~ Servo 

;) This module contains all the specifications and source code for 
.} controlling the Widget Servo Board ( i.e.) communication 
;> protocol~ seek and head positioning) spare table lookup, etc. ) 
.> 
J 

· ). 
) . PROCEDURE OverLap( Response 
· "'
I ' 

; > 
; ::. 
; } 
· )-
.' 
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CommandType 
BlockType 
B I ockNumber' 
Random 
Offset 
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BIlTE { !r-A } 
: BVTE { !r9 "t 

J 

BYTE { !r8 } 
3 BYTES { !rC:E } 
BOOLEAN' { h"7/Bi t 7 } 
3 BITS i 

f. !r7/Bits 2:0 

Function: Overlap { Overlapped Seek } 

} 

;) ihis function allolJJs the drir.}e to begin a seek operation 
;}o ( if one is needed ) before getting tied up UJi th the SOS 

;) Inputs: 
· ). 
.' · } 
J 

· .,. 
I • 

· "', ' 
; ;. 

· )-
I 

· > .' 

Outputs: 

Response 
CommandType 
BlockType 
BlockNumber 
Random 
Offset 

BlockStatus 

;> Local Variables: 

BYTE { !rA } 
81-lTE { ! r·g } 
8 ..... TE { It--9 } 
3 BYTES { !rC:E } 
BOOLEAN { !r7/bit 7 } 
3 BITS { Jr7/bit 2:0 } 

BYTE { !r"O } 

Retry Bt/TE { !r4 } 

;) Algot-· i thm: 
· } 
.' 
;) BEGIN 
;> IF ( Srch_Cache( BlockNumber, Random) ) 
.; > THEN 
;) iF ( Srch-tache.Head () Head) 
;> THEN 
;> SeiectHead( Srch-C:ache.Head ) 
;> Head := SrchJ~Qche.HeQd 
.} Sector := Srch-Cache.Sector 
;> Ack-Read 
.:). ELSE 
;> Retry := 4 
;> Temp := False 
;> REPEAT 



;> Retry := Retry - 1 
;> Temp := PositionHeads< NoWait, Omt_OverLap, BlockNumber ) 
. ). 
J • 

;> UNTIL NOT( Recovery) OR Temp OR ( Retry = 0 ) 
.: > 
;) IF NOT( Temp) THEN Abort 
;> BfockStatus := PositionHeads.Status 
;) TempCyl := Posi tionHeads.Cyl indet"' 
;> TempHead := PositionHeads.Head 
;> TempSector := PositionHeads.Sector 
; > iF ( CommandType = I.-Jri te :> 

;> THEN Get-Urite-Data( Response) 
;> ELSE Ack-Read 
;> Load-tache 
;> Seek( TempCyl~ TempHead~ TempSector ) 
;> END 
. ~ 
} . 
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O'v'erLap: 

Ovr id-Sctr : 

Ovr'LapSeek: 
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Cail Srch_Cache 
Jr Nz l OvrLapSeek 

Tm BlkStat}#CachHdChg ;check for a head change 
Jr Z,Ovr-Ld_Sctr 

Xor' Head} #0 1 ; comp I ement the head va' ue 

Push ! t"'O ; save Srch_Cache resu I t 
Ld !rE}Head 
Ld frO}#.HIBYTE. SelectHead 
Ld ~rl}#.LOWBYTE. SelectHead 

Ca I I Bank.£a I I 

Ld !rO}#.HIBYTE. Load-Cache 
Ld !rl,#.LOWBVTE. Load-Cache 

CI::II I Bank_Co I I ; update the cache 
Pop !rO ;retrieve srch-cache result 

And 
Ld 
.Jt"' 

