
-- File.mesa (last edited by: Redell on: April 3, 1979 3:02 PM) --

DIRECTORY 
Mopcodes: FROM "Mopcodes", 
System: FROM "System"; 

File: DEFINITIONS = 
BEGIN 

--File identifiers, capabilities, and types 
ID: TYPE = System.FilelD; -- = RECORD{System.Universal/DJ 
Capability: TYPE = PRIVATE RECORD [flD: ID, permissions: Permissions]; 
Permissions: TYPE = [0 .. 32); --This declaration simulates SET OF (read. write, grow, shrink, delete} 

read: Permissions = 1; 
write: Permissions = 2; 
grow: Permissions = 4; 
shrink: Permissions = 8; 
delete: Permissions = 16; 

nulllD: ID = [System.nulllD]; 
nullCapability: Capability = Capability[nulllD, 0]; 

ShowCapability: PROCEDURE [file: Capability] RETURNS [flD: ID, permissions: Permissions] = 
INLINE BEGIN RETURN [file.flD, file.permissions] END; 

LimitPermissions: PROCEDURE [originalFC: Capability, maxPermissions: Permissions] RETURNS [lesserFC: Capability] = 
INLINE BEGIN 
PermissionsAND: PROCEDURE [p1, p2: Permissions] RETURNS [Permissions] = 

MACHINE CODE BEGIN Mopcodes.zAND END; 
HETURN [Capability[originalFC.flD, LOOPHOLE[PermissionsAND[originalFC.permissions, maxPermissions]]]] END; 

Type: TYPE = RECORD [CARDINAL]; 

--Addressing within a file 
maxPagesPerFile: LONG CARDINAL = 8388607; -- = i 3 - 1 
PageNurnber: TYPE = LONG CARDINAL; -- Simulates TYPE = {O .. maxPagesPerFile); 

lirstPageNumber: PageNumber = O; 
lastPageNumber: PageNumber = 8388606; -- should be maxPagesPerFile - 1: 

PageCount: TYPE = LONG CARDINAL; -- Simulates TYPE = [O .. maxPagesPerFile]: 
firstPageCount: PageCount 0; 
lastPageCount: PageCount = maxPagesPerFile; 

--Cieating, Deleting, and Moving Files 
Create: PROCEDURE [vcilume: Systern.VolumelD, initialSize: PageCount, type: Type] 

RETURNS [file: Capability]; 
Delete: PROCEDURE [file: Capability]; 
Move: PROCEDURE [file: Capability, volume: System.VolumelD]; 

--Immutable Files 
Makelmmutable: PROCEDUl<E [file: Capability]; 
Replicatelmmutable: PROCEDU~1E [file: Capability, volume: System.VolumelD]; 
Deletelmmutable: PROCEDURE [file: Capability, volume: System.VolumelD]; 

--Attributes of Files 
GetSize: PROCEDURE [file: Capability] RETURNS [size: PageCount]; 
SetSize: PROCEDURE [file: Capahility, size: PageCount]; 
GetAttributes: PflOCEDURE [file: Capability] 

RETURNS [type: Type. immutable, temporary: BOOLEAN, volume: System.VolumelD]; 
MakePermanent: PROCEDUHE [file: Capability]; 

--Locating files 
lsOnVolume: PROCEDURE [file: Capability, volume: System.VolumelD]; 

--Signals and Errors generated by the File interface 
Unknown: ERROR [file: Capability]; 
Error: ERROR [type: ErrorType]; 

ErrorType: TYPE = {insufficientPermissions, immutable, nonuniquelD, notlmmutable, reservedType }; 

END. 

LOG 
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-- File.mesa (last edited by: Redell on, April 3, 1979 3:02 PM) -- 2 

Time: May 5, 1978 9:16 AM By: Lauer Action: Created file from Pilot Functional Spec 
Time, June 21. 1978 3:17 PM By: Lauer Action, Changed value of maxPagesPerFile to correct specification; changed name 

of "type" parameter to procedure Create 
Time: August 3, 1978 12:51 PM By: Lauer Action: Added nu/11D 
Time: August 18, 1978 11:54 AM By: Horsley Action: added reservedType to ErrorType 
Time: March 7, 1979 10:42 AM By: Redell Action: Changed PageNumber and PageCount to LONG CARDINAL, as allowed by 

Mesa 5.0 
Time: March 30, 1979 4:48 PM By: Redell 
Time: April 3, 1979 12:40 PM By: Redell 

JnlineDefs. 

Action, Converted ShowCapability and LimitPermissions to inline procedures. 
Action: Converted LimitPermissions to use Mopcodes directly to avoid importing 



•· FileTypeS.mesa (last edited by: Forrest on: August 12, 1979 5:16 PM) •• 

DIRECTORY 

File: FROM "File" USING (Type]; 

FileTypes: DEFINITIONS = 
BEGIN 

This file is the authoritative definition of File Types for Pilot files for all purposes. In this module are defined the types 
peculiar to Pilot's own files as well as the ranges of the types defined by all clients, applications, and supporting 
software. Each such client, application, and supporting software project should maintain its own file of File Types for its 
own subrange. 

Style Note: The subranges for the different applications, etc., are declared as subrange types of CARDINAL. The 
constants are declared to be values of the type File. Type (the correct type to be passed to the File.Create operation of 
Pilot). The value of each constant is constructed from the appropriate subrange type in order that range checking can 
be applied by the compiler (when this feature becomes available). This styfe•is recommended for client maintained files 
of subranges of File Types. • 

FileType: TYPE = File.Type; 

Allocation of subranges of File Types 
PilotFileType: TYPE = CARDINAL(0 .. 256); 
MesaFileType: TYPE = CARDINAL(256 .. 512); 
DCSFileType: TYPE = Ci\RDINAL[512 .. 768); 
TestFileType: TYPE = CARDINAL[768 .. 896); 
PioneerFileType: TYPE = CARDINAL[896 .. 960); 
StarFileType: TYPE = CARDINAL[ 1024 .. 2048); 
CommonSoftwareFileType: TYPE = CARDINAL[2048 .. 3072); 
DocProcFileType: TYPE = CARDINAL[3072 .. 4096); 

The following is the type to use in the absence of any other file type. It is not particularly recommended. 
tUntypedFile: File.Type = [LAST[CARDINAL]]; 

Pilot File Types 

PilotRootFileType: TYPE = PilotFileType[0 .. 15]; -- registered in volume root page 
PilotVFileType: TYPE = ljilotFileType(1 .. 5); --accessed as "volume-tiles" 

!Unassigned: File.Type = (PilotRootFileType[O]]; 

END. 

LOG 

tFreePage: File.Type = [PilotVFileType[1]); 
tlogicalVolumeRootPage: File.Type = [PilotVFileType[2]); 
tPhysicalVolumeRootPage: File.Type = (PilotVFileType(3]]; 
tVolumeAllocationMap: File.Type =- (PilotVFileType[4]]; 
tVolumeFileMap: file.Type = [PilotVFileType[5]]; 
tAnonymousFile: File.Type = (PilotRootFileType(6]); 
tSpaceBTree: File.Type = [PilotRootFileType(7]]; 
tMaplog: File.Type = (PilotRootFileType(8l]; 
tCodeFile: File.Type = [PilotRootFileType[9]); 
tBeingMoved: File.Type = [PilotRootFileType[10]]; 
tBeingReplicated: File.Type = [PilotRootFileType[11]]; 
--... additional RootFileTypes go in here 
tClientRootFile: File.Type = (PilotRootFileType[15]); 
tBootFile: File.Type = [PilotFileType[16)]; 

,Time: July 28, 1978 3:19 PM By: Lauer 
Time: August 1, 1978 3:23 PM By: Lauer 

Action: Created file 
Action: Permuted the assignment of Pilot file types 1 .. 5 (so that the File Manager 

can have 1 . .4 for its own use) 
Time: August 29, 1978 8:22 PM By: Lauer Action: added "tMapLog" 
Time: October 13, 1978 3:46 PM By: Lauer Action: CR 20.70: added "tCodeFile" 
Time: October 17, 1978 1:18 PM By: Lauer Action: CR 20.86: added "DCSFileType" 
Time: November 10, 1978 11:03 AM By: Lauer Action: CR (unassigned): added "StarFileType" 
Time, December 28, 1978 10:50 AM By: Lauer Action: CR 149: added "TestFileType" 
Time: February 9. 1979 5:01 PM By: Lauer Action, CR 156: added "PioneerFi/eType" 
Time: March 12, 1979 4:04 PM By: Redell Action: Added tClientRootFile and subranges of PilotFileType 
Time, March 19, 1979 8:57 AM By: Redell Action: Split tRoot Page into tLogica/VolumeRootPage and tPhysica/VolumeRootPage 



-- File Types.mesa (last edited by: Forrest on: August 12, 1979 5:16 PM) --

Time: March 20, 1979 10:55 AM By: Redell 
Time: May 11, 1979 2:43 PM By: Forrest 
Time: July 30, 1979 9:38 PM By: Redell 
Time: August 12, 1979 5:21 PM By: Forrest 

Action: Added tBeingMoved and tBeingRemapped 
Action: Added CommonSoftwareFileType 
Action: Added tBootFile 
Action: Added DocProc File types as per CR m 
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-- Forgot.mesa (last edited by: McJones on, March 2, 1979 12:03 PM) 

Forgot: DEFINITIONS = 

BEGIN 

-- Signal to be raised if an unimplemented feature is encountered 
Unimplemented: SIGNAL; 

END. 

LOG 

Time: August 29, 1978 1:53 PM By: Lauer Action: Created file 
Time: September 28, 1978 2:16 PM By: Sandman CR20.40: (WorryCaf/Debugger) 
Time: March 2, 1979 12:03 PM By: McJones Action: Moved WorryCaf/Debugger to Runtimelnternal 



-- p rOCeSS.mesa (last edited by: Sandman on: May 16, 1979 12:22 PM) --

Process: DEFINITIONS = 
BEGIN 

--Initializing monitors and condition variables 
lnitializeMonitor: PROCEDURE [monitor: LONG POINTER TO MONITORLOCK]; 
lnitializeCondition: PROCEDURE [condition: LONG POINTER TO CONDITION, ticks: Ticks]; 
Ticks: TYPE = CARDINAL; 
Milliseconds: TYPE = CARDINAL; 
Seconds: TYPE = CARDINAL; 
MsecToTicks: PROCEDURE [Milliseconds] RETURNS [Ticks]; 
SecondsToTicks: PROCEDURE [Seconds] RETURNS [Ticks]; 
TicksToMsec: PROCEDURE [Ticks] RETURNS [Milliseconds]; 

--Timeouts 
SetTimeout: PROCEDURE [condition: LONG POINTER TO CONDITION, ticks: Ticks]; 
Disable Timeout: PROCEDURE [LONG POINTER TO CONDITION]; 

--Detaching processes 
Detach: PROCEDURE [PROCESS]; 

--Identity of the currently executing process 
GetCurrent: PROCEDURE Rl::TURNS [PROCESS]; 

---Priorities of processes 
SetPriority: PROCEDURE [Priority]; 
GetPriority: PROCEDURE RETURNS [Priority]; 
Priority: TYPE = [0 .. 7]; 

--A/Jorting a process 
Abort: PROCEDUFlE [UNSPECIFIED]; --parameter should be any process 
DisableAborts: PROCEDURE [LONG POINTER TO CONDITION]; 

--Control of Sc/Jec/uling 
Yield: PROCEDURE; 

--Process validation 
ValidateProcess: PROCEDURE [UNSPECIFIED); 
lnvalidProcess: EFmon [process: UNSPECll'IED); 

--Signals and errors generated by the Process machinery 
Aborted: EnROR; 
TooManyProcesses: ERROR; 
END. 

LOG 

Action: Created file from Alp/JaMesa4.0 version of ProcessDefs 

1 

, 

Time: May 15, 1978 2:20 PM 
Time: June 7, 1978 1:00 PM 

By: Lauer 
By: Lauer Action: Changed ERROR declarations to be SIGNALs for compatibility with the Alto 

Process machinery. 
Time: June 22. 1978 9:01 AM By: Lauer Action: changed POINTER's to LONG POINTER's; added "DisableAborts" 
Time: July 21, 1978 11:39 AM By: Lauer Action: corrected type of second parameter of lnitializeCondition to be Ticks 
Time: August 3, 1978 12:56 PM By: Lauer Action: Corrected spelling of "Milliseconds" 
Time: August 11, 1978 "/0:33 AM By: Lauer Action: Converted Aborted and lnva/idProcess from S/GNALs to ERRORs; 

deleted TimedOut 
Time: August 29, 1978 10:50 AM By: Lauer Action: Added "Ge/Current" 
'Time: September 14, 1978 10:35 AM By: Lauer Action: Added "Seconds" and "SecondsToTicks" 
Time: May 16, 1979 12:22 PM By: Sandman Action: Added ValidateProcess, changed params of Detach and Ge/Current 



-- Space.mesa (last edited by: McJones on: July 19, 1979 11:03 AM) 

DIRECTORY 
Environment: FROM "Environment" USING [PageCount, PageNumber, PageOffset, wordsPerPage], 
File: FROM "File" USING (Capability, nullCapability, PageNumber]; 

Space: DEFINITIONS 

BEGIN 

-- Spaces and space handles 
wordsPerPage: CARDINAL = Environment.wordsPerPage; 
PageCount: TYPE = Environment.PageCount; 
PageNumber: TYPE = Environment.PageNumber; 
PageOffset: TYPE = Environment.PageOffset; 
Handle: TYPE = PRIVATE RECORD [UNSPECIFIED, UNSPECIFIED]; 
nullHandle: READONLY Handle; 
mds: READONL y Handle; 
virtualMemory: READONLY Handle; 

•· Creating and deleting spaces 
defaultBase: CARDINAL = LAST[PageOffset]; 
Create: PROCEDURE [size: PageCount, parent: Handle, base: PageOffset<-defaultBase] RETURNS [newSpace: Handle]; 
CreateUniformSwapUnits: PROCEDURE [size: PageCount<-1, parent: Handle]; 
Delete: PROCEDURE [space: Handle]; 
DeleteSwapUnits: PROCEDURE [space: Handle]; 

-- Mapping spaces 
WindowOrigin: TYPE = RECORD [file: File.Capability, base: File.PageNumber]; 
defaultWindow: WindowOrigin = [File.nullCapability, OJ; 
MakeReadOnly: PROCEDURE [space: Handle]; 
Map: mOCEDURE [space: Handle, window: WindowOrigin<-defaultWindow]; 
Remap: PROCEDURE [space: Handle, window: WindowOrigin<-defaultWindow]; 
Unmap: PROCEDURE [space: Handle]; 

-- Swapping commands 
Activate: PROCEDURE [space: Handle]; 
Deactivate: PROCFDUFlE [space: Handle]; 
ForceOut: PROCEDUHE [space: Handle]; 
Kill: PROCEDURE [space: Handle]; 

-- Miscellaneous operations 
GetAttributes: PflOCFourn= [space: Handle] 

f-lETUFlNS [parent, lowestChild, nextSibling: Handle, base: PageOffset, size: PageCount, mapped: BOOLEAN]; 
GetHandle: PROCEDURE [page: PageNumber] flETURNS [Handle]; 
GetWindow: PROCEDUHE [space: Handle] RETURNS (WindowOrigin]; 
LongPointer: Pl-lOCEDUHl [space: Handle] FlETURNS [LONG POIMTER]; 
LongPointerFromPage: PllOCEDURE [page: PageNumber] ~1ETURNS [LONG POINTER]; 
MDS: PFlOCEDUFlE RETUFlNS [Handle) = INL.INE BEGIN RETURN[mds] END; 
PageFromlongPointer: PROCEDURE [Ip: LONG POINTER] FlETURNS [page: PageNumber]; 
Pointer: PROCEDURE [space: Handle] RETURNS [POINTER]; 
VMPageNumber: PROCEDURE [space: Handle] RETURNS [PageNumber]; 

-- Signals and errors 
Error: rnROFl [type: ErrorType]; 

ErrorType: TYl'E = {invalidHandle. invalidMappingOperation, invalidParameters, invalidWindow, noWindow, 
notApplicableToSwapUnit, spaceTreeTooDeep}; 

lnsufficientSpace: ERFlOR [available: PageCount]; 

END. 

LOG 

Time: March 1978 By: McJones Action: Created file 
Time: September 14, 1978 10:46 AM By: Lauer Action: Added LongPointerFromPage, PageFromLongPointer 
Time: March 7, 1979 10: 16 AM By, McJones Action: Eliminated dependence on Spacelnternal; added Maf,.eReadOnly, defaults 
Time: July 19, 1979 11:03 AM By, McJ011es Action: Added uniform swap units; deleted AddressFault, lnsufficientPermissions 

-------------------------// 



-- St ream.mesa (last edited by: Dalal on: March 13, 1979 10:19 AM) --

DIRECTORY 
Environment: FROM "Environment" USING [Block, Byte, Word]; 

Stream: DEFINITIONS = 
BEGIN 

--The following types are used by all clients of Stream 
Handle: TYPE = POINTER TO Object; 
Byte: TYPE = Environment.Byte; 
Word: TYPE = Environment.Word; 
SubSequenceType: TYPE = [0 .. 256); 
Block: TYPE = Environment.Block; 
lnputOptions: TYPE = RECORD [ 

terminateOnEndPhysicalRecord, signallongBlock, signalShortBlock, signalSSTChange, signalEndOfStream: 
BOOLEAN]; 

defaultlnputOptions: lnputOptions = [FALSE, FALSE, FALSE, FALSE, FALSE]; 
CompletionCode: TYPE = {normal, endRecord, sstChange, endOfStream}; 

--The following are the data transmission operations 
GetBlock: PROCEDURE [sH: Handle, block: Block] RETURNS [bytesTransferred: CARDINAL, why: CompletionCode, sst: 

SubSequenceType] = INLINE 
-- Calls sH.get with the appropriate parameters 
BEGIN 
[bytesTransferred, why, sst] <- sH.get[sH, block, sH.options]; 
END; --Get Block 

SetlnputOptions: PROCEDUllE [sH: Handle, options: lnputOptions] 
-- Sets the input options in the Object pointed to by sH 
BEGIN 
sH.options +- options; 
END; --SetlnputOptions 

INLINE 

PutBlock: PROCEDURE [sH: Handle, block: Block, endPhysicalRecord: BOOLEAN] 
-- Calls sH.put with the appropriate parameters 
BEGIN 
sH.put[sH, block, endPhysicalRecord]; 
END; --PutB/ock 

GetByte: PllOCEDUllE [sH: Handle] RETURNS [byte: Byte]; 
GetChar: PllOCEDURE [sH: Handle] RETURNS [char: CHARACTER]; 
GetWord: PROCEDURE [sH: Handle] RETURNS [word: Word]; 
PutByte: PHOCEDUHE [sH: Handle, byte: Byte]; 
PutChar: PROCEDURE [sH: Handle, char: CHARACTER); 
PutWord: PROCEDURE [sH: Handle, word: Word]; 

SendNow: PROCEDURE [sH: Handle] = INLINE 
-- Calls sH.put with a bloc/< of no bytes to terminate the physical record 
BEGIN 
bl: Block = [NIL, 0, O]; 
sH.put[sH, bl, TRUE]; 
END; --SendNow 

SetSST: PROCEDURE [sH: Handle, sst: SubSequenceType] = INLINE 
-- Changes the current SubSequenceType by calling sH.setSST 
BEGIN 
sH.setSST[sH, sst]; 
END; --Set SST 

SendAttention: PROCEDURE [sH: Handle, byte: Byte] = INLINE 
-- Calls sH.sendAttention 
BEGIN 
sH.sendAttention[sH, byte]; 
END; --SendAttention 

WaitForAttention: PROCEDURE [sH: Handle] RETURNS (Byte) = INLINE 
-- Waits for an attention by calling sH.waitAttention 
BEGIN 
RETURN[sH.waitAttention[sH]]; 
END; --WaitForAttention 

---- -----------

INLINE 



-- St ream.mesa (last edited by: Dalal on: March 13, 1979 10:19 AM) --

Delete: PROCEDURE [sH: Handle] = INLINE 
-- Calls SH.delete 
BEGIN 
sH.delete[sH]; 
END; --Delete 

--The following are the signals which can be generated by a Stream 
SSTChange: SIGNAL [sst: SubSequenceType, nextlndex: CARDINAL]; 
EndOiSt ream: SIGNAL [nextlndex: CARDINAL]; 
Timeout: SIGNAL [nextlndex: CARDINAL]; 
LongBlock: SIGNAL [nextlndex: CARDINAL]; 
ShortBlock: ERROR; 

--The following are the types used by implementors of filters and transducers 
Object: TYPE = RECORD [ 

options: lnputOptions, 
get: GetProcedure, 
put: PutProcedure, 
setSST: SetSSTProcedure, 
sendAttention: SendAttentionProcedure, 
waitAttention: WaitAttentionProcedure, 
delete: DeleteProcedure]; 

GetProcedure: TYPE = PROCEDURE [sH: Handle, block: Block, options: lnputOptions] RETURNS (bytesTransferred: CARDINAL, 
why: CompletionCode, sst: SubSequenceType); 

PutProcedure: TYPE = PROCEDURE [sH: Handle, block: Block, endPhysicalRecord: BOOLEAN); 
SetSSTProcedure: TYPE = PROCEDURE [sH: Handle, sst: SubSequenceType]; 
SendAttentionProcedure: TYPE = PROCEDURE [sH: Handle, byte: Byte); 
WaitAttentionProcedure: TYPE = PROCEDURE [sH: Handle) RETURNS (Byte]; 
DeleteProcedure: TYPE = PROCEDURE [sH: Handle]; 

END. -- Stream 

LOG 

Time, March 17, 1978 11:39 AM By: HCL Action: Created file 
Time: April 6, 1978 3:24 PM By: HCL Action: Updated to conform to revised Functional Specifications 
Time: April 18, 1978 9:58 AM By: HCL Action: Updated for compilation by Alpha release of Mesa 4.0 (LONG POINTER is 

allowed). 
Time: May 5, 1978 2: 19 PM By: Lauer Action: Recompiled /or storage on "official" directory on CoPilot; added 

GetWord and PutWord 
Time: June 22, 1978 8:57 AM By: Lauer Action: Added "EndOfStream" signal, input option, and completiot1 code. 
Time: July 21, 1978 11:31 AM By: HCL Action: moved type 'Block' from Stream to Environment; added GetCl1ar and 

PutChar 
Time: August 14, 1978 2:03 PM By: HCL Action: deleted "DeleteModule" (can be simulated by 

Runtime.UnNew[Globa/Frame[p]J; moved "DeleteModuleAfterReturn" to Runtime and renamed it "SelfDestruct" 

2 

Time: February 22, 1979 2:50 PM By: Dalal Action: moved a large number of procedures from Streamlmpl.mesa to this 
module as INLINEs. Added the parameter sH to all the procedures of Stream.Object. Added Delete. 

Time: March 13, 1979 10:17 AM By: Dalal Action: modified SendAttention and WaitForAttention to take and return a 
byte of data respectivee/y. 



-- System.mesa (last edited by: Jose on: July 17, 1979 1:51 PM) 

DIRECTORY 
Mopcodes: FROM "Mopcodes" USING [zMISC]; 

System: DEFINITIONS = 

BEGIN 

-- Universal identifiers 
UniversallD: TYPE = PRIVATE RECORD [a, b, C, d: UNSPECIFIED]; 
nulllD: UniversallD = [0, 0, 0, OJ; 
GetUniversallD: PROCEDURE RETURNS [uid: UniversallD]; 
FilelD: TYPE = RECORD [UniversallD]; -- a useful special case of Universal/D 
VolumelD: TYPE = RECORD [UniversallD]; -- a useful special case of Universal/D 

-- Network addresses 
NetworkAddress: TYPE = PRIVATE RECORD [a, b, c, d: UNSPECIFIED]; -- an "exported" type 

nullNetworkAddress: NetworkAddress = [0, 0, 0, 0]; 

-- Timekeeping facilities 
GreenwichMeanTime: TYPE LONG CARDINAL; 
GetGreenwichMeanTime: PROCE:OURE RETURNS [gmt: GreenwichMeanTime]; 

TimerHandle: TYPE = PRIVATE RECORD [LONG UNSPECIFIED]; -- change to (public) {Pulses] 
Microseconds: TYPE = LONG CARDINAL; 
CreatelntervalTimer: PROCEDUllE RETURNS [t: TimerHandle]; -- add • /NL/NE BEGIN RETURN{{GetClockPulses[]J] END 
GetlntervalTime: PROCEDURE [t: TimerHandle] RETURNS [m: Microseconds]; 

Pulses: TYPE = RECORD [LONG CARDINAL]; 
GetClockPulses: PROCEDURE RETURNS [p: Pulses] = 

MACHINE CODF 13[GIN Mopcocle;;.z.MISC, 11 B END; 
PulsesToMic rose<:onds: PROCEDUf·1E [p: Pulses] FlETUf1NS [m: Microseconds]; 
MicrosecondsToPulses: PFlOCEDUflE [m: Microseconds] RETURNS [p: Pulses]; 

-- System power control 
Powe rOff: PFlOCEDURE; 
SetAutomaticPowerOn: PROCEDUFlE [time: GreenwichMeanTime, externalEvent: BOOLEAN]; 
ResetAutomaticPowerOn: PrlOCb_DURE; 

END. 

LOG 

Time: April 12, 1978 11:56 AM By: Lauer Action: Created file 
Time: May 4, 1978 3: 10 PM By: Lauer Action: Fixed for Mesa 4.0; established this file as the "olficial" version; added 

Networl<Addresses 
Time: May 5, 1978 11: 12 AM By: Lauer Action: Adcled nu/11D 
Time: June 21, 1978 11:23 AM By: Lauer Action: Deleted AllocateSpecificSocket 
Time: July 29. 1978 1:07 PM By: Horsley Action: Deleted Deletelnterva/Timer and lnvalidTimerHandle 
Time: August 11, 1978 10:22 AM By: Lauer Action: Moved TimerHandle from Systemlnternal 
Time, August 29, 1']78 11:26 AM By: Lauer Action: Changed representation of Universal/D to be four words of UNSPECIFIED 
Time: March 9, 1979 4:37 PM By: McJones Action: Moved body of NetworkAddress from Systemlnternal; changed 

representation of GreenwichMeanTime and Microseconds to be LONG CARDINALS 
Time: May 2, "/979 2:26 PM By: McJones Action: Added new interval timing (Pulses) 
Time: May 22, 1979 3:30 PM By: Lauer Action: Replaced NetworkAddress with a record containing only two LONG 

UNSPEC/F/EO's 



•• UserTerminal.mesa Last edit by: Forrest, time: August 10, 1979 4:59 PM 

-- This is the interface for the UTxxx display and keyboard 

DIRECTORY 
Space: FROM "Space" USING [Handle, nullHandle]; 

UserTerminal: DEFINITIONS 
IMPORTS Space = 
BEGIN 

-- Type definitions --
Coordinate: TYPE = RECORD [x, y: INTEGER]; 
CursorArray: TYPE = ARRAY (0 .. 16) OF WORD; 
BitmapHandle: TYPE = PRIVATE RECORD [UNSPECIFIED]; 

-- Constants (modulo display hardware) -­

sc reenWidth: READONLY CARDINAL[0 .. 32767]; 
SC reenHeight: READONL Y CARDINAL(0 .. 32767]; 
pixelsPerlnch: READONLY CARDINAL; 
numberOfKeys: READONLY CARDINAL; 

-- Errors and signals --

lnvalidHandle: ERROR; 
BeingDisplayed: ERROR; 

-- The keyboard --

Key Ar ray: READONLY LONG DESCRIPTOR FOR READONLY ARRAY OF WORD; 

-- Mouse functions --

SetMousePosition: PROCEDURE [newMousePosition: Coordinate); 
-- Sets mouse to specified coordinates 

GetMousePosition: PROCEDURE RETURNS [mousePosition: Coordinate]; 
-- Returns current position of mouse 

-- Cursor functions --

GetCursorPosition: PROCEDURE m,TURNS [cursorPosition: Coordinate]; 
-- Returns current position of cursor 

Set Cu rsorPosition: PllOCEDURE [newCursorPosition: Coordinate]; 
-- Sets cursor to specified coordinates 

SetCu rsorPatte rn: PROCEDURE [cursorPattern: CursorArray]; 
-- Does the obvious thing, assumes 16x16 cursor 

GetCu rsorPattern: PROCEDURE RETURNS [cursorPattern: Cursor Array]; 

-- Bitmap functions --

Set Border: PROCEDURE [oddlines, evenlines: [0 .. 37781]; 



-- Use rTe rminal.mesa Last edit by: Forrest, time: August 10, 1979 4:59 PM 

-- Sets pattern for Dandelion's "border" registers 

CreateBitmap: PROCEDURE [space: Space.Handle +- Space.nullHandle] RETURNS [bitmap: BitmapHandle]; 

DestroyBitmap: PROCEDURE [bitmap: BitmapHandle]; 

GetAttributes: PROCEDURE [bitmap: BitmapHandle] RETURNS [space: Space.Handle, isDisplayed: BOOLEAN]; 

GetCurrentBitmap: PROCEDURE RETURNS [h: BitmapHandle]; 

BlinkDisplay: PROCEDURE; 

DisplayBitmap: PROCEDURE [bitmap: BitmapHandle]; 

RemoveBitmap: PROCEDURE [bitmap: BitmapHandle]; 

ActivateBitmap: PROCEDURE [bitmap: BitmapHandle]; 
-- Analogous to Space.Activate 

DeactivateBitmap: PROCEDURE [bitmap: BitmapHandle]; 
-- Ditto comment above 

KillBitmap: PROCEDURE [bitmap: BitmapHandle]; 
-- Ditto comment above 

WaitForScanLine: PROCEDURE [scanLine: INTEGER]; 
-- Returns when display reaches specified place 

END. 

LOG 
Time, March 1, 1979 2:00 PM By: Gobbet Action, created file 
Time: May 29. 1979 3:53 PM By: Gobbel Action: Make version 2 - largely redone 
Time: June 6, '/979 4:29 Ptvl By: Gobbel Action: Fix some mistahes 
Time: August 10, 1919 5:.02 PM By: Forrest Action: Change ScreeHeight and ScreenWidth to subranges [0 .. 32767] 

2 



-- Volume.mesa (last edited by: Forrest on: August 10, 1979 4:53 PM) --

DIRECTORY 
File: FROM "File", 
System: FROM "System"; 

Volume: DEFINITIONS = 
BEGIN 

--Volume identifiers 
ID: TYPE = System.VolumelD; -- = RtCORD{System.UniversallDJ 
nulllD: ID = ID[System.nulllD]; 

systemlD: READONL Y ID; -- ID of system volume 
SystemlD: PROCEDURE RETURNS [ID] :,: INLINE BEGIN RETURN [systemlD] END; 

--Volume addressing 

maxPagesPerVolume: LONG CARDINAL ., 8388607; -- = 223 - 1 
PageCount: TYPE = LONG CARDINAL; -- Simulates TYPE = {0 .. maxPagesPerVolume]; 

firstPageCount: PageCount 0; 
lastPageCount: PageCount = maxPagesPerVolume; 

--Attributes of Volumes 
GetAttributes: PROCEDURE [volume: ID] RETURNS [volumeSize, freePageCount: PageCount, rootFile: File.Capability]; 
GetlabelString: PROCEDURE [volume: ID, s: STRING]; 
SetRootFile: PROCEDURE [volume: ID, file: File.Capability]; 

--Mounting and Unmounting volumes 
GetNext: PROCEDURE [volume: ID] 

RETUFlNS [nextVolume: ID]; 
Open: PROCEDURE [volume: ID]; 
Close: PROCEDUHE [volume: ID]; 

--Locating volumes 
lsOnServer: PROCEDURE [volume: ID, netAddress: Syslem.NetworkAddress]; 

--Signals and Errors generated by the Volume interface 
lnsufficientSpace: ERROR; 
lnvalidlabelString: ERHOR [s: STRING]; 
Unknown: ElmOR [volume: ID]; 
END. 

LOG 

Time: May 5, 1978 9:16 AM By: Lauer Action: Created file from Pilot Functional Spec 
Time: June 21. 1978 3:22 PM By: Lauer Action: changed value of maxPagesPerVolume to specification; changed 

"nul/Volume" to "nulllD", "EnumerateNextVolume" to "GetNext"; added "SystemlD" 
Time: March 7, 1979 11: 13 AM By: Redell Action: Cflanged PageCount to LONG CARDINAL as allowed by Mesa 5.0 
Time: March 19, 1979 4:36 PM By: Redell Action: Added Open operation. 
Time: Marcil 30, 1979 5:34 PM By: Redell Action: Exported varia/Jle 'system/0'. 
Time: April 2, 1979 3:43 PM By: f-lorsley Action: Removed return variable name from SystemlD since it invokes a compiler 

bug. 
Time: May 22, 1979 3:28 PM By: Lauer 
Time: August 10, 1979 4:53 PM By: Lauer 

Action: Exported "system/D" as a READONL Y 
Action: Fixed GetLabe/String to atke volume 



-- VMMapLog.mesa (last edited by: McJones on: August 16, 1979 10:42 PM) 

VMMapLog: DEFINITIONS = 

BEGIN 

-- Map log: Pilot-to-Debugger communication of virtual memory backing storage binding 

Descriptor: TYPE = MACHINE DEPENDENT RECORD [ -- must be allocated in permanently resident memory 
self: Entry, -- description of virtual memory used by Pilot to access log 
writer: EntryPointer, -- next entry Pilot will write 
reader: EntryPointer, •• next entry debugger will examine 
limit: EntryPointer, -- entry following last word of ring buffer 
patchTable: LONG POINTER TO PatchTable]; 

-- Above writer, reader, and limit fields are relative to LOOPHOLE[LongPointerFromPage[self.page}, EntryBasePointer] 

EntryBasePointer: TYPE = LONG BASE POINTER TO RECORD [UNSPECIFIED]; 

EntryPointer: TYPE = EntryBasePointer RELATIVE POINTER [0 .. 177777B] TO Entry; 

Entry: TYPE = MACHINE DEPENDENT RECORD [ -- descri~e mapping of run of virtual pages with contiguous "backing storage" 
page: CARDINAL, -- starting virtual page number 
count: [1..4096], -- number of pages /12 bits) 
writeProtected: BOOLEAN, 
fill: [0 .. 1], -- allow for expansion of variant tag 
filePoint: SELECT kind: * FROM -- corresponding "backing storage" 

nil = > NULL, -- to nothing 
alto31 = > [ -- to Alto file with given Ip, starting at given filePage 

fp: AltoFP, 
filePage: CARDINAL], 

pilot31 = > [ -- to contiguous disk addresses on Pilot-formatted model 31 
vda: CARDINAL, -- (/track'2) +head)' 12 + sector 
fid: PilolFID, -- lid of every label in run 
filePage: CAf-lDINAL], •· page number of first page in run 

disk =) [ -- to contiguous pages 011 Pilot physical volume 
driveTag: CAf-lDINAL, -- as returned by DiskChannel.GetDriveTag 
diskPage: LONG CARDINAL, -- i.e. D1skChannel.DiskPageNumber 
labelCheck: CARDINAL], -- as computed by FilePageLabel.LabelCl1eckSum 

ENDCASE]; 

Pilot31Label: TYPE = MACHINE DEPENDENT RECORD [ -- must be consistent with Pilot's Filelnternal.Label 
word0: UNSPECIFIED, -- don"t care 
fid: PilotFID, -- const;,nt tor each page in a wn 
word3: UNSPl:'CIFIED, - don"t care 
page: CARDINAL, -- inr:rnments for each page in a run 
word5, word6, word7: UNSPECIFIED]; -- don't care 

PilotFID: TYPE = M/\CI IINE DEPENDENT RECORD [UNSPECIFIED, UNSPECIFIED]; 

AltoFP: TYPE = MACll!Nf: DEPENDENT RECORD [ 
serial: RECORD [UNSPECIFIED, UNSPECIFIED], 
leaderDA: UNSPECIFIED]; 

-- Patch table: Debugger-to-Pilot communication of patches to (writeProtected) code segments 

Patch Table: TYPE = MACI IINF DEPENDENT BECORD [ 
limit: PatchTableEntryPointer, -- entry followi11r1 last entry in use 
maxlimit: PatchTabld:nlryPointer, -· entry following la.st allocated entry 
entries: ARR/\Y [0 .. 0) OF PatchTableEntry]; - last entry with given address overrides 

-- Above limit, maxLimit fie/els are relative to LOOPJ-IOLE[@entries[0J, Patc/1TableEntryBasePointer] 

PatchTableEntryBasePointer: TYPE = LONG BASE POINTEFl TO rn:CORD [UNSPECIFIED]; 

PatchTableEntryPointer: TYPE = PatchTableEntryBasePointer RELATIVE POINTEFl [0 .. 177777B] TO PatchTableEntry; 

PatchTableEntry: TYPE = MACHINE DEPENDENT RECORD 

END. 

LOG 

address: LONG POIN IER, 
value: UNSPECIFIED]; 



-- VMMapLog.mesa (last edited by: McJones on: August 16, 1979 10:42 PM) 

Time: June 23, 1978 8:43 AM 
Time: July 12, 1978 3:39 PM 
Time: August 1, "/978 4:52 PM 
Time: August 28, 1978 10:08 AM 
Time: August 16, 1979 10:42 PM 

By: McJones Action: Created file 
By: Johnsson Action-: Counter proposal 
By: McJones Action: Refinements to BASE-RELATIVE types 
By: McJones Action: Added patch table 
By: McJones Action: Added writeProtected, disk variant to Entry 

2 



-- Zone.mesa (last edited by: Knutsen on: July 18, 1979 4:19 PM) --

DIRECTORY 
Environment: FROM "Environment" USING [Base]; 

Zone: DEFINITIONS 
BEGIN 

Types l<.nown by clients of the zone allocator 
Alignment: TYPE = {a1, a2, a4, a8, a16}; 
Base: TYPE = Environment.Base; -- for upward compatibility 
Handle: TYPE = PRIVATE RECORD[LONG UNSPECIFIED]; 
SegrnentHandle: TYPE = PRIVATE RECORD[UNSPECIFIED]; 

BlockSize: TYPE = CARDINAL [O .. 77777B--largest block is 215-1 words--]; 

Useful constants 
minimumNodeSize: READONL y BlockSize; 
nullSegment: READONL Y SegmentHandle; 
nil: READONLY Base RELATIVE POINTER; 

Status returned oy Zone operations 
Status: TYPE = (okay, noRoomlnZone, nonEmptySegment, storageOutOfRange, zoneTooSmall, segmentTooSmall, 

invalidNode, invalidZone, invalidSegment, nodeloop}; 

Node a/location and deallocation 
MakeNode: PROCEDURE [zH: Handle, n: BlockSize, alignment: Alignment +- a1] RETURNS [node: Base RELATIVE POINTER, s: 

Status]; 
FreeNode: PROCEDURE [zH: Handle, p: LONG POINTER] RETURNS [s: Status]; 
SplitNode: Pf10CEDUFlE [zH: Handle, p: LONG POINTER, n: BlockSize] RETURNS [s: Status]; 
NodeSize: PROCEDUHE [p: LONG POINTER] RETURNS [n: BlockSize]; 

Zone and segment management 
Create: PROCEDUFlE [storage: LONG POINTER, length: BlockSize, zoneBase: Base, threshold: BlockSize +- minimumNodeSize, 

checking: BOOLEAN ... FALSE] RETURNS [zH: Handle, s: Status]: 
AddSegment: PROC['DUHE [zH: Handle, storage: LONG POINTER, length: BlockSize] RETURNS [sH: Segmentl-landle, s: 

Status]; 
RemoveSegment: PllOCEDLJRE [zH: Handle, sH: Segmentl-landle] RETURNS [storage: LONG POINTER, s: Status]; 

Zone and segment attributes 
GetAttributes: f-'HOCEIJLJl1F: [zH: Handle] RETUJlNS [zoneBase: Base, threshold: BlockSize, checking: BOOLEAN, storage: 

LONG POINTl:R, length: BlockSize, next: SegmentHandle]; 
SetChecking: PROCfDUriL: [zH: Handle, checking: BOOID\N] RETURNS [s: Status]; 
GetS()grnentAttributes: PHOCEDUflE [zH: Handle, sH: SegmentHandle] RF:TURNS [storage: LONG POINTER, length: BlockSize, 

next: Segmentl-landle]; 

END. 

LOG 

Time: Februa1y 21, 1979 10:50 AM By: Lauer Action: Created file 
Time: July 18, 1979 4: 19 Plvl By: Knutsen Action: Promoted Alignment and MakeAlignedNode (renamed 

MakeNodeJ from ZoneExtension. 
Time: timeStamp By: yourName Action: shortDescription 



-- Pi lot.con/ig (last edited by: Dalal on, August 9, 1979 4: 11 PM) 
PACK •· resident code: some modules correspond to PACK within a smaller configuration 

PilotControl, -· P1lotKemel 
DebuggerMicrocode, 
DriverControl, 
UserTerminallmpl, •· UserTerminalDriver 
DiskDriverSharedlmpl; -· Model31Driver 

Pilot: CONFIGURATION 
IMPORTS PilotClient 
EXPORTS BitBlt, ByteBlt, Dialup, File, Forgot, Log, NetworkStream, Process, RS232C, RS232CManager, Runtime, 

Socket, Space, Stream, System, UserTerminal, Volume, Zone, 
•· Communication private -- OISCPDefs, StatsDefs, StatsPrivateDefs, 
•· for PUP package only -- BufferDefs, ByteBltDefs, CommUtilDefs, DriverDefs, 
PupDefs = 

BEGIN 

PilotKernel; 

DebuggerMicrocode; 

DriverControl; 

UserTerminalDriver; 

Model31 Driver; 

RS232CIO; 

END. 

LOG 

Time: June 30, 1978 11:15 AM By: McJones Action: Created file 
Time: July 14, 1978 1:46 PM By, McJones Action, VFSPrograms subsumes FPT, Swapper, VMM 
Time: July 21, 1978 1:47 PM By: Horsley Action: Updated to real thing for Pilot 1.0d 
Time: August 11, 1978 2: 17 PM By: Horsley Action: AcJcJed DisplayPrivate to EXPORTS 
Time: August 30, 1978 3:54 PM By: Horsley Action, Added VMMode 
Time: August 30, 1978 4: 12 PM By: Horsley Action: Added Forgot, Log to EXPORTS 
Time, August 31, 1978 11:45 AM By: Lauer Action: Fixed syntax error on Forgot 
Time: August 31, 1978 7:06 PM By, Horsley Action: Added Control 
Time, September 8, 1978 4:02 PM By: Purcell Action: Added Communication 
Time: September 15, 1978 11:29 AM By: Horsley Action: Added Communication exports 
Time: September 28, 1978 10:25 AM By: Horsley Action: Added RS232C exports 
Time: October 18, 1978 11:52 AM By: Dalal Action: Added BufferDefs exports 
Time: February 27. 1979 2:48 PM By: Horsley Action: Pilot Kernel 
Time: April 9, 1979 1:41 PM By: Gobbet Action: Added UserTermina!Driver, deleted DisplayPrivate 
Time: April 9, 1979 7:01 PM By: Gobbet Action: Added DeviceControl 
Time: April 17, 1979 1:40 PM By: Gobbet Action: DeviceControl renamed to DriverControl 
Time: April 30. 1979 9:49 PM By: Lauer Action: Exported Zone 
Time: May 31, 1979 2:38 PM By: Lauer Action: Exported ZoneExtension (temporary unit/ this can be consolidated with 

Zone); 
Time: June 6, 1979 3:26 PM By: Schwartz Action: Replaced RS232CContig by RS232CIO. 
Time, June 7. 1979 8:00 AM By: Schwartz Action: Added Dia/up and RS232CManager exports 
Time: June 15, 1979 5:30 PM By: Gobbet Action: Added Bi/Bit to EXPORTS 
Time: July 9, 1979 2: 12 PM By: Gobbet Action: Added ByteBlt to EXPORTS 
Time: ,July 18. 1979 12:48 PM By: McJones Action: Moved DebuggerMicrocode here from MesaRuntime 
Time: July 31, 1979 3:13 PM By: Forrest Action: Flush Zone Extension 
Time: August 9, 1979 4: I I PM By: Dalal Action: Added CommL,1ication stuff 



-- TestPilot.config (last edited by: Mc,Jones on: August 15, 1979 4:05 PM) 
PACK -- resident coclr,: some modules correspond to PACK within a smaller configuration 

PilotControl, -- TestPilotKernel 
DebuggerMicrocode, 
DriverControl, 
UserTerminallmpl, -- UserTerrnina/Driver 
DiskDriverSharedlmpl; -- Model31Driver 

TestPilot: CONFIGURATION 
IMPORTS PilotClient 
EXPORTS 

-- public -- BitBlt, ByteBlt, Dialup, File, Forgot, Log, NetworkStream, Process, RS232C, RS232CManager, 
Runtime, Socket, Space, Stream, System, UserTerminal, Volume, Zone, 
-- Communicat,on private -- OISGPDefs, StatsDefs, StatsPrivateDefs, 
-- for PUP package only -- BufferDefs, ByteBltDefs, CommUtilDefs, DriverDefs, 
PupDefs, 
-- for test puposes only -- AltoDisk, DiskChannel, IOCS, KernelFile, PilotSwitches, Processlnternal, ResidentHeap, 
ResidentMernory, Runtimelnternal, Snapshot, SpecialFile, SpecialSpace, SPPlnternal, System Internal, Utilities = 

BEGIN 

TestPilotKernel; 

DebuggerMicrocode; 

DriverControl; 

UserTerrninalDriver; 

Model31 Driver; 

RS232CIO; 

ENO_ 

LOG 

Time: August 31, 1978 7:11 PM By: Horsley Action: Created file 
Time: September 3. 1978 9:07 AM By: Lauer Action: Adcled SpecialSpace to EXPORTS 
Time: Sepl<Hnber 3. 1978 6: 16 PM By: Lauer Action: Aclcled Log to EXPORTS 
Time: September 15, 1978 11 :33 AM By: Horsley Action: Adcled Communication EXPORTS 
Time: September 28, 1978 10:28 AM By: Horsley Action: Ac/dee/ RS232C EXPORTS 
Time: September 28. 1978 6:21 PM By: McJones Action: Adcled Specia!File to EXPORTS 
Time: October 18, 1978 11:50 AM By: Dalal Action: Addecl BulferDefs to EXPORTS 
Time: February 27. 1979 2:48 PM By: flors/ey Action: Ac/dee/ Pilot Kernel 
Time: April 9, 1979 1:44 PM By: Gobbet Action: Added UserTermina!Driver, deleted DisplayPrivate 
Time: April 9, 1979 7:01 PM By: Gobbet Action: Added DeviceControl 
Time: April 17, 1979 1:41 PM By: Gobbet Action: DeviceControl renamed DriverControl 
Time: April 30, 1979 9:49 PM By: Lauer Action: Added Zone to EXPORTS 
Time: June 4, 1979 4: 18 PM By: Lauer Action: Added ZoneExtension (temporary until this can be consolidated with Zone) 

and ResidentHeap to LXPORTs 
Time: June 7, 1979 8:46 AM By: Schwartz Action: RS232CConfig renamed RS232CIO; added Dia/up and RS232CManager to 

EXPORTS 
Time: June 15, 1979 5:28 PM By: Gobbel Action: Added Bi/Bit to EXPORTS 
Time: June 25. 1979 1:03 PM By: McJones Action: Added AltoDisi<. to EXPO/US 
Time: July 9. '1979 2: 16 PAI By: Gobbel Action: Added ByteB!t to EXl'ORTs 
Time: July 18. 1979 12:48 Pivl By: McJones Action: Movecl Debuggerl'vlicrocode here from MesaRuntime 
Time: August 1, 1979 4:0G PM By: Gobbel Action: Flemoved ZoneExtension from FXPORTs 
Time: August 9, 1979 10:24 AM By: Dalal Action: Added the Communication stuff 
Time: August 15, 1979 4:05 PM By: fvlcJones Action: Added Disi<.C/Jannel,Kerne/Filo,Pi!otSwitches,Snapshot to EXPORTS 



-- BootChannel.mesa (last edited by: McJones on: July 30, 1979 4:32 PM) 

DIRECTORY 
Environment: FROM "Environment" USING [PageNumber], 
File: FROM "File" USING [ID]; 

BootChannel: DEFINITIONS = 

BEGIN 

Create: PROCEDURE [POINTER TO Location] RETURNS [Handle]; 
-- Create boot channel from specification of device and device address 

Location: TYPE = MACHINE DEPENDENT RECORD [ 
device: UNSPECIFIED, -- Device.Number, e.g. controller, drive 
vp: SELECT OVERLAID * FROM 

alto = > [serial: LONG CARDINAL, daPage1: CARDINAL], 
disk = > [id: DiskFilelD], 
any = > [a, b, c, d, e, I: UNSPECIFIED], 
ENDCASE]; 

DiskFilelD: TYPE = MACHINE DEPENDENT RECORD [ 
110: File.ID, 
da: DiskAddress]; -- first page 

DiskAddress: TYPE = MACHINE DEPENDENT RECORD [UNSPECIFIED, UNSPECIFIED]; -- real disk address 

Handle: TYPE = POINTER TO Rep; 

Rep: TYPE = MACHINE DEPENDENT RECORD [ 
Open: PROCEDURE [Handle, Direction] RETURNS [dControllerState: LONG DESCRIPTOR FOR ARRAY OF WORD], 

-- Set up specified channel for transfers in indicated direction, 
-- and return descriptor for state block of controller used for this channel (allows careful save/restore} 
-- (when germ resides in first 64K, control/erState need not be LONG) 

TransferPage: PROCEDURE [Handle, Environment.PageNumber], 
-- Initiate transfer of next page, in direction established by Open 

Wait: PROCEDURE [Handle] 
-- Wait for any pending ilo (including necessary retries) to complete 

]; 

Direction: TYPE {read, write, checklabels}; 

END. 

LOG 

Time: December 18, 1978 9:34 AM 
Time: July 30, 1979 4:32 PM 

Direction 

By: McJones Action: Created file 
By: McJones Action: Added substructure and disk variant to Location, checkLabels to 



.. Disk Channel.mesa (last edited by: Redell on: August 16, 1979 10:53 PM) •• 

DIRECTORY 
Environment: FROM "Environment" USING [PageNumber], 
OISProcessorFace: FROM "OISProcessorFace" USING [DeviceHandle, DeviceType, nullDeviceHandle]; 

DiskChannel: DEFINITIONS = 
BEGIN 

-· Drives 
Drive: TYPE = OISProcessorFace.DeviceHandle; 
nullDrive: Drive = OISProcessorFace.nullDeviceHandle; 
GetNextDrive: PROCEDURE [prev: Drive] RETURNS [Drive]; 
GetDriveAttributes: PROCEDURE [drive: Drive] RETURNS [deviceType: OISProcessorFace.DeviceType, nPages: 

DiskPageCount); 
GetDriveTag: PROCEDURE [drive: Drive] RETURNS [tag: CARDINAL]; 
SetDriveTag: PROCEDURE [drive: Drive, tag: CARDINAL]; 
DiskPageCount: TYPE = LONG CARDINAL; 
DiskPageNumber: TYPE = LONG CARDINAL; 

-· Channels 
Handle: TYPE = PRIVATE RECORD [UNSPECIFIED]; 
nullHandle: Handle = [O]; 
Create: PROCEDURE [drive: Drive, completion: CompletionHandle] RETURNS [Handle]; 
Delete: PROCEDURE [channel: Handle]; 
GetAttributes: PROCEDURE [channel: Handle] RETURNS [drive: Drive]; 

-· Completion objects 
CompletionHandle: TYPE = PRIVATE RECORD [LONG UNSPECIFIED]; 
CreateCompletionObject: PROCEDURE RETURNS [Completionl-landle]; 

•• Suspend, Abort, and Restart 
Suspend: PROCEDURE [channel: Handle]; 
Idle: PROCEDURE [channel: Handle]; 
Restart: PROCEDURE [channel: Handle]; 

-- Data Trans/er 
IORequestHandle: TYPE = LONG POINTER TO IORequest; 
IORequest: TYPE = RECORD [ -- Provided by client. lifetime = duration of l/O operation 

•· fields defining t/Je 10 Request J 
channel: Handle, I . • 
diskPage: DiskPageNumber, -~ L .... ~J,,w\~V 
memoryPage: Environrnent.PageNumber, .yJ v-"l'f" . ,l -~ 
c?unt: Disk~agE:Count, ~ ..Le,r_..,.,.,.e. 
d1rect1on: Direction, ~~ J-e. · 
label: Plabel, ,,,..--
verifylabel: [O . .labelLength], -- number of words of label to check; o = > read label / 

-· returned status of 10 Request 
status: CompletionStatus, 

-· private for use by the DiskC/Jannel implementation 
next: IORequestHandle, .. this pointer is smashed by the clriver during an 10 transaction 

•· private for use by the drivers 
retryCount: PRIVATE INTEGER, 
cirive: PRIVATE DriveNumber, 
address: PRIVATE Address 
]; 

Address: TYPE = PRIVATE MACHINE DEPENDENT RECORD [ 
track: Track, 
head: Head, 
sector: Sector]; 

Track: TYPE = CARDINAL; 
Head: TYPE = [0 .. 256); 
Sector: TYPE = [0 .. 256); 
DriveNumber: TYPE = CARDINAL; 
Plabel: TYPE = LONG POINTER TO Label; 
Label: TYPE ~ MACHINE DEPENDENT RECORD [ 

contents: ARRAY [0 .. labelLength) OF UNSPECIFIED]; •• labels should be quadword aligned 

labelLength: CARDINAL = 8; 

1 



-- DiskChannel.mesa (last edited by: Redell on: August 16, 1979 10:53 PM) --

Direction: TYPE = {put, get}; 
CompletionStatus: TYPE = {goodCompletion, noSuchPage, labelDoesNotMatch, seekFailed, checkError, checksumError, 

hardwareError, notReady}; 

-- Data Transfer Operations ~- ,-. . _1 . f\ ,.. . , 
lnitiatelO: PROCEDURE [req: IORequestHandle]; \. "'·-·· •~ J·': P.' '· 

~/ WaitAny: PROCEDURE [completion: CompletionHandle] RETURNS [IORequestHandle]; 

-- Auxilliary Operations 
GetPageAddress: PROCEDURE [channel: Handle, page: DiskPageNumber] RETURNS [Address]; 
GetPageNumber: PROCEDURE [drive: Drive, page: Address] RETURNS [DiskPageNumber]; 

END. 

LOG 

Time: January 8, 1979 7:17 PM By: TH Action: Created file to replace RigidDisk 
Time, July 23, 1979 3:06 PM By: Gobbel Action: Replaced "reservedForDriver" field of IORequest by "address" 

2 

Time, August 2, 1979 2:39 PM By: Redell Action: Simplified interface. Eliminated DriveHandle/DrivelD distinction, reformatted 
Addresses, added Get PageAddress, removed all ERRORs, etc. etc. Prepared for run-of-pages by adding count field to 
IORequest. 



.. DiskChannelBackend.mesa (last edited by: Redell on: August 16, 1979 10:57 PM) •• 

DIRECTORY 
Disk Channel: FROM "Disk Channel", 
OISProcessorFace: FROM "OISProcessorFace"; 

DiskChannelBackend: DEFINITIONS = 
BEGIN 

•• Drives 
DriveHandle: TYPE = LONG POINTER TO DriveObject; 
DriveObject: TYPE = RECORD[ 

drive: DiskChannel.Drive, 
deviceType: OISProcessorFace.DeviceType, 
nPages: DiskChannel.DiskPageCount, 
tag: CARDINAL, 
requestlO: RequestlOProc, -- Must get all three of these stupid procedure descriptors out of here 
getPageAddress: GetPAProc, 
getPageNumber: GetPNProc, 
next: PRIVATE DriveHandle]; -- for the exclusive use -of the DiskChannel implementation 

RequestlOProc: TYPE = PROCEDURE[req: DiskChannel.lORequestHandle]; 
GetPAProc: TYPE = PROCEDURE [page: DiskChannel.DiskPageNumber] RETURNS [DiskChannel.Address]; 
GetPNProc: TYPE = PROCEDURE [page: DiskChannel.Address] RETURNS [DiskChannel.DiskPageNumber]; 

RegisterDrive: PROCEDURE [drive: DriveHandle); --called by driver once for each drive 

NotifylOComplete: PROCEDURE [req: DiskChannei.lORequestHandle]; --called by driver to indicate completion of JO 

GetDrive: PROCEDURE [channel: DiskChannel.Handle] RETURNS[DriveHandle]; -- should be an inline 

-- Errors 
END. 

LOG 

Time: January 15, 1979 2:51 PM By: Horsley Action: Created file 
Time: August 15, 1979 5:12 PM By: Redell Action: changed Drive/D to Drive 
Time: August '16. 1979 _10:57 PM By: Redell Action: Added tag field to DriveObject 



.. 0 rive rCont rol.mesa Last edit: July 3, 1979 3:19 PM By: Gobbet 

DIRECTORY 
DriverPrograms: FROM "DriverPrograms", 
Model31Programs: FROM "Model31Programs" USING [FindModel31s], 
UserTerminalPrograms: FROM "UserTerminalPrograms" USING [UserTerminallmpl, BitBltlmpl]; 

DriverControl: PROGRAM 
IMPORTS Model31Programs, UserTerminalPrograms 
EXPORTS DriverPrograms = 

BEGIN 

StartlODrivers: PUBLIC PROCEDURE = 
BEGIN 

END; 

ST ART UserTerminalPrograms. User Terminal lmpl; 
START UserTerminalPrograms.BitBltlmpl; 

StartStorageDrivers: PROCEDURE = 
BEGIN 

START Model31Programs.FindModel31s; 
END; 

-- Mainline code --

StartStorageDrivers[]; 

END. 

LOG 
Time: April 9, 1979 5:54 PM By: Gobbet Action: Created file 
Time: April 17, 1979 1:55 PM By: Gobbet Action: Changed name to DriverControl 
Time: June 15, 1979 1:52 PM By: Gobbet Action: Added Bi/Bit, changed UTMisc to UserTerminallmpl 
Time: July 3, 1979 3:19 PM By: Gobbel Action: Deleted BitBltPrograms 



-- Drive rP rog rams.mesa Last edit: April 17, 1979 1:58 PM By: Gobbel 

DriverPrograms: DEFINITIONS = 
BEGIN 

DriverControl: PROGRAM; 

StartlODrivers: PROCEDURE; 

END. 

LOG 
Time: April 9, 1979 5:54 PM By: Gobbel Action: Created file 
Time: April 17, 1979 1:58 PM By: Gobbel Action: Changed name to DriverPrograms 



•· IOCS.mesa (last edited by Horsley on January 17, 1979 12:56 PM) •• 

DIRECTORY 
Processlnternal: FROM "Processlnternal"; 

IOCS: DEFINITIONS = 
BEGIN 

JOCB definitions and allocation 
IOCBSize: CARDINAL = 16; -- Each page consists of sixteen 16-word I0CBs 

IOCB: TYPE = PRIVATE RECORD [ 
next: IOCBPtr, 
unused: ARRAY [2 .. IOCBSize) OF UNSPECIFIED]; 

IOCBPtr: TYPE = LONG POINTER TO IOCB; 

GrablOCB: PROCEDURE RETURNS [p: IOCBPtr]; 
ReleaselOCB: PROCEDURE [p: IOCBPtr]; 

Condition variables for Naked Notifies 
CVPriority: TYPE = Processlnternat.NakedNotifyPriority; --i.e., {low, high} 
lnitializeNakedConditionVariable: PROCEDURE [cv: LONG POINTER TO CONDITION, priority: CVPriority] RETURNS [mask: 

WORD]; --same as Processlnternal.SetNakedNotifyPointer[AllocateNakedNotifyLevel[priority]J 

Device roll call 
BackPlaneSlot: TYPE = [O .. maxBackPlaneSlots); 
maxBackPlaneSlots: CARDINAL = 24; 
GetDeviceType: PROCEDURE[slot: BackPlaneSlot] RETURNS [ccntrollerlD: WORD, pCSB: LONG POINTER]; 
END. 

LOG 
Time: June 26, 1978 2: 11 PM By: Jarvis Action: Created file 
Time: August 29, 1978 2:42 PM By, Lauer Action: Added CVPriority, lnitializeNakedCV, Explode, MachineType, 

GetMachineType 
Time, January 17, 1979 12:57 PM By: Horsley Action, Deleted GetMachineType, Explode, Shave, FindTrash, FindZeros, Added 

Getoevice 



-- Model31 programs.mesa Last edit: April 9, 1979 5:54 PM By: Gobbel 

Model31 Programs: DEFINITIONS = 
BEGIN 

FindModel31s: PROGRAM; 

END. 

LOG 
Time, April 9, 1979 5:54 PM By: Gobbet Action, Created file 



-· Processlnternal.mesa (last edited by: Sandman on: May 16, 1979 12:23 PM)-· 

DIRECTORY 
Mopcodes: FROM "Mopcodes"; 

Processlnternal: DEFINITIONS = 
BEGIN 

Naked Notify facilities 
SetNakedNotifyPointer: PROCEDURE [level: NakedNotifylevel, cv: LONG POINTER TO CONDITION]; 
AllocateNakedNotifyLevel: PROCEDURE (priority: NakedNotifyPriority] RETURNS [level: NakedNotifyLevel, mask: WORD]; 

Allocates the next available NakedNotily pointer, if priority = high, lowest numbered available level is chosen; if priority = low, highest 
numbered available level is chosen. (These NakedNotily levels correspond to Alto Interrupt levels.) 

NakedNotifylevel: TYPE = [0 .. 15]; 
NakedNotifyPriority: TYPE = {low, high}; 

Enabling and disabling interrupts 
Disablelnterrupts: PROCEDURE = MACHINE CODE BEGIN Mopcodes.zlWDC END; 
Enablelnterrupts: PROCEDURE = MACHINE CODE BEGIN Mopcodes.zDWDC END; 

END. 

LOG 

Time, June 7, 1978 3:50 PM 
Time: June 22, 1978 9:07 AM 
Time, May 16, 1979 12:24 PM 

By: Lauer Action: Created file 
By: yourName Action: Cleaned up fault queue stuff, naked notify stuff. 
By: Sandman Action: Removed fault queue stuff. 

- ------ ----------------~-----------------------------



-- p rOCeSS p riO ritieS.mesa (last edited by: Horsley on: February 19, 1979 5:41 PM) --

DIRECTORY 
Process: FROM "Process"; 

ProcessPriorities: DEFINITIONS = 
BEGIN 

disklnterruptPriority: Process.Priority = 5; 
END. 

LOG 

Time: February 19, 1979 5:41 PM By: Horsley Action: Created file 
Time: time By: name Action: action 



-- Snapshot.mesa (last edited by: McJones on: August 9, 1979 8:51 AM) 

DIRECTORY 
Environment: FROM "Environment" USING [PageCount], 
File: FROM "File" USING [Capability]; 

Snapshot: DEFINITIONS = 

BEGIN 

-- The files passed to OutLoad and lnLoad must be bootable (see SpeciatFile.MakeBootable) 

Outload: PROCEDURE [file: File.Capability] RETURNS [inloaded: BOOLEAN]; 
-- Save machine state on file, then return FALSE 

lnload: PROCEDURE [pMicrocode, pGerm: LONG POINTER, countGerm: Environment.PageCount, file: File.Capability]; 

END. 

LOG 

-- Load new microcode and germ (if pMicrocode- = NIL and pGerm- = NIL, respectively), and restore machine state from file, 
causing OutLoad to return TRUE 

-- Note, ii pMicrocode-NIL, it must point to resident memory (e.g. use Specia/Spac.e.MakeResident) 

Time, August 9, 1979 8:51 AM By, McJones Action: Created file 



-- Special File.mesa (last edited by: McJones on: August 16, 1979 8:43 PM) 

DIRECTORY 
File: FROM "File" USING [Capability, PageCount, PageNumber]; 

SpecialFile: DEFINITIONS = 

BEGIN 

MakeBootable: PROCEDURE [file: File.Capability, firstPage: File.PageNumber, count: File.PageCount, lastlink: Link] 
RETURNS [link: Link]; 
-- Install forward chain through page labels of file, which must be of type tBootFile. Use specified link in label of last page 
chained (firstPage + count-1), and return link value corresponding to first page chained. Note that this may make normal Pilot 
access to the file considerably less efficient. 

Link: TYPE = RECORD [LONG UNSPECIFIED]; 

MakeUnBootable: PROCEDURE [file: File.Capability]; 
-- Remove boots chains; this will eliminate any inefficiency caused by their presen.ce. 

lnvalidParameters: ERROR; 

SetDebuggerFiles: PROCEDURE [debugger, debuggee: File.Capability]; 

END. 

LOG 

-- Store pointers (i.e. Links) to the specified files into root of the system volume. Note that the files must be entirely contained 
within (the first physical volume of) the system volume. 

Time: July 31, 1979 4:46 PM By: Redell Action: Created file 



-- Special Space.mesa (/ast edited by: McJones on: August 9, 1979 6:41 PM) 

DIRECTORY 
Space: FROM "Space" USING [Handle, PageCount, PageOffset]; 

SpecialSpace: DEFINITIONS 

BEGIN 

-- Create space within 64K boundaries (for code) 
CreateForCode: PROCEDURE [size: Space.PageCount, parent: Space.Handle, base: Space.PageOffset] 

RETURNS [newSpace: Space.Handle]; 

-- Make spaces resident or swappable 
MakeResident, MakeSwappable: PROCEDURE [space: Space.Handle]; 
MakeCodeResident; MakeCodeSwappable: PROCEDURE [frame: PROGRAM]; 

-- Determine real memory size 
real Memo rySize: READONL Y Space.PageCount; 

-- Moving the contents of pages by swinging VM map pointers 
--(Operation to be defined and implemented in Pilot 3.0) 

END. 

LOG 

Time: August 28, 1978 10:07 AM By: Lauer Action: Created file 
Time: July 10, 1979 12:06 PM By: Knutsen Action: Make compatible with Teak interfaces 
Time: August 9, 1979 6:41 PM By: McJones Action: Aclded realMemorySize 



-- SpecialVolume.mesa (last edited by: Forrest on: August 3, 1979 1:35 PM) --

DIRECTORY 
DiskChannel: FROM "DiskChannel" USING [DiskPageCount, DriveHandle], 
LogicalVolume: FROM "L.ogicalVolume" USING [Type], 
PhysicalVolume: FROM "PhysicalVolume" USING [Descriptor, ID]. 
Volume: FROM "Volume" USING [ID, PageCount]; 

SpecialVolume: ornN1T1ONs = 
BEGIN 

PhysicalVolumeUnknown: ERROR; 
lnsufficientSpace: ERROR [freePages: DiskChannel.DiskPageCount]; 
LogicalVolumeUnknown: ERROR; 

GetPhysicalVolumeA tt ri butes: PROCEDURE [PhysicalVolume.lD] RETURNS [PhysicalVolume.Descriptor]; 
-- Can ERROR wirh Physica/VolumeUnknown 

create Physic al Vo I u me: PROCEDURE [ drive: DiskChannel. DriveHandle 1 RETURNS [PhysicalVolume. ID]; 
-- Can ERROR with OiskChannel.mumble _ 

CreatelogicalVolume: PROCEDUFlE [pVid: PhysicalVolume.lD, size: Volume.PageCount, name: STRING, type: LogicalVolume.Type] 
RETURNS [Volume.ID]; 
-- Can ERFlOR with Physica/VolumeUnknown. lnsufficientSpace 

ExtendLogicalVolume: PROCEDUFlE [IVid: Volume.ID, pVid: PhysicalVolume.lD, increment: Volume.PageCount]; 
-- Can ERROR with Physica/VolumeUnknown. LogicalVolumeUnknown. lnsufficientSpace 

ReCreatelogicalVolume: PROCEDURE [currentlD: Volume.ID, name: STFllNG, type: LogicalVolume.Type] FlETURNS [newlD: 
Volume. ID]; 
-- Can ERROR with Logica/VolumeUnknown 

END. 

LOG 

Time: August 3, 1979 1 :35 PM By: Forrest Action: Created file 
Time: timeStamp By: your/1/ame Action: s/JortDescription 



-- Utilities.mesa (last edited by: McJones on: March 1, 1979 4:31 PM) 

DIRECTORY 
Environment: FROM "Environment" USING [Long, PageNumber]; 

Utilities: DEFINITIONS = 

BEGIN 

LongMove: PROCEDURE [pSource: LONG POINTER, size: CARDINAL, pSink: LONG POINTER]; 
-- Move the contents of the size words starting at pSource to the size words starting at pSink 
-- Unlike lnlineDefs.LongCOPY, overlapping blocks do not cause replication of source words. 
-- Ideally this too would be implemented as a MACHINE CODE 

LongPointerFromPage: PROCEDURE [page: Environment.PageNumber] RETURNS [LONG POINTER]; 

PageFromlongPointer: PROCEDURE [Ip: LONG POINTER] RETURNS [page: Environment.PageNumber]; 

ShortCARDINAL: PROCEDURE [cc: [ONG UNSPECIFIED] RETURNS [CARDINAL] = 
-- Assume cc IN CARDINAL 
INLINE BEGIN RETURN[L00PH0LE[cc, Environment.Long].lowbits] END; 

END. 

LOG 

Time: July 28, 1978 7:44 PM By: Horsley Action: Created file 
Time: July 29, 1978 2:02 PM By: Horsley Action: Added GetMachineType and routines from defunct Miscellaneous 
Time: August 29, 1978 2:35 PM By: Lauer Action: Added PageFromLongPointer 
Time: August 30, 1978 4:4 ·1 PM By: Horsley Action: Named argument in PageFromLongPointer 
Time: September 22, 1978 2:09 PM By: McJones Action: Made LongCopy into machine code, changed ShortCARDINAL to avoid 

clirect machine op dependency 
Time: Maren 1, 1979 4:31 PM By: McJones Action: Deleted CompareAsLongCardinals, LongCopy 



-- Pilot Ke rnel.confi9 (last edited by: McJones on: August 20, 1979 5:04 PM) 
PACK -- resident code: each module corresponds to a PACK in a smaller configuration 

PilotControl, -- Control 
FilerControl, -- Storage 
BootSwapCross, -- MesaRuntime 
ResidentHeaplmpl, -- Misc 
IOCSlrnpl; -- 10 

PilotKernel: CONFIGURATION 
IMPORTS DebuggerSwap, DriverPrograms, PilotClient 
EXPORTS 

BEGIN 

Control; 

Storage; 

MesaRuntime; 

Misc; 

-- public -- ByteBlt, File, Forgot, Log, NetworkStream, Process, Runtime, Socket, Space, Stream, System, 
Volume, Zone, 
-- for Drivers Only -- DiskChannelBackend, IOCS, PilotSwitches, Processlnternal, ResidentHeap, Runtimelnternal, 
SpecialSpace, Utilities, 
-- Communication private -- OISCPDefs, StatsDefs, StatsPrivateDefs, 
-- for PUP package only -- BufferDefs, ByteBltDefs, CommUtilDefs, DriverDefs, 
PupDefs = 

Communication; 

10; 

END. 

LOG 

Time: February 1979 By: /-lorsley Action: Created file 
Time: March 19, 1979 3:44 PM By: Horsley Action: VFS renamed Storage 
Time: April 9, 1979 4:22 PM By: Gobbel Action: Deleted Disp/ayPrivate 
Time: April 30. 1979 9:49 PM By: Lauer Action: Added Zone to EXPORTS 
Time: June 4, 1979 4:16 PM By: Lauer Action: Added ZoneExtension (temporary) and ResidentHeap to EXPORTS 
Time: July 9, 1979 2:14 PM By: Lauer Action: Added ByteBlt to EXPORTS • 
Time: July 31. 1979 3: 13 PM By: Forrest Action: Deleted ZoneExtension from EXPORTS 
Time: August G, 1979 9:37 AM By: McJones Action: Added DebuggerSwap to IMPORrs 
Time: August 9. '/979 4: 13 PM By, Dalal Action: Added Communication stuff 
Time: August 15, 1979 4:14 PM By: McJones Action: Added PilotSwitches to EXPORTS 



-- TestPiloH<ernel,config (last edited by: McJones on: August 20, 1979 5:03 PM) 
PACK -- resident code, each m0 dule corresponcls to a PACK in a smaller configuration 

PilotControl, -- Control 
FilerControl, -- Storage 
BootSwapCross, -- A1es~Runtime 
ResidentHeaplmpl, -- Misc 
IOCSlmpl; -- 10 

TestPilotKernel: CONFIGIJRAflON 
IMPORTS DebuggerSwa_p, DriverPrograms, PilotClient 
EXPORTS 

BEGIN 

Control; 

-- public -- ByteBlt, File, Forgot, Log, NetworkStream, Process, Runtime, Socket, Space, Stream, System, 
Volume, Zone, 
-- for Drivers Only -- DiskChannelBackend, IOCS, PilotSwitches, Processlnternal, ResidentHeap, Runtimelnternal, 
SpecialSpace, Utilities, 
-- Communication private -- OISCPDefs, StatsDefs, StatsPrivateDels, 
-- tor PUP package only -- BufferDefs, ByteBltDels, CommUtilDefs, DriverDefs, 
PupDefs, 
-- tor insiders only -- AltoDisk, DiskChannel, KernelFile, ResidentMemory, Snapshot, SpecialFile, SPPlnternal, 
Systemlnternal = 

Storage; 

MesaRuntime; 

Misc; 

Communication; 

10; 

END. 

LOG 

Time: February 19 79 By: Horsley Action: Createt1 File 
Time: March 19, 7979 3:45 PM By: Horsley Action: Changed VFS to Storage 
Time: April 9, 1979 4:23 PM By: Gobbel Action: Oeletecl OisplayPrivate 
Time: April 30. 1979 9:49 Ptv1 By: Lauer Action: J\dclecl Zone to CXPORTs 
Time: June 4. /9 79 -1. 17 Pf\/ By: Lauer Action: AtJcled ZoneExtension (temporary) and Resident Heap to EXPORTS 
Time: June 25. 1919 7:07 PM By: ~ilcJones Action: Ac/cled AltoDisk to EXPORTS 
Time: July 9, 1979 2: 15 PM i3y: Gobbel Action: Ac!ded ByteBlt to l:cXPORTs 
Time: July 31. 1979 3.13 PM By: Forrest Action: Deleted ZoneExtension from EXPORTS 
Time: August 6, 1979 9:37 AM By: McJones Action: Added DebuggerSwap to IMPORTS 
Time: August 9, 1979 10:21 AM By: Dalal Action: Added real Communication and stuff 
Time: August 15, 1979 4:02 PM By: McJones Action: Adcled KernelFile,PilotSwitches.Snapshot to EXPORTS 



-- PilotKernel>AltoDisk.mesa (last edited by Knutsen on August 1, 1979 10:28 AM) 

DIRECTORY 
AltoDefs: FROM "AltoDefs", 
AltoFileDefs: FROM "AltoFileDefs"; 

AltoDisk: DEFINITIONS = 

BEGIN OPEN AltoFileDefs, AltoDefs; 

-- standard disk 
nDisks: CARDINAL = 1; 
nHeads: CARDINAL = 2; 
nTracks: CARDINAL = 203; 
nSectors: CARDINAL = 12; 

-- physical disk address 
DA: PRIVATE TYPE = MACHINE DEPENDENT RECORD ( 

sector: [0 .. 178], 
track: [0 .. 7778], 
head, disk: (0 .. 1], 
restore: [0 .. 1]); 

-- DAs with special meaning 
lnvalidDA: DA = DA[178,7778,1,1,1]; 

-- disk header 
DH: TYPE = MACHINE DEPENDENT RECORD [ 

packlD: CARDINAL, 
diskAddress: DA]; 

-- file identifier 
FID: TYPE = MACHINE DEPENDENT RECORD [ 

version: CARDINAL, 
serial: SN]; 

-- disk label 
DL: TYPE = MACHINE DEPENDENT RECORD [ 

next, prev: DA, 
blank: UNSPECIFIED, 
bytes: CARDINAL, 
page: CARDINAL, 
filelD: FID]; 

-- disk final status 
DFS: PRIVATE TYPE = { 

CommandComplete, HardwareError, 
CheckError, lllegalSector}; 

-- disk status word 
OS: PRIVATE TYPE = MACHINE DEPENDENT RECORD [ 

sector: [0 .. 178), 
done: [0 .. 178], 
seekFailed: [0 .. 1), 
seeklnProgress: [0 .. 1), 
notReady: [0 .. 1], 
dataLate: [0 .. 1], 
noTransfer: [0 .. 1], 
checksumError: [0 .. 1], 
finalStatus: DFS]; 

-- useful status configurations 
DSfree: CARDINAL = 1; DSfake: CARDINAL = 3; DSdone: CARDINAL 178; 
DSmaskStatus: DS = DS[0,DSdone, 1,0, 1, 1,0, 1,LAST[DFS]); 
DSgoodStatus: OS = DS[0,DSdone,0,0,0,0,0,0,CommandComplete]; 
DSfakeStatus: OS = DS[0,DSfake,0,0,0,0,0,0,CommandComplete]; 
DSfreeStatus: OS = DS[0,DSfree,0,0,0,0,0,0,CommandComplete]; 

-- disk subcommands 
DSC: PRIVATE TYPE = {DiskRead, DiskCheck, DiskWrite}; 

-- hardware disk command 
DC: PRIVATE TYPE = MACHINE DEPENDENT RECORD [ 

1 



-- PilotKernel>AltoDisk.mesa (last edited by Knutsen on August 1, 1979 10:28 AM} 

seal: BYTE, 
header, label, data: DSC, 
seek, exchange: [0 .. 1 ]]; 

CBptr: TYPE = POINTER TO CB; 

-- Disk Command block 
-- NOTE: this format must be used with CB.DC.seal = 1118, since the high-bytes 

of the LONG POINTERS to the label and data are inserted before the header 
CB: TYPE = PRIVATE MACHINE DEPENDENT RECORD [ 

nextCB: POINTER TO CB, 
status: DS, 
command: DC, 
headerAddress: PUBLIC POINTER TO DH, 
labelAddressLow: WORD, 
dataAddressLow: WORD, 
normalWakeups: WORD, 
errorWakeups: WORD, 
labelAddressHigh: BYTE, dataAddressHigh: BYTE, 
header: PUBLIC DH, 

label: PUBLIC DL, -- remainder of CB record used only by software 
page: PUBLIC CARDINAL, 
zone: PUBLIC POINTER TO CBZ]; 

nCB: CARDINAL = 3; -- minimun for full disk speed 
ICBZ: CARDINAL = SIZE[CBZ] + nCB*{SIZE[CB] + SIZE[CBptr]); 

-- Note: if there are n CBs, there are n + 1 entries in the 
-- cbQueue (an extra one contains a NIL to mark the end). 
-- The extra one is represented by queueVec: ARRAY [0 .. 1) 
-- and thus is included in SIZE[CBZ]. 

CBZptr: TYPE = POINTER TO CBZ; 

CBZ: TYPE = PRIVATE MACHINE DEPENDENT RECORD [ 
chec1$Error: PUBLIC BOOLEAN, 
errorCount: PUBLIC (0 .. 77777B], 
info: PUBLIC POINTER, 
cleanup: PUBLIC PROCEDURE[CBptr], 
errorDA: PUBLIC vDA, 
currentPage: PUBLIC CARDINAL, 
currentBytes: PUBLIC CARDINAL, 
normalWakeups: WORD, 
errorWakeups: WORD, 
cbQueue: DESCRIPTOR FOR ARRAY OF CBptr, 
qHead, qTail: CARDINAL, 
queueVec: ARRAY [0 .. 1} OF CBptr]; 
-- the queue vector starts at queueVec. 
-- after the queue vector there follows 
-- ARRAY OF CB, the CBs for the zone. 

-- Procedures in ·DisklO 

RealDA: PROCEDURE [v:vDA] RETURNS [DA]; 
VirtualDA: PROCEDURE [da:DA] RETURNS [vDA]; 

SetDisk: PROCEDURE [POINTER TO DISK]; 
GetDisk: PROCEDURE RETURNS [POINTER TO DISK]; 
ResetDisk: PROCEDURE RETURNS [POINTER TO DISK]; 

ResetWaitCell: PROCEDURE; 
SetWaitCell: PROCEDURE [POINTER TO WORD) RETURNS [POINTER TO WORD]; 

DOC: TYPE = RECORD [ 
cb: CBptr, 
ca: LONG POINTER, 
da: vDA, 
page: PageNumber, 
fp: POINTER TO FP, 
restore: BOOLEAN, 

2 



-- PilotKernel>AltoDisk.mesa (last edited by Knutsen on August 1, 1979 10:28 AM) 

action: vDC]; 

DoDiskCommand: PROCEDURE [arg:POINTER TO DOC]; 

RetryCount: CARDINAL = 8; 
RetryableDiskError: SIGNAL [cb:CBptr]; 
UnrecoverableDiskError: SIGNAL [cb:CBptr]; 

CBinit: TYPE = {clear,dontClear}; 

lnitializeCBstorage: PROCEDURE [ 
zone:CBZptr, nCBs:CARDINAL, page:PageNumber, init:CBinit]; 

GetCB: PROCEDURE [zone:CBZptr, init:CBinit] RETURNS [cb:CBptr]; 

CleanupCBqueue: PROCEDURE [zone:CBZptr]; 

DiskCheckError: SIGNAL [page:PageNumber]; 

DiskRequestOption: TYPE = {swap, update, extend}; 

DiskRequest: TYPE = RECORD [ 
ca: LONG POINTER, 
da: POINTER TO vDA, 
firstPage: PageNumber, 
lastPage: PageNumber, 
fp: POINTER TO FP, 
fixedCA: BOOLEAN, 
action, lastAction: vDC, 
signalCheckError: BOOLEAN, 
option: SELECT OVERLAID DiskRequestOption FROM 

swap = > [desc: POINTER TO DiskPageDesc]. 
update = > [cleanup: PROCEDURE[CBptr]], 
extend = > [lastBytes: CARDINAL], 
ENDCASE]; 

DiskPageDesc: TYPE = RECORD [ 
prev, this, next: vDA, 
page: PageNumber, 
bytes: CARDINAL]; -

SwapPages: PROCEDURE [arg:POINTER TO swap DiskRequest] 
RETURNS [page:PageNumber, byte:CARDINAL]; 

END. 

LOG 

Time: September 14, 1978 6:23 PM By: Redell Action: Created File from Alto/Mesa DiskDefs converted to LONG 
POINTER disk controller. 

3 

Time: September 19, 1978 6:16 PM By: Redell Action: Moved high-bytes of label/data pointers to before header to 
avoid clobbering them when Using tricky Alto file label-chaining. 
Time: August 1, 1979 10:28 AM By: Knutsen Action: Gave module a Pilot-standard header paragraph. 

-------- -----



-- FilePagelabel.mesa (last edited by: Redell on: August 24, 1979 11:29 AM) 

--NOTE: The format of File Page Labels as defined here CAN NEVER BE CHANGED 
without invalidating all outstanding Pilot volumes. 