Ld 
Ld 

Call 

Ld 

Clr 

!rO}#$1F ;mask off all but sector info 
Sector, !rO 
Ol)t-·Lp....Et)d 

!rO,#.HIBVTE. CnvrtLogical 
!rl}#.LOWBVTE. CnvrtLogical 
Bonk.£oll 

!r4 .. #4 ;Retry 4 

!rS ;no wait 

Ld !rO,#.HIBVTE. PosHeads 
Ld ! t-'1} # . LOWBVTE. PosHeads 

Co I I Bonk.J:a I I 
Jr Nz}OvrLp-2 



OvrLp_1 : 

OvrLp..2: 

Clr 
Ld 

Call 
Call 

Ld 
Ld 

Call 
Ld 
Ld 

Call 
Ld 
Ld 

Call 
Call 
Jt ... 

11"0 .:byte 0 
! r 1 } #S ta t-.Srvo 
SetStatus 
Abort 

!t"'O,#.HIBYTE. ExtYush 
!rO}#.LOWBYTE. Ext-Push 
Bank.£all 
!rO,#.HIBYTE. Load-Lache 
!r1}#.LOWBYTE. Load-Cache 
Bank~all ;update the cache 
IrO}#.HIBVTE. LoadJLogical 
!r1}#.LOWBYTE. LoadJLogical 
~at1k.£all 
Srch-Cache ;make certain block is in cache 
Z} Ovt"'Lp-S_ 1 

Gall Abort 

Clr 
Ld 
Ld 

Gali 
Ld 
ld 

Call 

Ovrlp-End: Ret 
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Cache_index 
~rO .. #.HIBYTE. ExtYop 
!rl,#.LOWBYTE. Ext-F'op 
Bank_Call 
!rO}#.HIBYTE. Seek 
!r1}#.lOWBVTE. Seek 
Bank_Call 
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;> Procedure: Seek 
· )-
.' 
;> This procedure accepts cylinder, head, and sector values 
;> and then calls position ~eads. 
• "l-.' . 
;}- Inputs: 
;:.. C1:::I1 inder: WORD { ! !rC } 
· } Head' BYTE { ! .... ·E } 
;> Sector BYTE { IrF } 
· } 
} 

;> Outputs: {none} 
· }-
;> Global Varibles Changed: 
;> Cylinder; Head; Sector 
· .~ .' . 
. } Algorithm: 
· )
I 
· ,. 
.' · ") 
I • 

; } 

· } 
} 

· .... 
} .' 
· )-
} 

• "l-;, . 

BEGIN 
i := 4 
WHILE .: } 0 ) AND NOT( PositionHeads( Wait} 

Omt-.Seek Jl Cy I i ndet-- Jl Head., Sector ) 00 

-1 



_ '10_ 

1 " 

- 'J. 
1 -

- )-
.' 

IF ( j = 0 ) 
THEN. Abot ... t 
ELSE 

GlobolCylinder - Cylinder 
GlobalHead - Head 
GlobalSector - Sector 
Sector-Count := Sector-Count + 1 
OiskStat.Parked := False 

- ". 
1 " END 
..... 

1 " 

;)}»)}»»»»»»»»»»»}» 
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Seek: 

Seek-Lp: 

Seek-End: 

.FIN 
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Push !r1 ;save counter 

Ld h-.S .. #Wai t 
Ld ! r·' .. #Dmt-Seek 

Co I I PosHeads 

Pop !rl ;get counter back 
Jr Nz .. Seek-End 

Push ! r 1 ; save counter' 
Ld !r2 .. #.HIBVTE. 20 ;wait 200 ms before retrying 
Ld ! r·3 .. • . LOlJBVTE. 20 

Co I I Msl~a i t 
Pop ! r 1 ; get counter back 

Ojnz Ir1 .. Seek-lp 

Ld !rO .. #O ;byte (I 
Ld Ir1 .. #Stat-Brvo 

(:0 I I SetStotus 
Call Abot ... t 

Or 
Ld 
Ld 
Ld 
InclJJ 
And 

DiskStotus,·Oo_Track 
Cyl inder· .. !rC 
Cyl inder+1 .. !rD 
Sector- I ! r·F 
SeekCount 
DiskStat,·$FF-Porked 