DIRECTORY 
Environment: FROM "Environment" USING [PageOffset], 
File: FROM "File" USING [ID, nullCapability, PageNumber, Type], 
lnline: FROM "lnline" USING [BITXOR, LongNumber], 
System: FROM "System"; -- fields of System.Universal/D/nu//1D used indirectly via File 

FilePageLabel: DEFINITIONS IMPORTS lnline SHARES File, System = 

BEGIN 

Label: TYPE = MACHINE DEPENDENT RECORD[ 
filelD: File.ID, -- set in label of every page 
filePageLo: CARDINAL, filePageHi: [0 .. 256), 
immutable: BOOLEAN, 

-- 24 bit Page Number, set in label of every page 

temporary: BOOLEAN, 
zeroSize: BOOLEAN, 
bootFile: BOOLEAN, 
pad1: [0 .. 16), 
var: SELECT OVERLAID • FROM 

-- valid only in label of pag~ 0 
.: valid only in label of page 0 
-- valid only in label of page 0 
-- valid in label of every page 
-- always zero 

normal = > [type: File.Type, pad2: UNSPECIFIED], 
bootFile = > [bootChainlink: LONG CARDINAL], 
ENDCASE]; 

-- valid in label of every page of a non-boot file 
-- valid in label of every page of a boot file 

nullLabel: FilePageLabel.Label = [ 
filelD: nulllD, 
filePageLo: 0, 
filePageHi: 0, 
immutable: FALSE, 
temporary: FALSE, 
zeroSize: FALSE, 
bootFile: FALSE, 
pad1: 0, 
var: normal[[0], 0]l; 

nulllD: File.ID = File.nullCapability.flD; 

LN: PRIVATE PROCEDURE ·[lowbits, high bits: CARDINAL] RETURNS [LONG CARDINAL] = 
MACHINE CODE BEGIN END; -- side-step compiler bug 

GetFilePage: PROCEDUf,E [label: LONG POINTER TO Label] RETURNS [File.PageNumber] 
BEGIN 
llE fURN[LN[lowbits: label.filePageLo, highbits: label.lilePageHil] 
END; 

SetFilePage: PllOCEDUl<E [label: LONG POINTER TO Label, fpn: File.PageNumber] 
BEGIN 
label.filePageLo +- LOOPHOLE[fpn, lnline.LongNumber].lowbits; 
label.filePageHi +- LOOPHOLE[fpn, lnline.LongNumber].highbits 
END; 

GetType: PROCEDURE [label: LONG POINTER TO Label] RETURNS [File.Type] = INLINE 
BEGIN f~ETURN [IF label.bootFile THEN IBootFile ELSE label.type] END; 

SetType: PROCE-TlUnE [label: LONG POINTER TO Label, type: File.Type] = INLINE 
BEGIN IF NOT (label.bootFile .. type = tBootFile) THEN label.type .. type END; 

tBootFile: PHIVATE File.Type = [16]; -- Must agree with File Types 

INLINE 

INLINE 

LabelCheckSum: PROCLDURE [label: LONG POINTER TO Label, offset: Environment.PageOffset] 
RETURNS [checksum: CARDINAL] = INLINE 

BEGIN 
filePage: LONG CARDINAL = LN[lowbits: label.filePageLo, highbits: label.lilePageHi]; 
adjFilePage: lnline.LongNumber = LOOPHOLE[filePage-offset]; 
RETURN [lnline.BITXOFl[label.filelD.a, lnline.BITXOR[label.filelD.b, lnline.BITXOR[label.filelD.c, lnline.BITXOR[label.filelD.d, 

lnline.BITXOR[adjFilePage.lowbits, acljFilePage.highbits]]]]]] 
END; 

END. 

LOG 



-- FilePageLabel.mesa (last edited by: Redell on: August 24, 1979 11:29 AM) 2 

Time: July 21, 1979 4:32 PM By: Redell Action: Created life 



-- Kernel File.mesa (last edited by: McJones on: August 16, 1979 8:38 PM) 

DIRECTORY 
File: FROM "File" USING [Capability, PageNumber, Type], 
SpecialFile: FROM "SpecialFile" USING [Link], 
VMMaplog: FROM "VMMaplog" USING [Entry], 
Volume: FROM "Volume" USING [ID]; 

KernelFile: DEFINITIONS = 

BEGIN 

DeleteTemps: PROCEDURE [volume: Volume.ID]; 
-- Delete all temporary files on given volume 

GetBootlocation: PROCEDURE [file: File.Capability] RETURNS [device: DeviceHandle, link: SpecialFile.Link]; 
-- Return device handle and disk address of page O of given boot file 

DeviceHandle: TYPE = RECORD [UNSPECIFIED]; -- LOOPHOLEd to 0/SProcessorFace.DeviceHandle 

GetFilePoint: PROCEDURE [pEntry: LONG POINTER TO VMMapLog.Entry, pFile: POINTER TO File.Capability, filePage: 
File.PageNumber]; 

-- Set pEntryt to description of run of backing-store pages beginning with given filePage; page field of returned Entry is 
garbage 

GetNextFile: PROCEDURE [volume: Volume.ID, file: File.Capability] RETURNS [nextFile: File.Capability]; 
-- Enumerate files on given volume (started with and ends with File.nul/Capability) 

GetRootFile: PROCEDURE [type: File.Type, vo!ume: Volume.ID] RETURNS [file: File.Capability]; 
-- Get file with maxPermissions of given (Root)type from volume root page 

OpenVolume: PROCEDURE[drive: CARDINAL, initFlag: BOOLEAN, rebuildFlag: BOOLEAN]; 
-- Open (or init or rebuild) volume (should this work by volumelD too?) 

Pin: PROCEDURE [file: File.Capability]; 
-- Pin file descriptor and page groups of this file into file cache 

END. 

LOG 

Time, August 28, 1978 10:05 PM By: Purcell Action: Created file as SpecialFile 
Time: September 28, 1978 10:05 PM By: Purcell Action: Added Pin 
Time: October 19, 1978 10:49 AM By: Purcell Action: CR 20. 103: remove File Type dependancies (removed PutRootFile) 
Time: August J6, 1979 8:38 PM By: Redell Action: Changed name to Kernel File; changed GetFilePoint 



-- ResidentMemory.mesa (last edited by: Lauer on: June 22, 1978 11:38 AM) --

DIRECTORY 
Environment: FROM "Environment"; 

ResidentMemory: DEFINITIONS = 
BEGIN 

Allocation of resident memory for l/O and miscellaneous use 
Allocate: PROCEDURE [where: Location, pages: CARDINAL] RETURNS [LONG POINTER]; 
Location: TYPE = {first64K, hyperspace}; 

Allocation of resident memory within MDS 
AllocateMDSPages: PROCEDURE (pages: CARDINAL] RETURNS [POINTER]; 
FreeMDSPages: PROCEDURE [base: POINTER, pages: CARDINAL]; 
END. 

LOG 

Time: June 9, 1978 11 :04 AM By: Lauer Action, Created file 
Time, June 22, 1978 11:38 AM By: Lauer Action: Separated a/location from MOS and elsewhere; added FreeMDSPages; 

moved Pin and Unpin to module "Special" 

- --- --------- ----



-- Pi/otKernet>Sto rage programs.mesa (last edited by: Knutsen on: August 23, 1979 9: 11 AM) 

DIRECTORY 
BootChannel: FROM "BootChannel" USING [DiskFilelD, Location], 
Environment: FROM "Environment" USING [PageCount, PageNumber], 
Space: FROM "Space" USING [Handle, WindowOrigin]; 

StoragePrograms: DEFINITIONS = 

BEGIN 

-- Programs to be STARTed by Pi/otControl 

Fi le rCont rol: PROGRAM; 

Swappe rCont rol: PROGRAM [pageBuffer: Environment.PageNumber, countBuffer: Environment.PageCount, 
pMaplogDesc: LONG POINTER]; 

Filelmpl: PROGRAM [bootFile: POINTER TO disk BootChannel.Location, pDebuggerlDs: POINTER TO BootFilelDs] 
RETURNS [debugClass DebugClass, debuggerDevice: UNSPECIFIED]; 
-- If boo/Fife.device-= nu I/Device then set system _volume to logical volume containing bootFile.id.da and return debugC/ass of 

that volume. II debugC/ass = debuggerOebugger or our debugger is not installed then return 
debuggerOevice = nu//Oevice, else return device and boot fife id's from our debugger's system volume. 

BootFilelDs: TYPE = MACHINE DEPENDENT RECORD [microcode, germ, pilot, debugger, debuggee: BootChannel.DiskFilelD]; 

DebugClass: TYPE = {normal, debugger, debuggerDebugger}; 

nul!Device: UNSPECIFIED = -1; -- should be equatecl to something in ProcessorFace 

VMMControl: PROGRAM [countVM: Env1ronment.Pag0Count, pMaplogDesc: LONG POINTER); 

-- Initialization of virtual memory database 

Desc ri beSpace: PROCEDURE (options: SpaceOptions, page: Environment.PageNumber, count: Environrnent.PageCount, window: 
Space. WindowOrigin); 

-- Add to VM database (space ancf region caches) 

SpaceOptions: TYPE = m:CORD [ 
initiallyResident, special, pinRegionD, error, simpleSpace, emptylnterval, createRegion, pinned, m8ppecl, createSpace, 

subspace, pinSpaceD, mStoreDeallocate: BOOLEAN]; 

in special pinRegionD error simpl empty region pin map space subs,o pinSD ms/ore 

createSimpleSpace: SpaceOptions = 
[ F/\L.SI:, FALSE, HlUE, FALSE, TRUE, F/\LSE, l RUE, FALSE, FALSE, TRUE, F/\LSC:, TRUE, 

noOp: SpaceOptions = 
[ 1-'/\LSE, FALSE, FALSE, F/\LSE, F/\LSE, FALSE, FALSE, FALSE, FALSE, 1=ALSE, FALSE, FALSE, 

error: SpaceOptions = 
[ FALSE, FALSE, FALSE, TRUE, FALSE, FALSE, FALSE, FALSE, FALSE, HILSE, FALSE, FALSE, 

free: SpaceOptions = 
[ FALSE:, FALSE, FALSE, FALSE, FALSE, FALSE, FALSE, FALSE, FALSE, FALSE, FALSE, fALSE, TRUE]; 

empty: SpaceOptions = 
[ FALSE, FALSE, FALSE, FALSE, FALSE, TRUE, FAL_SE, FALSE, FALSE, FALSE, FALSE, FALSE, 

HandleFromPage: PFlOCEIJURF [page: Fnvironment.PageNumber] RE' TUf,NS (Space.Handle); 
-- Return handle corresponding to space or parent (not subSpace) starting at given page 

SuperFromPage: Pf10CEDum= [page: Environrnent.PageNumber] RE:::TUHNS [Space.Handle, Environrnent.PageNumber]; 
-- Return handle and first paue number of superSpace of space or parent (not subSpace) starting at given page 

-- Other 

ReplacementP ror.ess: PROCFDUHI, (threshold: Environment.PageCount]; 
-- FORK (and Uetach) after all DescribeSpace 's with option.mStoreDeallocate = TRUE 

END. 

LOG 

Time: July 14, 1978 10:01 AM 
Time, July 17, 1978 5:30 PM 

By: McJones Action: Created file 
By: McJones Action: Added countReal to SwapperControl, VMMControl 

FALSE]; 

fALSE]; 

FALSE]; 

FALSE); 



-- PilotKerneJ>S to rage programs.mesa (last edited by: Knutsen on, August 23, 1979 9:11 AM) 2 

Time: August 10, 1978 5:13 PM By: Purcell 
Time: August 16, 1978 8:01 PM By: Purcell 
Time: August 29, 1978 11:33 AM By: McJones 
Time: September 29, 1978 5:23 PM By: McJones 
Time: July 31, 1979 11: 16 AM By: McJones 
Time: August 23, 1979 9:12 AM By: Knutsen 

Action: Added DesribeSpace 
Action: Added pMapLogDesc 
Action: Added ReplacementProcess; added pMapLogDesc to SwapperControl 
CR20.45, Added UnmapDataSpaces 
Action: Added boot file id's to File/mp/ 
Action, Improved readability of SpaceOptions table. 



-- Pi/otKemel>Systemlnternal.mesa (last edited by: forrest on: August 10, 1979 5:05 PM) 

DIRECTORY 
Environment: FROM "Environment" USING [maxCARDINAL]; 

Systemlnternal: DEFINITIONS = 

BEGIN 

-- Processor identififiers 
ProcessorlD: TYPE = PRIVATE MACHINE DEPENDENT RECORD 

element: ElementType, 
series: CARDINAL); -- you should not need access fields of Processor/0 unless you are the Ethernet driver! 
-- Note: The bits are stored in a Processor/D LOW ORDER BITS FIRST, just as if it were a Mesa LONG CARDINAL 

SeriesType: TYPE = {altoFP, ethernet, ois}; 
ElementType: TYPE = RECORD [SELECT COtvJPUTED SeriesType FROM 

ethernet = > [net: [0 .. 256), host: [0 .. 256)), -- series = ethernetSeries 
ois = > [CARDINAL], -· series IN OISProcessorSeries 
ENDCASE]; 

OISProcessorSeries: TYPE = [O .. LAST[CARDINAL]-1); 
-- All 0/S processors are assigned Processor/D's by the factory in a series defined by this subrange 

ethernetSeries: CARDINAL = LAST[CARDINAL)-1; 
-- This series of Processor/D's is reserved for identifiying system elements (Alto's. DO's. Dorado's. etc.) which are attached to the Ethernet 
and for which an Ethernet address must be derivable. 

altoFPSeries: CARDINAL = LAST[CARDINAL]; 
-- NO Processor/D's of this series will be issued; this series is only for recognizing Universal/D's which contain Alto FP's (see below) 

nullProcessorlD: ProcessorlD = [element: [ois[0]), series: OJ; --this code must be kept consistent with the communications 
interfaces! 

broadcastProcessorlD: ProcessorlD = [element: [ois[Environment.maxCARDINAL]), series: Environment.maxCARDINAL]; -- a 
special Processor/0 used tor broadcasting messages. This code must be l(ept consistent with the communications interfaces! 

GetProcessorlD: PROCEDURE RETUFlNS [p: ProcessorlD]; 
-- Returns tile Processor/D by which this system element is known to software. Xerox Wire, Ethernet, etc. 

-- Alto file pointers (FP's) 
AltoFP: rYPE = RECORD [ --this type is to allow Pilot to access Alto files from the Alto disk 

serial: LONG INTEGER, 
leaderDA: CARDINAL.]; 

-- Universal identifiers 
UniversallD: TYPE = PRIVATE RcCOno 

series: CARDINAL., 
extension: SELECT COMPUTED SeriesType FROM 

altoFP = > [Ip: AltoFP], •· Univorsai/lJ.sories = altoFPSr,ries 
ethernet, ois = > [a, b, c: UNSPEClf IED], -- (Universal/0.series IN OISProcessorSeries) OR (UniversallD.series = etliernetSeries) 
ENDCASE]; - you should not need to access the fields of a UniversallD unless you are trying to recover an AltoFP from it. 

nulllD: ois UniversallD = [series: 0, extension: ois[a: 0, b: 0, c: 0]]; 

-- Signal to be raised if an unimplemented feature is encountered 
Unimplemented: SIGNAL; 

END. 

LOG 

Time: April 12, 1978 11:56 AM By: HCL Action: Created file 
Time: May 4. 1978 3:19 PM By: Lauer Action: Fixed for Mesa 4.0; established this file as the "official" version; added 

NetworkAddresses 
Time: May 5, 1978 11: 12 AM By: Lauer Action: Added nu/1ID 
Time: June 21, 1918 10:03 AM By: Lauer Action: Corrected bugs in 0/SProcessorSeries, Universa/1D; changed TimerHandle 

per request from Horsley, adcled nul/NetworkAddress and nul/Processor/D 
Time: August 11, 1978 10:22 AM By: Lauer Action: Added broadcastProcessorlD; moved TimerHand/e to System 
Time: March 9, 1979 1:45 PM By: McJones Action: Moved NetworkAddress to System 
Time: July 19, 1979 10:32 AM By: Knutsen Action: broadcastHostNumber, nullHostNumber removed from System, put 

into Systemlnternal. 
Time: July 19, 1979 10:32 AM 

into Systernlnternal. 
By: Knutsen 

Time: August 10, 1979 5:07 PM By: Forrest 
SystemlNternal.unimplemented. 

Action: broadcastHostNurnber, nullHostNumber removed from System, put 

Action: Started migration of Forgot.unimplemented to 



-· Sto rage.config (last edited by: McJones on: August 20, 1979 4:38 PM) 
PACK •• resident code; each module corresponds to a PACK in a smaller configuration 

FilerControl, •· Filer 
SwapperControl; •· Swapper 

Storage: CONFIGURATION 
IMPORTS DiskChannel, Forgot, PilotSwitches, Process, ResidentMemory, Runtime, Runtimelnternal, System, 
Systemlnternal, Utilities 
EXPORTS AltoDisk, File, KernelFile, Space, SpecialFile, SpecialSpace, StoragePrograms, Volume = 

BEGIN 

Filer; 

FileMgr; 

Swapper; 

VMMgr; 

END. 

LOG 

Time: July 21, 1978 1:26 PM By: Horsley Action: Created file 
Time: August 1, 1978 1:55 PM By: McJones Action: Added Runtimelnternals, Utilities to IMPORTS 
Time: August 18, 1978 4:33 PM By: McJones Action: Dropped SimpleSpace from EXPORTS 
Time: September 3, 1978 8:09 AM By: Lauer Action: Added Specia/Space to EXPORTS 
Time: September 28, 1978 6:38 PM By: McJones Action: Added Specia/File to EXPORTS 
Time: March 23, 1979 3:43 PM By; McJones Action: Added Disl<Channel, ResidentMemory to IMPORTS 

Time: April 14, 1979 2:16 PM By: McJones Action: Added AltoDisl< to EXPORTS (temporary, for MesaRuntime) 
Time: July 19, 1979 9:28 AM By; McJones Action: Added Forgot, Runtime to IMPORTS 
Time: August 15, 1979 4:29 PM By: McJones Action: Added Kerne/File to EXPORTS; VMMode ~ > PilotSwitches 



-- Storage>CachedRegion.mesa (last edited by: McJones on: March 7, 1979 1:24 PM) 

DIRECTORY 
CachedSpace: FROM "CachedSpace" USING [Desc, Level], 
VM: FROM "VM" USING [Interval, PageNumber]; 

CachedRegion: DEFINITIONS = 

BEGIN 

Desc: TYPE = RECORD [ 
interval: VM.lnterval, 
level: CachedSpace.Level, 
dTemperature: DTemperature, 
dPinned: BOOLEAN, 
dDirty: BOOLEAN, 
state: State, 
levelMapped: CachedSpace.Leve1·, 
beingRemapped: BOOLEAN]; 

DTemperature: TYPE = [0 . .4); 

State: TYPE = { 
missing, 
checkedOut, 
unmapped, 
outDead, 
outAlive, 

-- maximum level of containing space 
-- cache replacement algorithm state (private to imp/.) 
-- descriptor ineligible for replacement? 
-- descriptor modified since cached? 

-- level of mapping space (assuming state IN Mapped) 
-- (assuming state IN Mapped) 

-- should have 2n values 

inSwappableColdest, inSwappable2, inSwappable3, inSwappableWarmest, 
inPinned}; -- (only if space or ancestor is pinned) 

Mapped: TYPE = State[outDead .. inPinned]; 

Swappable: TYPE = Mapped[outDead .. inSwappableWarmest]; 

Out: TYPE = Mapped[outDead .. outAlive]; 

In: TYPE = Mapped[inSwappableColdest..inPinned]; 

lnSwappable: TYPE = ln[inSwappableColdest..inSwappableWarmest]; 

Operation: TYPE = RECORD [ 
ifMissing: ReportSkip, 
ifCheckedOut: ReturnWait, 
afterForking: ReturQWait, 
vp: SELECT action: • FROM 

activate = > [why: ActivatePagefault], 
age => NULL, 
clean = > [andWriteProtect: BOOLEAN], 
deactivate = > NULL, 
flush =) NULL, 
get = > [andResetDDirty: BOOLEAN, pDescResult: POINTER TO Desc], 
kill =) NULL, 
map = > [level: CachedSpace.Level], 
pin => NULL, 
remapA = > [firstClean: BOOLEAN], 
remapB = > [from: POINTER TO CachedSpace.Desc], 
unmap = > NULL, 
unpin = > NULL, 
unused 15, unused16 = > [u: UNSPECIFIED], 
ENDCASE]; 

ActivatePagefault: TYPE = {activate, pagefault}; 

ReportSkip: TYPE = {report, skip}; 

ReturnWait: TYPE {return, wait}; 



.. Storage>CachedRegion.mesa 0ast edited by: McJones on: March 7, 1979 1:24 PM) 2 

•· Standard region operations 
•· name: mumble Operation [if Missing, ifCheckedOut, afterForking, action[other parameters]] 
activate: activate Operation = [report, return, return, activate[why:- activate]]; 
pagefault: activate Operation = [report, return, return, activate[why: pagefault]); 
age: age Operation = [skip, return, return, ageO]; 
deactivate: deactivate Operation = [skip, return, return, deactivate[]]; 
flush: flush Operation [skip, wait, wait, flush[]]; 
forceOut: clean Operation [skip, wait, wait, clean[andWriteProtect: FALSE]]; 
kill: kill Operation [report, wait, return, kill[]]; 
pin: pin Operation = [report, wait, wait, pinO]; 
unmap: unmap Operation [report, wait, wait, unmap[]]; 
unpin: unpin Operation [report, wait, return, unpin[]]; •· actually ifMissing = >error 
writeProtect: clean Operation = [skip, wait, wait, clean [ and WriteProtect: 

TRUE]]; 

Outcome: TYPE RECORD [SELECT kind: * FROM 
ok =) NULL, 
notePinned = > [levelMax: CachedSpace.Level], .. only from unpin 
regionDMissing = > NULL, -
regionDDirty = > NULL, 
spaceDMissing = > [level: CachedSpace.Level], 
error = > [state: CachedRegion.State], 
ENDCASE]; 

Apply: PROCEDURE [pageMember: VM.PageNumber, operation: Operation] 
RETURNS [outcome: Outcome, pageNext: VM.PageNumber]; 

•· Sets pageNext to desc.intervat.page + desc.intervat.count if there exists a cached desc with pageMember in desc.interval; 
else sets pageNext to (smallest) desc.intervat.page if there exists a cached desc with 
desc.interval.page>pageMember; else sets pageNext to pageTop 

pageTop: VM.PageNumber = LAST[VM.PageNumber]; 

lnse rt: PROCEDURE [desc: Desc] RETURNS [descVictim: Desc]; 

END. 

•· If descVictim.dDirty, then descVictim must be written through to higher level database 
•· desc.dPinned and desc.dOirty are significant; desc.dTemperature is ignored 

Notes 

The level and !eve/Mapped fields can be more compactly encoded by observing that if it is defined, /eve/Mapped is IN (0 .. /evel]; we 
can define the following: 

LM: TYPE = {/0, /1m1, 12m1, 12m2, /3m1, /3m2, 13m3, .. . }; 

So 4 levels requires only 3 bits; the 4 bits currently used for level and /eve/Mapped would allow 6 levels. 

To complete the scheme, we define: 

Leve/FromLM: ARRAY LM OF Level = [0, 1, 2, 2, 3, 3, 3, .. . ]; and 
Leve/MappedFromLM: ARRAY LM OF Level = [dontcare, 1, 1, 2, 1, 2, 3, .. . ]; 

LOG 

Time: March 1978 By: McJones Action: Created file 
Time: June 7. 1978 12:22 P,'VI By: McJones Action: DTempern.ture had closed upper bound 
Time: June 20, 1978 1:16 PM By: McJones Action: Added get, getResetDDirty operations 
Time: June 23, 1978 4:34 PM By: McJones Action: Dropped CheckOut/Checktn 
Time: August 1, 1978 4:00 PM By: McJones Action: Removed pageNext from Outcome; dropped probe, added unusedXX 
Time: August 4, 1978 1:32 PM By: McJones Action: Added beingRemapped; remap = > remapA + remapB 
Time: September 10, 1978 1:20 PM By: McJones Action: Added Swappable, notePinned 
Time: March 7, 1979 1:24 PM By: McJones CR20.48: Added andWriteProtect to clean Operation 



-- Storage>CachedSpace.mesa (last edited by: McJones on: March 5, 1979 2:25 PM) 

DIRECTORY 
Space: FROM "Space" USING [WindowOrigin], 
VM: FROM "VM" USING [Interval, PageCount, PageNumber]; 

CachedSpace: DEFINITIONS == 

BEGIN 

Level: TYPE == [0 . .4); -· see CachedRegion.Desc for packing considerations 

Handle: TYPE == RECORD [level: Level, page: VM.PageNumber]; -· the implemenation of a Space.Handle 

handleVM: Handle == [level: 0, page: O]; -· the root of the space tree 
handleNull: Handle = [level: 0, page: LAST[VM.PageNumber]]; .• not a space 

State: TYPE == {missing, unmapped, mapped, beingRemapped}; 

DataOrFile: TYPE = {data, file}; 

Desc: TYPE == RECORD [ 
interval: VM.lnterval, 
level: Level, 
dPinned: BOOLEAN, 
dDirty: BOOLEAN, 
pinned: BOOLEAN, 
state: State, 
writeProtected: BOOLEAN, 
dataOrFile: DataOrFile, 
pageRover: VM.PageNumber, 
vp: SELECT OVERLAID * FROM 

short = > NULL, 
long = > [ 

window: WindowOrigin, 
countMapped: VM.PageCount], 

ENDCASE]; 

PDesc: TYPE == LONG POINTER TO Desc; 

WindowOrigin: TYPE = Space.WindowOrigin; 

•• descriptor ineligible for replacement? 
-- descriptor modified since cached? 
·- TRUE only if space or ancestor is mapped 

-- window.file is immutable or doesn't have write permission 

-- for Space.Create with default base 

-- Interpretation of handles by these operations is not "strict", page may be any page of space 

lnse rt: PROCEDURE (pDescVictim: PDesc, pDesc: PDesc]; 
-- Upon return, if pOescVictim.dDirty, then pOescVictimt must be written through to higher level database 
-- pDesc.dPinned and pOesc.dDirty are significant 

Delete: PROCEDURE [space: Handle]; 

Get: PROCEDURE [pDescResult: PDesc, space: Handle]; 

Update: Pf10CEDURE [pDesc: PDesc] RETURNS [found: BOOLEAN]; 
-- pDesc.dPinned is significant; cached desc.dDirty is set as side-effect 

END. 

Notes 

It is necessary to avoid page faults within the monitor implementing this interface. In a system with a resident and a nonresident 
frame heap. it is important to prevent long parameter or result records from being allocated in the nonresident frame /Jeap. When 
the stack is increased to 16 words, all the above parameter/result records would fit on the stack even with the by-reference 
changed to by-value. In the mean time, it is up to tile caller to provide references to resident storage. 

LOG 

Time: March 1978 By: McJones Action: Created file 
Time, August 1, 1978 4:21 PM By, McJones Action, Removed dataOrFile from state 
Time: August 11, 1978 11:48 AM By: McJones Action: Added beingRemapped to State 
Time: September 10, 1978 1:23 PM By: McJonos Action: Added pinned field to Desc 
Time: February 1. 1979 1:59 PM By: McJones CR20.169: Added pagoRover (and variants to Desc) 
Time: March 5, 1979 2:25 PM By: McJones Action: Added Handle, handleVM 



-- FileCache.mesa (last edited by Redell on June 23, 1978 4:22 PM) 

DIRECTORY 
File: FROM "File"' 
Filelnternal: FROM "Filelnternal"; 

FileCache: DEFINITIONS = 

BEGIN 

GetFilePtrs: PROCEDURE [count: CARDINAL, filelD: File.ID) 
RETURNS [success: BOOLEAN, fD: Filelnternal.FilePtr]; 

ReturnFilePtrs: PROCEDURE [count: CARDINAL, to: Filelnternal.FilePtr]; 

SetFile: PROCEDURE [fd: Filelnternal.Descriptor, pinned: BOOLEAN]; 

FlushFile: PROCEDURE [filelD: File.ID]; 

GetPageGroup: PROCEDURE [filelD: File.ID, filePage: File.PageNumber] 
RETURNS [success: BOOLEAN, pg: Filelnternal.PageGroup); 

SetPageGroup: PROCEDURE [filelD: File.ID, group: Filelnternal.PageGroup, pinned: BOOLEAN]; 

END. 

LOG 

Time: April 15, 1978 3:46 PM By: Redell Action: Created file 



-- Fi lel nte rna I.mesa (last edited by: Redell on: August 22, 1979 6:48 PM) 

DIRECTORY 
File: FROM "File" USING [delete, grow, ID, PageCount, PageNumber, Permissions, read, shrink, Type, write], 
Volume: FROM "Volume" USING [ID]. 
Volumelnternal: FROM "Volumelnternal" USING [Location, PageNumber]; 

Filelnternal: DEFINITIONS = 

BEGIN 

maxPermissions: File.Permissions = File.read+ File.write+ File.grow+ File.shrink+ File.delete; 

AllocationStatus: TYPE = {free, busy}; 

FilePtr: TYPE = POINTER TO Descriptor; 

Descriptor: TYPE = RECORD[ 
filelD: File.ID, 
volumelD: Volume.ID, 
body: SELECT location: Volumelnternal.Location FROM 

remote = > NULL, 
local = > [ 

immutable: BOOLEAN, 
temporary: BOOLEAN, 
size: File.PageCount, 
type: File.Type], 

ENDCASE]; 

PageGroup: TYPE= RECORD[ 
filePage: File.PageNumber, 
volumePage: Volumelnternal.PageNumber, 
nextFilePage: File.PageNumber]; 

Operation: TYPE = {read, write, readlabel, writelabel, verifylabel, readlabelAndData, writelabelsAndData}; 

END. 

LOG 

Time: May 13, 1978 2:49 PM 
Time, June 23, 1978 3,18 PM 
Time, March 7, 1979 4:20 PM 
Time: July 21, 1979 4: 15 PM 

By: Redell 
By: Redell 
By: Redell 
By: Redell 

Action: Created file 
Action: Brol<e off volume-related items into Volumelnternal 
Action: Moved definition of filer operations in from old FilePageTransferlnternal. 
Action: Moved definition of Label out to FilePageLabel. 



-- FilePageTransfer.mesa (last edited by: Redell on: March 7, 1979 4:11 PM) -­

DIRECTORY 
Environment: FROM "Environment", 
File: FROM "File"' 
Filelnternal: FROM "Filelnternal"; 

FilePageTransfer: DEFINITIONS = 
BEGIN 

Request: TYPE = RECORD[ 
file: File.Capability, 
filePage: File.PageNumber, 
memoryPage: Environment.PageNumber, 
count: Environment.PageCount, 
opSpecific: SELECT operation: Operation FROM 

read = > [priorityPage: File.PageNumber], 
write = > NULL, 
ENDCASE]; 

Operation: TYPE = Filelnternal.Operation[read .. write]; 

Initiate: PROCEDURE [req: Request]; / 
( 

Wait: PROCEDURE RETURNS [Environment.PageNumber]; 

END. 

LOG 

Time: March 10, 1978 3:09 PM By: Redell Action: Created file 



.. FilerException.mesa (last edited by: February 27, 1979 9:43 PM) •• 

DIRECTORY 
FilePageTransfer: FROM "FilePageTransfer"; 

FilerException: DEFINITIONS = 
BEGIN 
Report: PROCEDURE [FilePageTransfer.Request]; 
Await: PROCEDURE RETURNS [FilePageTransfer.Request]; 
END. 

LOG 

Time: February 27, 1979 9:43 PM 
Time: timeStamp By: yourName 

By: Redell Action: Created file from old CacheMiss.mesa 
Action: shortDescription 

--------------~ 



-- LabelTransfer.mesa (last edited by: Redell on: August 19, 1979 2:12 PM) 

DIRECTORY 
DiskChannel: FROM "DiskChannel" USING [Address, Drive], 
Environment: FROM "Environment" USING [PageNumber], 
File: FROM "File" USING [PageNumber], 
Filelnternal: FROM "Filelnternal" USING [Descriptor, Operation, PageGroup], 
FilePagelabel: FROM "FilePagelabel" USING [Label], 
Volumelnternal: FROM "Volumelnternal" USING [PageNumber]; 

LabelTransfer: DEFINITIONS = 
BEGIN 

Operation: TYPE = Filelnternal.Operation[readlabel..writelabelsAndData]; 

Readlabel: PROCEDURE [ 
file: Filelnternal.Descriptor, 
ijlePage: File.PageNumber, 
volumePage: Volumelnternal.PageNumber] RETURNS [FilePageLabel.Label]; 

ReadRootlabel: PROCEDURE [ 
drive: DiskChannel.Drive, 
rootPage: Volumelnternal.PageNumber] RETURNS [label: FilePagelabel.Label, labelValid: BOOLEAN]; 

Writelabels: PROCEDURE [ 
file: Filelnternal.Descriptor, 
pageGroup: Filelnternal.PageGroup]; 

Verifylabels: PROCEDURE [ 
file: Filelnternal.Descriptor, 
pageGroup: Filelnternal.PageGroup] RETURNS [labelsValid: BOOLEAN); 

ReadLabelAndData: PROCEDURE [ 
file: Filelnternal.Descriptor, 
filePage: File.PageNumber, 
volumePage: Volumelnternal.PageNumber, 
memoryPage: Environment.PageNumber] RETURNS [FilePageLabel.Label]; 

WritelabelsAndData: PROCEDURE [ 
file: Filelnternal.Descriptor, 
pageGroup: Fi:elnternal.PageGroup, 
memoryPage: Environment.PageNumber, 
type: LabelType +- normal, 
lastlink: DiskChanncl.Address ... NULL); 

LabelType: TYPE = {normal, chained}; 

END. 

LOG 

Time: June 15, 1978 11:03 PM By: Redell 
Time: March 13, 1979 7:28 PM By: Redell 
Time: August 1. 1979 12:13 PM By: Redell 
Time: August 13, 1979 3: 18 PM By: Rec/el/ 

don't loophole drive 

Action: Created file 
Action: Adcfed ReadRootLabel operation 
Action: Updated to use FilePageLabel 
Action: Changed WriteLabelAnc/Data to do runs of pages with optional chaining; 



-- Storage>SimpleSpace.mesa (last edited by: Knutsen on: August 21, 1979 10:18 AM) 

DIRECTORY 
Space: FROM "Space" USING [Handle, PageCount, PageNumber, WindowOrigin); 

SimpleSpace: DEFINITIONS = 

BEGIN 

-- Change FileMgr (and ?) to use types from Space and drop these definitions: 
Handle: TYPE = Space.Handle; -- note intended callers are not in a position to import Space 
WindowOrigin: TYPE = Space.WindowOrigin; 

-- Operations usable only during Pilot initialization 

Location: TYPE = {first64K, mds, hyperspace}; 

Create: PROCEDURE [count: Space.PageCount, location: Location] RETURNS [handle: Space.Handle]; 

Dis a blelnitialization: PROCEDURE; 

1 

-- Executed after the last simple space has been created but before the contents of the Swapper space and region caches are 
reflected up into the VMMgr database 

-- Operations usable at all times 

Page: PROCEDURE [handle: Space.Handle] RETURNS [Space.PageNumber]; -- could be inline ... 
-- Returns starting page number of argument simple space 

defaultCount: Space.PageCount = LAST[Space.PageCount]; 
Map: PROCEDURE [handle: Space.Handle, window: Space.WindowOrigin, andPin: BOOLEAN, 

countMapped: Space.PageCount .. defaultCount]; 
-- Analogous to Space.Map, except: window.file must exist, must not be immutable (unless window.file lacks write permission), 

and must not end before countMapped, which if defaulted means the size of the simple space 
-- If winciow = cielaultWindow, then we allocate real memory and pin it (no backing file); in this case, andPin and 

countMapped are ignored. 

Unmap: PflOCEDURE [Space.Handle]; 
-- Analogous to Space.Unmap 

ForceOut: PliOCEDUf-1E [Space.Handle]; 
-- Analogous to Space.ForceOut 

END. 

LOG 

Time: June 19. 1978 5:50 PM By: McJones Action: Created file 
Time: August 7, 1978 11:44 PM By: Purcell Action: Action: Adcied DisableCreate, parameters type to Create and andPin to Map 
Time: August 10, 1978 3:56 PM Ry: Purcell Action: Moved generalized create to VFSPrograms.DescribeSpace 
Time: August 29, 1978 1:17 PM By: McJones Action: Added ForceOut 
Time: March 5, 1979 9:48 AM By: McJones Action: Changed definition of handle 
Time: August 15, 1979 9:17 AM By: McJones Action: Added countMapped to Map 
Time: August 21, 1979 10:18 .AM By: Knutsen Action: Added comment to Map (not recompiled) 



.. SubVolume.mesa (last edited by, Redell on: August 17, 1979 2:44 PM) 

DIRECTORY 
DiskChannel: FROM "DiskChannel" USING [Address, CompletionHandle, Handle], 
Environment: FfiOM "Environment" USING [PageNumber], 
File: FROM "File" USING [PageNumber], 
Filelnternal: FnOM "Filelnternal" USING [FilePtr, Operation], 
Volume: FROM "Volume" USING [ID], 
PhysicalVolume: FROM "PhysicalVolume" USING [PageNumber, SubVolumeDesc], 
Volumelnternal: FROM "Volumelnternal" USING [PageNumber]; 

SubVolume: DEFINITIONS = 

BEGIN 

PageNumber: TYPE = LONG CARDINAL; 
PageCount: TYPE = LONG CARDINAL; 

Handle: TYPE = LONG POINTER TO Descriptor; 

Descriptor: TYPE = RECORD[ 
lvlD: Volume.ID, 
lvPage: Volumelnternal.PageNumber, 
pvPage: PhysicalVolume.PageNumber, 
nPages: PageCount, 
channel: DiskChannel.Handle]; 

Find: PROCEDURE [vlD: Volume.ID, page: Volumelnternal.PageNumber] FlETURNS [success: BOOLEAN, subVolume: Handle]; 

GetPageAddress: PROCEDURE [vlD: Volume.ID, page: Volumelnternal.PageNumber] RETURNS [channel: DiskChannel.Handle, 
address: DiskChannei.Address]; 

Online: PROCEDUFiL [subVolume: PhysicalVolume.SubVolumeDesc, channel: DiskChannel.Handle]; 

Offline: PROCEDURE [vlD: Volume.ID]; 

Sta rtlO: Pf10CED1;1 lE [op: File Internal.Operation, subVolurne: Handle, subVolumePage: PageNumber, memPage: 
Environment.PagE,Number, filePtr: Filelnternal.FilePtr, filePage: File.PageMumber, chained: BOOLEAN <- FALSE, link: 
OiskCl1annel.Adclrcss <- NULL]; 

completion: fiE:AOONL Y Disl<Channel.CornpletionHandle; 

END. 

LOG 

rime, March 1. 1979 10:50 AM By: Redell 
Volumelnternal.mesa. 

Time: March 19, 1979 9:22 AM 
Time: July 24, 1979 ,126 PM 
Time: July 27, 1979 3:37 PM 
Time: August 13, 1979 4:22 PM 

DiskChannel types. 

By: Redell 
By: Forrest 
By: Forrest 
By: Redell 

Action: Created file from old Disk.mesa, VolumeCache.mesa, and 

Action: Split Descriptor into onLine and of/Line variants. 
Action: Mahe subvolume record machine dependent. Add Subvolume Field 
Action: cliange subvo/ume count field to Logical Volume Size Field 
Action: Added PageAddress stuff for boot chains. Removed useless LOOPHOLES to 



-- Storage>SW appe rException.mesa (last edited by: McJones on: March 2, 1979 5:54 PM) 

DIRECTORY 
CachedRegion: FROM "CachedRegion" USING (Operation, Outcome], 
VM: FROM "VM" USING [PageNumber]; 

SwapperException: DEFINITIONS = 

BEGIN 

Await: PROCEDURE RETURNS (page: VM.PageNumber, operation: CachedRegion.Operation, outcome: CachedRegion.Outcome]; 

Report: PROCEDURE (page: VM.PageNumber, operation: CachedRegion.Operation, outcome: CachedRegion.Outcome]; 

END. 

LOG 

Time: March 1978 By: McJones Action: Created file 
Time: July 31, 1978 11:03 AM By: McJones Action: Action, Outcome = > PageNumber, Operation, Outcome 



•· Storage>VM.mesa (last edited by: McJones on: March 1, 1979 12:18 PM} 

DIRECTORY 
Environment: FROM "Environment" USING [PageCount, PageNumber, PageOffset]; 

VM: DEFINITIONS 

BEGIN 

PageCount: TYPE = Environment.PageCount; 

PageNumber: TYPE = Environment.PageNumber; 

PageOffset: TYPE = Environment.PageOffset; 

Interval: TYPE = RECORD [page: Environment.PageNumber, count: Environment.PageCount]; 

END. 

LOG 

Time: June 24, 1978 2:09 PM By: McJones Action: Created file 



-· Volumelnternal.mesa (last edited by: Redell on: March 13, 1979 7:31 PM) 

DIRECTORY 
System: FROM "System", 
Systemlnternal: FROM "Systemlnternal", 
Volume: Ff1OM "Volume"; 

Volumelnternal: DEFINITIONS 
SHARES Systemlnternal = 

BEGIN 

PageNumber: TYPE = LONG CARDINAL; 

Descriptor: TYPE = RECORD[ 
volumelD: Volume.ID, 
open: BOOLEAN]; 

Location: TYPE = {local, remote}; 
DriveHandle: TYPE = RECORD [LONG UNSPECIFIED]; •• LOOPHOLEd to a DiskChannel.DriveHandle. 

altoVolume: Volume.ID = [LOOPHOLE[Systemlnternal.UniversallD[series: Systemlnternal.altoFPSeries, extension: altoFP[fp: [O, 
Olll, System.UniversallD]]; 

END. 