Jp Bank-Ret 
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; > FlUiC t i on : PosHet:lds {Pos i t i on Heads } 
; )-
;> This function is responsible for postioning the heads of 
;> the drive. There are two ways of positioning the heads via this 
; ;:. t~OU t i rle : i) Spec i f Y (J j og i c:a I block Flumbet-· ( wher·e a I i the 



;> USER accessabie blocks are numbered from 0 to n-1 ) or 2) 
;> by specifying the Cylinder l and Head number of any track 
;> on the disk surface. 
· :: .. 
} 

;> The way that PositionHeads interprets the block number is 
;> controlled by the input parameter Logical ( i.e.) IF Logicai 
;> THEN BlockNumber is a Logical BlockNumber ELSE BlockNumber 
; > is Cyl inder and Head ) . 
..... . 1·-
;> The Spare Table is searched ONLY if Logical is true, this is 
;> consistent with allowing a diagnostic program to get to any 
;> spot on the disk independent of the data stored there. 
- ". J .f' 

.... 
} or 

· ;:. 
· ~ ... 
; ;:. 

Wait 
Parent 
Cyl inder 
Head 
Sec tot"' 

BOOLEAN { !r8/bit 6 } 
BYTE {1t"'B } 
WORD { ! !r·C } 
BYTE -[ !rE } 
BVTE { !rF } 

.: > Outputs: 
;> PositionHeads : BOOLEAN {Zero Flag; i.e.} Zero is True jf 
.;:. PositionHeads is True} 
;> Globai UQriables Changed: 
;> Cyl inder} Head} Sector} Cur-Cyl 
.: > 
-> } 

.. ;, 
} . 
.: > 
· .~ 
} . 
; ;. 
· > } 

..... 
J " 

Local '-.Jar- i ab I es : 
Seek} PositionDone 
Cy I} Magn i tude 
Head} Sec tor 1 

PosRetrYJ SioRetrYJ 
o i rec:ti on 

BOOLEAN 
. lJORO 

BVTE 

{ !r4} h""3 } 
{ ( ~ r'C , ! r·D )} ( 
{ !rEJ ·!rF } 
{ !r7} !r·A } 
{ !r9 } 

!F·5} !r·6 } 

;> Algorithm: 
; )-

.. ,. 
.,. 
· ") 
} . 

· .... . ' 
;> 
· > .' .. ,. 
} . 
; ;:-.... 
} . 
; > 
;> 

;> 

.) 
} . 
· .~ ... 
· ... 
~ , 

· > 
J 

BEGIN 
SetOeadManTimer( PositionHeads} Parent) 
SeiectHead( Head ) 
Seek := CalcMagnitudeDirection( Cyl~ Magnitude~ Direction) 
IF ( GlobalHead {> Head) AND DiskStatus.Write THEN Seek := True 
OlobaiHead := Head 
GlobalSector := Sector 
PosRetry := 2 
REPEAT 

I F Seek AND ServoOk( Reca I cMogAndO i r· { Boo I eon retur·ned in! roO }- ) 
THEN 

IF RecalcMagAndDir THEN Seek := CalcManitudeDirection< Cyl. 
Magnitude! Direction) 

SioRetry := 2 
WHILE ( SioRetrlJ ) 0 ) AND 

NOT( ServorStore( AccessUar+Direction+ 
Magnitude! 1 ]1 Magnitude[ 2 1; 
AutoOffset} 0 ) DO 

IF Recovery 
THEN 

Rese tSet""lJo 
SioRet~J := SioRetry - 1 

ELSE 
.; } Si oRett""Y : = 0 
;> IF Wait AND ( SioRetry > 0 ) 
; } THEN ~iH I LE NOT ( Ser'joReady ) DO BEG I N END 
;> PositionOone := NOT( ServoError ) 
;> PosRetry := PosRetry - 1 