LOG 

Time: June 23, 1978 2:49 PM By: Redell Action: Created file 
Time: August 4, 1978 2:49 PM By: Redell Action, Defined Disl<Handle to eliminate compilation dependency on RigidDisk. 
Time: August 29, 1978 2:43 PM By: Purcell Action: Loopholed altoVolume from Systemlnternal.Universa/1D 
Time: August 30, 1978 2:39 PM By: Lauer Action: Fixe.J} syntactically incorrect LOOPHOLE of yesterday 
Time: March 7, l979 2:43 PM By: Redell Action: Made PageNumber a LONG CAIWINAL, as allowed by Mesa 5.0. Removed 

physical disk info to SubVolume interlace. 



•· VM Mg r.config (last edited by: McJones on: August 20, 1979 6:00 PM) 

PACK 
Hierarchylmpl, 
Maploglmpl, 
Projectionlmpl, 
Spacelmpl, 
STLeaflmpl, 
STreelmpl, 
VMMControl; 

VMMgr: CONFIGURATION 
IMPORTS CachedRegion, CachedSpace, File, Forgot, KernelFile, PilotSwitches, Process, Runtime, Runtimelnternal, 

SimpleSpace, SwapperException, Utilities, Volume 
EXPORTS Space, SpecialSpace, StoragePrograms 
CONTROL VMMControl 

BEGIN 

•· Put the two instances of STreelmpl in separate configurations to get around debugger Set Octal Context bug 

HConfig: CONFIGURATION IMPORTS CachedSpace, STLeaf, Utilities EXPORTS Hierarchy, STree, VMMPrograms = 
BEGIN 

Hierarchylmpl[CachedSpace, STree]; 

STree <- STreelmpl[]; 

END; 

PConfig: CONFIGIJFlATION IMPORTS CachedRegion, STLeaf, Utilities EXPORTS Projection, STree, VMMPrograms 
REGIN 

Projectionlmpl[CnchedRegion, STree]; 

STree <- STreelmpl[]; 

END; 

[Hierarchy, STreeHier: STree, VMMPrograms] <- HConfig[]; 

[Projection, STrceProj: S1ree, VMMPrograms] <- PConfig[]; 

Maploglmpl; 

Spacelmpl; 

STLeaflmpl; 

VMMControl[CachedRegion, CachedSpace, Hierarchy, MapLog, Projection, SimpleSpace, STreeHier, STreeProj, 
VMMPrograms, Volume]; 

END. 

LOG 

Time: June 20, ·/978 4:38 PM By: McJones Action: Created file 
Time: June 22, '/')78 3:44 PM By: McJones Action: Projection/mp/ imported STreeHier 
Time: June 26. 1978 10:30 AM By: Mc-lones Action: Adrle,J CachedRegion, Projection to VMMContro/ imports 
Time, June 30, 1978 9: 14 AM By: Mc.Jones Action: Acldo,J CXl'ORT of Vlv/MPrograms 
Time, July 10, 1978 1:05 PM By: tv/cjones Action: Added rlierarchy. Volume to Vlv/MControl imports 
Time, August /, 1978 11:01 AM By: McJones Action: Added t1AapLoglmpl, IMPORT of Process 
Time: August 3, 1978 3:26 PM By: McJones Action: Added code pacliing 
Time: August 9, 1978 1:25 AM By: Purcell Action: Added SimpleSpace and CachedSpace to VMMControl imports 
Time. August 29, 1978 9· 16 PM By: McJones Action: Added IMPORT of VMMode 
Time: September 6, 1978 10: 19 AM By: McJones Action: Added IMPORT of Runtimelnternal 
Time: September 15, 1978 5:57 PM By: McJones Action: Added MapLog to VMMControl imports 
Time: October 19. 1978 4:02 PM By: McJones Action: Ac.lded HConfig and PCon/ig 
Time: August 20, /079 6:00 PM By: McJones Action: VMMocie = > PilotSwitc/Jes, Specia/Fi/e = > Kerne/File 



-- VMMgr>Hierarchy.mesa (last edited by: McJones on: March 5, 1979 3:09 PM) 

DIRECTORY 
CachedSpace: FROM "CachedSpace" USING (Desc, Handle, State], 
VM: FROM "VM" USING [Interval, PageCount]; 

Hierarchy: DEFINITIONS = 

BEGIN 

Delete: PROCEDURE [handle: CachedSpace.Handle]; 

Find Fi rstWithin: PROCEDURE [handle: CachedSpace.Handle, count: VM.PageCount] RETURNS (CachedSpace.Handle]; 
-- Return first "n'th cousin" starting within count pages of beginning of space 

GetDescriptor: PROCEDURE [pDescResult: POINTER TO CachedSpace.Desc, handle: CachedSpace.Handle] 
RETURNS [validHandle: BOOLEAN]; 

-- validHandle if/ state- = missing AND interval.page= space.page 

Getlnterval: PROCEDURE [handle: CachedSpace.Handle] RETURNS [validHandle: BOOLEAN, interval: VM.lnterval]; 
-- validHandle ill state- = missing AND interval.page= space.page 

GetState: PROCEDURE [handle: CachedSpace.Handle] RETURNS [CachedSpace.State]; 
-- Returns missing if -Getlnterval[space].validHandle 

Insert: PROCEDURE [handle: CachedSpace.Handle, count: VM.PageCount]; 
-- Sets pinned+-FALSE, state+-unmapped 

Touch: PROCEDURE [handle: CachedSpace.Handle]; 
-- May raise NotFound 

Update: PROCEDURE [pDesc: POINTER TO CachedSpace.Desc]; 
-- Updates cached copy (and sets dDirty+-TRUE) if one exists; else updates in stree) 

NotFound: ERROR; 

END. 

Notes 

Replace GetDescriptor. Get/nterva/, Ge/State by GetShort (3 words) and Ge/Long (11 words) 

LOG 

Time, April 25, 1978 5:20 PM By: McJones Action: Created lite 
Time: September 10, 1978 1:31 PM By: McJones Action: Merged ValidHand/e with GetXXX, etc. 
Time: February 20, 1979 10:48 AM By: McJones CR20.177: Update must preserve dPinned 



-- VMMgr>Hierarchylmpl.mesa (last edited by: McJones on: March 6, 1979 9:47 AM) 

DIRECTORY 
CachedSpace: FROM "CachedSpace" USING [Delete, Desc, Get, Handle, handleNull, Insert, PDesc, State, Update], 
Hierarchy: FROM "Hierarchy", 
STree: FROM "STree" USING [Delete, Desc, Get, Insert, Key, Update], 
VM: FFlOM "VM" USING [Interval, PageCount], 
VMMPrograms: FROM "VMMPrograms"; 

Hierarchylmpl: PROGRAM 
IMPORTS CachedSpace, STree 
EXPORTS Hierarchy, VMMPrograms = 

BEGIN OPEN Hierarchy; 

pDescBuff: CachedSpace.PDesc - must point to pinned storage because of CachedSpace calls 
-- residentFrames-- = @desc; 

desc: CachedSpace.Desc; 

LoadDesc: PROCEDURE [handle: CachedSpace.Handle] = 
-- Load matching space descriptor into global variable pDescBuff.,. 
BEGIN 
descVictim: CachedSpace.Desc; 
-- Try cache first 
Cached Space. Get[pDescBuff, hand le]; 
IF pDescBuff.state~ = missing THEN 

RETURN; 
-- Try full hierarchy second 
[] <- STree.Get[@LOOPHOLE[pDescBufft, STree.Desc], [hierarchy[handle]]]; 
IF pDescBuff.state = missing THEN 

RETURN; 
-- Cache this (clean) descriptor, possibly displacing a dirty descriptor from the cache 
pDescBuff.dPinned <- FALSE; pDescBuff.dDirty .. FALSE; 
CacheclSp,1ce.lnsert[@clescVictim, pDescBull); 
IF descVictim.dDirty HIEN 

STree.Upd ate[@LOO P HOLE[ desc Victim, STree.Desc]] 
END; 

Delete: PUBLIC PROCEDUFlE [handle: CachcclSpace.Handle] 
BEGIN 
Cached Space. Delete[h and le]; 
ST ree. Del ete[[h ierarc hy [hand le]]] 
END; 

FindFirstWithin: c'UBLIC PROCEDURE [handle: CachedSpace.Handle, count: VM.PageCount] RETURNS [CachedSpace.Handle] 
-- Bypasses cache 
Bl:GIN 
desc: STree.Desc; 
keyNext: STree.Key = STree.Get[@desc, [hierarchy[handlell]; 
IF desc.descH.state~ = missing THEN 

RE:TUF,N[[handlc.level, c!esc.descH.interval.page]]; 
IF keyNext.handleH.level = handle.level AND keyNext.handleH.page<handle.page + count THEN 

FlETURN[keyNext.handleH]; 
RETURN[CachedSpace.handleNull] 
END; 

Get Descriptor: PUB UC Pf10Cl:DUf1E [pDescResult: POINTEf1 10 CachedSpace.Desc, handle: CachcdSpacc.Handle] 
REI URNS [valic!Handle: BOOLEAN] 

f3EGIN 
Loac!Desc[handle]; 
pDescResultt <- pDescBuff t; 
RETUf-lN[pDescBuff .state~ = missing AND pDescBuff.interval.page = handle.page] 
END; 

Getlntcrval: PUBUC PROCEDURE (handle: CachedSpace.Handle] RETUFlNS [validHandle: BOOLEAN, interval: VM.lnterval] 
BEGIN 
Loac!Desc[handle]; 
RETURN[pDescBuff.state~ = missing AND pDescBuff.interval.page = handle.page, pDescBuff.interval] 
END; 

GetState: l"UBLIC PROCEDUf1E [handle: CacheclSpace.Handle] Rl:TUFlNS [CachedSpace.State] = 
BEGIN 
LoadOesc[handle]; 
RFTUHN[IF pDescBuff.interval.page~ = handle.page THEN missing ELSE pDescBuff.state] 
END; 



-- VMMgr>Hierarchylmpl.mesa (last edited by: McJones on: March 6, 1979 9:47 AM) 

lnse rt: PUBLIC PROCEDURE [handle: CachedSpace.Handle, count: VM.PageCount] 
BEGIN 
desc: STree.Desc ~ [hierarchy[CachedSpace.Desc[ 

interval: [handle.page, count], 
level: handle.level, 
dPinned: , 
dDirty: , 
pinned: FALSE, 
state: unmapped, 
writeProtected: , 
dataOrFile: , 
pageRover: handle.page, 
vp: short(]]]]; 

STree.lnsert[@desc]; 
END; 

Touch: PUBLIC PROCEDURE [handle: CachedSpace.Handle] 
BEGIN 
LoadDesc[handle]; 
IF pDescBuff.state = missing THEN 

ERROR NotFound 
END; 

Update: PUBLIC PROCEDURE [pDesc: POINTER TO CachedSpace.Desc] 
BEGIN 
pDescBuftt ~ pDesct; 
IF ~CachedSpace.Update[pDescBuff] .found THEN 

STree.Update[@LOOPHOLE(pDescBufft, STree.Descl] 
END; 

NotFound: PUBLIC ERROil = CODE; 

END. 

LOG 

Time: May 23, l978 9:45 AM By: McJones Action: Created file 
Time: June 21, 1978 6:35 PM By: IV/cJones Action: Didn't set dPinned to l'ALSE before calling Cachec/Space.lnsert, .Update 
Time: August 29, 1978 6:04 PM By: McJones Action: Clear dOirty before calling CachedSpace.lnsert 
Time: September 3. 1978 1:25 PM By: McJones Action: FindFirstWithin ignored keyNext leve!H 
Time: September 10, 1978 1:38 PM By: McJones Action: Aclcled pinned to constructor in Insert, etc. 
Time: February 1, 1979 2:00 PM By: McJones CR20.169: Added pageRover to CachedSpace.Desc 
Time: February 20, 1979 10:51 AM By: McJones CR20.177: C/Jangecl Update to preserve dPinned (!) 

2 



-- VMMgr>MapLog.mesa (last edited by: McJones on: July 31, 1979 1:10 PM) 

DIRECTORY 
CachedSpace: FROM "CachedSpace" USING [Desc], 
VM: FROM "VM" USING [Interval]; 

Maplog: DEFINITIONS 

BEGIN 

Writelog: PROCEDURE [interval: VM.lnterval, pSpaceD: POINTER TO CachedSpace.Desc]; 
-- Write one or more log entries; pDesc = NIL = > interval is now unmapped 

END. 

LOG 

Time: July 31, 1978 9:36 AM 
Time: July 31, 1979 1:10 PM 

By: McJones Action: Created file 
By: McJones Action: Changed pWindow to pDesc 

---------------- -- -~----------------~ 



-- VMMgr>MapLoglmpl.mesa (last edited by: McJones on: August 16, 1979 8:56 PM) 

DIRECTORY 
-- CachedRegion: FROM "CachedRegion" USING (Apply, Insert, Operation], 
CachedSpace: FROM "CachedSpace" USING [Desc], 
Environment: FROM "Environment" USING [wordsPerPage], 
File: FROM "File" USING (Capability, Create, GetSize, MakePermanent, Unknown], 
FileTypes: FROM "FileTypes" USING [tMaplog], 
lnline: FROM "lnline" USING (LowHalf], 
KernelFile: FROM "KernelFile" USING [GetFilePoint, GetRootFile], 
Maplog: FROM "Maplog"' 
PilotSwitches: FROM "PilotSwitches" USING [switches--.M--], 
Runtimelnternal: FROM "Runtimelnternal" USING [CleanMaplog], 
SimpleSpace: FROM "SimpleSpace" USING [Create, Handle, Map, Page], 
Utilities: FROM "Utilities" USING [LongPointerFromPage], 
VM: FROM "VM" USING [Interval, PageCount, PageNumber--, PageOffset--], 
VMMaplog: !-'ROM "VMMaplog" USING [Descriptor, Entry, EntryBasePointer, EntryPointer], 
VMMPrograms: FROM "VMMPrograms", 
Volume: FfmM "Volume" USING [ID, SystemlD]; 

Maploglmpl: PROGRAM [pMaplogDesc: LONG POINTER] 
IMPORTS --CachedRegion,-- File, lnline, KernelFile, PilotSwitches, Runtimelnternal, SimpleSpace, Utilities, Volume 
EXPORTS Maplog, VMMPrograms 

BEGIN OPEN VMMaplog; 

pagelog: VM.PageNumber; 
countlog: VM.PageCount +- 20; 

blog: VMMapLog.EntryBasePointer; 

maplogging: BOOLEAN = PilotSwitches.switches.M = up; 

Writelog: PUI3LIC PROCEDURE [interval: VM.lnterval, pSpaceD: POINTER TO CachedSpace.Desc] = 
-- Write one or more log entries: pSpaceD = NIL = > interval is now unmapped 
BEGIN 
IF maplogging THEN 

R[(]IN Ol'f:N LOOPHOLE[pMaplogDesc, LONG POINTER TO Descriptor]; 
writerNext: EntryPointer; 
pEntry: LONG POINTE!, TO Entry; 
count: VM.PageCount; 
fileOffset: LONG INTEGER <- 0; 
-- of!setWriter: \/M.Page~Jumber <- LOOPHOLE[writer, CAi~DINAL]/Env,ronment.wordsPerPage; 
-- offsetWriterNext, offsetWriterNextNext: VM.PageNumber; 
WHIU: interval.count~ '-' O DO 

IF (writerNext <- writer+ SIZF[Entry]) = limit THEN 
write1Next <- FIF:;ST(EntryPointer]; 

WfllLE writerNext "' reader DO P.untimclnternal.CleanMaplog[] ENDLOOP; 
pEntry <- @blog[writer]; 
count <- MIN[intervai.count, 4096]; 
IF pSpaceD = NIL HIEN 

ELSE 
pEntryt +- (page: interval.page, count: count, writeProtected: , fill: , filePoint: nil[]] 

BEGIN 
KernelFile.GetFilePoint(pEntry, @pSpaceD. window.file, pSpaceD.window.base + fileOffset]; 
pEntry.page <- interval.page; 
count <-- pEntry.count <- MIN[pEntry.count, count]; 
pEntr y. writeF'rotect1~d <-- pSpaceD. writeProtected; 
fileOffset <-- fileClfset + count 
END; 

writer <- writerNext; 
interval <- [interval.page+ count, interval.count-count]; 
-· If a log page /Jounclary was crossed, a(/just buffers 
--IF (offsetWriterNext <- LOOPHOLE(writerNext, CARDINI\L]/Environment.wordsPerPage)~ = offsetWriter THEN 

-·BEOIN 
--IF (offsetWriterNextNext <- offsetWriterNext + 1) = countlog THEN 

--offsetWr iterNextNext <- O; 
--AdjustUniform[pageFlush: pageLog + offsetWriter, pagelnsert: pageLog + offsetWriterNextNext]; 
--IF CacheclRegion.Apply(pagelog + offsetWriter, flushUnconditional].outcome~ = [ok[]] THEN ERROR; 
--IF CacheclReg,011.lnsert[[ 

--interval: [pagelog + offsetWriterNextNext, 1], 
--level: 1, + + or does uniform swap unit have 1 higher level? 
--dTemperature: , + + ciun't care 
--dPinned: rmJE, 
--dDiity: F I\LSE, 
--uniform: TRUE, 



-- VMMgr>Maploglmpl.mesa (last edited by: McJones 011: August 16, 1979 8:56 PM) 

END; 

--state: outAlive, + + or outDead if page is not "between" reader and writer 
--levelMapped: 1, 
--beingRemapped: FALSE]).dDirty THEN ERROR; 

--offsetWriter .. offsetWriterNext 
--END 

ENDLOOP 
END 

--flushUnconditional: CachedRegion.Operation 
--(i!Missing: report, ifCheckedOut: wait, afterForking: wait, vp: flush[unconditional: TRUE]]; 

Initialize: PROCEDURE = 
-- The following could be generalized and used by STLeaflmpl 
BEGIN OPEN LOOPHOLE(pMaplogDesc, LONG POINTER TO Descriptor]; 
systemVolume: Volume.ID = Volume.SystemlD(]; 
file: File.Capability .. KernelFile.GetRootFile(FileTypes.tMaplog, systemVolume]; 
handle: SimpleSpace.Handle; 
--offset: VM.PageOffset; 
BEGIN 
countlog .. lnline.LowHalf(File.GetSiz:e[file ! File.Unknown = > GO TO Create]]; 
EXITS Create = > 

END; 

BEGIN 
file <- File.Create[vclume: systemVolume, initialSiz:e: countlog, type: FileTypes.tMaplog]; 
File.MakePermanent(file] 
END 

IF countlog ~IN (2 .. 4093] THEN ERROR; 
handle <- SimpleSpace.Create[count: countlog, location: hyperspace]; 
SimpleSpacc.Map[handle: handle, window: [file, O]. andPin: FALSE]; 
pageLog .. SirnpleSpace.Page[handle); 
--IF CachedRegion.Apply[pageLog, flushUnconditional].outcome~ = [ok(]] HIEN ERROR; 
--FOR offset IN [0 .. 2) DO 

--IF Cachedf,eginn.lnsert[[ 
--interval: [pageLog + offset, 1). 
--level: 1, + + or does uniform swap unit have 1 higher level? 
--dTernperature: , + + clun't care 
--dPinned: 1FWE, 
--dDirty: FALSE, 
--uniform: TRUE, 
--state: OL-'.tAlive, + + or outDcu.d if po.9e is not "between" rr~ader and writer 

--levelMapped: 1, 
--beingflernapped: FALSE]].dDirty THEN ERHOR 

--END LOOP; 
KernclFile.GetFilePoint[@self, @file, OJ; 
IF selt.count<countLog rl·IEN U1c,OR; .. log file not contiguous 

self.page •- pagelog; 
self.count .. countlog; 
writer <- reader <- FIRS 1 [EntryPointer]; 
limit "" LOOPHOLE[ cou ntlog *Environment. wordsPerPage/SIZE[Entry] *SIZE(Entry ], EntryPointer]; 
blog .. LOOPHOLE[Utilities.LongPointerFromPage[self.page]] 
mo; 

-- Initialization 
IF maplogging THEN Initialize[] 

END. 

LOG 

Time: August 1, 1978 '/0: 11 AM By: McJones Action: Created file 
Time: August 7, 1978 4:51 PM By: McJones Action: pDesc.se/f.page wasn't initialized 
Time: August 8, 1978 9: 1 O AM By: McJones Action: WriteLog didn't set entry page field in case of nan-nil p Window 
Time: August 8, 1978 3:25 PM By: McJones Action: limit initialization didn't convert pages to words 
Time: August 29, 1978 4:44 PM By: McJones Action: Added VMMode 

2 

Time: September 5, 1978 6,,/8 Plvl By: McJones Action: Replaced signal with C!r,anMapLog[], GetFilePoint moved to SpecialFile 
Time: September 15. 1978 4:47 PM By: Mc.Jones Action: Getting ready for "uniform" swap unit management 
Time: September 29. 1978 11:05 AM By: Mc.Jones CR20.42: Replaced PutRootFile with MakePermanent 
Time: July 31, 1979 1: 12 PM By, McJones Action: Prepared to add write Protected to map log entry 
Time: August 16, 1979 8:56 PM By: Mc.Jones Action: Added writeProtected to map log entry; Specia/File = > Kerne/File; VMMode 



-- VMMgr>Maploglmpl.mesa (last edited by: McJones on: August rn, 1979 8:56 PM) 3 

= > PilotSwitches 



-- VMMgr>Projection.mesa (last edited by: McJones on: August 2, 1978 9:26 AM) 

DIRECTORY 
CachedRegion: FROM "CachedRegion" USING [Desc], 
VM: FROM "VM" USING [PageNumber]; 

Projection: DEFINITIONS = 

BEGIN 

ForceOut: PROCEDURE [pageMember: VM.PageNumber]; 

Get: PROCEDURE [pageMember: VM.PageNumber] RETURNS [CachedRegion.Desc]; 

Merge: PROCEDURE [pageNext: VM.PageNumber]; 

Split: PROCEDURE [pageNext: VM.PageNumber]; 

Touch: PROCEDURE [pageMember: VM.PageNumber]; 

Translatelevel: PROCEDURE [pageMember: VM.PageNumber, delta: INTEGER]; 

END. 

LOG 

Time: April 1978 By: PMcJ Action: Created file 
Time: June 24, 1978 5:26 PM By: PMcJ Action: PageNumber moved to VM 



-- VMMgr>Projectionlmpl.mesa (last edited by: McJones on: March 7, 1979 9:44 AM) 

DIRECTORY 
CachedRegion: FROM "CachedRegion" USING [Apply, Desc, Insert, State, Outcome], 
CachedSpace: FROM "CachedSpace" USING [Level], 
Projection: Fl10M "Projection", 
STree: FROM "STree" USING [Delete, Desc, Get, Insert, Key, PDesc, Update], 
VM: FROM "VM" USING [PageNumber, PageCount], 
VMMPrograms: Ff10M "VMMPrograms"; 

Projectionlmpl: PROGRAM [countVM: VM.PageCount] 
IMPORTS CachedRegion, STree 
EXPORTS Projection, VMMPrograms 

BEGIN 

ForceOut: PUBLIC PROCEDURE [pageMember: VM.PageNumber] 
-- If descriptor for projection region containing pageMember is cached and dirty, clean it 
BEGIN 
desc: CachedRegion.Desc; 
outcome: CachedRegion.Outcome = CachedRegion.Apply[pageMember, 

[ifMissing: report, ifCheckedOut: wait, afterForking: , vp: get[andResetDDirty: TRUE, pDescResult: 
@descl]].outcome; 

WITH outcome SELECT FROM 

END; 

ok => 
IF desc.dDirty THEN 

BEGIN OPEN desc; 
projDesc: projection STree.Desc <- [projection[ 

interval.page, 
level, 
IF state ~IN CachedRegion.State[unmapped .. outAlive] THEN outAlive ELSE state, 
levelMapped, 
beingRemapped]]; 

Slr<,e.Update[LOOPHOLE[LONG[@projDesc], Sfree.PDesc]l 
ENO; 

regionDMissing = > 
NULL; 

FNDCASE =) 

ERROR 

Get: PUBLIC PROCEDURE [pc1geMember: VM.PageNumber] HFTURNS [desc: CachedRegion.Desc] 
-- Return descriptor for projection region containing pageMember 
BEGIN 
projDesc: projection STree.Desc; 
keyNext: s rrec.Key; 
descVictim: Cach,,dReqion.Desc; 
outcome: Cached; ,cuion.Outcome = CachedRegion.Apply(pageMember, 

(ifMissil!g: report, ifCheckedOut: wait, afterForking: , vp: get[andResetDDirty: FALSE, pDescResult: 
@descl]].outcome; 

WITH outcome Sl IXCT FROM 
ok => 

-- If descriptor is in cache, just return it 
NULL; 

regionDMissing = > 
-· Otherwise. fetch descriptor from hierarchy and cache it 
BEGIN 
keyNext <- STree.Get[LOOPHOLE[LONG(@projDesc], STree.PDesc], [projection[pageMemberj]]; 
BEGIN OPEN projDesc; 
desc <- [ 

interval: [page, keyNext.pageP-page], 
level: level, 
dPinnecl: FALSE, 
dTcmperature: , 
dDirty: FALSE, 
state: state, 
levelMapped: levelMapped, 
beingRemapped: beingRemapped] 

END· 
des~Vic tim ... CachccJflegion lnsert[desc]; 
IF descVictim.dDirty THEN 

RFGIN OPEN descVictim; 
projDesc <- [projection[interval.page, level. state, levelMapped, beingRemapped]]; 
STtei).Update[LOOPHOLE[LONG[@projDesc], STree.PDescl] 
EN:) 



-- VMMgr>Projectionlmpl.mesa (last edited by: McJones on: March 7, 1979 9:44 AM) • 

END; 

END; 
ENDCASE => 

ERROR 

Merge: PUBLIC PROCEDURE [pageNext: VM.PageNumber] = 
-- Removes the projection region boundary at pageNext 
-- NOTE: modifies projection file only, does not update region cache 
BEGIN 
projDesc: projection STree.Desc; 

--assert--lF payeNext = 0 THEN ERROR; 
-- Unconditionally "resurrect" a dead region: conservative approach to avoid propagating deadness 
I] +- STree.Get[LOOPHOLE[LONG[@projDesc], STree.PDesc], [projection[pageNext-1]]]; 
IF projDesc.state = outDead THEN 

BEGIN 
projDesc.state +- outAlive; 
STree.Update[LOOPHOLE[LONG[@projDesc], STree.PDesc]] 
END; 

-- Do the merge (depends on the fact that the size of a projection STree.Desc is implicit} 
STree.Delete[(projection[pageNext]]]; 
END; 

Split: PUBLIC PROCEDURE [pageNext: VM.PageNumber] 
-- If there is not already a projection region boundary at pageNext, make one 
-- NOTE: modifies projection fife only, does not update region cache 
BEGIN 
projDesc: projection STree.Desc; 
w pageNext~ = countVM THEN 

BEGIN 
-- Depends on the fact that the size of a projection STree.Desc is implicit 
[] +- STwe.Get[LOOPHOLE[t_ONG(@projOesc], STree.PDesc], (projection[pageNext]]]; 
IF projDesc.page~ = pageNext THEN 

ENO 
END; 

BEGIN 
projDesc.page +- parJeNext; 
STrrn.lnsert[LOOPHOLE(LONG(@projDesc], STree.POesc]) 
END 

Touch: PUmlC PHOC[DlJHE (pagei'vlember: VM.PageNumber] 
-- Ensure descriptor for projection region containing pageMember is cached 
BEGIN 
I] +- Get[pageMember] 
END; 

TranslatcLevcl: PIJl3LIC FF10CEDUl1r [pageMember: VM.PageNumber, delta: INTEGEll] = 
-- Add (siuned) delta to level fie/cl of descriptor for region containing pageMember 
-- NOTE: rnoclifies projection file only, does not update region cache 
l3i=GIN 
projDesc: projection STree.Desc; 
I] +- STree.Get[LOOPHOLE(LONG[@projDesc]. STree.PDesc], [projection[pageMember]]]; 

--assert--lF projDesc.level + delta ~IN Cacl1edSpace.Level TIIEN ERROR; 
projDesc.level <- projDesc.level + delta; 
STree.Update[LOOPHOLE[L ONCl[@prnjDesc], STree.PDescl] 
H10; 

END. 

LOG 

Time: May 24, 1978 10:13 AM 
Time: June 23. 1978 10:57 AM 
Time: August 2, 1978 9:27 AM 
Time: August 4. 1978 2:19 PM 
Time: August 29, 19/8 7:32 PM 

By: McJones 
By: McJones 
By: McJones 
By: McJones 
By: McJones 

Action: Created file 
Action: Split didn't check for pageNext = countVM 
Action: Updated to new CachedRegion interface 
Action: Aclcled beingRemapped 
Action: Cleared dDirty before calling CachedRegion.lnsert 
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-- VMMgr>Spacelmpl.mesa (last edited by: Knutsen on: August 10, 1979 4:25 PM) 

DIRECTORY 
CachedRegion: FROM "CachedRegion" USING [activate, Apply, deactivate, Desc, flush, forceOut, kill, Mapped, 

Operation, Outcome, pin, Swappable, unmap, unpin, writeProtect], 
CachedSpace: FllOM "CachedSpace" USING [Desc, Handle, handleNull, handleVM, Level], 
ControlDefs: FROM "ControlDefs" USING [Frame, GlobalFrameHandle, StateVector, Traplink], 
Environment: FROM "Environment" USING [Long], 
File: FROM "File" USING (Create, Delete, Error, firstPageNumber, GetAttributes, GetSize, lastPageNumber, PageCount, 

read, Unknown, write], 
FileTypes: FnOM "FileTypes" USING [tAnonymousFile], 
Forgot: FROM "Forgot" USING [Unimplemented], 
FrameOps: rnoM "FrameOps" USING [GetReturnlink, MyLocalFrame], 
Hierarchy: FFlOM "Hierarchy" USING [Delete, FindFirstWithin, GetDescriptor, Getlnterval, GetState, Insert, Touch, 

Update], 
lnline: FROM "lnline" USING (BITAND, LowHalf], 
MapLog: FROM "MapLog" USING [WriteLog], 
Process: FllOM "Process" USING [Detach], 
Processlnternal: f'f10M "Processlnternal" USING [Disablelnterrupts, Enablelnterrupts], -- until PrincOp trap parameters 
Projection: FFlOM "Projection" USING [ForceOut, Get, Merge, Split, Touch, TranslateLevel], 
Runtime: FROM "Runtime" USING [CallDebugger], 
SDDefs: FnOM "SDDefs" USING [SD, sWriteProtect], 
Space: FROM "Space", 
SpecialSpace: FROM "SpecialSpace", 
SwapperException: FROM "SwapperException" USING [Await], 
TrapOps: FROM "TrapOps" USING [ReadOTP], 
VM: FROM "VM" USING [Interval, PageCount], 
VMMPrograms: rnoM "VMMPrograms", 
Volume: FRUM "Volume" USING [ID, Unknown]; 

Spacelmpl: MONITOH [countVM: VM.PageCount, volumeData: Volume.ID, handleMDS: CacheclSpace.Handle] 
IMPOFHS CachedRegion, File, Forgot, FrameOps, Hierarchy, lnline, MapLog, Process, Processlnternal, Projection, 

Runtime, SwapperException, TrapOps, Volume 
EXPORTS SpecialSpace, Space, VMMPrograms 
SHf\llES File -• to extract pcrrniss,uns 

BEGIN OPEN Space; 

Interval: fYPE = VM.lnterval; 

Level: TYPE = Cacl,etJSpace.Level; 

SpaceD: TYPE, = Cached_Space.Desc; 

ReyionD: TYPE = Cachedf1egion.Desc; 

-- Sµace in,p/ementation: 

-- Public Constants 

Error: PlJ[lLIC [F/Fl0f1 [type: ErrorTypc] = CODE; 
lnsufficientSpace: PU8LIC EHHOH [available: PageCount] = CODE; 
mds: PUBLIC Handle <- LOOPHOL.E[handleMDS]; 
nullHandle: PUBLIC Handle <- LOOPHOLE(CachedSpace.handleNull]; 
virtualMemory: 1•1.muc Handle <- LOOPHOLE[CachedSpace.handleVM]; 

.. Private Constants 

.11.ddressFault: fHllOH (page: PageNumbPr] = CODE; -- not to be caug/Jt by r,/ient 
lnsufficientPerrnissions: [RFOR [paqe: PaoeNumber] = CODE; - not to bn cau,_1/Jt by client 
intervalMDS: Interval = fliera,clly.Getlnterval[handleMDS].intcrval; 

nmxPageslnCodeG!ock: PageCount = 256; 
codeBdyMask: VVOiiD = LOOPHOLE[-(rnaxPageslnCodeBlock-1)-1, VVOHD]; BITNOT{111a,Po9eslnCode8/ocf(- /J 



.. VMMgr>Spacelmpl.mesa (last edited by: Knutsen 011: August 10, 1979 4:25 PM) 

-· Monitor externals: 

Create: PUBLIC PROCEDURE [size: PageCount, parent: Handle, base: PageOffset] RETURNS [f:landle] = 
BEGIN RETURN[Createlnternal[size: size, parent: parent, base: base, forCode: FALSE]] END; 

CreateForCode: PUBLIC PROCEDURE [size: PageCount, parent: Handle, base: PageOffset] RETURNS [Handle] = 
-- (The microcode requires that code blocks not cross 64kw boundaries.) 
BEGIN RETURN[Createlnternal[size: size, parent: parent, base: base, forCode: TRUE]] END; 

LongPointerFromPage: PUBLIC PROCEDURE [page: PageNumber] RETURNS [LONG POINTER] = 
BEGIN 
RETURN[LOOPHOLE[Environment.Long[any[highbits: page/256, lowbits: (page MOD 256)*256]]]] 
END; 

PageFromlongPointer: PUBLIC PROCEDURE [Ip: LONG POINTER] RETURNS [page: PageNumber] = 
BEGIN 
RETURN[LOOPHOLE[lp, Environment.Long].highbits*256 + LOOPHOLE[lp, Environment.Long].lowbits/256] 
END; 

-- Monitor entries: 

Activate: PUBLIC ENTRY PROCEDURE [space: Handle] = 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
IF ~ApplyToSpace[handle, CachedRegion.activate].validHandle THEN 

RETURN WITH ERROR Error[invalidHandle] 
END; 

Createlnternal: ENTRY PROCEDURE [size: PageCount, parent: Handle, base: PageOffset, forCode: BOOLEAN] RETURNS 
[Handle] = 

BEGIN OPEN handleParent: LOOPHOLE[parent, CachedSpace.Handle]; 
page: PageNumber; 
handleNew: CachedSpace.Handle; 
spaceDParent: SpaceD; 
IF ~ Hierarchy .GetDescriptor[@spaceDParent, handleParent]. valid Handle THEN 

RE: I URN WITH El<ROR Error[invalidHanclle]; 
IF size" O OFl (base~ = clefaultBase AND base>= spaceDParent.interval.count) THEN 

RETURN WITH ERFlOR Error[invalidParameters]; 
IF handleParent.level = LAST[Level] THEN 

RE TUFlN WITH ERHOR Error[spaceTreeTooDeep]; 
IF base~= defaultBase THEN -- explicit base given -­

BEGIN 
regionD: RegionD = Projection.Get[page <- handleParent.page + base]; -- so paue IN regionO_i11terval 
It size>(regionD.intcrval.riage + regionD.interval.count)-p11ge OR regionD.level~ = handleParent.level 

on (forCode AND page/rnaxPageslnCodeBlock If (page+ size-1)/maxPageslnCodeBlock) 7 HEN 
flETURN WI l H ll 11lOll Error[invalidParameters]; 

END 
ELSE -- crea/R anywhere --

BEGIN OPEN spaceDParent; -- USING [intc,rval. pageRover/ 
countMax: PageCount <- O; 
HoleNotFound: INTERNAL PflOCEDURE [regionD: RegionD] RETURNS [BOOLEAN] 

BEGIN codelnterval: VM.lnterval; 
IF regionD.level = handleParent.level THEN 

BEGIN 
IF forCode fHEN 

BEGIN 
[codelnterval) <- MaxlntervalForCode[regionD]; 
IF collelnterval.count>countMax rHEN BEGIN page <· codelnterval.page; countMax <- codelnterval.count 

END 
ENO 

ELSE --tor cfata-- IF regionD.interval.ccnmt>countMax THEN 
BEGIN page <- regionD.interval.page; countMax <- regionD.interval.count END; 

IF countMax) = size THEN nc-runN[f-ALSE]; --tl,e current region rs biy enoug/J--

END; 
RETURN[TRUE] 
END; 

IF ForAIIRegions[[pageRover, interval.count-(pageRover-interval.page)], HoleNotFound] THEN IF 
For AIIRegions[[interval.page, paqeRover-interval.page], HoleNotFound] THEN 

flETURN WI rH amon lnsufticientSpace[available: countMax]; 
pageRover .. page+ size; -- pa,1eRover =interval.page+ interval,count is ok 

Hierarchy.Update[@spaceDParent] 
END; 

handleNew <- CachedSpaco.Hnndle[ I + handleParent.level, page]; 
, Hiernrchy.lnsert[handleNew, size]; 
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-- VMMgr>Spacelmpl.mesa (last edited by: Knutsen on: August 10, 1979 4:25 PM) 

ApplyTolnterval[lnterval[page, 1], Cachedf~egion.flush]; 
Projection.Split[page]; 
Projcclion.Split[page + size]; 
Projection.Translatelevel[pageMember: page, delta: 1]; 
RETURN[LOOPHOLE[handleNewl] 
END; 

CreateUniformSwapUnits: PUBLIC •·ENTRY-· PROCEDURE [size: PageCount, parent: Handle] = 
BEGIN 
SIGNAL Forgot.Unimplemented 
END; 

Deactivate: PUBLIC ENTRY PROCEDURE [space: Handle] = 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
IF ~ ApplyToSpace[handle, CachedHeg1on.deactivate].validHandle THEN 

RETURN WITH ERROR Error[invalidHandle] 
END; 

Delete: PUBLIC ENTRY PROCEDURE [space: Handle] 
l:lEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
level: Level; 
Deletel!Leaf: INTERNAL PROCEDURI::: [regionD: RegionD] RETURNS [BOOLEAN] 

-- Assume level>O (i.e. space-= virtua!Memory) 
BEGIN 
IF regionD.level = level THEN 

-- Region described by regionD corresponds to a leaf space 
BEGIN 
interval Parent: Interval = Hierarchy. Getlnterv al[ CachedSpacc. Handle[level -1, regionD. interval. page ]].interval; 
pageNext: PageNumber = regionD.interval.page + regionD.interval.count; 
mergeLeft: 1300Ll:AN = regionO.interval.page~ ~ intervalParent.page 

AND Pro1ection.Get[1 egionD .interval.page- 1] .level<regionD.level; 
mergeRigllt: BOOl1 AN = fYH)(eNext~ = intervaiParent.page + intervalParent.count 

/\ND regionD. level>Proiect,on .Get[pageNext] .level; 
deltaPageFlush: CAHDINAL = IF mergeleft TliEN 1 [:LSE O; 
deltaCoun!Flush: CARflitML. ~ deltaPageFlush + (II" rnerr3eRight THEN 1 ELSE O); 
IF regionD.state IN Cacl1eclfle9io11.Mapped AND regionD.levelMapped "regionD.level rHEN 

13EGIN 
spaceD: SµaceD; 
[] ,_ llic13rchy.GetDescriptor[@spaceD, CacheclSpace.Handle[regionD.level, regionD.interval.page]]; 
Unmaplnternal[@sµaceD] 
ENO; 

Hierarcl1y. Delete[ CaclleclSpace. Hanel le[regionD. level, reg ionD. interval .page]]; 
ApplyTolnte1 val[lnterval(rngionD.interval.page deltaPageFlush, regionD.interval.count + cleltaCountFlush], 

C1cheuReqiun.flush]; 
Pro1ectiu11.T ranslatelevel[pa~JeMember: regionO.interval.page, delta: -1]; 
IF rnergeLdt 11 IUJ 

Pru1cc1,,,,, .Merge[ regionD .interval .page]; 
IF merrieRiqht 1 HEN 

Pro1ect,on.Merge[pageNext]; 
END; 

RETUHN[Tf1UE] 
FND; 

levc!Leaves: Level <- handle.level; 
M2xLev0I: 1'1,CXTD!Jl1F [!C!)ionD: RegionD] l,ETURNS [eOOLE/\N] 

l3UllN 
leve:Leaves +- MAX[levclLeaves, regionD.level]; 
l<FTUf1N[l lllff] 
I.Nil; 

valid: flOOLFAN; interval: Interval; [valid, interval] +- Hiern,·chy.Getlnterval[handle]; 
IF ~valid THl'N 

RE·1 umJ wrn I umcm Error[invaliclHanclle]; 
IF handle.level<= handleMDS.level i,ND handleMDS.page IN [interval.page .. interval.page + interval.count) THEN 

FWTURN WIT! 1 r::nmm Error[invalidParameters]; 
[] +- ForAIIRegions[interval, MaxLevel]; -· !eve/Leaves ,. max region level, region in interval 
FOFl level DECREASll~G IN [handle.level..levelleaves] DO 

[] <- ForAIIRegions[interval, Deletel!Leaf] 
ENDLOOP 

END; 
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-- VMMgr>Spacelmpl.mesa (last edited by: Knutsen on: August 10, 1979 4:25 PM) 

DeleteSwapUnits: PUBLIC --ENTRY-- PROCEDURE [space: Handle] 
BEGIN 
SIGNAL Forgot.Unimplemented 
END; 

ForceOut: PUBLIC ENTRY PROCEDURE [space: Handle] = 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
IF ~ApplyToSpace[handle, CachedRegion.forceOut].validHandle THEN 

RETURN WITH ERROR Error[invalidHandle] 
END; 

GetAttributes: PUBLIC ENTRY PROCEDURE [space: Handle] 
RETURNS [parent, lowestChild, nextSibling: Handle, base: PageOffset, size: PageCount, mapped: BOOLEAN] 

BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
valid: BOOLEAN; interval: Interval; [valid; interval] <- Hierarchy.Getlnterval[handle]; 
IF ~valid THEN 

RETURN WITH ERROR Error[invalidHandle]; 
IF handle.level= 0 THEN 

BEGIN 

ELSE 

parent <- nextSibling <- nullHandle; 
base <- 0 
END 

BEGIN 
intervalParent: Interval = Hierarchy.Getlnterval[CachedSpace.Handle[handle.level-1, interval.page]].interval; 
pageNext: PageNumber = interval.page+ interval.count; 
countNext: PageCount = intervalParent.page + intervalParent.count-pageNext; 
parent <- LOOPHOLE[CachedSpace.Handle[handle.level-1, intervalParent.page]]; 
nextSibling <- LOOPHOLE(Hierarchy.FindFirslWithin[CachedSpace.Handle[handle.level, pageNext], countNext]]; 
base <- interval.page-intervalParent.page 
END; 

lowestChild <- IF handle.level(LAST[Level] THEN 
LOOPHOLE(Hierarchy.FindFirstWithin(CachedSpacc.Handle[handle.level + 1, handle.page], interval.count]] 

ELSE 
nullHandle; 

size <- interval.count; 
mapped <- Hierarchy.GetState[handle] = mapped 
END; 

GetHandle: PIJBL.IC E_NTRY PROCr:DUl1E (page: PageNumber] RETURNS [Handle] 
BEGIN 
level: Level; 
It page)= countVM THEN 

FlETUHN WITI I U1ROR Error[invalidParameters]; 
level <- Proiection.Get[page].level; 
RE IUFlN(LO OP 1-1 OLE[ CaclledSpace J landle[level, Hierarchy. Getlnterval [CachedSpace.Handle[level, page]]. interval.page]]] 
END; 

GetWindow: Plli11.1C ENlRY PliOCEDIJllE [space: Handle] REIIJRNS (WindowOrigin] 
BEGIN OPEN handle: LOOPHOLE(space, CachedSpace.Handle]; 
spaceD: SpaceD; 
IF ~ Hie.-archy. GetDescriptor[@spaceD, handle]. valid Handle THEN 

RETURN WIT!l t-HROI~ Error[invalidHandle]; 
IF spaceD.state~ = mapped 11 IEN 

HrTUliN WI Ill EHFlOH Error[noWindow]; 
IF spaceD.state~ = mapped THE:N E:RflOR; 
RETURN[IF spaceD.dataOrFile = file THEN spaceD.window ELSE clefaultWindow] 
END; 

Kill: Plll1LIC FNTHY PF1OCl.::DIJF1E (space: Handle] = 
BEGIN OVi'N handle: LOOPHOLE[space, CachedSpaco.Handle]; 
IF ~ ApplyToSpace[handle, Cachcclflegion.kill].validHandle THEN 

REl Uf,N WI! H Em~OR Error[invalidHanclle] 
END; 

4 



-- VMMgr>Spacelmpl.mesa (last edited by: Knutsen on: August 10, 1979 4:25 PM) 

LongPointer: PUBLIC ENTRY PFlOCl"DURE [space: Handle] RETURNS [LONG POINTER) 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
IF Hierarchy.GetState[handle) = missing THEN 

RUURN WITH ERROFl Error[invalic!Handle]; 
RETURN[LongPointerFromPage[handle.page]] 
END; 

MakeReadOnly: PUBLIC EN1RY PROCEDURE [space: Handle] = 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle); 
spaceD: SpaceD; 
IF ~Hierarchy.GetDescriptor[@spaceD, handle].validHandle THEN 

RETURN WITH ERROi~ Error[invalidHandle]; 
IF spaceD.state~ = mapped THEN 

RETURN WITH ERROf1 Error[noWindow]; 
IF ~ForAIIHegions[spaceD.interval, NotPinned) THEN 

RETURN WITH ERROR Error[invalidMappingOperation]; 
spaceD.writeProtected +- TRUE; 
Hierarchy.Update[@spaceD]; 
ApplyTolnterval[spaceD.interval, CachedRegion.writeProtect] 
END; 

Map: PUBLIC ENTRY PROCEDURE [space: Handle, window: WindowOrigin) 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
Unmapped: PROCEDURE [regionD: RegionD] RETURNS [BOOLEAN] = 

BEGIN 
FlETURN[regionD.state = unmapped] 
END; 

volumeUnknown: Volume.ID; 
spaceD: SpaceD; 
IF ~Hicrnrchy.GetDescriptor[@spaceD, handle].validHandle HIEN 

RETUHN Wl-rf-1 ERF/Oll Error[invalidHandle]; 
IF ~ For/\llRegions[spaceD.intorval, Unmapped] THEN 

RE lURN WITH ERROR Error[invalidMappingOperation]; 
BEGIN ENARLE 

Rl'GIN 
l·ile.Unknown = > GO TO UnknownFile; 
Volume.Unknown --{volume/-- = > BEGIN volurneUnknown <- volume; GO TO UnknownVolume !::ND 
END; 

spaceD.dataOrFile ... data; 
IF window.file~= defaultWindow.file THEN 

BEOIN 
IF window.base ~IN [Filc.firstPageNurnber .. File.lastPageNumber] THEN -- LONG subrange types not yet irnplementeU 

FlETUHN WITH [RF10R Error[invalidWindow]; 
Ir lnlme.BI r AND[windowfile.pennissions, file.read]= 0 THEN 

m: l lJI/N WI I H EHHCJR file.Error[insufficientPermissions]; 
spaceD.dataOrFile <- file; 
spaceD.window ,.. window 
END; 

-- Allocate backing file if data, and update space descriptor 
spaceD.state <- mapped; 
Maplnternal[@spaceD] 
EXITS 

UnknownFile = > FlETURN WITH Ef1ROFl File.Unknown[window.file); 
Unknown Volume = > Ill, fUF1N WI fH l111l01l 1/olurne.Unknown[volumeUnknown]; 

END; 
ApplyTolnterval[spaceD.interval, [i!Missing: report, ifCheckedOut: wait, afterForking: , vp: map[handle.level]]]; 
IF spaceD.dataOrFile = data HIEN 

ApplyTolnterval[sp;iceD interval. CachcdHcnion.kill); 
Mapl 00. Writelog [lntervcil [ spaceD. interval .page, spaceD.countMapped], @spaceD) 
END; 

Pointer: PUGL IC [NHW PllOCEDUFl[ [space: Handle] llLl URNS [PUINl rn] 
BEGIN Of'EN handle: LOOPHOLE[space, CachedSprice.Handle]; 
IF Hierarchy.GetState[handle] = missing THEN 

RCTUf1N \NITH EFlROR Error[invalidHandle]; 
IF handle level<= handleMDS.level OR handle.page ~IN [intervalMDS.page .. intervalMDS.page + intervalMDS.count) THEN 

Flf TUHN WI fH [RROH Error[invalidParnmeters]; 
RETUHN[LOOPHOLE[(handle.page-intervalMDS.page}*wordsPerPage]] 
END; 
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-- VMMgr>Spacelmpl.mesa (last edited by: Knutsen on: August 10, 1979 4:25 PM) 

Remap: PUBLIC ENTRY PllOCEDIJRE [space: Handle, window: WindowOrigin] 
BEGIN OPEN handle: LOOPHOLE(space, CachedSpace.Handle]; 
volumeUnknown: Volume.ID; 
spaceDOld: SpaceD; 
spaceD: SpaceD; 
IF ~Hierarchy.GetDescriptor[@spaceD, handle].validHandle THEN 

RETUFlN WITH ERROR Error[invalidHandle]; 
IF spaceD.state~ = mapped THEN 

RETURN WITH ERROR Error[noWindow]; 
IF spaceD.state~ = mapped THEN ERF,OR; 
spaceDOld <- spaceD; 
BEGIN ENABLE 

BEGIN 
File.Unknown = > GO TO UnknownFile; 
Volume.Unknown --[volume]-- = > BEGIN volumeUnknown <- volume; GO TO Unknown Volume END 
END; 

spaceD.dataOrFile <- data; 
IF window.file~ = defaultWindow.file THEN 

BEGIN 
IF window.base ~IN [File.firstPageNumber .. File.lastPageNumber] THEN -- LONG subrange types not yet implemented 

RETURN WITH ERROR Error[invalidWindow]; 
IF File.GetAttributes(window.file].immutable THEN 

RETUf1N WITH ERROR File.Error[immutable]; 
IF lnline.BITAND(File.read, window.file.permissions]= 0 OR lnline.BITAND[File.write, window.file.permissions]= 0 THEN 

flETURN WITH ERROR File.Error[insufficientPermissions]; 
spaceD.dataOrFile <- file; 
spaceD.window <- window 
END; 

IF ~ForAIIRegions[spaceD.interval, NotPinned] THEN 
RETURN WITH ERROR Error[invalidMappingOperation]; 

-- Mark all regions as "beingRemap,oed", and force out dirty ones unless space was "data" 
-- Assume writeProtected implies ~dirty . i.e. 110 magic stores by debugger, etc. 
ApplyTolnterval[spaceD.interval, [ifMissing: report, ifCheckedOut: wait, afterForking: return, 

vp: remapA[firstClean: spaceDOlcl.dataOrFile = file AND ~spaceDOld.writeProtectecl]]]; 
-- Allocate backing file ii c!at:1. and update space descriptor 
spaceD.state <- beingRernapped; 
Maplnternal(@spaceD] 
EXlfS 

UnknownFile = > m··nmN WITI, H1HOFl Flle.Unknown[window.file]; 
Unknown Volume = > ncTUflN WI r11 LRROR Volume.Unknown[volumeUnknown]; 

END; 
-- Ensure each region has been clirtiacl since it and space bocRme "beingRemapped" 
ApplyTo!nterval[:;paceD interval, [ifMissin,r report, i!CheckedOut: wait, afterForking: return, vp: 

remapB[@spaceDOlrl]]]; 
-- 1Harl, space as 110 lon,;e, "beingF!emapped" 
spaceD.state <- mapped; 
f lierarcl,y.Upclate[@spaceD]; 
-- (For remote sw,ipping. must unpin old file (and containing volume) from File Page Transferrer cache) 
IF spaceDOld.dataOrFile = data THEN 

File.Delete[spaceDOld.window.file]; 
MapLoq. Writelog [Interval [ spaceD. interval .page, spaceD .cou ntMappecl], @spaceD]; 
IF spaceD.countMapped<spaceD.interval.count THFN 

Mc1plo(J. Writelo~J [Interval [ spaceD .countMapped, spaceD .interval .count-spaceD.countMapped], NIL) 
END; 

Unmap: !'UBI.IC f'NTRY PfiOCEDUnE [space: Handle] = 
f1f'GIIJ OPl'N handle: LOOPHOLE(space, CachedSpace.Handle); 
spaceD: SpaceD; 
IF ~1-1,ernrclly.GetDescriptor[@spaceD, handle].validHandle THEN 

HE I UFlN WITH Lfmon Error[invalidHandle]; 
IF spaceD.state~ = mapped fHEN 

11ETURN WIHI [TmOR Error[noWindow]; 
Unmaplnternal[@spaceD] 
END; 

6 



-- VMMgr>Spacelmpl.mesa (last edited by: Knutsen on: August 10, 1979 4:25 PM) 

VMPageNumber: PUBL.IC ENTRY Pf~OCEDURE (space: Handle] RETURNS [PageNumber] = 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
IF Hierarchy.GetState[handle] = missing THEN 

RETURN WITH rnROR Error[invalidHandle]; 
RETURN[handle.page] 
END; 

-- Monitor internals 

NotePinned: SIGNAL [levelMax: Level, page: PageNumber] = CODE; 

ApplyTolnterval: INTERNAL PROCEDURE [interval: Interval, operation: CachedRegion.Operation] = 
-- May raise NotePinned (only if operation.action= unmap) 
BEGIN 
page, pageNext: PageNumber; 
outcome: CachedRegion.Outcome; 
page <- interval.page; 
DO 

END; 

BEGIN 
[outcome, pageNext] <- CachedRegion.Apply(page, operation]; 
WITH outcome SELECT FROM 

ok = > GO TO NextRegion; 
notePinned .• {/eve/Max] •• = > BEGIN SIGNAL NotePinned [level Max, page]; GO TO NextRegion END; 
regionDMissing = > Projection.Touch[page]; 
regionDDirty = > Projection.ForceOut[page]; 
spaceDMissing ··{level/·· = > Hierarchy.Touch[CachedSpace.Handle[level, page]]; 
-- error •• ENDCASE =) ERROR 

EXITS NextRegion = > IF interval.page+ interval.count<= pageNext THEN EXIT ELSE page +- pageNext 
END 
ENDLOOP 

ApplyToSpace: INTEFlNAL PnOCE:DURE [handle: CachedSpace.Handle, operation: CachedRegion.Operation] 
nETURNS (validHandle: BOOLEAN] = 

BEGIN 
interval: Interval; 
[validHandle, interval] +- Hierarchy.Getlnterval(hanclle]; 
IF validHandle TIIEN ApplyTolnterval[interval, operation] 
END; 

ForAIIRegions: INTEf,NA~ PROCEDUnE [interval: Interval, 
Predicate: PROCEDUFlE (RegionD] RETUl1NS [true: BOOLEAN]] RETUF1NS [BOOLEAN] 

BEGIN 
page: PageNumber; 
regionD: RegionD; 
Fon page +- interval.page, regionO.interval.page + regionD.interval.count WHILE page<interval.page + interval.count DO • 

regionD <- l)roiection.Get[page]; 
IF ~ Predicate[regionD] fl HJ I iETURN[FALSE] 
ENDLOOP; 

RETURN[TRUE] 
END; 

Maplnternal: INTER~JAL PROCEDURE (pSpaceD: POINTER TO SpaceD] 
BEGIN OPf'N pSpaceD; 
IF dataOrFile = data THEN 

BEGIN 

ELSE 

window <- [File.Create[volu:ne: volumeData, initialSize: interval.count, type: FileTypes.tAnonymousFile], OJ; 
writePmtected +- FALSE; 
countM,1pped <- interval.count 
END 

BEGIN 
countFile: f'ile.PageCount "' MAX[File.GetSize(window.file], window.base]-window.base; 
writeProtected +- File.GetAttributes[window.file].immutable OH lnline.BIT AND(window.file.permissions, File.write]= O; 
countMapped +- IF interval.count<= countFile THEN interval.count ELSE lnline.LowHall[countFile] 
END· 

-- (For r~mote swapping, must pin file (and containing volume) in FilePageTransferrer caches) 
I lierarchy.Update[pSpaceD] 
ENO; 
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-- VMMgr>Spacelmpl.mesa (last edited by: Knutsen on: August 10, 1979 4:25 PM) 

MaxlntervalForCode: INTERNAL PROCEDURE [regionD: RegionD] RETURNS [Interval] = 
BEGIN OPEN regionD.interval; -- page, count 
endRe9ion: PageNumber; 
firstBdy: PageNumber = lnline.BITAND[page + maxPageslnCodeBlock, codeBdyMask]; --overflow is al<, yields 0--
IF (endRegion <-- page+ count) < = firstBdy OR firstBdy = 0 HIEN RETURN[(page, count]]; -- region ends befo,e first boundary 
IF lnline.BITAND[endRegion, codeBdyMask] # firstBdy THEN RETURNl[firstBdy, maxPageslnCodeBlock]]; -- region contains 

a whole CodeBlock 
IF firstBdy-page > = endRegion-firstBdy THEN RETURN[(page,firstBdy-page]] 

ELSE RETURN[[firstBdy,endRegion-firstBdy]] ; -- region contains exactly one code boundary 
END; 

NotPinned: INTERNAL PROCEDURE [regionD: RegionD] RETURNS [BOOLEAN] 
BEGIN RETURN[regionD.state~ = inPinned] END; 

Unmaplnternal: INTERNAL PROCEDURE (pSpaceD: POINTER TO SpaceD] 
BEGIN OPEN pSpaceD; 

--assert--lF state~= mapped THEN ERROR; 
IF dataOrFile = data THEN 

Apply T olnterval[interval, CachedRegion .kill]; 
ApplyTolnterval[interval, CachedRegion.unmap ! 

NotePinned -- {!eve/Max, page] -- = > 
BEGIN 
levelSub: Level; spaceDSub: SpaceD; 
FOR levelSub IN [level+ 1 .. levelMax] DO 

[] <- Hierarchy.GetDescriptor[@spaceDSub, CachedSpace.Handle(levelSub, page]]; 
IF spaceDSub.pinned THEN 

BEGIN spaceDSub.pinned <- FALSE; Hierarchy.Update[@spaceDSub]; EXIT END 
ENDLOOP; 

RESUME 
END]; 

pinned ... FALSE; 
state <-- unmapped; 
Hicrarchy.Update(pSpaceD]; 
-- (For mmote swapping. must unpin old file (and containing volume) from FilePageTransferrer cache) 
IF dataOrFile = data THE:N 

File.Delete[window.file]; 
Map Log. Writelog [lnterval[interval.page, cou ntMapped], Nil] 
END; 

-- SpecialSpace implementation 

-- Monitor entries 

MakeResident: PUf3LIC ENTRY PROCEDURF [space: Handle] = 
BEGIN OPEN handle: LOOPHOLE[space, Cacl1edSpace.Handle]; 
Pinnable: f-'HOCrnUH[ [regionD: RegionD] f1ETUHNS [BOOLEAN] 

BEGIN 
FlETURN[regionD.state IN Cachr,dRegion.Swappable AND regionD.levelMapped< = handle.level] 
END; 

spaceD: SpaceD; 
IF ~Hierarchy. GetDescriptor[@sriaceD, hand le]. validHandle THEN 

RETURN WITH ERF1OR Error[invalidHandle]; 
IF ~ForAIIRegions[spaceD.interval, Pinnable] THEN 

nuuR~J WITH El1HOf1 Error[invalidMappingOperation]; 
spaceD.pinned <-- TFlUE; 
Hic,rarchy.Update[@spaceD]; 
Apply Tolnterval [ spaceD. interval, Cached Region .pin] 
END; 

MakeSwappable: PUBLIC E~J rRY PHOCEDUFff [space: Handle] 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
spaceD: SpaceD; 
IF ~Hierarchy.GetDescriptor[@spaceD, handle].validHandle THEN 

RETURN WITH EFlFlOR Error[invalidHandle]; 
IF ~spaceD.pinned THEN 

RETURN WITH ERROR Error[invalidMappingOperation]; 
spaceD.pinned <-- FALSE; 
Hier arcily. Upd ate[@spaceD]; 
ApplyTolnterval[spaceD.interval, CachedRegion.unpin] 
END; 

8 



-- VMMgr>Spacelmpl.mesa (last edited by: Knutsen on: August 10, 1979 4:25 PM) 

-- Monitor externals 

MakeCodeResident: PUBLIC PROCEDURE [frame: PROGRAM] = 
BEGIN 
MakeResident[SpaceForCode[frame]] 
END; 

MakeCodeSwappable: PUBLIC PROCEDURE [frame: PROGRAM] = 
BEGIN 
MakeSwappable[SpaceF orCode[frame ]] 
END; 

SpaceForCode: PROCEDURE [frame: PROGRAM] RETURNS [Handle] = 
BEGIN OPEN f: LOOPHOLE(frame, ControlDefs.GlobalFrameHandle]; 
RETURN[GetHandle[PageFromlongPointer[f.code.longbase]]] 
END; 

-- Other 

VMMHelperProcess: PROCEDURE -- root of VMM helper process. a monitor external 
BEGIN 
page: PageNumber; 
operation: CachedRegion.Operation; 
outcome: CachedRegion.Outcome; 
HandleException: ENTRY PROCEDURE 

DO 

END; 

INLINE BEGIN 
DO 

END; 

WITH outcome SELECT FROM 
ok =) RETURN; 
regionDMissing = > Projection.Touch(page]; 
spaceDMissing {level/ -- = > Hierarchy.Touch[CachedSpace.Handle(level, page]]; 
error --/state/-- = > 

IF operation.action = activate THEN 
F,unlime. CallDebugger[" AddressFau It"] 

ELSE 
H<ROR; 

ENDCASE ~) ERllOR; 
outcome <- Cachedfleg,on.Apply[page, operation].outcome 
ENDLOOf' 

[page, operation, outcome] <-- SwapperException.Await[]; 
HandleException[] 
ENDLOOP 

WriteProtectTrap: rnOCEDURE - 1,ancller for p1ocessor-g,:0 neratecl trap. mclependent of /J/Onitor 
BEOIN 
page: PageNumber; 
state: ControlDefs.StateVector; 
Processlntcrnal.Disablelnterrupts[]; -- must be first instruction 
state <- STATE; state.des! <- FrnmeOps.GetReturnlink[l; state.source <- ControlDefs.Traplink; 
page <- LOOPHOLE[FramcOµs.MylocalFrame[], POINTER TO local ConlrolDefs.Frame].unused 

<-- LOOPHOLE(Tr:,p0ps.f1~iaclOTP[], PageNumber]; -- trap pammeter 
Procesi;I nternol. En able I ntc r-ru pts[]; 
Runlime.CallDebugger["WriteProtectFault"] 
END; 

-- Initialization 
Prncc~s.Detach[FORK VMMHelperProcess[]]; 
SDDefs.SD[SDDefs.sWriteProtect] <- WriteProtectTrap; 

END. 

•Notes 

9 

Ge/Attributes could be augmented by operations for accessing individual space attributes, avoiding unnecessary disk accesses, if 
performance requirements so dictated. • 

LOG 

Time: April 1978 By: McJones Action, Created file 



-- VMMgr>Spacel m pl.mesa (last edited by: Knutsen on: August 10, 1979 4:25 PM) 

Time: June 20, 1978 10:24 AM By: McJones 
Time: June 23, 1978 5:08 PM By: McJones 
Time: June 26, 1978 2:16 PM By: McJones 

Action: Test of explicit base to Create could overflow 
Action, GetHandle didn't check for page in range 
Action: Create, Delete passed Handle instead of Interval to ApplyRegionOp; 

To fix, split ApplyRegionOp into ApplyTolnterval, ApplyToSpace 
By: McJones Action, Added handleMDS module parameter 

By: McJones Action: Added File., Volume.Unknown logic 
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Time: July 10, 1978 12:52 PM 
Time: July 11, 1978 6: 16 PM 
Time: July 12, 1978 2:55 PM 
Time: August 3, 1978 8:58 AM 

By: McJones Action: Delete sometimes flushed too much (problem when neighbor pinned) 
By: McJones Action: Added map logging, helper; 

added Cal/Debugger for address, writeProtect faults 
Time: August 29, 1978 9:05 AM By: Redell Action: Installed "graycode" beingRemapped machinery 
Time: September 6, 1978 9:15 AM By: McJones Action: Changed Remap to suppress forceOut if writeProtected 
Time, September 10, 1978 1:49 PM By: McJones Action, Implemented SpecialSpace operations 
Time: September 14, 1978 2:20 PM By: McJones Action: Added LongPointerFromPage, PageFromLongPointer 
Time, September 28, 1978 11 :57 AM By: Mc Jones CR20.29: Create didn't detect too large base 
Time: September 28, 1978 11:57 AM By: McJones CR20.30: HandleException had wrong test for AddressFault 
Time: September 29, 1978 3:45 PM By: Redell CR20.32: In-place Remaps are allowed to set write-protect (by passing a read-

only capability) 
Time: October 16, 1978 9:28 AM By: McJones CR20.51: Fix for 20.29 checked base against count of VM instead of parent 
Time: October 16, 1978 9:28 AM By: McJones CR20.61: Added check for interval not pinned to Remap 
Time: February 1, 1979 2:07 PM By: Mc.Jones CR20. 169: Added pageRover to CachedSpace.Desc for Space.Create 
Time: February 20, 1979 6:01 PM By: McJones CR20.177: Changed Map, Remap to preserve spaceD.dPinned 
Time, March 9, 1979 11:17 AM By: McJones CR20.48, 134: Close timing window in Remap[read only]; calls this MakeReadOnly 
Time: July 10, 1979 3:43 PM By: Knutsen Action: Make compatible with Teak interfaces. 
Time: July 18, 1979 4:48 PM By: McJones Action: Added CreateUniformSwapUnits, DeleteSwapUnits (dummy only) 
Time: July 31, 1979 2:08 PM By: McJones Action: Changed MapLog to include writeProtected 
Time: August 10, 1979 4:26 PM By: Knutsen Action: Implemented CreateForCode. 



-- VMMgr>STLeaf.mesa (last edited by, McJones on, August 4, 1978 2, 14 PM) 

DIRECTORY 
CachedRegion: FROM "CachedRegion" USING [State], 
CachedSpace: FROM "CachedSpace" USING [Desc, Level], 
Environment: FROM "Environment" USING [Word, wordsPerPage], 
VM: FROM "VM" USING [PageNumber]; 

STLeaf: DEFINITIONS = 

BEGIN 

Ilea!: TYPE = RECORD [CARDINAL]; -- Index to Leaf 

Plea!: TYPE = LONG POINTER TO Leaf; -- Pointer to Leaf 

sizeleaf: CARDINAL = Environment.wordsPerPage; -- could be ~aried for testing 

Leaf: TYPE = RECORD [SELECT OVERLAID * FROM 
sTree => [ 

cDesc: CDesc, -- descriptors in use 
descFirst: Desc], -- first of array of bound Desc's 

free = > [ileafNext: I Leaf], -- next free page 
fill = > [ARRAY [O .. sizeleaf) OF RECORD [Environment.Word]], -- occupies a page 
ENDCASE]; 

sizeleafBody: CARDINAL = SIZE[Leaf]-SIZE[CDesc]; 

CDesc: TYPE = CARDINAL; -- Count of Descriptors 

Kind: TYPE '"' {hierarchy, projection}; 

Desc: TYPE = l~ECORD [SELECT OVERLAID Kind FROM 
hierarchy = > [ 

descH: CachedSpace.Desc], 
projection = > [ 

page: VM PageNumber, -- key 

level: CachedSpace.Level, 
state: CachcclRegi0n.State[unmapped .. outAlive], 
levelMapped: Cacl1edSpace.Level, -- (assum,119 sta/8 IN lvlc1pped) 
beingRemapped: BOOL[/\N]. - (assuming state IN lllapped) 

ENDCASl]; 

Create: r'ROCEDUHc RETUHNS [Ilea!]; 

Delete: PROCEDUflL [!Leal]; 

Open: PFlOCEDURF [Ilea!) RETUFlNS [PL.ea!]; 

Close: PROCEDurn: [!Leaf); 

END. 

LOG 

Time, May 16, 1978 11:21 AM 
Time: June 24, 1978 5:38 P,\1 
Time: August 4, 1971.3 2: 14 PM 

By, PMcJ Action, Created file 
By: PMcJ Action: PageNumber moved to VM 

By, PMcJ Action, Added beingRemapped to projection Oesc 



-- VMMgr>STLeafl m pl.mesa (last edited by: McJones on: August 8, 1979 4:30 PM) 

DIRECTORY 
File: FROM "File" USING [Capability, Create, MakePerrnanent, SetSize, Unknown], 
FileTypes: FROM "FileTypes" USING [tSpaceBTree], 
KernelFile: FROM "KernelFile" USING [GetRootFile], 
SirnpleSpace: FROM "SirnpleSpace" USING [Create, Handle, Page, Map, Unrnap), 
STLeaf: FROM "STLeaf", 
Utilities: FROM "Utilities" USING [LongPointerFrornPage], 
Volume: FROM "Volume" USING [ID, SystemlD], 
VMMPrograms: FROM "VMMPrograms"; 

STLeaflmpl: PROGRAM 
IMPORTS File, KernelFile, SimpleSpace, Utilities, Volume 
EXPORTS STLeaf, VMMPrograms 

BEGIN OPEN STLeaf; 

ilea!Null: Ilea! = [LAST[CARDINAL]]; 

iLeafFree: !Leaf +- iLeafNull; 

file: File.Capability; 
fileSizeMin: CARDINAL = 10; -- initial size for backing file 
filePageNext: CARDINAL +- 0; 

Buff: TYPE = RECORD [ 
handle: SimpleSpace.Handle, 
open: BOOLEAN, 
ilea!Content: !Leaf]; 

!Buff: TYPE = (0 .. 1]; 

rgBuff: ARRAY !Buff OF Buff; 
iBuffMru: !Buff +- FIRST[IBuff]; -- for hack replacement algorithm 

Close: PUBLIC PROCEDURE [ileaf: !Leaf] = 
BEGIN 
iBuff: !Buff; 
FOR iBuff IN !Buff DO OPEN rg8uff[i8uff]; 

IF ileafContent = iLeaf l HEN GO TO Found 
REPEAT Found :' > 

BEGIN 
--assert--lF ~open THEN ERROR; 

open <- FALSE; 
RETUFlN 
END 

ENDLOOP; 
--assert--lF ~FALSE rllEN ERflOR -- not open 

END; 

Create: PUBLIC Pl1OCEDUllE ,lETUl1NS [ileaf: !Leaf] 
l::lEGIN 
IF ilea!Free~ = ileafNull THEN 

BEGIN 

ELSE 

END; 

pleat: Pleat = Open[iLeatFree]; 
ilea! +- ileafFree; 
ileafFree <- pleaf.ileafNext; 
Close[ileaf] 
END 

BEGIN 
ilea! +- [filePageNext]; 
filePageNext +- filePageNext + 1; 
IF filePageNext)fileSizeMin lHL:N 

Filc.SetSize[file, filePageNext] 
END 

Delete: PUBLIC PROCEDURE (ilea!: lleat] 
BEGIN 
pl.eat: Pleat = Opcn[ileaf]; 
pLeaf.ileafNext +- iLeafFree; 
ileafFree +- ilea!; 
Close[ileaf] 
END; 

Open: PUBLIC PROCEDUl1E [ilea!: Ilea!] RE:TURNS [Pleat] 



-- VMMgr>STLeaflmpl.mesa (last edited by: McJones on: August 8, 1979 4:30 PM) 

BEGIN 
iBuff: !Buff; 
BEGIN 
FOR iBuff IN !Buff DO OPEN rgBuff[iBuff]; 

IF ileafContent = ileaf THEN 
BEGIN 

--assert--lF open THEN ERROR; -- open of already open butter 
GO TO Found 
END 

ENDLOOP; 
iBuff +- iBuffMru; 
DO OPEN rgBuff[iBuff]; 

iBuff +- IF iBuff = LAST[IBuff] THEN FIRST[IBuff] ELSE iBuff + 1; 
IF ~open THEN GO TO Found; 
IF iBuff = iBuffMru THEN EXIT 
ENDLOOP; 

EXITS Found = > 

END; 

BEGIN OPEN rgBuff[iBuff]; 
pleat: Pleat = lOOPHOlE[Utilities.longPointerFromPage[SimpleSpace.Page[handle]], Pleat]; 
IF ileafContent~ = ileaf THEN 

-- Buffer is not mapped to correct page 
BEGIN 
IF ilea/Content~ = ileatNull THEN 

SimpleSpace.Unmap[handle]; -- buffer is mapped. but to wrong page; unmap it 
SimpleSpace.Map[handle, [file, ilea!], FALSE]; -- Map buffer space to /file. iLeaf] 
ileafContent +- ilea! 
END; 

open ... TRUE; 
iBuffMru +- iBuff; 
RETUl~N[pleaf] 
END 

--assert IF ~FALSE THEN-- RETURN[ERROR] -- not enough buffers 
END; 

-- Initialization 
BEGIN 
systemVolume: Volume.ID = Volume.SystemlD[]; 
iBuff: !Buff; 
file <-- KernelFile.GetRootFile[FileTypes.tSpaceBTree, systemVolume]; 
BEGIN 
File.SetSize[file, fileSizeMin ! File.Unknown = > GO TO Create] 
FXITS Create = > 

END; 

BEGIN 
file +- r ile.Create[volume: systemVolume, initialSize: fileSiwMin, type: FileTypes.lSpaceBTree]; 
r- ile.MakePermanent[file] 
END 

FOR iBuff IN !Buff DO 
rgBuff[iBuff] +- [ 

open: FALSE, 
handle: SirnpleSpace.Create[ I, hyperspace], 
iLeafContent: il.eafl'Jull] 

ENDLOOP 
END 

END. 

LOG 

Time: May 16, 1978 11:29 AM By: McJones Action: Created file 
Time: June 20, 1978 2:26 PM By: McJones Action: Added SimpleSpace calls 
Time, June 21. 19713 10:31 AM By: McJones Action: Open didn't set rgBuff.open 
Time: June 21, 1978 10:46 AM By: McJones Action: Close dic/n't stop searching when buffer found 
Time: June 26, 1978 5:43 PM Ry: McJones Actio1J: Added iBuffMru /Jack 
Time: August 2, 1978 I0:09 AM By: McJones Action: Enabled File.Se/Size calls 
Time: August 9, 1978 1:42 AM By: Purcell /\ction: Use new SimpleSpace 
Time: September 6, 1978 9:51 AM By: McJ01Jes Action: Use GetRootFile 
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-- VMMgr>STLeaflmpl.mesa (/as/ edited by: McJones on: August 8, 1979 4:30 PM) 

Time: September 29, 1978 10:52 AM By: McJones CR20.42: Replaced MakePermanent with PutRootFile 
Time: August 8, 1979 4:30 PM By: McJones Action: Specia/File = > Kerne/File 
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-- VMMgr>ST ree.mesa (last edited by: McJones on: March 6, 1979 11:31 AM) 

DIRECTORY 
CachedSpace: FROM "CachedSpace" USING (Handle], 
STLeaf: FROM "STLeaf" USING [Desc, Kind], 
VM: FROM "VM" USING [PageCount, PageNumber]; 

STree: DEFINITIONS = 

BEGIN 

Key: TYPE = RECORD [SELECT OVERLAID STLeaf.Kind FROM 
hierarchy = > [handleH: Cacl1edSpace.Handle]. 
projection = > [pageP: VM.PageNumber], 
ENDCASE]; 

Desc: TYPE = STLeaf.Desc; 

PDesc: TYPE = LONG POINTER TO Desc; 

Get: PROCEDURE (pDescResult: PDesc, key: Key] RETURNS (keyNext: Key]; 

Insert: PROCEDURE (pDesc: PDesc]; 

Delete: PROCEDUFlE [key: Key]; 

Update: PROCEDUFH:: (pDesc: PDesc]; 

STreelmpl: PROGRAM [countVM: VM.PageCount, kind: STLeaf.Kind]; 

END. 

L.OG 

Time: May 16, 1978 6:17 PM 
Time: June 21, 1978 9:36 AM 

By: Mcjones Action: Createcl file 
By: McJones Action: Added $Tree/mp/ 



-- VMMgr>STreelmpl.mesa (last edited by: McJones on: March 6, 1979 11:41 AM) 

-- Things to consider: 
-- 1) Use LongMove for root insert/delete 
-· 2) Collapse merge/balance logic 
-- 3) For multi-mds, remove variables from global frame 
-- 4) When "too many entries" (root full on split), clean up and signal 
•• 5) Move cDesc f ram leaves to root; improve merge/ balance logic 

DIRECTORY 
CachedSpace: FROM "CachedSpace" USING [handleVM, Level], 
lnlineDefs: FFlOM "lnlineDefs" USING [LowHalf], 
STLeaf: FROM "STLeaf", 
STree: FROM "STree", 
Utilities: FROM "Utilities" USING [LongMove], 
VM: FROM "VM" USING [PageCount]; 

STreelmpl: PROGRAM [countVM: VM.PageCount, kind: STLeaf.Kind] 
IMPORTS lnlineDefs, STLeaf, Utilities 
EXPORTS ST ree = 

BEGIN OPEN STLeaf, STree; 

-- Constants (initialized later): 

sizeDesc: CARDINAL_; -- SIZE{kind Desc] 

cDescMax: CDesc; -- maximum number of descriptors per leaf 

cDescMin: CDesc; •- threshold for /Jalancing 

key Top: Key; •· upper hound for kmrl Key 

-- The root: 

-- If cKey = O. then mp/I Leaf Key has no entries; rg!Leaf[OJ specifies the only leaf page. 
-- If cKey>O. then the values mpl/LeafKey[iJ, for i IN [1 .. cKey], are ascending: 

leaf rg/Leaf[OJ contains descriptors matching keys<mpl/LeafKey[/]; 
leaf rgll.eaf[i/ contains desuiptors mntching keys IN [mp/!Lea/Koy[i]..mp/1/_eafKey[i ~ /]). i IN [1 .. cKey); 
leaf rg/Lo,d[cKey] contains descriptors matching /(eys) = mpl/Lea/Key[cKey]. 