· ;, 
; ::
· )-

LINT I L NOT ( Recovery ) OR Pos i t i onDone OR ( PosRetry 
ClearDeadManTimer 

= 0 ) 

} 

.: )

.; )

· )-

IF PositionOone THEN Cur-Cyl := LocalCylinder 
PositionHeads := PositionDone 

END 
J 

;>}>}}}}}}>}}}>}}}}}}}>}> 

PosHeads: 

C I c:JlogD j f" : 

P -Ld--Se I Head: 

P -Ld-Retry : 

PosHds.-Rp t : 

PosHdsJJh i Ie: 
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Internal 

Call Ext-Push ;save callers variables 

Ld 
Call 

Call 

!rOI ·Omt-PosHeads 
Set....Dmt 

Ca I cMagD i r' 

;set Dead Man Timer 

;get relative position 

Cp Head}!rE ;IF 610ba I Head. (> Head .. 
Jr Z,P-Ld-Retry 
Tm DiskStat,.Wr-Dp 
Jr ZIP-Ld-SeIHead 
Ld !r4.,#1 

Call Selec:tHead 

Ld Sector) !rF 

Ld ~r'7, #2 ;Retry := 2 

Or 
,Jt"" 
Call 
.Jr 
Tm 
.jr 

Cal j 

Ld 
Or 
Or' 
Ld 
Ld 
Ld 

Call 
Jr 

!r4,!r4 ;test fl~"" Seek On 
Z,PosHds_4 ;if no seek then get out 
ServoOk ; tes t i f Ser·vo is ina reasonab I e sic te 
Z,PosHds~3 ;if not ok then retry 
DiskStatus,.On_Trac:k ;check for recalc of magnitude and direction 
Nz, PosHdsJ.lh i Ie 
Ca I cMagD i t-· 

! r·O., Seek_ Tt::Jpe 
!rO,!r9; Plus Direction 
!rO}~r5 ; Plus Ms Magnitude 
!r1,!r6; Ls Magnitude 
!r2,·Off...Auto 
J t""3 1 .S.-R'::Ite-57...Jj 
ServoCmnd 
NZIPosHds_4 

Tm Excpt.J3tatus, #Rec:ovet""'J ; IF r·ec:o\..IerJJ 
Jr Z,PosHds-5 

Call ResetServo 
Call UpOate-Hdr 
Call CaJcMagOir 
Ojnz !rA}PosHdsJihile 

Call 
Tm 
oJr 
Djnz 

LoadS ta tus ;sample ServoError 
1,..0., #ServoEt-·r· 
ZJPosHds-3 ;if servo error then retry 
! r·7 ~ PosHds-Rpt 



PosHds-.3: 

PosHds-5: 

PosHds...6: 

SelectHead: 

SelJieadO: 
SeIHd-End: 

~Jr' PosHcJS~ 

Tm 
Jr 
Tm 
Jr 

Coil 
Call 
Tm 
dr 

!rB.,#f.,Iai t 
Z .. PosHds--5 
! rO:1 -Sen .. loRdy 
Z .. PosHds_4 

CIt""-Dmt 
LoadStatus 
! rO .. #Set"'voErr 
Nz., PosHds_6 

; I F ~Ja i t AND NOT ( ServoRdy ) 

; THEN loop until timeout OR ServoRdy 

;sample ServoError 
;check if position done 

Ld Cur-Cyl .. !rC 
Ld CIJr-Cyl+1/!rO 

Push 
Call 
Pop 
Tcm 
Ret 

Or 
IJr 
Or 
Jr 

And 
Ld 

! 1"'0 ; save s t.o tus 
Ext-Pop ;get caller's variables back 
!t""O 
! 1"'0., #ServoErt"" ; retut""n Z = true i f servo error 