IILeaf: TYPE = C/\llDINAL; ·- Inc/ex of !Leaf ,,r1try in root 

cl<eyMax: CAflDl~JAL = 20; 
cKey: CAHDINAL; 
mpllLeafKey: ArmAY IILE:?af(0 .. cKeyMax] OF Key; 
rgllcaf: /\HH/\Y IILeaf[0 .. cKeyMax] Of' !Leaf; 

l<eyFromPDesc: PFlOCUllJRE [pDesc: PDesc] f1UUl,r~s [l<ey] 
HEGIN 
WITH pDesc SELEC r kind l'FlOM 

END; 

hierarchy = > rn-1 UFlN[[il1marchy[[ievel: descH.level, page: clescH.interval.page]]]]; 
ENDCASf' • pr0Ject1011 •· = > I1ETUllN[[projection[pDesc.page])] 

SearchRoot: PflOCEDURE [key: Key] RETURNS [illeaf: llleaf] = 
BEGIN 
fOR ilLeaf <- 0, illeaf + 1 DO 

END; 

IF ill.ea!= cKey OH (WI IH mpllLeafKey[illeaf + 1] SELECT kind FROM 
hierarchy ~ > key.handleH.level<handleH.level Oil 

EXIT 
ENDLOOP 

key.handleH.level = handleH.level AND key.handleH.page<handleH.page, 
ENDCASE ·· prowcrwn - =) key.pageP<pageP) THEN 

SearchLeaf: PROCEDUFlE [key: Key, pLeaf: Pleat] REl UFlNS [found: BOOL.EAN, pDesc: PDesc, last: BOOLEAN] 
tlEGIN 
iDesc: CAFlDINAL; 



-- VMMgr>STreelmpl.mesa (last edited by: McJones on: March 6, 1979 11:41 AM) 

pDescNext: PDesc; 
--assert--lF pleaf.cDesc = 0 THEN ERROR; 

found +- TRUE; last +- FALSE; 
pDesc +- @pLeaf.descFirst; 
FOR iDesc IN [0 .. pLeaf.cDesc-{IF kind= projection THEN 1 ELSE 0)) DO 

pDescNext +- pDesc + sizeDesc; 

mo; 

WITH pDesc SELECT kind FROM 
hierarchy = > 

BEGIN OPEN descH; 
IF key.handleH.level = level AND key.handleH.page<interval.page + interval.count OR key.handleH.level<level 

THEN 
BEGIN 
IF key.handleH.level~ = level OR key.handleH.page<interval.page THEN found +- FALSE; 
GO TO Checklast 
END 

END; 
projection = > 

IF key.pageP<pDescNext.page THEN 
GO TO Checklast; 

ENDCASE; 
pDesc +- pDescNext 
REPEAT 

Checklast =) IF iDesc + 1 ~ pleaf.cDesc THEN last +- TRUE; 
FINISHED = > BEGIN last +- TRUE; IF kind= hierarchy THEN found +- FALSE END 

ENDLOOP 

UpdateRoot: PROCEDURE (illeaf: llleaf, pleat: Pleat] 
BEGIN 
IF illeal~ = 0 AND pleaf.cDesc~ = 0 THEN 

rnpllleafKey(illeal] +- KeyFrornPDesc[@pleaf.descFirst] 
END; 

Delete: PIJBIIC Pl,OCEDUHE [key: Key] = 
BEGIN 
ilLeaf: IILeaf = SearchRoot[key]; 
pLeaf: PL.eat = STLeat.Open[rglLeal(illeal]]; 
matcl1ing: BOOLEAN; 
pDesc: PDesc; 
[matching, pDesc] +- Searchleal[key, pLeat]; 

--assert--II' --matching I HfN t:HHOR; 
-- Move descriptors following pDesc up one place 
pleat.cDesc +- pLeaf.cDesc-1; 
Utilities.LongMove[ 

pSource: pDesc + sizeDesc, 
size: lnlineDels.LowHalf[@pLeaf.descFirst + sizeDesc • pl.eat .cDesc-pDesc], 
pSink: pDesc]; 

-- Update root entry in case deleted descriptor was first on leaf 
UpdateRoot[illeaf, pl.eat]; 
-- ff number of descriptors remaining on leaf is small enough, perform merge or balance 
IF pleaf.cDesc = 0 AND ill.eat= cKey THEN 

B[GIN 
-- Delete last leaf 
s I u,af.Close[rglLeaf(i!Leal]]; 
s TU,af .Delete[rg I Leaf (illeaf]]; 
cKey +- cKey-1; 
Rf TUllN 
END; 

IF pleal.cDesc<cDescMin /\ND illeal<cKcy l HEN 
BlGIN 
iILe31Next: lllenf = ilLeaf + 1; 
pLeafNext: Plenl = STl.eaf.Open[rglLeal[ilLeafNext]]; 
IF pleaf.cDesc + pLeafNext.cDesc< = cDescMax THEN 

-- Merge higher neighbor into this leaf 
BEGIN 
ilLeafAfter: Ill.ea!; 
-- Append contents of merged leaf 
Utilitics.longMove[ 

pSource: @pLeafNext.descFirst, 
size: sizeDesc 'pLeafNext.cDesc, 
pSink: @plenf.descFirst + siz:eDesc*pleaf.cDesc]; 

pLeaf.cDesc +- pLeaf.cDesc + pLeafNext.cDesc; 
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.. VMMgr>STreelmpl.mesa (last edited by: McJones on: March 6, 1979 11:41 AM) 

ELSE 

-- Delete merged leaf 
STleaf.Close[rglleaf[illeafNext]]; 
STLeaf.Delete[rglleaf[ilLeafNext]]; 
-- Delete its root entry 
cKey <- cKey-1; 
FOR illeafAfter IN [illeafNext..cKey] DO 

END 

mpllLeafKey[illeaf After] <- mpllLeafKey[illeaf After+ 1 ]; 
rglLeaf[ilLeafAfter] <- rglLeaf[illeafAfter + 1] 
ENDLOOP 

-- Balance with next leaf 
BEGIN 
cDescDelta: CDesc = (pleafNext.cDesc-pLeaf.cDesc)/2; -- >a. or we would have merged 
-- Append first cDescDelta descriptors from next leaf to this one 
Utilities.LongMove[ 

pSource: @pleafNext.descFirst, 
size: sizeDesc *cDescDelta, 
pSink: @pleaf.descFirst + sizeDesc*pleaf.cDesc]; 

pleaf.cDesc <- pleaf.cDesc + cDescDelta; 
-- Delete first cDescDelta descriptors of next leaf 
pleafNext.cDesc <- pleafNext.cDesc-cDescDelta; 
Utilities.LongMove[ 

pSource: @pLeafNext.descFirst + sizeDesc*cDescDelta, 
size: sizeDesc*pleafNext.cDesc, 
pSink: @pleafNext.descFirst]; 

-- Update root entry since identity of first descriptor changed 
Updatef{oot[illeafNext, pleafNext]; 
STLeaf.Close[rglleaf[ilLeafNext]] 
END 

END; 
STLeaf.Close[rglleaf[illeaf]] 
END; 

Get: PUBLIC PROCUllJRl:: [pDescResult: PDesc, key: Key] RETURNS [keyNext: Key] 
BEGIN 
illeaf: II1.eaf = Searchlloot[key]; 
µLeaf: Pleat = s TL6af.Open[rglleaf[illeaf]]; 
found, last: BOOI l::AN; 
pDesc: PDesc; 
[found, pDesc, last] ... Searchleaf[key, pleat]; 
IF ~found TH[N 

ELSE 

WllH pDescResult SELECf kind FF,OM 
hierarchy = > descH.state <- missing; 
projection = > FcFlnOR; 
Et--JDCASE 

Ut,I,t,es.LongMove[pSource: pDesc, size: sizeDesc, pSink: pDescResult]; 
SELECT lRUl:: FnOM 

~last = > keyNext <- KeyFromPDesc[pDesc + (IF found THEN sizeDesc ELSE 0)]; 
-- last AND - illeal<cKey = > keyNext ... mpllleafKey[illeaf + 1]; 
- last AND ,1/eal • ci'.ey • ENDCASE =) keyNext <- key Top; 

sn eafClose[rglLeaf[illeal]] 
[NU; 

!rise rt: PUI3llC PHOCEDUl1[ [pDesc: PDesc] 
BIGIN 
key: Key = KeyFromf'Desc[pDesc]; 
i!Leal: IILeaf; 
pl.eat: Pl.ea!; 
inserted: BOOLEAN; 
DO 

illeaf <- SearchRoot[key]; 
pleaf ... STLeaf.Open[rglleaf[i!Leaf]]; 
IF pleal.cDesc = cDescMax rHEN 

-- Leaf is full; split it and try again 
l3EGIN 
ii Leaf New: llleaf = illeaf + 1; 
ii Leal After: II Leaf; 
-- Create new /ea/ to fullow current one 

iLea!New: Ilea! = Sll_eaf.Create[]; 
pLeafNew: Pleat '" s n eaf.Open[ileafNew]; 

3 



-- VMMgr>STreelmpl.mesa (last edited by: McJones on: March 6, 1979 11:41 AM) 

cDescNew: CDesc = pleaf.cDesc/2; 
--assert--lF cKey = cKeyMax THEN ERROR; 

END; 

ELSE 

-- Move last cDescNew descriptors of this leaf to new one 
pleaf.cDesc .., pleaf.cDesc-cDescNew; 
pleafNew.cDesc .., cDescNew; 
Utilities.LongMove[ 

pSource: @pLeaf.descFirst + sizeDesc*pleaf .cDesc, 
size: sizeDesc*cDescNew, 
pSink: @pleafNew.descFirst]; 

-- Insert new root entry 
FOR illeafAtter DECREASING IN [illeafNew .. cKey] DO 

mpllleatKey[illeatAtter + 1] <-- mpllleafKey[illeafAfter]; 
rglleaf[illeafAfter + 1] .., rglleaf[illeafAfter] 
ENDLOOP; 

cKey .., cKey + 1; 
rglleaf[illeatNew] .., ileafNew; 
UpdateRoot[illeafNew, pleafNew]; 
STLeaf.Close[ileafNew]; 
-- Restart 
inserted ... FALSE 
END 

-- Leaf is not full; perform insert and exit 
BEGIN 
matching: BOOLEAN; 
pDescTarget: PDesc; 
[matching, pDescTarget] <-- Searchleaf[key, pleat]; 
SELECT kind FROM 

hierarchy = > IF matching THEN ERROR; 
projection = > pDescTarget .., pDescTarget +sizeDesc; -- insert after current rnatching entry 
FNDCI\SF; 

-- Move all descriptors not before pDescTarget down one place 
ut,lities.longMove[ 

pSource: pDescTarget, 
size: inlinr,Defs.LowHalf[@pLeat .descfirst + sizeDesc *pleat .cDesc-pDescTarget], 
pSink: pDescTarget +sizeDesc]; 

-- Insert dfrscriptor 
Utilities.LongMove[pSource: pDesc, size: sizeDesc, pSink: pDescTarget]; 
pleaf.cDesc <- pl..eaf.cDesc + 1; 
-- Update ·root entry in case inserted descriptor is first on leaf 
UpdateRoot[illeat, pleat]; 
-- Indicate finished 
inserted ... mu E 
END; 

s TLeaf. Close[ rg I Leaf [i !Leaf]]; 
IF inserted THEN EXIT 
ENDLOOP 

Update: PUBLIC Pf10CEDURE [pDesc: PDesc] 
BEGIN 
key: Key = KeyFromPDesc[pDesc]; 
illeaf: llleaf = SearchRoot[key]; 
pLeaf: Plear " s ru,al.Open[rglleaf[illeaf]]; 
matching: D00LEAN; 
pDescfarget: PDesc; 
[matching, pDescTarget] <- Searcill.eaf[key, pLeaf]; 

--assert--11 ~matching Tl H,N umori; 
-- UpdiJte descriptor 
Utilities.LongMove(pSource: pDesc, size: sizeDesc, pSink: pDescTarget]; 
-- Upc/Dte roo'. entry in case upciated descriptor is first on leaf 
UpdateRoot[illeaf, pl.eat]; 
STLeaf.Close[rglleat[illeat]]; 
END; 

-- Initialize 
BEGIN 
ileaf: !Leaf = STI eat.Create[]; 
plea!: Pleat = STLeaf.Open[iLeat]; 
cKey <- O; 
rglleaf[O] <- iLeaf; 
pLeaf.cDesc .., 1; 

4 



-- VMMgr>STreelmpl.mesa (last edited by: McJones on: March 6, 1979 11:41 AM) 

SELECT kind FROM 
hierarchy = > 

BEGIN 
sizeDesc <- SIZE[hierarchy Desc]; 
key Top <- [hierarchy[[level: LAST[CachedSpace.Level], page: CachedSpace.handleVM.page + countVM]]]; 
pleaf.descFirst <- [hierarchy([ 

END; 

level: Cached Space. hand le VM. level, 
interval: [CachedSpace.handleVM.page, countVM], 
dPinned: , dDirty: , -- don't care 
pinned: FALSE, 
state: unmapped, 
writeProtected: , -· don't care 
dataOrFile: , -- don't care 
pageRover: CachedSpace.handleVM.page, 
vp: short[]]]] -- don't care 

-- projection -- ENDCASE =) 

BEGIN 
sizeDesc <- SIZE[projection Desc]; 
key Top <- [projection[CachedSpace.handleVM.page + countVM]]; 
pleaf.descFirst <- [projection[ 

page: Cached Space. hand le VM. page, 
level: CachedSpace. hand le VM. level, 
state: unmapped, 
levelMapped: , -- don't care 
beingRemapped: ]] -- don't cara 

END; 
STLeaf.Close[ileaf]; 

cDescMax <- sizeLeafBody/sizeDesc; 

cDescMin <- cDescMax/3; -- must be < cDescMax/2 for merge/balance logic 
END 

END. 

LOG 

Time: May 5, 1978 2:55 PM 
Time: June 22, 1978 4:06 PM 
Time: June 26, 1978 1 :06 PM 
Time: July 17, 1978 12:06 PM 

By: McJones 
By: McJones 
By: McJones 
By: McJones 

Action: Created file 
Action: keyTop.page was one too large (both kinds) 
Action: projection Insert put new entry before old matching entry 
Action: Upper bound for split root update loop was ) instead of }; 

Delete allowed last page to become empty; 
Delete wouldn't merge second-to-last page; 
Upper bound for merge root update loop was ) instead of ]; 
Balance updated wrong root entry 

Time: August 31, 1978 11:59 AM By: McJones Action: Bugs in Get's keyNext computation 
Time: September 9, 1978 5:02 PM By: McJones Action: Added pinned to CachedSpace constructor 
Time: September 22, 1978 6:33 PM By: McJones Action: Search Leaf didn't set last when found= TRUE 
Time: February 1, 1979 2:24 PM By: McJones Action: Added pageRover to CachedSpace.Desc 
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-- VMMgr>VMMControl.mesa (last edited by: McJones on: July 31, 1979 2:03 PM) 

DIRECTORY 
CachedRegion: FROM "CachedRegion" USING (Apply, Desc, Outcome, pageTop], 
CachedSpace: FFlOM "CachedSpace" USING [Desc, Get, Handle, Level], 
Environment: FROM "Environment" USING [maxPageslnMDS, PageCount, PageNumber], 
File: FROM "File" USING [nulllD], 
Hierarchy: FROM "Hierarchy" USING [Insert], 
Maplog: FROM "Maplog" USING [Writelog], 
Projection: FROM "Projection" USING [Split, Translatelevel], 
SimpleSpace: FROM "SimpleSpace" USING [Disablelnitialization], 
StoragePrograms: FROM "StoragePrograms", 
STree: FROM "STree" USING [STreelmpl], 
VM: FROM "VM" USING [Interval], 
VMMPrograms: FROM "VMMPrograms", 
Volume: FROM "Volume" USING [SystemlD]; 

VMMCont rol: PROGRAM [countVM: Environment.PageCount, pMaplogDesc: LONG POINTER] 
IMPORTS CachedRegion, CachedSpace, Hierarchy, Maplog, Projection, SimpleSpace, STreeHier: STree, 

STreeProj: STree, VMMPrograms, Volume 
EXPORTS StoragePrograms SHARES File = 

BEGIN 

CreateSpace: PROCEDURE [level: CachedSpace.Level, interval: VM.lnterval, pSpaceD: POINTER TO CachedSpace.Desc] = 
-- Creates hierarchy & projection entries for one space: dirty cache entries should already exist 
BEGIN OPEN interval; -- page. count 
Hierarchy.lnsert[CachedSpace.Handle[level, page], count]; 
Projection.Split[page]; Projection.Split[page ~ count]; Projection.Translatelevel[pageMember: page, delta: 1]; 
IF pSpaceD~ = NIL AND pSpaceD.window.file.flD~ = File.null ID THEN Maplog.Writelog[interval, pSpaceD] 
END; 

FillHierarchyAndProjection: PROCEDURE = 
BEGIN 
pageRegion, pageSpace: Environment.PageNumber; 
outcome: Cachedl~egion.Outcome; 
region: CacheclReqion.Desc; 
SimpleSpace.Disablelnitialization[]; 
CreateSpace[first64K.level, VM.lnterval[first64K.page, Environment.maxPageslnMDS], NIL]; -- creata first64K space 
pageRegion <- O; 
pageSpace <- CachedRegion.pageTop; -- paqe not contained in any space 
DO 

END; 

[outcome, pageRegion] ... CachedReoion.Apply[pageRegion, 
[ifl\1issing: report, ifCheckedOut: wait, afterForking: , vp: get[andResetDDirty: FALSE, pDescResult: 
@region]]]; 

SELECT outcome.kind FHOM 
ok => 

FlEGIN 
subSpace: BOOLEAN = region.level= (IF region.interval.page<256 THEN 3 ELSE 2); 
levelSpace: CachedSpace.Level = region.level-(IF subSpace THEN 1 ELSE O); 
space: CacheclSpace.Desc; 
CachedSpace.Get[@space, [level: levelSpace, page: region.interval.page]]; 
IF ~subSpace OR space.interval.page~ = pageSpace -- first subspace seen with this parent -- THEN 

BEGIN -· put potentially mapped space into VMMgr database 
CreateSpace[space.level, space.interval, IF space.state= mapped THEN @space ELSE NIL]; 
pageSpace <- space.interval.page 
END; 

IF subSpace THEN CreateSpace[region.level, region.interval, NIL] 
END; 

regionDMissing = > NULL; 
ENDCASE =) ERROR; 

IF pageRegion = Cachednegion.pageTop THEN EXIT 
ENDLOOP 

first64K: CachedSpace.Handle = [level: FIRST[CachedSpace.Level] + 1, page: OJ; 

START VMMPrograms.Maploglmpl[pMaplogDesc: pMaplogDesc]; 
START VMMPrograms.STLeaflmpl[l; 
START STreeHier.STreelmpl[countVM: countVM, kind: hierarchy]; 
START STreeProj.STreelmpl[counlVM: countVM, kind: projection]; 
START VMMProurams.Hierarchylmpl; 
START VMMrrourams.Projectionlmpl[countVM: countVM]; 
FillHierarchyAndProjection[]; 
ST/\RT VMlvlProgrnms.Spacelmpl[countVM: countVM, volumeData: Volume.SystemlD[], handleMDS: first64K]; 



-- VMMgr>VMMControl.mesa (last edited by: McJones on: July 31, 1979 2:03 PM) 

END. 

LOG 

Time: June 20, 1978 5:58 PM 
Time: June 22, 1978 6: 12 PM 
Time: June 23, 1978 1:23 PM 
Time: July 10, 1978 10: 18 AM 
Time: July 18, 1978 10:59 AM 
Time: August 2, 1978 10:18 AM 
Time: August 7, 1978 8: 11 PM 

By, McJones 
By: Mc.Jones 
By: McJones 
By, McJones 
By: McJones 
By: McJones 
By: Purcell 

Action: Created file 
Action: Added projection(lhierarchy?) init 
Action: Added countVM parameter to Projection/mp/, Space/mp/ 
Action: Added creation of first64K 
Action: Added countReal, ... 
Action: Added MapLoglmpl 
Action: Call Si11JpleSpace.Disablelnitialization; 

new Hierarchy/Projection filling)ogic 
Time: August 29, 1978 4:14 PM By: McJones Action: (De)typed pMapLogOesc 
Time: September 6, 1978 10:18 AM By: McJones Action, Fixed test for first subspace of parent 
Time, September 15, 1978 5:20 PM By, McJones Action: Added map logging 
Time: July 11, 1979 3:28 PM By, McJones Action: Nonparent mapped space handled incorrectly 
Time: July 31, 1979 2:03 PM By: McJones Action: Changed MapLog to include writeProtected 
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-- VMMgr>VMM programs.mesa (last edited by: March 5, 1979 1:20 PM) 

DIRECTORY 
CachedSpace: FROM "CachedSpace" USING [Handle], 
VM: FROM "VM" USING [PageCount], 
Volume: FROM "Volume" USING [ID]; 

VMMPrograms: DEFINITIONS = 

BEGIN 

Hierarchylmpl: PROGRAM; 

Maploglmpl: PROGRAM [pMaplogDesc: LONG POINTER]; 

Projectionlmpl: PROGRAM [countVM: VM.PageCount]; 

Spacelmpl: PROGRAM [countVM: VM.PageCount, volumeData: Volume.ID, handleMDS: CachedSpace.Handle]; 

STLeaflmpl: PROGRAM; 

-- STreelmpl is defined in STree (because of multiple instances) 

END. 

LOG 

Time: June 20, 1978 4:30 PM By: McJones Action: Created file 
Time: June 23, 1978 10:23 AM By: McJones Action: Added countVM parameter to Projection/mp/, Space/mp/ 
Time: July 10, 1978 10:20 AM By: McJones Action: Added mds parameter to Space/mp/ 
Time: August 1, 1978 10:07 AM By: McJones Action: Added MapLoglmpl 
Time: August 29, 1978 4:24 PM By, McJones Action: (De)typed pDesc parameter to MapLoglmpl 



-- FileMgr.config (last edited by: McJones on: August 20, 1979 9:45 AM) 

PACK 

Filelmpl, 
VolAllocMaplmpl, 
VolFileMaplmpl, 
Volumelmpl; 

FileMgr: CONFIGURATION 
IMPORTS DiskChannel, FileCache, FilePageTransfer, FilerException, LabelTransfer, PilotSwitches, Process, SimpleSpace, 

Space, SubVolume, System, Systemlnternal, Utilities 
EXPORTS File, KernelFile, SpecialFile, StoragePrograms, Volume = 

BEGIN 

Filelmpl; 

VolAllocMaplmpl; 

VolFileMaplmpl; 

Volumelmpl; 

END. 

LOG 

Time: June 5, 1978 10:32 AM By: Purcell Action: Created fife 
Time: July 21, 1978 5:42 PM By: Horsley Action: Removed FMPrograms from EXPORTS 
Time: August 3. 1978 2:03 PM By: McJones Action: Added code packing 
Time: August 11. 1978 1:35 AM By: Purcell Action: Added Utilities to IMPORTS 
Time: August 29. 1978 2:02 PM By: Purcell Action: Logica/Volurne ~ > Specia/File (in EXPORTs) 
Time: September 23, 1978 4: 11 PM By: Horsley Action: Removed FilePointlmpl,Nelperlmpl; added Space to IMPORTS 
Time: March 21. 1979 9:25 1,M By: Horsley Action: Converted to Mesa 5.0 
Time: August 20, 1979 9:45 AM By: McJones Action: Added PilotSwitches to IMPORTS. Kerne/File to EXPORTS 



-- FileMgrTest.mesa (last edited by: Purcell on: July 21, 1978 7:13 PM) -­

DIRECTORY 
AltoFileDefs: FROM "AltoFileDefs"' 
File: FROM "File", 
Filelnternal: rnoM "Filelnternal", 
FilePoint: FROM "FilePoint", 
--LogicalVolume: FF1OM "LogicalVolume" ,-­
PilotClient: FROM "PilotClient", 
System: rnOM "System", 
Systemlnternal: FROM "Systemlnternal", 
Volume: FROM "Volume"; 

--not repeatable 

lnitializePilotClient: PFlOGRAM -- mus/ have this name to be started by pilot 
IMPORTS File, --LogicalVolume,-- Volume 
EXPORTS PilotClient 
SHARES File, System, Systemlnternal = 

BEGIN 

maxFileN: CARDINAL = 64; 
table: ARRAY [0 .. maxFileN) OF Entry; 
Entry: TYPE = RECORD[ 

file: File.Capability, 
exists: BOOLEAN, 
temporary: BOOLEAN, 
size: File.PageCount]; 

File TestAtYourServiceProceedWhenReady: SIGNAL = CODE; 
MatchBreak: SIGNAL ~ CODE; 
TestError: SIGNAL = CODE; 

breakN: CARDINAL +- maxFileN; -- for matching tifeN 
breaker: CARDINAL ,_ 0; 

altoFlag: BOOLEAN .. TRUE; 
altoFile: File.Capability +- File.Capability[System.FilelD[SystcmlnternaI.UniversallD[Systemlnterna1.altoFPSeries, 

altoFP[LOOPHOLE[AltoFileDcfs.DirFP]]]], Filelnternal.rnaxPermissions]; 
altoSize: File.PageCount +- 0; 
altoVolume: Volume.ID +- Volume.nulllD; 

ApplyTest: PROCEDURE[proc: PROCEDUFlE[action: CARDINAL] RETURNS[success: BOOLEAN], weight: DESCRIPTOR FOR ARRAY OF 
CARDINAL]= 

BEGIN 
action, counter, sample, maxSample: CARDINAL +- O; 
FOR action IN [O .. LENGTH[weight]) DO maxSample +- maxSample + weight[action]; ENDLOOP; 
DO 

END; 

FOR counter +- {action +- 0), counter+ 1 WHIL i: proc[action] DO -init 011 zero 
IF breaker= counter THEN SIGNAL FileTestAtYourServiceProceedWhenReady; 
sample +- Random[maxSample]; --ranclomSeed may be i111tecl with action zero 
roH action IN (0 .. LENGTH(weight)) UNTIL sample<weight[action] DO 

sample +- sample - weight[action]; 
ENDLOOP; 

ENDLOOP; 
SIGNAL TestError; 
breaker +- counter-1; 
ENDLOOP; 

Test: l'ROCEDUHE = 
BEGIN 
ApplyT est[TestOne, DESCHIPTO!l[ weight]]; 
END; 

weight: ARHAY [0 .. 14] OF C/\FlDINAL ,_ [0, 10, 10, 10, 10, 10, 10, 1, 0, 10, 10, 10,5,0, 20]; 

tries: CAHDINI\L +- 5; 

TestOne: PllOCEDUllE !action: CI\RDIN/\1] m=ruRNS [success: llOOLEI\N] = 
LJLGIN 
op: {init, getTemp, getType, getSize, makePermanent, delete, create, close, filePoint, setSize0, setSize1, setSize2, 



setSize20, setSize100, setSizeDelta} +- LOOPHOLE[action]; 
fileN: CAFlDINAL; 
freePageCount: Volume.PageCount +- Volume.GetAttributes[Volume.nulllD] .freePageCount; 
success +- TRUE; 
IF action= 0 THEN -- init 

BEGIN 
randomSeed +- 30218; 
FOR fileN IN [O .. maxFileN) DO table[fileN].exists +- FALSE; ENDLOOP; 
--LogicalVolurne. lnit[LogicalVolurne. GetHandle[Volurne.nulllD] .channel];-- --not repeatable 
altoVolume +- File.GetAttributes[altoFile].volume; 
IF altoFlag THEN altoSize +- File.GetSize[altoFile]; 
RETURN; 
END; 

THROUGH [O .. tries) DO 
fileN +- Random[maxFileN]; 
IF table[fileN] .exists = (action# 6) THEN EXIT 
FlEPEAT 

FINISHED = ) RETURN; 
ENDLOOP; 

BEGIN OPEN table[fileN]; 
IF fileN = breakN THEN SIGNAL MatchBreak; 
SELECT action FROM 

1 = > success +- (File.GetAttributes[file].temporary = temporary); 
2 = > success +- (File.GetAttributes[file].type =fileN + 10); 
3 = > success +- (File.GetSize[file] = size); 
4 = > BEGIN File.MakePermanent[file]; temporary+-FALSE; END; 
5 = > BEGIN File.Delete[file]; exists +- FALSE; END; 
6 = > IF freePageCount > 5 THEN table[fileN] +- Entry[ 

file: File.Create[Volume.nulllD, 0, File.Type[fileN + 101], 
exists: TRUE, 
temporary: TRUE, 
size: O]; 

7 = > Volume.Close[Volume.SystemlD[ll; -- hack to exercise various close/open or rebuilds 

2 

--8 => success +- (FilcPoint.GetFilePoint[file, 0, 10b].count <= size):·· -- exercise FilePoint, but can't reach through pilot 
interfaces 

ENDCASE => 
BEGIN 
size +- MIN[size + freePageCount - MIN[freePageCount, LONG(20]], SELECT action FROM 

9 => 0, 
10 = > 1, 
11 = > 2, 
12 = > Random(20], 
13 = > Random[100], 
ENDCASE = > size • MIN[size, LONG(3]] + Random[7]1; 

File.SetSize[file, size]; 
END; 

END; - of OPEN table[li!eNJ 
END; 

randomSeed: CARDINAL +- 30218; 

Random: PROCEDURE [limit: CARDINAL] RETURNS [n: CARDINAL] = 
BEGIN 
FlETUf1N[(randomSeed +- 24205B•randomSeed + 330318) MOD limit]; 
END; 

TestU 

END. 

LOG 

Action: Created file from lilelmpl.mesa Time, June 21, 1978 5:41 PM 
Time: June 30, 1978 2:26 PM 
Time: July 17, 1978 2:01 PM 

By: Purcell 
By: Purcell 
By: Purcell 

Action: renamed lrom Tes/File/mp/ to FileTestClient, PilotClientlmpl 
Action: renamed from Fi/eTestClient to FileMgrTest and added close 

--- ----- --- ---- - - -------



-- Filelmpl.mesa (last edited by: McJones on: September 6, 1979 2:49 PM) 

DIRECTORY 
AltoFileDefs: FROM "AltoFileDefs" USING [FA, LD], 
BootChannel: FROM "BootChannel" USING [Location], 
DiskChannel: FROM "DiskChannel" USING [Address, Handle, Drive, GetAttributes, GetDriveTag], 
Environment: FROM "Environment" USING [PageCount, PageNumber], 
File: FROM "File" USING [Capability, delete, ErrorType, grow, ID, lastPageNumber, nullCapability, PageCount, 

PageNumber, Permissions, read, shrink, Type, write], 
FileCache: FROM "FileCache" USING [GetFilePtrs, GetPageGroup, SetFile, SetPageGroup, ReturnFilePtrs], 
Filelnternal: FROM "Filelnternal" USING [Descriptor, FilePtr, maxPermissions, PageGroup], 
FilePageLabel: FROM "FilePageLabel" USING [GetFilePage, GetType, Label, LabelCheckSum, nulllD, SetFilePage, 

tBootFile], 
FilePageTransfer: FROM "FilePageTransfer" USING [Initiate, Request], 
FilerException: FROM "FilerException" USING [Await], 
FMPrograms: FROM "FMPrograms" USIND [VolAllocMaplmpl, VolFileMaplmpl, Volumelmpl], 
lnline: Ff10M "lnline" USING [BITAND, LowHalf], 
KernelFile: FROM "KernelFile" USING [DeviceHandle], 
LabelTransfer: FROM "LabelTransfer" USING [LabelType, ReadLabel, VerifyLabels, WriteLabelsAndData, WriteLabels], 
LogicalVolume: FROM "LogicalVolume" USING [crnate, FileAccessProc, FileVolumeAccess, Handle, noOp, 

nullVolumePage, Operations, PageNumber, PutRootFile, systemlD, VolumeAccess], 
MStore: FROM "MStore" USING [Promise], 
PhysicalVolume: FROM "PhysicalVolume" USING [PageNumber], 
PilotFileTypes: FROM "PilotFileTypes" USING [PilotRootFileType, PilotVFileType, tBeingMoved, tBeingReplicated, 

tBootFile, tFreePage], 
PilotSwitches: FROM "PilotSwitches" USING [switches--A.F--], 
Process: FROM "Process" USING [Detach], 
Runtime: FROM "Runtime" USING [CallDebugger], 
SimpleSpace: FROM "SimpleSpace" USING [Create, Handle, Map, Page, Unmap], 
Space: FROM "Space" USING [Create, defaultBase, Delete, Handle, Map, Remap, Unmap, virtualMemory, WindowOrigin], 
SpecialFile: FROM "SpecialFile" USING [Link], 
StoragePrograms: FROM "StoragePrograms" USING [BootFilelDs, DebugClass], 
SubVolume: FROM "SubVolume" USING [Find, GetPageAddress, Handle], 
System: FROM "System" USING [GetUniversallD, VolumelD], 
Systemlnternal: FROM "Systemlnternal" USING [altoFPSeries, Unimplemented, UniversallD], 
Utilities: FROM "Utilities" USING [LongPointerFromPage], 
VMMaplog: FHOM "VMMaplog" USING [Entry, PilotFID], 
VolAllocMap: FROM "VolAllocMap" USING [AllocPageGroup, FreePageGroup), 
VolFileMap: FROM "VolFileMap" USING [DeletePageGroup, GetNextFileProc, GetPageGroup, lnsertPageGroup], 
Volume: FROM "Volume" USING [GetNext, ID, lnsufficientSpace, nulllD, Unknown], 
Volumelnternal: FROM "Volumelnternal" USING [altoVolume]; 

Filelmpl: MONITOR -- to protect pa9eBuffer and to serialize chan9es to fJ/es 
[bootFile: POINTER TO disk BootChannei.Location, pDebuggerlDs: POINTER TO StoragePrograms.BootFilelDs] RETURNS 

[debugClass: StoragePrograms. Debug Class, debuggerDevice: UNSPECIFIED- -01S Proces.,orFar,e DeviceHandfe--] 

IMPORTS OiskChannel, FileCache, FilePageLabel, FilePageTransfer, FilerException, FMPrograms, lnline, LabelTransfer, 
LogicalVolume. MStore, PilotSwitches, Process, Runtime, SimpleSpace, Space--(Space!?)--, SubVolume, • 
System, Systemlnternal, Utilities, VolAllocMap, VolFileMap, Volume 

EXPORTS File, KernelFile, SpecialFile, StoragePrograms 
SHARES File, FilePagelabel, System, Systemlnternal 

BEGIN OPEN File, Filelnternal; 

FileAccessProc: TYPE = LogicalVolume.FileAccessProc; 

•• Set by FileC/Jange; used by ForceOutAttributes 
volumePage: LogicalVolume.PageNumber; •- protected by monitor (as is buffer) 

-- Size Used for Move & Replicate /mutable 
spaceSize: Environment.PageCount = 1; -- should be at feast one disk track 

-- One-page buffer used by FileChange and GetAltoSize 
pageBuffer: SimpleSpace Handle = SimpleSpace.Create[ 1, hyperspace]; 
bufferPointer: LONG POINTER = Utilities.LongPointerFromPage(SirnpleSpace.Page[pageBuffer)]; 

-- Maintained by AltoSize 
cacheA, cacheB: RECORD[file: File.ID, size: PageCount] <- [FilePageLabel.nulllD, OJ; 

•• Multi-page buffer used by MakeBootable 
longBufferSize: CARDINAL = 20; -- increase batch size to speed up boot chain installation 
longBuffer: SimpleSpace.Handle = SirnpleSpace.Create[longBufferSize, hyperspace]; 
longBufferPage: Environment.PageNurnber = SimpleSpace.Page[longBuffer]; 

Error: PUBLIC ERflOF1 [type: ErrorType] = CODE; 



-- Filelmpl.mesa (last edited by: McJones on: September 6, 1979 2:49 PM) 

lnvalidParameters: PUBLIC ERROR = CODE; 
LabelError: SIGNAL = CODE; 
Unknown: PUBLIC ERROR [file: Capability] = CODE; 

-- MONITOR EXTERNAL PROCEDURES 

Create: PUBLIC PROCEDURE [volume: System.VolumelD, initialSize: PageCount, type: Type] 
RETURNS [file: Capability] = 

BEGIN 
file +- Capability[File. lD(System.GetUniversallD[]], Filelnternal.maxPermissions]; 
CreateWithlD(volume, initialSize, type, file]; 
RETURN[file]; 
END; 

-- Create file given the file identifier (Called ONLY from Create???) 
CreateWithlD: PROCEDURE [volume: System.VolumelD, initialSize: PageCount, type: File.Type, file: Capability] = INLINE 

BEGIN 
fileD: local Filelnternal.Descriptor +- [file.flD, volume, local[FALSE, TRUE, 0, type]]; 
IF type IN PilotFileTypes.PilotVFileType THEN ERROR Error[reservedType]; 
-- Should check for existence of t,/e with this ID 
LogicalVolume.FileVolumeAccess[Grow1, @fileD, LogicalVolume.create, @initialSize] 
END; 

Delete: PUBLIC PROCEDURE (file: Capability] 
BEGIN 
zero: File.PageCount +- 0; 
FileChange(Shrink1, @file, File.delete, @zero]; 
END; 

DeleteTemps: PUBLIC PROCEDURE [volume: Volume.ID] 
BEGIN 
file: File.Capability +- File.nullCapability; 
immutable, temporary: flOOLEAN; 

UNTIL {file <- GetNextFile[volume, file])= File.nullCapability DO 

2 

--The catch phrase in the following statement is a kludge to compensate for the shortcomings of File.Delete and the ine 
scavenger that cause crashes during deletion of a page group to leave an incomplete set of the group's pages on 
disk. It should be removed when the intentions page and the real scavenger are implemented. 

END; 

[immutable: immutable, temporary: temporary] <- GetAttributes[file ! Unknown = > BEGIN 
Runtime.CallDebugger["Damaged file (lost space). Proceed to ignore."L]; LOOP END]; 

IF temporary THEN 
IF immutable THEN Deletelmmutable[file, volume] ELSE Delete[file] 

ENDLOOP 

FileHelperProcess: PROCEDURE 
BEGIN 
helpCount: CARDINAL ... 0; 
fileD: Filelnternal. Descriptor; 
req: FilePageTransler.Request; 
countlnitiated: Environment.PageCount; 
Helper1: FileAccessProc--vo/, filePtr, op, newSizeP-­

BEGIN 

DO 

success: BOOLEAN; 
group: filelnternaLPageGroup; 
IF ~FileCache.GetFilePtrs[0, filePtr.filelD].success THEN FlETURN; -- fell out of cache 
[success, group) <- VolFileMap.GetPageGroup[vol, filePtr, req.filePage]; 
IF success AND req.filePage<group.nextFilePage THEN 

FileCache.SetPageGroup[req.file.flD, group, FALSE] -- page is within life? 
ELSE 

Runtime.CallDebugger["Mapped off File (Helper)"L] 
END; 

req +- FilerException.Await[]; 
helpCount <- helpCount + 1; 
fileD <- GetFileDescriptor[@req.fi1e]; -- tile cache updated as side effect 
WITH fileD SELECT FROM 

remote = > NULL; 
local = > LogicalVolume.FileVolumeAccess[Helper1, LOOPHOLE[@fileD], LogicalVolume.noOp, NIL]; 
ENDCASE; 

countlnitiated <- FilePageTransler.lnitiate[req]; 
IF req.promise THEN MStore.Promise[countlnitiated] 
ENDLOOP 
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END; 

GetAtt ributes: PUBLIC PROCEDURE [file: Capability] RETURNS [type: Type, immutable, temporary: BOOLEAN, volume: 
System.VolumelD] = 

BEGIN • 
fileD: Filelnternal.Descriptor = GetFileDescriptor[@file]; 
WITH fileD SELECT FROM 

END; 

local = > RETURN[type, immutable, temporary, fileD.volumelD]; -- caveat: on scoping 
ENDCASE = > RETURN[File.Type[0], FALSE, FALSE, Volumelnternal.altoVolume] 

GetBootlocation: PUBLIC PROCEDURE [file: File.Capability] RETURNS [device: KernelFile.DeviceHandle, link: SpecialFile.Link] 
BEGIN -- What if systemlD changes while this runs? 
vlD: Volume.ID; 
group: Filelnternal. PageGroup; 
channel: DiskChannel.Handle; 

GetVIDAndGroup[@vlD, @group, @file, OJ;-· set vlD. group 
[channel, LOOPHOLE(link, DiskChannel.Address]] +- SubVolume.GetPageAddress(vlD, group.volumePage]; 
device +- [DiskChannel.GetAttributes[channel].drive] 
END; 

-- Look up file in cache and then in all vfm 's, return a descriptor or signal error 
GetFileDescriptor: PROCEDURE [file: POINTER TO READONL y File.Capability] RETURNS [fileD: Filelnternal.Descriptor] 

BEGIN 
success: BOOLEAN; 
ID: POIMTER TO Filelnternal.Descriptor; 
localFileD: local Filelnternal.Descriptor +- [file.1IO, Volume.nulllD, local[..,]]; 

IF file.1ID = FilePageLabel.nulllD THEN ERROR Unknown[filet]; 
IF LOOPHOLE(file.f ID, Systemlnternal. UniversallD] .series= Systemlnternal.altoFPSeries THEN 

IF GetAlloSize[file] = 0 THFN ERROR Unknown[filet] ELSE RETURN[[file.flD, Volumelnternal.altoVolume, remote[]]]; 
[success, ID] +- FileCache.GetFilePtrs[1, file.flD]; 
IF success THEN BEGIN fileD <- !Dt; FileCache.ReturnFilePtrs(1, ID]; RETURN END; 
DO 

END; 

IF (localFileD.volumelD .. Volume.GetNext[localFileD.volumelD]) = Volume.null ID THEN ERROR Unknown[filet]; 
LogicalVolume.F1leVolu meAccess(GetFileDescriptor1, @localFileD, LogicalVolume.noOp, NIL]; 
IF localFileD.typ~ # PilotFileTypes.tFreePage THEN RETURN[localFileD] 
ENDLOOP 

-- Look up file in vfm: fill in & cache the descriptor (volume/0<-null ii not found) 
-- Called from GetFileDescriptor and from Delete /mutable 
GetFileDescriptor1: FileAccessProc --vol, tilePtr. op. newSizeP-- = 

BEGIN 
success: BOOLEAN; 
group: hlclntcrnal.PageGroup; 
label: FilePagelabel.Label; 

[success, group] +- VolFileMap.GetPageGroup(vol, filePtr, OJ; 
IF ~success THEN BEGIN filePtr.type .... PilotFileTypes.tFreePage; RETURN END; 
label <- LabelTrnnsfer.Readlabel[filePtrt, 0, group.volumePage]; 
IF label.filelD~ = filePtr.filelD OR FilePageLabel.GetFilePage[@label]~ = 0 THEN SIGNAL LabelError; 
filePtr.body <- local[immutable: label.immutable. temporary: label.temporary, size: VolFilcMap.GetPageGroup[vol, filePtr, 

File.lastPageNumber].group.filePage --success?-, type: FilePageLabel.GetType[@label]]; 
FileCache.SetFile[filePtrt, FALSE]; 
END; 

GetFilcPoint: PUBLIC PllOCEDUFlE (µEntry: LONG POINTER TO VMMapLog.Entry, pFile: POINTER TO File.Capability, filePage: 
File.PageNumber] = 

BEGIN 
countMax: CM1DINAL = 4096: 
WITH ulD: LOOPHOLE(pFile.flD, Systemlnternal.UniversallD] SELECT 

(IF ulD.series = Systemlnternal.altoFPSeries THEN altoFP ELSE ois) FROM 
altoFP = > 

pEntryt .. VMMapLog.Entry[, countMax, , , alto31 [LOOPHOLE(ulD.fp], lnline.LowHalf[filePage]]]; 
ois => 

BEGIN 
vlD: Volume.ID; 
group: Filelnternal.PageGroup; 
lvPage: LogicalVolume.PageNumber; 
success: BOOLEAN; 
svH: SubVolume.Handle; 

3 
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pvPage: PhysicalVolume.PageNumber; 
count: Environment.PageCount; 
drive: DiskChannel.Drive; 
label: FilePageLabel.Label; 

GetVIDAndGroup[@vlD, @group, pFile, filePage]; 
lvPage ,.. filePage-group.filePage + group.volumePage; -- map tile page to logical vol page 
[success, svH] ,.. SubVolume.Find[vlD, lvPage]; -- assumes vol won't disappear!! 
IF ~success THEN ERROR; -- we must have a Pilot 31! 
pvPage ,.. lvPage-svH.lvPage + svH.pvPage; -- logical vol page to physical vol page 
count ... MIN[countMax, lnline.LowHalf[group.nextFilePage-filePage]]; 
drive .-- DiskChannel.GetAttributes[svH.channel].drive; 
label.filelD .-- pFile.flD; FilePageLabel.SetFilePage[@label, filePage]; 
IF PilotSwitches.switches.A = down THEN -· CoPilot 0 

ELSE 

IF drive= DiskChannel.Drive[1] --DP1-- THEN 

ELSE 

pEntryt .. [, count, , , pilot31 [vda: lnline.LowHalf[pvPage], fid: VMMapLog.PilotFID[ulD.a, ulD.b], filePage: 
lnline.LowHalf[filePage]]] 

pEntryt .-- [, count, , , nil[]] 

pEntryt +-- [, count, , , disk[driveTag: DiskChannel.GetDriveTag[drive], diskPage: pvPage, labelCheck: 
FilePageLabel.LabelCheckSum[@label, 0ll]; 

END; 
ENDCASE; 

END; 

GetNextFile: PUBLIC PROCEDURE [volume: Volume.ID, file: File.Capability] RETURNS [nextFile: File.Capability] 
BEGIN 
fileD: local Filelnternal.Descriptor .-- [file.flD, volume, local[,,,]]; 

LogicalVolume.FileVolumeAccess[VolFileMap.GetNextFileProc, @fileD, LogicalVolume.noOp, NIL]; 
RETURN [File.Capability[lileD.lilelD, IF lileD.filelD = FilePageLabel.nulllD THEN 0 ELSE Filelnternal.maxPermissions]] 
END; 

GetSize: PUBLIC PROCEDURE [file: Capability] RETURNS [size: PageCount] 
BEGIN 
fileD: Filelnternal.Descriptor = GetFile[)escriptor[@lile]; 
RETURN[WITH fileO SELECT FROM 

local = > size, 
ENDCASE =) GetAltoSize[@filel] 

END; 

-- Look up file in cache and then in all vfm's, set v/0 and page group descriptor or signal error 
GetVIDAndGroup: PROCEDUFlE [pVID: POINTER TO Volume.ID, pGroup: POINTER TO Filelnternal.PageGroup, pFile: POINTER TO 

File.Capability, filePage: File.PageNumber] = 
BEGIN 
GetVIDAndGroup1: FileAccessProc --vol. tilePtr. op. 11ewSizeP-­

BEGIN 
success: BOOLEAN; 
pVIDt .-- filePtr.volumelD; 
[success, pGroupt] +-- FileCache.GetPageGroup[filePtr.filelD, filePage]; 
IF ~success THEN [success, pGroupt] +- VolFileMap.GetPageGroup[vol, filePtr, filePage]; 
IF ~(success AND filePage<pGroup.nextFilePage) THEN ERROR; 
END; 

FileChange[GetVIDAndGroup1, pFile, LogicalVolume.noOp, NIL]; 
END; 

Grow1: FileAccessProc --vol. filePtr. op. newSizeP-- = 
BEGIN OPEN lilePtr; 
-- GetPaqeGroup mi()ht watch for unsuccess but doesn't 
group: -Filelnternal.PageGroup +- IF op= LogicalVolume.create THEN [0,LogicalVolume.nullVolumePage,0] ELSE 

VolFileMap.GetPageGroup[vol, filePtr, size-MIN[size, 1]] .group; 

IF newSizeP = NIL THEN ERROR; 
WHILE size<newSizePt OR newSizePt = 0 AND op= LogicalVolume.create DO 

END; 

group .-- Filelnternal.PageGroup[group.nextFilePage, group.volumePage + group.nextFilePage-group.filePage, 
newSizePt]; 

VolAllocMap.AllocPageGroup[vol, filePtr, @group, op= LogicalVolume.create]; -- results in modified group and size 
VolF1leMap. lnsertPageGrou p[ vol, lilePtr, @group]; 
IF size = newSizePt THEN EXIT 
ENDLOOP 
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lsOnVolume: PUBLIC PROCEDURE [file: Capability, volume: System.VolumelD] = 
BEGIN 
fD: Filelnternal.Descriptor = Filelnternal.Descriptor[file.1I0, volume, remote[]]; 
[] .- GetFileOescriptor[@file ! Unknown = > BEGIN FileCache.SetFile[fD, FALSE]; CONTINUE; END] 
END; 

Makelmmutable: PUBLIC PROCEDURE [file: Capability] = 
BEGIN 
Makelmmutable1: FileAccessProc --vol, tilePtr, op, newSizeP-- = 

BEGIN 
IF NOT LabelTransfer.Verifylabels[filePtrt, Filelnternal.PageGroup[O, volumePage, 1]] THEN SIGNAL LabelError; 
filePtr.immutable +- TRUE; 
ForceOutAttributes[filePtr]; 
END; 

FileChange[Makelmmutable1, @file, File.write, NIL] 
END; 

MakePermanent: PUBLIC PROCEDURE [file: Capability] 
-- Notices files of Pilot root file type 
BEGIN 
MakePermanent1: FileAccessProc --vol. filePtr, op, newSizeP-- = 

BEGIN 
IF NOT LabelTransfer.VerifyLabels[filePtrt, Filelnternal.PageGroup[O, volumePage, 1]1 THEN SIGNAL LabelError; 
-- setting the root file in the array must be done first to be consistant with the Pilot Philosophy 
IF filePtr.type IN PilotFileTypes.PilotRootFileType THEN LogicalVolume.PutRootFile[vol, filePtr.type, @file]; 
filePtr.temporary +- FALSE; 
F orceOu tAttri butes[f ilePtr]; 
END; 

FileChange[MakePermanent1, @file, File.write, NIL]; 
END; 

MakeUnBootable: PUBLIC PROCEDURE [file: File.Capability] = 
BEGIN SIGNAL Systemlnternal.Unimplemented END; 

PermissionsAND: PROCEDURE [greaterPermissions, maxPermissions: Permissions] 
RETURNS [lesserPermissions: Permissions] = LOOPHOLE[lnline.BITAND]; 

Pin: PUBLIC PROCEDURE [file: File.Capability] = 
BEGIN 
Pin1: FileAccessProc--vo/, filePtr. op. newSizeP-­

BEGIN 
success: BOOLEAN; 
group: Filelnternal.PageGroup +- [0,0,0]; 
FileCache.SetFile[filePtrt, TRUE]; 
WHILE group.nextFilePage < filePtr.size DO 

END; 

[success, group] <- VolFileMap.GetPageGroup[vol, filePtr, group.nextFilePage]; 
IF ~success THEN ERROR; 
FileCache.SetPageGroup[filePtr.filelO, group, TRUE] 
ENDLOOP 

FileChange[Pin1, @file, LogicalVolume.noOp, NIL] 
END; 

SetDebuggerFiles: PUBLIC PROCEDURE [debugger, debuggee: File.Capability] 
BEGIN -- what if system!D changes while this runs? 
deviceEr, deviceEe: KernelFile.DeviceHandle; 
linkEr, linkEe: SpecialFile.Link; 
SetDebuggerFiles1: PROCEDURE [volume: LogicalVolume.Handle] 

BEGIN OPl:N bootFilelDs: LOOPHOLE[@volume.bootinglnfo, LONG POINTER TO StoragePrograms.BootFilelDs]; 
bootFilelDs.debugger.11D +- debugger.11D; 
bootFilelDs.debugger.da <- LOOPHOLE[linkEr]; 
bootFilelDs.debuggee.1ID <- debuggee.110; 
bootFilelDs.debuggee.da +- LOOPHOLE[linkEe] 
END; 

[deviceEr, linkEr] <- GetBootlocation[debugger]; [deviceEe, linkEe] <- GetBootlocation[debuggee]; 
IF deviceEr~ = deviceEe OR GetFileDescriptor[@debugger].fileD.volumelD~ = LogicalVolume.systemlD THEN 

ERROR lnvalidParameters; 
LogicalVolume. Volu meAccess[pVID: @LogicalVolume.systemlD, proc: SetDebuggerFiles1, forceOut: TRUE] 
END; 
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SetSize: PUBLIC PROCEDURE [file: Capability, size: PageCount] = --(called by Delete) 
BEGIN 
oldSize: PageCount = GetSize[file]; 
IF size < oldSize THEN FileChange[Shrink1, @file, File.shrink +File.write, @size]; 
IF size > old Size THEN FileChange[Grow1, @file, File.grow+ File. write, @size] 
END; 

•· Nobody calls???? 
--SetType: PROCEDURE [file: Capability, newType: Type] = 

--BEGIN 
--SetType1: FileAccessProc + + vol, filePtr, op, newSizeP + + = 

··BEGIN filePtr.type ... newType END; 
--FileChange[SetType1, @file, File.read, NIL] 
--END; 

Shrink1: FileAccessProc--vol, filePtr, op, newSizeP-- = 
BEGIN OPEN filePtr; 
group: Filelnternal.PageGroup; 

IF newSizeP = NIL THEN ERROR; 
WHILE size)newSizePt OR newSizePt = 0 AND op= File.delete DO 

END; 

group <- Filelnternal.PageGroup[newSizePt, LogicalVolume.nullVolumePage, size]; 
VolFileMap.DeletePageGroup[vol, filePtr, @group]; .• results in modified group 
IF size= newSizePt THEN EXIT; •• extra call to DeletePageGroup to delete attributes 
VolAllocMap.FreePageGroup[vol, filePtr, @group, op= File.delete] •. filePtr.size updated 
ENDLOOP 

-· ENTRY (or at least Pseudo-entry) PROCEDURES 

-· Monitor protects validity of fileD 
Deletelmmutable: PUBLIC ENTRY PROCEDURE [file: Capability, volume: System.VolumelD] 

BEGIN 
fileD: local Filelnternal.Descriptor <- [file.flD, volume, local[..,]]; 
success: BOOLEAN; 
ID: Filclnlernal.FilePtr; 
zero: File.PageCount <- O; 

IF PermissionsAND[file.permissions, File.delete] = 0 THEN RETURN WITH ERROR Error[insufficientPermissions]; 
[success, ID] <- FileCache.GetFilePtrs[ 1, file.110]; 
IF success Tl IEN 

BE.GIN 
IF (success <- fD.volumelD = volume) THEN 

WITH f: !Dt SELECT FROM 
local = > fileD <- f; 
f-NDCASE =) ERROR; 

FileCache.ReturnFilePtrs[1, to]; 
END; 

IF ~success THEN LogicalVolume.FileVolumeAccess[GetFileDescriptor1, @fileD, LogicalVolume.noOp, NIL]; 
IF fileD.type = PilotFileTypes.tFreePage THEN RETURN WITH ERROR Unknown[file]; 
IF ~fileD.immutable THEN RETURN WITH ERROR Error[notlmmutable]; 
LogicalVolume.FileVolumeAccess[Shrink1, @fileD, File.delete, @zero] 
END; 

•· Check permissions, call FileVolumeAccess to make a change 
•· Prepare for writing label of page zero (Map & Unmap may cause helper to calf FileVolumeAccess) 
•· Monitor protects pageBu/fer, volumePage and serializes file changes 
FileChange: I Nlf1Y PFlOCEDUllE [proc: FileAccessProc, fileP: POINTER TO READONL Y Capability, op: LogicalVolume.Operations, 

newSizcP: POINTER TO READONL y PageCount] = 
BEGIN 
zeroSize, success: BOOLEAN; 
group: Filelnternal.PageGroup; 
GetGroupO: FileAccessProc --vol. filePtr, op, newSizeP--

BEGIN ·· gets the zeroth page group if it should get bumped out of cache after Map 
[success, group] <- VolFileMap.GetPageGroup[vol, filePtr, O] 
END; 

fileD: Filelnternal.Descriptor +- GetFileDescriptor[fileP ! Unknown = > GOTO unknown]; 

WITH fileD SELECT FROM 
local = > BEGIN zeroSize +- size= O; IF immutable THEN RETURN WITH ERROR Error[immutable]; END; 
ENDCASE = > RETURN WITH ERROR Error[insufficientPermissions]; •• remote server not implemented 

IF op= File.read THEN ERFlOR; --update all labels not implemented yet 
IF op= File.write THEN 
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BEGIN 
IF ~zeroSize THEN SimpleSpace.Map[pageBuffer, Space.WindowOrigin[filePt, O], TRUE]; 
[success, group] +- FileCache.GetPageGroup[fileP.flD, OJ; 
IF ~success THEN LogicalVolume.FileVolumeAccess[GetGroupO, LOOPHOLE[@fileD], LogicalVolume.noOp, NIL]; 
volumePage +- group.volumePage 
END 

ELSE IF PermissionsAND[fileP.permissions, op]# op THEN RETURN WITH ERROR Error[insufficientPermissions]; 
LogicalVolume.FileVolumeAccess[proc, LOOPHOLE[@fileD], op, newSizeP ! 

Volume. lnsufficientSpace = > GOTO insufficientSpace; 
Volume.Unknown = > ERROR --won't happen:--]; 

IF op# File.delete THEN FileCache.SetFile[fileD, FALSE]; -- could restore group too 
IF op= File.write AND ~zeroSize THEN BEGIN FileCache.SetPageGroup[fileP.flD, group, FALSE]; SimpleSpace.Unmap[pageBuffer] 

END 
EXITS . 

unknown = > RETURN WITH ERROR Unknown[filePt]; 
insufficientSpace = > RETURN WITH ERROR Volume.lnsufficientSpace 

END; 

-- Access file attributes in label given file/0 keeping 2 element MRU cache 
GetAltoSize: ENTRY PROCEDURE [file: POINTER TO READONLY File.Capability] RETURNS[size: PageCount] 

BEGIN 
faP: LONG POINTER TO AltoFileDefs.FA = @LOOPHOLE(bufferPointer, LONG POINTER TO AltoFileDefs.LD].eofFA; 
IF file.flD = cacheA.file THEN RETURN[cacheA.size]; 
IF file.flD = cacheB.file THEN size +- cacheB.size ELSE 

BEGIN 
SimpleSpace.Map[pageBuffer, Space.WindowOrigin(filet, OJ, FALSE]; 
size+- faP.page+MIN[faP.byte, 1]; 
SimpleSpace.Unmap(pageBuffer] 
END; 

cacheB +- cacheA; 
cacheA +- [file.flD, size] 
END; 

MakeBootable: PUBLIC ENTRY PROCEDURE [file: File.Capability, firstPage: File.PageNumber, count: File.PageCount, lastlink: 
Spec1alFile.Link] RETURNS [firstlink: SpecialFile.Link] = 

BEGIN OPEN 
lastlink: LOOPHOLE[lastlink, DiskChannel.Address], 
firstlink: LOOPHOLE[firstLink, DiskChannel.Address]; 

fileD: Filelnternal.Descriptor <- GetFileDescriptor[@file]; 
limitPage: FilePageNumber = firstPage + count; 
group, nextGroup: Filelnternal.PageGroup; 
lastGroupLink: DiskCh,mnel.Address; 

lnitGroups: PROCEDUFlE [volume: LogicalVolume.Handle] 
BEGIN 
group <- VolFileMap.GetPageGroup(volume, @fileD, firstPage].group; -- what if ~success? 
END; 

GetNewGroups: PROCEDURE (volume: LogicalVolume.Handle] = 
BEGIN OPEN group; 

IF filePage < = firstfJage THEN -- chain begins ,n this page group: trim group and set outer result value 
BEGIN 
volumePage <- volumePage + (firstPage-filePage); 
filePage +- firstPage; 
firstlink <- SubVolume.GetPageAddress[fileD .volumelD, volumePage] .address 
END; 

IF nextFilePage < limitPage THEN -- chain extends beyond this group 
BEGIN -- chain last page of tins group to first page of next group 
nextGroup +- VolFileMap.GetPageGroup[volume, @fileD, nextFilePage].group; -- what if ~success? 
lastGroupLink +- SubVolume.GetPageAddress[fileD.volumelD, nextGroup.volumePage].address 
END 

ELSE -- chain ends in this page group: trim group and use caller-supplied link 
BEGIN 

END; 

nextGroup.filePage +- limitPage; -- to stop loop after this iteration 
lastGroupLink <- lastLink; 
nextFilePage +- limitPage 
END; 

TransferLabels: PROCEDURE •-INLINE, when compiler bug is fixed .... 
BEGIN OPEN group; 
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countMapped: Environment.PageCount; 
grouplink: DiskChannel.Address; 
WHILE filePage<nextFilePage DO •· rewrite labels in batches via longBuffer 

END; 

countMapped +- lnline.LowHalf[MIN[nextFilePage-filePage, longBufferSize]]; 
grouplink +- IF filePage + countMapped = nextFilePage THEN lastGrouplink ELSE 

SubVolume.GetPageAddress[fileD.volumelD, volumePage + countMapped].address; 
SimpleSpace.Map[longBuffer, Space.WindowOrigin[file, filePage], TRUE, countMapped]; 
LabelTransfer.WritelabelsAndData[fileD, [filePage, volumePage, filePage + countMapped], longBufferPage, 

chained, grouplink]; 
SimpleSpace.Unmap[longBuffer]; 
filePage +- filePage + countMapped; 
volumePage +- volumePage + countMapped 
ENDLOOP; 

IF (WITH ID: fileD SELECT FROM 
local = > lirstPage + count>fD.size OR to.type~= PilotFileTypes.tBootFile, 
ENDCASE = > TRUE) THEN ERROR Invalid Parameters; 

LogicalVolume.VolumeAccess[@fileD.volumelD, lnitGroups, FALSE]; 
WHILE group.filePage(limitPage DO 

LogicalVolume.VolumeAccess[@fileD.volumelD, GetNewGroups, FALSE]; 

END; 

T ransferlabels[]; 
group +- nextGroup; 
ENDLOOP; 

-- Move with the protection of an intention page (not fully implemented yet} 
- Needs to be protected by a monitor 
-- THIS CANNOT WORK!!!!!!!! 
Move: PUBLIC PROCEDURE [file: Capability, volume: System.VolumelD] = 

BEGIN 
Move1: FileAccessProc 

BEGIN 
filePtrt +- oldFileD 
END; 

space: Space.Handle = Space.Create[spaceSize, Space.virtualMemory, Space.defaultBase]; 
base: File.PageNumber; 
newFile: File.Capability; 
fileD: Filelnternal.Descriptor = GetFileDescriptor[@file]; 
oldFileD: local Filelnternal.Descriptor; 

IF fileD.volumelD = volume THEN RETURN; 
WITH newFileD: fileD SELECT FROM 

local = > oldFileD <- newFileD; 
ENDCASF = > ERROFl Error[insufficientPermissions]; 

IF oldFileD.immutable THEN ERROR Error[immutable]; 
newFile <- Create[volume, oldFileD.size, PilotFileTypes.tBeingMoved]; 
-- Should create an intentions page 
FOR base <- 0, base+ spaceSize WHILE base<oldFileD.size DO -- end condition? overshoot? 

Space.Map[space, Space.WindowOrigin[file, base]]; 
Space.Remap[space, Space.WindowOrigin[newFile, base]]; 
Space.Unmap[space] 
ENDLOOP; 

Space.Delete[space]; 
-- Commit (on intentions page) 
Delete[file]; 
-- Note progress (on intentions page) 
oldFileD.volumelD <- volume; 
FileChange[Move1, @newFile, File.read, NIL]; -- change id. type, temp 
-- Delete the intentions page 
END; 

-- Similar to Move but leave original intact (could be more efficient) 
-- Needs to be protected by a monitor 
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-- THIS CANNOT WORK!!!/!!!! 
Replicatelmmutable: PUBLIC PROCEDURE [file: Capability, volume: System.VolumelD] = 

BEGIN 
Replicate1: FileAccessProc = 

BEGIN 
filePtrt +- oldFileD 
END; 

space: Space.Handle = Space.Create[spaceSize, Space.virtualMemory, Space.defaultBase]; 
base: File.PageNumber; 
newFile: File.Capability; 
fileD: Filelnternal.Descriptor = GetFileDescriptor[@file]; 
oldFileD: local Filelnternal.Descriptor; 

IF fileD.volumelD = volume THEN RETURN; 
WITH newFileD: fileD SELECT FROM 

local = > oldFileD +- newFileD; 
ENDCASE = > ERROR Error[insufficientPermissions]; 

IF -oldFileD.immutable THEN ERROR Error[notlmmutable]; 
newFile +- Create[volume, oldFileD.size, PilotFileTypes.tBeingReplicated]; 
FOR base +- 0, base+ spaceSize WHILE base<oldFileD.size DO - end condition? overshoot? 

Space.Map[space, Space.WindowOrigin[file, base]]; 
Space.Remap[space, Space.WindowOrigin[newFile, base]]; 
Space.Unmap[space] 
ENDLOOP; 

Space. Delete[space]; 
oldFileD.volumelD +- volume; 
FileChange[Replicate1, @newFile, File.read, NIL] -- change id, type, temp 
END; 

-- INTERNAL PROCEDURES 

- Can be called onlyfrom within FileChange (esp. by FileAccessProcs} 
-- Forces out attributes in file descriptor to labe1 of file page 0 
ForceOutAttributes: --INTERNAL-- PROCEDURE [filePtr: POINTER TO local Filelnternal.Descriptor] = 

BEGIN 
IF filePtr.size = 0 THEN -- no data or boot-chain in file: simply write label and zero data 

LabelTransfer.WriteLabels[filePtrt, Filelnternal.PageGroup[O, volumePage, 11] 
ELSE -- write label and data of page zero. taking care to preserve boot-chain link (it any) 

BEGIN 

END; 

labelType: LabelTransfer.LabelType +- normal; 
link: LONG CARDINAL +- 0; 
IF filePtr.type = PilotFileTypes.tBootFile THEN 

BEGIN 
labelType +- chained; 
link +- LabelTransfer.ReadLabel[filePtrt, 0, volumePage).bootChainLink; 
END; 

LabelTransfer.WriteLabelsAndData[filePtrt, [O, volumePage, 1), SimpleSpace.Page[pageBuffer), labelType, 
LOOPHOLE[link)]; 

END; 

-- Initialization 

IF PilotSwitches.switches.F = down THEN Runtime.CallDebugger["Key Stop F"L); 

IF NOT FilePageLabel.tBootFile = PilotFileTypes.tBootFile THEN ERROR; -- st<!tic assertion 

Process.Detach[FORK FileHelperProcess[]); 

START FMPrograms.VolAllocMaplmpl; 
START FMPrograms.VolFileMaplmpl; 
JdebugClass, debuggerDevice] +- START FMPrograms.Volumelmpl[bootFile, pDebuggerlDs]; 
RETURN 

END. 

LOG 

Time: May 22, 1978 1:05 PM By: Purcell Action, Created file from file.mesa 

9 



-- Filelmpl.mesa (last edited by: McJones on: September 6, 1979 2:49 PM) 10 

Time: June 21, 1978 7:35 PM By: Redell Action: Added START Helper/mp/ 
Time: June 22, 1978 1:49 AM By: Purcell Action: fix to setSize, remove testing 
Time: September 4, 1978 10:42 PM By: Purcell Action: reorganize with interlocks 
Time: September 23, 1978 4:05 PM By: Horsley Action: remove reference to FilePoint 
Time: September 25, 1978 11:50 PM By: Purcell Action: simple space temporarily in mds 
Time: September 26, 1978 2:37 PM By: Purcell Action: CR: 20.23 & 20.24; resolve errors with monitors 
Time: September 28, 1978 11:20 AM By: Purcell Action: CR: 20.33 & 20.34 & 20.39; more error checks (double immutable, 
shrink+ write) (plus independent temp and immut); 
Time: September 28, 1978 2:54 PM By: Purcell Action: CR 20.35 improve serialization 
Time: September 28, 1978 9:42 PM By: Purcell Action: CR: 20.35; delete bug fixed 
Time: September 29, 1978 2:37 PM By: Purcell Action, CR: 20.44; fix to GetFilePoint 
Time: October 3, 1978 4:57 PM By: Purcell CR 20.44: Specia/File.Pin fix for Remap to PilotVolume 
Time: October 19, 1978 10:39 AM By: Purcell Action: CR 20.103: FileTypes directly . 
Time: March 19, 1979 5:46 PM By: Redell . Action: Converted to Mesa 5.0 and new DiskChannel interface; removed FileType 
constants; general cleanup 
Time: May 1, 1979 2:46 PM By: Redell Action: Fixed bug in GetFilePoint: wasn't converting logical volume page numbers to 
physical volume page numbers 
Time: May 1, 1979 4:52 PM By, McJones Action: DeleteTemp coughed on immutable 
Time: July 31, 1979 6:19 PM By: Forrest Action: Make export new Storage program and import new FMPrograms 
Time: August 10, 1979 3:47 PM By: Redell Action: Converted to FilePageLabel; added MakeBootable and other stuff for 
bootchains 
Time: August 16, 1979 2:42 PM By, Redell Action, Added GetBootLocation, SetDebuggerFiles, new map log variant 
Time: August 31, 1979 6:07 PM By: Forrest Action: Alphabetized according to monitor conventions; replaces passing some 
objects by pointers to objects; made use new logical volume, new Vol*Map. Added a few comments 
Time: September 4, 1979 4:27 PM By: Forrest Action: Re-organized MakeBootable to avoid deadlock 
Time: September 6, 1979 2:49 PM By: McJones AR1593: Helper must Promise countlnitiated to Swapper 



-- FM programs.mesa (last edited by: Forrest on: July 31, 1979 5:27 PM) --

DIRECTORY 
BootChannel: FROM "BootChannel" USING [Location], 
StoragePrograms: FrlOM "StoragePrograms" USING [BootFilelDs, DebugClass]; 

FMPrograms: DEFINITIONS = 

BEGIN 

--Filelmpl: PROGRAM; now part of StoragePrograms??? 

FilePointlmpl: PROGRAM; 

Helperlmpl: PROGRAM; 

VolAllocMaplmpl: PROGRAM; 

VolFileMaplmpl: PROGRAM; 

Volumelmpl: PROGRAM [bootFile: POINTER TO disk BootChanneLLocation, pDebuggerlDs: POINTER TO 
StoragePrograrns.BootFilelDs] RETURNS [debugClass: StoragePrograms.DebugClass, debuggerDevice: UNSPECIFIED]; 
Basically Copy of StoragePrograms.Filelmpl 

END. 

LOG 

Time: June 29, 1978 2:34 PM By: Purcell 
Time: August 5, 1978 11:17 PM By: Redell 
Time: July 31, 1979 5:3'1 PM By: Forrest 

Action: Created file from initializeFM 
Action: Replaced PageBufferlmpl with FilePointlmpl. 
Action: Commented out File/mp/; changed Volume/mp/. 

------- ------------ ---



-- LogicalVolume.mesa (last edited by: McJones on: August 17, 1979 7:42 PM) 

DIRECTORY 
File: FROM "File" USING [Capability, ID, lastPageNumber, nullCapability, PageCount, PageNumber, Type], 
Filelnternal: FROM "Filelnternal" USING [Descriptor, PageGroup], 
System: FROM "System" USING [UniversallD], 
Volume: FROM "Volume" USING [ID, nulllD, PageCount], 
Volumelnternal: FROM "Volumelnternal" USING [PageNumber]; 

LogicalVolume: DEFINITIONS 
SHARES File, System = 

BEGIN 

-•Open: PROCEDURE[drive: CARDINAL, initFlag: BOOLEAN, rebuildFlag: BOOLEAN];-- --SpecialFile.VolumeOpen 
--Close: PROCEDURE[volume: Volume.ID];-- --Volume.Close 

FileAccessProc: TYPE = PROCEDURE (filePtr:· POINTER TO local Filolnternal.Descriptor, op: Operations, newSize: 
File.PageCount]; 

FileVolumeAccess: PROCEDURE (proc: FileAccessProc, filePtr: POINTER TO local Filelnternal.Descriptor, op: Operations, 
newSize: File.PageCount]; 

-- gives proc exclusive access to volume 

PutRootFile: PROCEDURE [type: File.Type --Logica!Volume.RootFileType--, file: File.Capability, volume: Volume.ID]; 
•· store file name in root page; a side effect of matiePermanent 

systemlD: Volume.ID; -- purposefully not READONL Y. so can be passed by reference 

VolumeAccess: PROCEDURE [pVID: POINTER TO Volume.ID, proc: PROCEDURE [volume: Handle], torceOut: BOOLEAN]; 

-· Op: TYPE = MACHINE DEPENDENT RECORD[ + + can't this junk go away?? 
·- fill: [0 .. 256), 
-- setFileAttributes, 
-- setVolumeAttributes, 
-- create, 
-- delete, 
-- shrink, 
-- grow, 
-- write, 
-- read: BOOLEAN]; 

-· NOTE: LogicillVo!ume.Operations MUST be coordinated with File.Permissions 
-- /1I,is should be cleaned up somehow to eliminate pamllel delimtions ... ) 

Operations: TYPE = [0 .. 256); 

noOp: Operations = O; 
-- File.Permissions slip in here 
create: Operations = 32; 
setVolumeAttributes: Operations = 64; 
setFileAttributes: Operations = 128; 

PageNumber: TYPE = Volumelnternal.PageNumber; 

GroupPtr: TYPE = POINTER TO Filelnternal.PageGroup; 

Handle: TYPE = LONG POINTER TO Descriptor; 

seal, Seal: CARDINAL = 131313B; -- word zero of valid logical volume root page 
currentVersion: CAf-1DINAL = 2; -- incrernent eac/1 time Descriptor below is reformatted 

Descriptor: TYPE = MACHINE DEPENDENT HECORD[ 
--"~~~~~~~~~~-·~~~~~~~~~-·~~~ Do not reorder the beggining of this record~··~--~~~~~~~~~~~~--~~~~~~··~" 

seal: CARDINAL <- Seal, -- absolutly must be 1st field--
version: CARDINAL ... currentVersion, -- must be 2nd field--
vlD: Volume. ID, 
open, changing: BOOLEAN, 
treelevel: Treelevel, 
labellength: CARDINAL[O .. maxlogicalVolumelabellength), 
type: Type, 
pad: [0 .. 7B] <-- O, 
volumeSize: Volume.PageCount, 
bootinglnfo: ARRAY [0 . .48) OF wono, •• 

-- •'~~~~~~~··~---~~--~~··~--~----,.,.,,.,., •. Reorder from here 011 only~~~··~~~~~~··~~~~~~~~~~~~~~~~~--~~~~~~ • • 
treePageCount: Volume.PageCount, 



-- LogicalVolume.mesa (last edited by: McJones on: August 17, 1979 7:42 PM) 

upperBound: Volume.PageCount, 
vamStart: PageNumber, 
vfmStart: PageNumber, 
rootFilelD: ARRAY [0 .. 15] OF File.ID, -- Coordinate Changes with FileTypes.PilotRootFileTYpe 
vam: File.ID, 
vfm: File.ID, 
free: File.ID, 
clientRootFile: File.Capability, 
interval: Intervals, 
label: PACKED ARRAY [0 .. maxLogicalVolumeLabelLength) OF CHARACTER]; 

rootPageNumber: PageNumber = 0; 

Type: TYPE = {client, debugger, debuggerDebugger, diagnostic}; 

nullDescriptor: Descriptor = [ 
--seal: seal, 
--version: currentVersion, 
vlD: Volume.nulllD, 
open: TRUE, changing: TRUE, 
treeLevel: LAST[TreeLevel], -- can be reduced by taking volume size into account 
labelLength: 0, 
--pad: 0, 
type: client, 
volumeSize: 0, 
bootinglnfo: nullBoot, 
freePageCount: 0, 
upperBound: 0, 
vamStart: 1 , 
vfmStart: 2 -- + (DiskChannel.pagesPerDisk-1 )/(Environment.bitsPerWord * Environment.wordsPerPage)--, 
rootFilelD: nullRootFilelDs, 
vfm: nulllD, 
vam: nulllD, 
free: nulllD, 
clientRootFile: File.nullCapability, 
interval: nulllntervals, 
label: nullName]; --client root 

nulllD: File.ID = File.nullCapability.flD; 

TreeLevel: TYPE = Level; -- has two names. TreeLevel and Level 

Level: TYPE = [0 .. 5]; -- six levels of worM case branching of 24 I~ 16) re,i°ches 224 pages 

Interval: TYPE = RECORD [ 
key: Key, 
volumePage: PageNumber, 
nextKey: Key]; 

Intervals: TYPE = ARRAY Level OF Interval; 

Key: TYPE = RECORD [ 
filelD: File.ID, 
filePage: File.PageNumber]; 

-- constants 

--lives in volRootPage 

maxLogicalVolumelabellength: CARDINAL = 40; 
max ID: File.ID = LOOPHOLE[System.UniversallD[177777B, 1777778, 177777B, 177777B], File.ID]; 
maxKey: Key = Key[maxlD, File.lastPageNumber]; 
nullKey: Key = Key[nulllD, 0]; 
nullVolumePage: PageNumber = 0; 
nulllnterval: Interval = lnterval[nullKey. nullVolumePage, nullKey]; 
nulllntervals: ARRAY Level OF Interval = [nulllnterval, nulllnterval, nulllnterval, nulllnterval, nulllnterval, nulllnterval]; 
nullName: PACKED ARRAY [0 .. maxLogicalVolumeLabellength) OF CHAf1ACTER = [0C, oc, oc, QC, QC, oc, oc, oc, oc, oc, 

0C, QC, QC, 0C, QC, QC, 0C, 0C, 0C, 0C, 0C, 0C, 0C, 0C, 0C, 0C, 0C, 0C, 0C, 0C, 0C, 0C, 0C, 0C, 0C, OC, 0C, 
OC, 0C, OC]; 

nullRootFilelDs: AnRAY [0 .. LENGrH[nullDescriptor.rootFilelD]-1] OF File.ID = [nulllD, nulllD, nulllD, nulllD, nulllD, nulllD, nulllD, 
nulllD, nulllD, nulllD, nulllD, nulllD, nulllD, nulllD, nulllD, nulllD]; 

nullBoot: ARRAY [0 . .48) OF UNSPECIFIED = [O, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, o, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
0, 0, 0, 0, 0, 0, 0, 0, ~ 0, 0, 0, 0, 0, 0, 0, ~ ~; 

END. 
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-- LogicalVolume.mesa (/as/ edited by: McJones on: August 17, 1979 7:42 PM) 3 

LOG 

Time: June 1, 1978 2:18 PM By: Redell Action: Created file 
Time: June 5, 1978 4:28 PM By: Purcell Action: added descriptor, and vim types 
Time: August 14, 1978 11 :32 AM By: Purcell Action: removed dependency on rigiddisk 
Time: August 24, 1978 10:05 PM By: Purcell Action: more opens and closes 
Time: October 19, 1978 10:30 AM By: Purcell Action, remove FileType dependency 
Time: March 11, 1979 10:57 AM By: Redell Action: Changed bogus out-of-range File.Permissions to Logica/Volume.Operations; 

removed absolute definitions of assorted file types(/). 
Time: March 18, 1979 2:03 PM By: Redell Action: Reformatted descriptor and made machine-dependent. 
Time: July 18, 1979 4:07 PM By: Forrest Action: Added label and length to descriptor, eliminate Reference of FileTypes! 
Time: July 18, 1979 4:07 PM By: Forrest Action: Add bootinglnfo 
Time: July 30, 1979 1:59 PM By: Forrest Action: Change Booting info to array [0 .. 48) of UNSPECIFIED 
Time, August 1, 1979 1:54 PM By: Redell Action: Remove dependency on Systemlnternal; added systemlD, VolumeAccess 



-- PhysicalVolume.mesa (last edited by: Forrest on: July 30, 1979 2:49 PM) 

-- Perhaps Template for "Offline SubVolume.Descriptor" should be declared here 

DIRECTORY 
SubVolume: FROM "SubVolume" USING [Descriptor], 
System: FROM "System" USING [nulllD, VolumelD]; 

PhysicalVolume: DEFINITIONS = 
BEGIN 

PageNumber: TYPE = LONG CARDINAL; 

Handle: TYPE = LONG POINTER TO Descriptor; 

-- Physical disk page number 

seal, Seal: CARDINAL = 1212128; -· word zero of a valid physical volume descriptor (root page) 
currentVersion: CARDINAL = 2; -- increment each time Descriptor below is reformatted 

Descriptor: TYPE = MACHINE DEPENDENf RECORD[ 
seal: CARDINAL <- Seal, -- must be 1st field 
version: CARDINAL <- currentVersion, -- must be 2nd field 
pvlD: ID, 
subVolumeCount: [O .. maxSubVols], fill: [0 .. 177B] <- 0, 
labellength: CARDINAL [0 .. physicalVolumelabellength), 
label: PACl<EO ARRAY [O .. physicalVolumelabellength) OF CHARACTER, 
subVolumes: AFlRAY [1 .. maxSubVols] OF offline SubVolume.Descriptor]; 

maxSubVols: CARDINAL = 7; ·- maximum subvolumes on a physical volume 
physicalVolumelabellength: CARDINAL = 40; 

rootPageNumber: PageNumber = O; 
ID: TYPE = System.VolumelD; 
nulllD: ID = [System.nulllD]; 

END. 

LOG 

Time: March 14, 1979 2:59 PM By: Redell Action: Created file 
Time: March 18. 1979 2:08 PM By: Rec/ell Action: Reformatted descriptor and made machine dependent. 
Time: July 24. 1979 3:35 PM By: Forrest Action: acid code to support Physical Volume Names. Adel stuff for Volume type, 

swattee. clebug.ger, etc .. Made ID a type 
Time: July 27, 1979 3:51 PM By: Forrest Action: undid most of last change (moved to logicalVolume) 



-- VolAllocMap.mesa (last edited by: Redell on: August 2, 1979 10:44 AM) 

D\FlECTORY 
--File: FROM "File" USING [ID, Type], 
Filelnternal: FROM "Filelnternal" USING [FilePtr, PageGroup], 
LogicalVolume: FROM "Logical\/olume" USING [Handle, GroupPtr, PageNumber], 
Volume: FROM "Volume" USING [ID]; 

VolAllocMap: DEFINITIONS = 
BEGIN 

-- operations on whole volume (map) 
Open: PROCEDUFH: [volume: LogicalVolume.Handle, initFlag, rebuildFlag: BOOLEAN]; 
Close: PROCEDURE [volume: Logical\/olurne.Handle, final: BOOLEAN]; 

-- page group interfaces writing labels 
-- GetPageGroup: PROCEDURE [volume: Volume.ID, hint: Filelnternal.PageGroup] RETURNS [Filelnternal.PageGroup]; 
AllocPageGroup: PROCEDURE [filePtr: Filelnternal.FilePtr, groupPtr: Logical\/olume.GroupPtr, createFile: BOOLEAN]; 

-- allocates a group of pages and writes labels (group is a modifiable hint) 
FreePageG roup: PFlOCEDURE [filePtr: FilelnternaLFilePtr, groupPtr: LogicalVolume.GroupPtr, deleteFile: BOOLEAN]; 

-- free a page group (deleting file if filePage = O and deleteFile = TRUE); 

-- single page interfaces writing labels 
-- CreateZPage: f'FlOCEDURE [file: File ID. type: File.Type] RETURNS [page: LogicalVolume.PageNumber]; 
-- FreeZPage: PROCEDURE [page: LogicalVolume.PageNumber, fileD: Filelnternal.Descriptor]; 
-- C reateVPage: PROCtDURE [tile: rile. lD]FlETURNS [Logic,:ilVolume.PageNurnber]; 
-- FreeVPage: PllOCEDURE [file: File.ID, page: LogicalVoluniePageNumber]; 

AccessVAM: PROCEDURE [volumePtr: LONG POINTER TO Volume.ID, volumePage: LogicalVolume.PageNumber, set: BOOLEAN, 
clear: BOOUcAN] Rf:TUflNS [busy: BOOLEAN]; 

-- set, clear or read one bit of vam. always returns tho (previous) value; 

-- low level bit map interlace (no label writing) 
-- GctBusy: PHOC[DlJf1f [volumePage: l onicalVolurnePageNumber] REfURNS [busy: BOOLEAN]; 

-- reacf the allocation state of page; TRUE if busy; 
-- GetSetBu::;y: f'flOCL:DUFlE [volurnef-'age· 1.ogicalVolurnePageNurnber] FlEllJHNS [busy: LlOOLEAN]; 

-- set a page to /lusy anc/ return its previous staff, (semaphore like lock /Jere) 
- - Set Free: Pl-lOCFI 1UF1F [ volu mePage: I.O\Jic:alVolurne.PageNurnber]: 

-- free a pago 
-- Gra bFi rstF roe: I 'HOCELllJflE [startPage: logicalVolun,ePageNurnber] REl um1s [page: Log,calVolume.PageNumber]; 

-- find first free page and set ii busy 
lcND. 