!rE,!rE ;test for HeadO or Head1 
Z,Sel_HeadO 
Port3 .. HsO ;select head 1 
SelHd...End 

PI:>r t3., #$FF -HsO .: se I ec: t head I) 

Head .. !t"'E 

Jp Bank...Ret 
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· ~ .. .-
;> Function: CalcMagDir {Calculate Magnitude and Direction} 

; } Th i s f unc: t i Ot) lakes lhe curt""ent cy I i ndet"" nJJmbet"" ( f t"'om the 
;:::- conversion of the logical block ) and gener'ates f] Iflagni tude 
.} and direction from the the position that the heads are 
; ). current I y at ( the servo needs to know a RELAT II . ..JE dis tanl::e .. 
;) not an absolute distance ). 
• "0. 

:1 " 

; > Inputs: 

; } 

" } 

'":,. ... 
· .. .. " · .. 
I·' 

· .... .. " 

Outputs: 

LocalCylinder WORD { !rC I !rD} 

CalcMagDir : BOOLEAN { !r4 } 
Magnitltde WORD { ~r5. !r6 } 
Direction : BYTE { !rg'} 

;> Local Variables: 
;> Temp: BOOLEAN { } 
;> GlobalPTR : PTR { !r21 11"'3 } 
· ~. 

" .' 
;> Algorithm: 
· > .' 
;} BEGIN 
;~. IF lo(:,;alCyl inder <> GlobalCyl inder 
; > THEN 
;> iF LocalCylinder > 6iobalCylinder 



THEN 

. > 
~ 

··30 
I • 

Direction 
Magnitude 

ELSE 

- Positive 
Localeyl inder - GJobalCyl inder 

;} Direction - Negative 
;> Magnitude := GtobalCyl inder - LocalCyl inder 
.} Temp := True 
; > ELSE 
;> Temp := False 
;> CalcMagDir - Temp 
;> EriD .... 
I .• 

;»»»}}»»»»»>}»}>}»»»» 
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Push 

Ld 
ld 
Clr 

Ld 
Ld 
Clr 

Call 

ld 
Ld 
Pop 
Clr 

Jr 

CIt-
Clr 
Ld 

Clr 
Ot-
Or 
Or
.Jr
Jr 

CJ1agO i r...E I se : Com 
Com 
Add 
Adc 

CJ1agD i r ....Re t : 

Ld 

Ld 
ld 

Ld 
Jp 

!rE ;save !rE 

IrE/~ro ;move cylinder down one byte to use Sub3 
!r·o_. ~rC 
!t"'C 

!r 11 CUt-.-Cy I 
!r·2 .• Cur-Cyl+ 1 
1rO 
Sub3 ;get CI:J1 inder- - CurrentCyl inder 

!rC,!rO ;replace cylinder variable 
h"'D .. !rE 
!rE ; t-'ep I ace Head 
!r4 ;assume no seek needed 

Ir5 ;assume 0 track seek 
~r·5 
!r9~#O ;set direction, negative 

!r3 ;check for no seek condition 
!t-'3, !t--2 
!r:3, !r1 
!r-3" !r-O 
Z}CJ1agOir....Ret 
S-D I b L.cy I 

!r2 .:2's complement sutt-'action resul t 
1r1 
Ir2_,#1 
!r1/#O 

! 1"'9 I #Hd-D i t-.J=rIBd ;set direction positive 

!r5 .. !rl ; load magnitude 
!r6 .. !r2 

!r41 #01 ;set Seek 
Bank-Ret 
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· ~ 
} -
;> Function: ServoOk 

.: ;. 
-)

} 

This furlction is respor,sibfe for· determining j f the 
set ... vo is i t1 a reasonab I e state to perform commands. In 
other words if ServoReady and NOT( ServoError ) then 

."; 
J -

- "'-
-' ' -.,. 
I -

· > 
} 

the servo is healthy} wealthy and wise. If I on the other 
hand} ServoError is active then the state of ServoReady 
determines the type of action to perform to try to get 
the servo back to a nice state: 

; > 
;> ServoError and ServoReady: Read Status 
;> ServorError and Not( ServoReady ): Data Recal 

-> Inputs: {none} 

- -~ 
} - Outputs: 
· "; , -
; ;. 

ServOk: BOOLEAN { Zero Flag} True if NOT( ServoOk ) } 
RecalcMagOir: BVTE { !rO } 

-> Local Variables: 
;> Retry - BYTE { !rF } 
-} SioRetry: BYTE { !rS } 
;> Done BOOLEAN { } 
;> ControllerStatusPTR : PTR { !!rC } 
; ::-

;> Algorithm: 
· ;-
; 

;)- BEGIN 
;> RecalcMagOir := False 
;> IF Recovery AND ServoError 
_;} THEN 
; > Retr':J - 4 
-> lJH I LE ( Retry )- (I ) AND Ser'JoError DO 
;> IF ServoReady 
;> THEN ServoStatus( ReadStatu5; x 
;> x~ NormalServoStatus ) 
;> ELSE ServoCmnd( OataRecal; XI x; x ) 
;} Retry := Retry - 1 
; > IF NOT( On_Track ) THEN RecalcMagOir - True 
;> ServoOk NOT( ServoError ) 
;> END 
.; )0 

;»»»»»»>}}»>}»}>}»»}» 

Ser'verOk: 
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Push 
Push 
Push 

!r8 
!rC 
!r-O 

; save reg i ster's 

Ld !rC}#.HiBYTE. Status-Port 
Ld ! r-D .. # . LOWBVTE. Status.-Por·t 



Tm Excpt-Btatus~aRecovery ; IF Recovery 
Jr ZIS-Dk-End 
lde ! rO I @! ! rC AND ServoError 
Tm !rO}#ServoErr 
Jr ZJS-DkJEnd 

ld ; Retry 2 

;»»»)}»»»»}»»»») 
"> 
" )-
1 

; ~" 
" .,. 
I" 

Or
Jr 

!rF .. !rF 
ZIS....ok.....End 

;THEN check for retry > 0 

;»»}})}»»}»»>})}»>}> 

S-Dkip1: 

S..JJk-Dec: 1 : 

S-DkJElse: 

S.J)k-LIpOate: 

S....Dk....£LJls: t : 

S....okJEnd: 

lde 
Tm 
.Jp 

!t-.O .. @! !rC 
! rO ~ #Set-'l"loErr 
Z .. S-Dk.....End 

Tm !rOI#ServoRdy 
.Jr Z I S-DkJE I se 

; check for- ser'vo er'r'clr" 

Ld ! rO .' #ReadS ta tus ; LO'::Id set-'l)O .::ommand bu f f et-' 
err !r1 
Clr !r'2 
ld ! t-.3

1 
#SJiorm-Btr::ltus + S-Rate~7_6 

Call ServoStatus ; IF NOT( ServoStore( .. ) 

Ojnz 
Jr 

ld 
Call 

! rF .. S-Dk-Lp 1 
S_Ok....End 

! r·O., #DataReca I 
Restore 

Jr S..JJk-Decl 

Ld 
Call 
.Jr 

!rl .. #Dmf..-ServoOk 
ReadHdr 
Z J SJ)k __ S L.Rs t 

Cal I UpDate~ur~:yl 
Jr S....ok-Dec1 

Cal! 
,Jr 

Lde 
Tcm 
Pop 
Pop 
Pop 

ResetSerlJO 
S..JJIt.--Dec 1 

I r-O .. @! ! t"'C ; samp I e Set ..... }oEt-·t ... m-. 
!rO .. #ServoErr ;return z = true if servo error 
! rD ; t-'es tore t"'eg i s tet ... s 
!rC 
!t ... a 

Jp Bank-Ret 
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