LOG 

Time: April 13, 1978 3:32 PM By: SP Action: Created file 
Time: August 30, 1978 2:08 PM By, SP Action: use FilePtr's 



-- VolAllocMaplmpl.mesa (last edited by: McJones on: August 20, 1979 10:26 AM) 

DIRECTORY 
Environment: FROM "Environment" USING [bitsPerWord, wordsPerPage], 
File: FROM "File" USING [Capability, Type], 
Filelnternal: FROM "Filelnternal" USING [Descriptor, FilePtr, maxPermissions, PageGroup], 
FilePageL.abel: FROM "FilePagclabel" USING [GetType, Label], 
FileTypes: FROM "FileTypes" USING [PilotVFileType, tFreePage, tVolumeAllocationMap, tVolumeFileMap], 
FMPrograms: FROM "FMPrograms", 
lnline: Ff10M "lnline" USING [BITAND, BITSHIFT, BITXOR], 
L.abelTransfer: Fr~OM "L.abelTransfer" USING [Readlabel, Verifylabels, Writelabels], 
LogicalVolume: FROM "LogicalVolume" USING [GroupPir, Handle, nullVolumePage, PageNumber], 
SimpleSpace: FROM "SimpleSpace" USING [Create, ForceOut, Map, Page, Unmap], 
Space: FROM "Space" USING [Handle, WindowOrigin], 
Utilities: FROM "Utilities" USING [LongPointerFromPage, ShortCARDINAL], 
VolAllocMap: FROM "VolAllocMap", 
Volume: FROM "Volume" USING [ID]; 

VolAllocMaplrnpl: MONITOR 
IMPORTS FilePagelabel, lnline, LabelTransfer, SimpleSpace, Utilities 
EXPOR rs FMPrograms, VolAllocMap 
SHARES File = 

BEGIN OPEN lnline; 

volumeP: POINTER TO LogicalVolume.Handle +- @volume; --name scope hack 
volume: LogicalVolume.Handle +- NIL; 
freeFileD: Filelntcrnal.Descriptor; --loaded by open 

bitsPerPage: CARDINAL = (Environment.bitsPerWord *Environment.wordsPerPage); 

saveBufferPage: l_ogicalVolume.PageNumber +- LogicalVolume.nullVolurnePage; 
bufferHandle: Spnce Handle = SirnpleSpnce.Create[1, hyperspace]; 
bufferPointer: LONG POINT ER = Util1ties.LongPointerFromPage[SirnpleSpace. Page[bufferHandle]]; 

interlace: C/\RDIN/\L +- 2; 

quickFlag: llOOLEAN +- FALSE; · DOESN'T WORK WIT// quickFlag" TF!UE 

Open: PUl-lllC PfiOCU"lURE[volume: LogicalVolume Handle, initFlag, rebuildFlag: OOOLE/\N] 
-- open, init or rebuild dis/( 
llEGIN OPE~J volume; 
lace: CAFllllN/\L; 
volumePa,ie, bound: LogicalVolume.PageNumber; 

-- open 
IF volumePt ~ = NIL fHLN Close[volumePt, rRUE]; 
volumePt <- volume; 
frceFileD •· I ilclnternal.Descriptor[free, vlD, local[F/\LSE, F/\LSI::, volume.volumeSize, FileTypes.tFreePage]]; 
IF ~initFlag AND ~rebuildFlag [HEN RETURN; -- end of open 

-- init 
bound +- (It initFlag THFN vfmStart !TSE volumeSize); 
IF ~initFlag f\i'Jl) quickFlag ll lFN 

FOfl volumePage <- 0, •1olu111ePage + 1 WI ill E volumePage<•1olumeSize DO 
If AccessVAM[@volume.vlD, volumePage, FAl.SE. l'ALSL] I f\EN bound <- volumePago + 100; [NDLOOP; 

I.abet ft;msfr,r .WriteLabels[ 
l'1lc:lntern,11.Descriptor[vam, vlD, local[F/\ISF, r,\LSE, volumeSize, FileTypes.lVolurneAllocationMap]], 
I·;I,,Inte, 11'11.PagcGroup[vamStart, vamStart, vfmStart]]; --allucate the varrr. 

bound ,- MIIJ[bound, volumcSize]; 
freePageCount <- volumeSize; -- isn't t11is too biy? 
upperBound •- vfmStart; 

-- clear dis/( 
IF initFlag THEN L.abelTransferWritelabels[freeFileD, [vfmStart, vfmStart, volumeSize]]; --free 
FOR lace IN [O .. interlace) DO-· /lack t,, run d,s1, as fast as possible 

FOfl vulumcPage ... lace, volumePage 1- inte1 lace WHILE volumePage<bound DO 
ll!GIN 
IF volumePage> = volume.vfmStart THEN 

BEGIN 
IA.be!: F1loP8CJ"l abel.Label ... LaiJelTransfer .ReadLabel[rilelnternal.Descriptor[, vlD, local[ .. ,]], 0, volumePage]; 
type: Filc,.Type <- F1lePagelabel.CietType[@label]; 



-- VolAllocMaplmpl.mesa (last edited by: McJones on: August 20, 1979 10:26 AM) 

IF type= FileTypes.tFreePage OR type= FileTypes.tVolumeFileMap THEN 
IF label.filelD = volume.free --AND otherwise a good free iabel-· THEN NULL 
ELSE LabelTransfer. Writelabels[freeFileD, File! nternal. PageGroup[ volumePage, volumePage, 

volumePage + 1]] 
ELSE GOTO Busy 
END 

ELSE GOTO Busy 
EXITS Busy = > IF AccessVAM[@volume.vlD, volurnePage, TRUE, FALSE] THEN ERROR 
END 
ENDLOOP 

ENDLOOP 
END; 

Close: PUBLIC PROCEDURE [volume: LogicalVolume.Handle, final: BOOLEAN] 
-- flushes page cache 
£3EGIN 
IF saveBufferPage = LogicalVolume.nullVolumePage THEN RETURN; 
IF final THEN 

BEGIN 
SimpleSpace.Unmap[bufferHandle]; 
saveBufferPage ,.. LogicalVolume.nullVolumePage; 
volumePt .- NIL; 
END 

ELSE SirnpleSpace.ForceOut[bufferHandle]; 
END; 

AllocPageG roup: PUBLIC rROCEDURE [filePtr: Ftlelnternal.FilePtr, groupPtr: LogicalVolurne.GroupPtr, createFile: BOOLEAN]= 
-- allocates a group of pages and writes labels (group is a modifiable hint) 
£3EGIN OPEN groupPtr; 
skip: [0 .. 1] = It' ~createFile AND filePage = 0 THEN 1 HSE O; 
offset: LONG CAPDINAl_; 
startPage: LogicaIvoIurnc.PageNumber = MAX(volumePage, lowerBound]; 
IF createFile OR filePage t/0 THEN 

BEGIN 
volumePage .. startPage; 
WHILE: Acc,)ss\/1\M[@filePtr.voltirnelD, volumePage, TRUE, FALSE'] DO --so,,r,; 11 for uribusy paae 

volumePage +- (IF volurnePage = volurne.volumeSize-1 THEN lower Bound ELSE volumePage + 1); 
IF volu1nePage., startPage THEN ERROR --Volurne.lnsufficientSpace -; --2voic/ rat!1e1 tl,an back out of 
ENDLOOP; 

END; 
FOFl offset .. 0, offset+ 1 WHILE offset < nextFilePage-filePage DO 

IF volumePage +offset>= volume.volumeSize THE~N FXIT; 
IF offset# 0 fllEN IF AccessV /\M[@filePtr.volumelD, volume Page+ offset, TRUE. FALSE] THEN EXIT; --first is set 
ENDLOOP; 

WITH filePtr SEI F CT FTlOM 
local = > IF type IN f-'tleTypes.PilotVFileType 1 HEN filePage <- volumePage; 
ENDCASE; 

nextFilePage <- filePage + offset; .. side effect 
IF createFile AND nextFilePage = 0 TIIEN offset <- 1; •· creating only t11e attribute label page 
IF NOT LabelTransfer.Verifylabels[filePtrt, Filelnternal.PageGroup[O, volumePage, skip]] THEN SIGNAL LabelError; 
IF NOT LabelTransler.Verifylabels[ 

freeFileD, 
Filelnternal.Pd[JeCroup[volumePane + skip, volurne!Page + skip, volumePage + offset]] THEN SIGNAL LabelError; 

WI rl-1 filePlr S[U C, FHOM 
local = > size <- nextFilePage; -- new size (to get la/Jels right) 
ENDCASE = > [RHOFl: 

l.abdlransfer.WriteLabels[filePtrt, F1lelntema1.PageGroup[filePage, volumePage, fi!ePage + offset]]; 
END; 

FreePageGroup: Pl.JElLIC PHOCEDUHE [filePtr: F1lelnterm1I.FilePtr, groupPtr: LogicalVolume.GroupPtr, deleteFile: BOOLEAN]= 
-- free a page group (cfeleling file if filePage = O and deleteFil8" TRUE); 
BEGIN Of'EN groupPtr; 
skip: [0 .. 1] = IF ~deleteFile AND filePage=O THEN 1 ELSE O; 
offset: LONG CAFWINAL; 
FOR offset .. 0, offset+ 1 WHILE offset < nextFilePage-filePage oo 

IF filePage + offset# 0 OR deleteFile THEN [] .. AccessVAM[@filePtr.volurnelD, volurnePage + offset, FALSE, TRUE]; 
L:NDLOOP; 

IF NOT LabelTranc.fcr.\/crifylabels[filePtrt, groupPtrt] TI-IEN SIGNAL LabelError; 
WI n-I filePtr SELLCT fl10M 

local =) size .. filePage; -- new size (to get labels right) 
EcNDCASE = > rImon: 

, LabeITmnsfer.Wri1elabcls[filef"'trt, f il,0 !11terna!PageGroup[O, volurnePage, skip]]; 
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.. VolAllocMaplm~1.mesa (last edited by: McJones 011: August 20, 1979 10:26 AM) 

LabelTransfer. Writelabel~[ 
freeFileD, 
FilelnternaLPageGrC>lJp[volumeP<1ge + skip, volumePage + skip, volumePage + nextFilePage-filePage]]; 

END; 

lowerBound: LogicalVolume.P<lgeNumber .- O; -- speedup KLUDGE 

AccessVAM: PUBLIC ENTRy pROCEDURE: [volumePtr: LONG POINTER TO Volume.ID, volumePage: LogicalVolume.PageNumber, set: 
BOOLE/IN, clear: BC)QLE/\N) RETURNS [busy: BOOLEAN]= 

-- set, clear or read one pit of vam, always returns the (previous) value; 
BEGIN OPEN lnline; 
bit: WORD; 
word: LONG POINTER TC) y\lORD; 
IF volume" NIL HIEN ERr:ioR; 
IF saveBufferPage #vollJrfle.vamStaq + Utilities.ShortCARDINAL[volumePage]/bitsPerPage THEN 

£3EGIN 
IF saveBufferPage :/:f 1,.ogicalVolurne.nullVolumePage THEN SirnpleSpace.Unmap[bufferHandle]; 
saveBufferPage +- volume.vamstart + Utilities.ShortCARDINAL[volumePage]/bitsPerPage; 
SirnpleSpace.Map[bLilferHandle, 0pace.Window0rigin( 

END; 

File.Capal:iility[volume.vam, Filelnternal.maxPermissions], 
saveBuffi:,1page]. FALSE]; 

word <- bufferPointer -1- (Utilities.ShortCARDINAL[volumePage] MOD bitsPerPage)/Environment.bitsPerWord; 
bit +- BITSHIFT[1, Ulilitic;~ 5ho!'tCARD1NAL[volumePage] MOD Environment.bitsPerWord]; 
busy <- (0 # BITAND[wOrcjt, bit]); 
IF (busy AND clear) OR (~busy AND set) THEN 

BEGIN 
wordt <- Bl ,XOR[wordt, bit]; 
volume.freePageCouril <- volurne.freePageCount + (IF busy THEN 1 ELSE -1); 
END; 

IF clear Tl IEN iowerBoUt)d +- MIN[volumePage, lowerBound]; keep lowerBouud to help allocator 
IF set AND volumePage"' 1owerBound THFN lowerBound +- lowerBound + 1; -- keep uµµerBound to help allocator 
IF set AND volt1rnePage>"' volu111e.upperBound THE:N -- keep upp,nBouncl to lletp scavenger speed up 

BEGIN 
volurne.upperBounc:1 •· volumePage + 100; 
SirnpleSpace.ForceOut[bufferHandle]; -- see tilat vam stays fairly current on volume 
END; 

END; 

LabelError: SIGN/\1 CODE; 

END. 

LOG 

Time: April 13, 1978 3:32 PM By: Purcell Action: Created file 
Time: June 23, 1978 12:27 PM By, Purcell Action: page O special case in a/foe/free group 
Time: Sep/emiJl?r 27. 1978 5,/5 PM FJy, Purcell Action: c/on't raise signals and limit bounc/ 
Time, October 19. 1978 2:45 PM Uy l'urcell Action, CR 20. /03, Use File Types c/irectly 
Time, March 20. I9i'9 9:30 PM By: neoell Action: Convert to Mesa 5.0 
Time: August I, 1979 3:10 PM By: RccJoll Action, Convert to use FilePageLabel 

3 

Time: August 8. /9/:J 1?:05 pM By: Flecie/1 Action: Bug fix: wraparound condition in A/locPageGroup was off by one: ran off 
encl of volume. 



.. VolFileMap.ll)esa (last edited by: Redell on: August 2, 1979 10:53 AM) 

DIRECTORY 
File: FHOM "File" USING [PageNumber], 
Filelnternal: FROM "Filelnternal" USING (Descriptor, FilePtr, PageGroup], 
LogicalVolume: FROM •'LogicalVolume" USING [FileAccessProc, GroupPtr, Handle, Interval, Key, Level, PageNumber]; 

VolFileMap: DEFINITIONS = 

BEGIN 

Key: TYPE = LogicalVolurne.Key; 
Interval: TYPE = LogicalVolurne.lnterval; 
Level: TYPE = LogicalVolurne.Level; 

•· public interfaces 
Open: PROCEDURE [volum~: LonicalVolurne.Handle, initFlag, rebuildFlag: BOOLEAN]; 
Close: PROCl::DURE [volume: LogicalVolurne.Handle, final: BOOLEAN]; 

•• GetFileDescriptor: PROCEDURE [file: File.ID] PETURNS [Filelnternal.Descriptor]; 
lnse rtFileDesc rip tor: r,RoCEDURE [volume: LonicalVolurne.Handle, file: File.ID, volumePage: LogicalVolurne.PageNumber]; 

•• DeleteFileDescriptor: PROCEDURE [file: File.ID] FlETURNS [page: LogicalVolurne.PagcNumber]; 

GetNextFileP roe: LogicalVolurne.FileAccessProc; 
-- enumerates files on a volume (called through FileAccess) 

GetPageG roup: rROCEDUFlE [filePtr: Filelnternal.FilePtr, filePage: File.PageNumber] RETURNS [success: BOOLEAN, group: 
Filelnternal.PageGroup]; 

-- fincls paue group containing key (filePage = nextFiiePage = size when off end of file) 
lnsertPageGroup: l'HOCl.:DlJFff [filePtr: Filclntcrnal.FilePtr, groupPtr: LogicalVolurne.GroupPtr]; 

-- inserts a pageGroup into I3-/ree (unordered inserts are merged for rebuild) 
DeletePageGroup: rFlOCfDUHE [filePtr: Filel11tcrnc11.FilcPtr, groupPtr: LogicalVolurne.GroupPtr]; 

-- del&les a pilgeGroup suffix (leaving zeroGroup unless explicitly aslrnd) 

•· unmonitorecl debugging interlaces (use with risk) 

Get: PROCFDUHI [key: Key, lt"vel: Level] RETURNS [Interval]; 
Insert: 1'I10Cl.t)UIH Ikey: Key, volurnoPage: Loqicall/olume.PageNurnber, level: Level]; 
Delete: PllOCLIJIJH[ [key: Key, level: Level]; 
Lower: Pf,OCE l)lJfll [a,b: Key] m llJllNS [BOOLf:AN]; 

END. 

LOG 

Time: April 13, 1978 2: 10 PM 
Time, /imeStamp By: initials 

/3y, SP Action, Created file 
Action, shortDescription 



-· VolFileMaplmpl.mesa (last edited by: Redell on: August 22, 1979 9:40 PM) 

DIRECTORY 
Environment: FROM "Environment" USING [wordsPerPage], 
File: FROM "File" USING [Capability, lastPageNumber, PageNumber], 
Filelnternal: FHOM "Filelnternal" USING [Descriptor, FilePtr, maxPermissions, PageGroup], 
FilePageLabel: FROM "FilePageLabel" USING [GetFilePage, GetType, Label, nulllD], 
FileTypes: fROM "FileTypes" USING [tFreePage, tVolumeFileMap], 
FMPrograms: FROM "FMPrograms", 
lnline: FROM "lnline" USl~JG [LongCOPY], 
LabelTransfer: FROM "LabelTransfer" USING [ReadLabel], 
LogicalVolume: FROM "LogicalVolume" USING [FileAccessProc, GroupPtr, Handle, Interval, Key, Level, maxKey, maxlD, 

nulllnterval, nullKey, nullVolumePage, PageNumber], 
SimpleSpace: FROM "SimpleSpace" USING [Create, ForceOut, Map, Page, Unmap], 
Space: FROM "Space" USING [Handle, WindowOrigin], 
Utilities: FROM "Utilities" usII,JG [LongPointerFromPage], 
VolAllocMap: FHOM "VolAllocMap" USING [AccessVAM, AllocPageGroup, FreePageGroup], 
VolFileMap: FROM "VolFileMap"; • 

VolFileMaplmpl: MONITOR 
IMPOfnS FilePageLabel, lnline, LabelTransfer, SimpleSpace, Utilities, VolAllocMap 
EXPORTS FMPrograms, VolFileMap 
SI IAf1ES File = 

BEGIN OPEN LogicalVolume; 

-- data types for the vfm 

Buffer: TYPE = RECOHD --This is a B-tree page 
-- fixed length, uncompressed indexes are stored now now but in the future compressed indexes will have variable lengths. 

Compressed format is clelined by Vo!FileMap.PutNext and VolFileMap.Reac/Next 
-- data: PACKFcD AFmAY [0 .. pageSize-1) OF UNSf'ECIFIED,-- -can be array of t3ytes 
data: AflllAY [O .. indexlnBuffer) OF Index, 
used: BufferPtr]; 

BufferPtr: TYPl" = INTEGER; 

Index: TYPE = RECOfl[) [ 
key: Key, 
volumeP,Jge: PageNumber, 
ptr: BufferPtr]; 

indexlnBuffer: Ci\llrll~JAI = (Envirnnn,entwordsPerPage-Sl,T [BufferPtr])/SIZE[lndex]; 
maxHeadPtr: C1\l,IJINAI. = SI/L[Ouffer] SI/I [BufferPtr]; 
maxlndex: lnde:< lndi"x[maxl(cy, nullVolumePage, O]; 
nulllndex: index ~ lndex[nullKfsy, nu!IVolumePage, O]; 

Context: TYFF ~ rn-corm [ 
buffer: LUNG POIN[Efi lO Buffer, 
tempBuffer: LONG POINTER TO Buffer, 
xtraBuffer: LONG POINT[R TO Buffer, 
interval: Interval, 
old: Index, 
low: Index, 
high: Index]; 

-- global state for communication between Find, ReadNext_ PutNoxt. Insert, Delete 
volumeP: I 'Ui~l I1:11 1-0 Lo(cJl(:alVolurne.l landie <- (a)volume; --11ame scope liack 
volume: I uu1;;1!1Volurne.Handle +- Nil; --.-;ot 011 entry 
bufferHandle: Space.Handle = SirnpleSpacc.Create[1, hyperspace]; 
xlraflandle: Spacrdlandle , ~,1111plE,Space.Crr:ate[1, hyperspace]; 
tBuf: Buffer; --usecl /Jy 111seIt to avoirl c•verlappecl copy 
context: Context .. Context[ 

buffer: Utilities.LongPointerFromPage[SimpleSpace.Page[bufferHandle]J, 
tempBuf!er: @tBuf, 
xtra f-l uff er: u ti I ities. L0ng Poi nterF romPage[Sirnp leSpace. Page [ xtrnHand le ]J, 
inler·::1i: nu!llnterval, 
old: nulllndex, 
low: nulllndex, 
high: nulllndex]; 



-- VolFileMaplmpl.mesa (last edited by: Redell on: August 22, 1979 9:40 PM) 

-- Public Procedures 

interlace: CARDINAL .. 1; 

Open: PUBLIC PROCEDURE[volume: LogicalVolurne.Handle, initFlag, rebuildFlag: BOOLEAN] = 
-- opens, inits or rebuilds the vim assuming undamaged files (calls insertPageGroup) 
BEGIN 
label: FilePageLabel.Label; 
lace: CARDINAL; 
level: LogicalVolume.Level; 
volumePage: LogicalVolurne.PageNumber; 
fileD: Filelnternal.Descriptor <- [ local[,,,]]; 
group: Filelnternai.PageGroup; 

-- open 

-· template for scavenger 

IF volumePt ~ = NIL THEN Close[volumePt, TRUE]; 
volumePt <- volume; 
IF ~initFlag AND ~rebuildFlag THEN RETURN; -- end of open 

-- init 
IF volume.vfmStart tt CreateVPage[] THEN ERROR; 
FOFl level DECREASING IN (0 .. volume.treeLevel) DO --init the tree 

lnsert[nullKey, (IF level = 0 THEN nullVolumePage ELSE CreateVPage(]), level]; 
ENDLOOP; 

IF initFlag THEN RETURN; -- end of init 

-- rebuild 
fileD.volumelD <- volume.vlD; 
FOH lace IN [0 .. interlace) DO -· hack to run disk as fast as possible 

END; 

FOil volurnePage .. lace, volurnePage + interlace WHILE volurnePage<volurne.volumeSize DO 
IF VolAllocMap.AccessVAM[@volume.vlD, volumePage, FALSE, FALSL] THEN 

BEGIN 
lab,"I +- LabelTr.111,;fcr.ReadLabel[fileD, 0, volumePage]; 
IF FilePagcLnbel.GetType[@label] ~IN [FileTyp,,s.tFreePage. FileTypes.tVolumeFileMap] fHEN 

13EGIN 

END 
ENDLOOP 

EN\JLOOP 

fiiePage: 1-,1e.PageNurnber = FilePageLcibel.GetFilePage[@label]; 
fileD.filelD +- label.filelD; 
group .. [filePage, volumePage, (IF filePage = 0 AND label.zeroSiz:e fHEN 0 l'LSE filePage + 1 )]; 
lnse, tPageGroup[@fileD, @group] 
END 

Close: PUf3LIC ENTFlY Pc1OCEDURE (volume: LogicalVolume.Handle, final: BOOLEAN] 
-- flushes page cache 
BEGIN 
IF savd3ufferPage = LogiccilVc•lume.nullVolumePage THEN RE fUf1N; 
If' final fHEN 

l.lLGIN 
SirnpleSpacc. LI 11 n 1 a p [bu ff er Hand lo l; 
saveBufferPage <- Lo1w:alVolume.llullVoiu111ePage; 
volumePt <- NIL; 
FND 

EL !ff SirnplcSpace.ForceOut[bufferHandle]; 
END; 

Get PageG rou p: PUBLIC rn mY PFlOCEDURE [filePtr: Filelnternal.FilePtr. filePage: File.PageNumber] RETURNS [success: BOOLEAN, 
group: Filelnt,Jrnal.PagoGroup] = 

-- finds page group containing key (/ilePage = nextFilePage = size when off end of file) 
BEGIN 
interval: Interval = Got[Key(tilePtr.filelD, filePage], O]; 
F<E nlll~J[interval.key.filelO = f•lr-,Ptr.filelD. Filclntcrnal.PageGroup[ 

filePage: interval.koy.filePage, 
voiumePage: interval.volumePage, 

2 

nextF-ilePage: (IF interv81.nextKey.filelD = filePtr.filelD frll:N interval.nextKey FLSE interval.key).filePage]]; -covers page 

END; 



-- VolFileMaplmpl.mesa (last edited by: Redell on: August 22, 1979 9:40 PM) 

lnsertPageGroup: PU13LIC ENTRY PROCEDURE [filePtr: Fil81nternal.FilePtr, groupPtr: LogicalVolume.GroupPtrJ = 
-- inserts a pageGroup into 8-tree (unordered inserts are merged for rebuild) 
BEGIN 
key: Key +- [filePtr.filelD, groupPtr.filePageJ; 
interval: Interval +- Get[key, 0]; 
IF interval.key= key THEN BEGIN Delete[key, OJ; interval f- Get[key, OJ; END; 
IF key.filePageinterval.key .tilePage # groupPtr. volumePage-interval. volumePage 

OR key.filelD # interval.key.filelD THEN lnsert[key, groupPtr.volumePage, OJ; --merge with previous 
key.filePage +- groupPtr.nextFilePage; 
IF interval.nextf<ey # key AND groupPtr.filePage # groupPtr.nextFilePage THEN lnsert[key, nullVolumePage, OJ; 
IF interval.nextKey = key AND Get[key, 0].volumePage = interval.volumePage + interval.nextKey.filePage-interval.key.filePage 

THEN Delete[key, O]; --merge with following 
END; 

DeletePageGroup: PUBLIC ENTRY PROCEDURE [tilePtr: Filelnternal.FilePtr, groupPtr: LogicalVolume.GroupPtr] = 
-- deletes a pageGroup suffix (leaving zeroPageGroup unless explicitly asked) returns group deleted into groupPtr 
BEGIN 
key: Key +- [filePtr.filelD, groupPtr.nextFilePage-(IF groupPtr.nextFilePage = 0 THEN 0 ELSE 1)]; 
interval: Interval +- Get[key, 0]; 
IF ----interval.key.filelD # filePtr.filelD OR---- interval.volumePage = nullVolumePage THEN ERROR; 
groupPtr.filePage <- key.tilePage +- MAX[interval.key.filePage, groupPtr.filePage]; 
groupPtr.volumePage +- interval.volumePage + groupPtr.filePage : interval.key.filePage; 
IF groupPtr.filePage #0 THEN 

BEGIN 
IF interval.key= key THEN Delete[key, O]; 
lnsert[key, nullVolumePage, O]; -- no check for merging since preceding is assumed present 
END: 

key.tilePage <- groupPtr.nextFilePage; 
Delete[key, O]; -- 110 check for merging since following is assumed vacant 
END; 

GctNextFileP roe: PUtlLIC LogicalVolume.FileAccessProc = 
-- enumerates files on a volume (called through FileAccess) 
BEGIN 
filePtr.filelD ~ Get[Key[filePtr.filelD, file.lJstPageNumber]. 0].nextKey.filelD; 
IF filePtr.filelD = LogicalVolurncunaxlD 111EN filePtr.filelD ~ FilePagelabel.nulllD; 
END; 

-- Internal B-tree procedures (half public for testing} 

-- end with null 

Get: PUBLIC --INTFllN/\L-- PF1OCEDUF1E [key: Key, level: Level] F1ETURNS [interval: Interval]= 
FlEGIN 
-- returns value without reading a page when possible 
Get1: FindProc cc 

BEGIN Ol'l'N context; 
volurne.i11lerval[level] ~ lnterval[low.key, high.volumePage, high.key]; 
l°NO: 

IF level > volurne.treeLevel OR level > LAST(Level] THEN ErlROR; 
IF level= volume.treeLevel THEN RETUFlN[lnterval[nullKey, volurne.vfmStart, maxKey]]; 
interval .. volurne.interval[level]; -- try the cached intry 
II' Lower[key, interval.key] on ~Lower[key, interval.nexlKey] THEN Find[key, level. Get1]; 
FlE: 1 URN[volurne.interval(level]]; 
FND; 

Insert: PUBLIC --INTE'RN/\I_-- PF1OCEDIJl1E [key: Key, volurnePage: Logicc,IVolume PageNumber, level: Level] 
-- inserts (key, volumePage (including duplicates) en/Jing split if necessary 
ll[GIN 
splitFlag: 8001 [/\~I; 
lnsert1: FindProc cc 

F,EGIN OPEN context; 
IF (splitFlacJ <- (buffer.used > rnaxReadPtr-SIZl[lndex])) Tt-iEN RETUflN; 
lnline.LonnCOPY[butter + high.ptr, buffer.used - high.ptr, ternpBuffer]; 
IF low.ptr < buffer.used THl:N PutNext[key, high.volumePage, level]; 
PutNext[high.key, volumePage, level]; 
lnline.LongCOPY[tempBuffer, buffer.used - high.ptr, buffer+ low.ptr]; 
buffer.used .. low.ptr + buffer.used - high.ptr; 
END; 

Find[key, level, lnsert1]; 
If splilFlag Tl l[N 

BEGIN 
Split[key, level]; 
Find[key, level, lnsert1); 
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-------- --~----



-- VolFileMaplmpl.mesa (last edited by: Redell on: August 22, 1979 9:40 PM) 

END; 
END; 

DeleteError: SIGNAL "' CODE; 

Delete: PUBLIC ·-l~JTERNAL-- PROCEDURE [key: l<ey, level: Level] 
-- deletes the index < = the key, error if no index (merge is called from find) 
BEGIN 
firstFlag, lastFlag: BOOLEAN; 
volumePage: LogicalVolume.PageNumber; -- page holding key (delete if firstFlag AND lastFlag) 
nextKey: Key; -- the following key must be slicl down over deleted key 
Delete1: FindProc = 

BEGIN OPEN context; 
firstFlag .. (low.ptr = O); 
lastFlag .. (high.ptr = buffer.used); 
volurnePage +- interval.volumePage; 
nextl<ey .. high.key; 
IF low.key~"" key THEN SIGNAL DeleteError; 
IF firstFlag AND NOT lastFlag THEN lnline.LongCOPY[buffer + high.ptr, (buffer.used ._ buffer.used - high.ptr), buffer]; 
END; 

Delete2: FindProc = 
BEGIN OPEN context; 
high +- lndex[nextKey, low.volumePage, high.ptr]; 
low .. old; 
lnline.LongCOPY[buffer + high.ptr, buffer.used - high.ptr, tempBuffer]; 
PutNext[high.key, high.volumePage, level]; 
lnline.LonnCOPY[tempBuffer. buffer.used - high.ptr, buffer+ low.ptr); 
buffer.used .., low.ptr + buffer.used - high.ptr; 
END; 

Find[key, level, Delete1]; -- get the preceecling index 
If firstFlag THEN 

BEGIN 
Delete[key, level+ 1]; 
IF lastFlafJ THEN FreeVPage[volumePage] --free after remaping 

n-SE lnsert[nextKey, volumePage. level+ 1 ]; 
END: 

Find[key, level, Delete2]; 
END; 

uet tlle preceAclin9 index 

Lower: PUBLIC --lmERNr\l - P1'0CEDURE' [a,b: Key] Fl[TLJfiNS [BOOLEAN] 
-- compares two keys for orc/ering 
l3EGIN 
x: POINH:n 10 AFlHAY (0 .. 4) OF CAtlDINAL LOOPHOLE(@a.fi1e1D]; 
y: POINTrn TO ArlRAY [0 .. 4) OF CARDINAL= LOOPHOLE(@b.fi1e1D]; 
i: [0 .. 4); 
,OH i IN [0 .. 4) 00 

Set I CT l lllJI: Fl10M 
(x(i] < y[i]) =) FlE-1 URN[rRUE]; 
(x(i] > y[i)) = > me_ !UflN[f ALSE]; 
c~JUCASE; -- ii oqual keep ctiecking 

ENDLOOP; 
RETUfH\J[a.filePage < b.filePage OH b = maxKey]; -- rnaxKey < maxKey. to close key space 
END; 

FindProc: TYPE = PrlOCEDLJtl[; 

saveBufferPage: LogicalVolume.PageNumber <- LogicalVo!ume.nullVolumePage; 

Find: --IN 11:HNAI -- f'flOCEDURE [key: Key, level: Level, proc: FindProc] =. 
-- executes proc with context (buffer, low, high) surrounding key (merges too) 
ElLGIN or•uJ context; 
context.interval <- Get[key, level+ 1]; 
IF intervnlvol11mePage # saveCufferPage THEN 

BEGIN 
IF savcRufferPage ft LogicalVoh,me.nullVolumePage THEN SimpleSpace.Unmap[bufferHandle]; 
SimpleSpace.Map [buff erHand le, Space.Wind owOri gin [Fi le. Capab ii ity [volume. vf rn, Filelnternal. maxPermissions), 

interval.volumePage], FALSE]; 
saveBufferPage +- interval.volumePage; 
END: 

old +- low +-- high +- lndex[interval.key, nullVolumePage, O]; -init reacier 
UNTIL Lower[key, high.key] DO Rea.dNext(]; ENllLOOP: --scan this page till kny is passed 
proc[]; -- t•.::,-r Lefom ·urunap·. l',1enJe after: postpone Unmap until later to optimize out 
IF buffer.used <" SIZE[Buffer]/3 /\Jm interval.nextl<ey# maxKey THEN Merge[old.key, level]; is interval.key correct? 

(consider merge) 
END; 

4 



-- VolFileMaplmpl.mesa (last edited by: Redell on: August 22, 1979 9:40 PM) 

Split: ··INTERNAL-· PROCEDURE [key: Key, level: Level] = 
-- moves half of buffer (or root) to xtraBuffer, creating new page of tree 
BEGIN 
keyStone: LogicalVolume.Key; .. half way mark 
page: LogicalVolurne.PageNumber +- CreateVPage[]; 
Split1: FindProc = 

BEGIN 
Xtra[page, Split2]; 
END; 

Split2: XtraProc = 
BEGIN OPEN context; 
high +- lndex[interval.key, nullVolumePage, 0]; .. quick readReset 
UNTIL high.ptr > buffer.used/2 DO ReadNext[]; ENDLOOP; 
lnline.LongCOPY[buffer + low.ptr, (xtraBuffer.used +- buffer.used-low.ptr), xtraBuffer]; --split 
buffer.used +- low.ptr; 
--volume.interval[level + 1].nextKey +- low.key;-- -- interval of buffer is smaller (must keep high key above right!???? 
keyStone +- low.key; 
END; 

Find[key, level, Split1]; 
lnsert[keyStone, page, level+ 1]; 
END; 

Merge: --INTERNAL-- PROCEDURE [key: Key, level: Level]= 
-- tries to merge page of oldlnterval with next page at same level or with root 
-- cannot merge last page of any level except rootLevel 
BEGIN 
mergeFl11g: ROOLE/\N; 
leftlnterval, rightlnterval: Interval; 
Merge1: FindProc = 

B[GIN OPE:N context; 
riohtlnterval +- interval; 
Xtra[leftlnter•;al.volumePage, Merge2]; 
mo; 

Merge2: XtraProc = 
R[OIN OPEN contrixt; 
xtraBufferUscd: IN IEGf:Fl <- xtrnBuffer.used; -- ucecl to solve stack moclelin9 error 
IF level= volurne.treeLevel-1 THf'N xtraBulfer.used +- O; --clear now instead ol clelete,nq Inter 
IF (mergeFla!) +- (buffer.used+ xtraBuffer.used < SIZ[[Buffer])) THEN --,s merrJ1n9 possible 

Br:GIN --,11enw payes 
lnline.Lon<]COPY[buffer, buffer.used, xtraBuffer + xtraBufferUsed]; --rnerue hut/er with xtra 
xtraBufter.used +- xtraBulfer.usecl + buffer.usecl; 
-- buffe1.use(f remains to prevent Find from attempting R merge 
--interval.volumePage +- ??lnterval.volumePage;-- --upclc1te caclIe with 1113w /Jii(Je for deleted contents 
END 

ELSE 
B[GIN -balnnce pa~:,es simply to pruvide hystcres;s aunmst tut!I rnenJe ,:1tlernpts 
WHILE low.ptr < (buffer.used-xtraBuffer.usecJ)/2 DO ReadNext[]; ENDLOOP;--/111c/ ,niclrlle 
lnline.LongCOPY[buffer, low.ptr, xtraBulfer + xtraBufferUsed]; --move first of buffer to xtra 
lnline.LongCOPY[bufter + low.ptr, buffer.used low.ptr, buffer]; --slidu down the rest of buffer 
xtraBulfer.used +- xtraBuffer.used + low.ptr; 
buffer.used <- buffer.used - low.ptr; --use low to insert while it is still valid 
rightlnterval.key +- low.key; 
END; • 

FND; 
leftlnterval +- Get[key, level+ 1]; - so as to get a val,d ,.olun,ePage 

Find[leftlnterval.n,:,xtKey, level, Mergel]; --beware the merging 
Delete[leftlnterval.nextKey, level+ 1 ]; 
IF mergeFlag rIIEN F1ceVPage[rightlnli!rval.volumePage] t:LSf 

lnsert[ri,;ihtlnterval.key, rightlnterval.volumePage, level+ 1]; -- insert new i11clex: 

END; 

ReadNext: --IN IT:R~:.\L-· PllOCfclJUFlE = 
-- decompresses item at high to become low & bumps high 
-- Note the side effect on low and high ! ! 
-- no compression is implemented in this version 
BEGIN OPEN context; 
IF high.ptr > buffer.used Tl JEN ERROR; 
old •· low; 
low +- high; 
hig!1 +- (IF high.p1r < buffer.used 

rHEN LOOPHOLE[butfer + high.ptr, LONG POINTER TO lndex]t 
ELS[ lndex[m::ixKr~y. nullVolumeP::ige, 0]); 

higl1.ptr +- high.ptr + low.ptr; --/,:,:!, ptr wa, 1ust an inc,c111ent 

5 
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END; 

PutNext: -·INTERNAL·· PROCEDURE [key: Key, volumePage: LogicalVolume.PageNumber, level: Level] 
-- compresses item in the context of low 
-- Note the side effect on low but not on /Jigh ! ! 
-- no compression is implemented in this version, but useful one would include: 

-- front compression especially to shrink page groups back to 2 fields 
BEGIN OPEN context; 

-- merge page groups when possible 
old +- low; 
low +- (LOOPHOLE[buffer + low.ptr, LONG POINTER TO lndex]t +- lndex[key, volumePage, SIZE[lndex]]); 

increment 

low.ptr +- low.ptr + old.ptr; --low.ptr was just an increment 

--.ptr is just an 

volume.interval[level] +- lnterval[old.key, low.volumePage, Jaw.key]; 
END; 

-- keep cache up to date in the face of changes 

CreateVPage: --INTERNAL-- PROCEDURE RETURNS [LogicalVolume.PageNumber] = 
-- calls VolAllocMap.AllocPageGroup to get a new page for the vfm 8-tree 
BEGIN 
group: Filelnternal.PageGroup .. [0, 0, 1]; 
vfmFileD: Filolnternal.Descriptor +- Filelnternal.Descriptor[volume.vfm,. volume.vlD, local[FALSE, FALSE, volume.volumeSize, 

FileTypes.tVolumeFileMap)); 
VolAllocMap.AllocPageGroup[@vfmFileD, @group, TRUE); 
RETURN[group.volumePage]; 
END; 

FreeVPage: ··INTERNAi_ .. PFlOCEDURE [volumePage: LogicalVolume.PageNumber] = 
-- calls VolAllocMap.FreePageGroup to free a page of the vfm 8-tree 
BEGIN 
group: Filolntcrn,11.PageGroup <- [volumePage, volumePage, volurnePage + 1]; 
vfmFileD: f"ilclnlornal.Descriptor +- Filclnternal.Descriptor[volume.vfm, volurne.vlD, local[FALSE, FALSE, volume.volumeSize, 

FileTvp8s.tVolumeFileMap]]; 
VolAlloc:Mnp.FreePageGroup[@vfmFileD, @group, TFlUE); 
LND; 

XtraProc: TYPE ~ PFlOCEDUFlE; 

Xtra: ·-INTERNAL-- f'HOCEUURE [page: Lo,JicalVolume PageNumber, proc: XtraProc] = 
-- maps, operates. unmaps xtraBuffer 

END. 

LOG 

BEGIN 
Simp!ciSparn.Map[xtrallandle, Spacc.WindowOrigin[File.Capability[volume.vfm, Filelnternal.maxPermissions], page], FALSE]; 
proc[I; 
SirnplcSpace.Unmap[xtraHandle]; 
END; 

Time: April 13, 1978 1:41 PM By: Purcell Action: Created file 
Time: April 28, 1978 4: 17 PM By: Purcell Action: Compiled 
rime: May 8. 1978 11:23 AM By: Pu,cell Action: added testing 
Time: May JO, 1978 :J,32 PM By: Purcell Action: first test 
Time: May 11. 1978 7:46 PM By: Purcell Action: insert/split worl<s 
Time: May 12. 1978 2:"/9 PM By: Purcell Action: r8vised delete/merge 
Time: May 18, 1978 8:06 PM By: Purcell Action, 65,000 successful tests 
Time: May 23. 1078 2:34 PM £3y: Purcell Action: cl1il/7aed delete to be inverse of insert 
Time: June 22. 1978 3:39 PM By: Purcell Action: forgot to close buffer in merge (1 case) 
Time: June 29, 1978 10:49 PM By: Purcell Action: use well nested buffer access 
Time: July 6. 1978 2:36 PM By: Purcell Action: added rebuild and init 
Time: September 26, 1978 12:49 AM By: Purcell Action: CR fix to lnsertPageGroup to merge correctly with following group 
Time: September 26, 1978 12:50 AM By, Purcell Action: CR fix to Merge to slide the right number of words when balancing 
Time: October 19, 1978 1:32 PM By: Purcell Action: CR 90: try interlace= 1 
Time: October 19. 1978 2:49 PM By: Purcell Action: CR 103: Use FileTypes directly 
Time: March 20, 1979 10:13 PM By: Redell Action: Convert to Mesa 5.0 
Time: August 2, 1979 I 1:08 AM By: Redell Action, Update to use FilePageLabel 
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DIRECTORY 
Boot: FROM "Boot" USING [Location, LVBootFiles, nullDiskFilelD, VolumeType], 
DiskChannel: FROM "DiskChannel" USING [Create, DiskPageCount, Drive, GetAttributes, GetDriveAttributes, 

GetNextDrive, Handle, nullDrive, SetDriveTag], 
Environment: FROM "Environment" USING [bitsPerWord, wordsPerPage], 
File: FROM "File" USING [Capability, delete, grow, ID, nullCapability, nulllD, PageCount, shrink, Type], 
FileCache: FROM "FileCache" USING [SetFile, SetPageGroup, FlushFile], 
Filelnternal: FROM "Filelnternal" USING [Descriptor, maxPermissions, PageGroup], 
FilePageLabel: FROM "FilePageLabel" USING [GetFilePage, GetType, Label, nulllD], 
FMPrograms: FROM "FMPrograms", 
lnline: FROM "lnline" USING [BITAND], 
KernelFile: FROM "KernelFile"' 
LabelTransfer: FROM "LabelTransfer" USING [LabelStatus, ReadLabel, ReadRootLabel, WriteLabels], 
LogicalVolume: FROM "LogicalVolume" USING [create, currentVersion, FileAccessProc, Free, Handle, 

LogicalSubvolumeMarker, LSMCurrentVersion, LSMSeal, noOp, nulllD, nullRootFilelDs, Operations, PageNumber, 
rootPageNumber, seal, SetFree, SetVam, SetVfm, setVolumeAttributes, Varn, Vfm], 

OISProcessorFace: FROM "OisProcessorFace" USING [DeviceType], 
PhysicalVolume: FROM "PhysicalVolume" USING [currentVersion, Descriptor, Handle, ID, IDCheckSum, PageCount, 

PageNumber, PhysicalSubvolumeMarker, PSMCurrentVersion, PSMSeal, rootPageNumber, seal, SubVolumeDesc], 
PilotFileTypes: FROM "PilotFileTypes" USING [PilotRootFileType, tFreePage, tLogicalVolumeRootPage, 

tPhysicalVolumeRootPage, tVolumeAllocationMap, tVolumeFileMap, tSubVolumeMarkerPage], 
PilotSwitches: FROM "PilotSwitches" USING [switches -- E, L, s, u, X, z --], 
Runtime: FROM "Runtime" USING [CallDebugger], 
SimpleSpace: FROM "SimpleSpace" USING [Create, ForceOut, Handle, Map, Page, Unmap], 
StoragePrograms: FROM "StoragePrograms" USING [nullDevice], 
SubVolume: FROM "SubVolume" USING [completion, Find, GetNext, Handle, Online], 
System: FROM "System" USING [GetUniversallD, NetworkAddress, UniversallD], 
Utilities: FROM "Utilities" USING [LongPointerFromPage, ShortCARDINAL], 
VolAllocMap: FROM "VolAllocMap" USING [Open, Close], 
VolFileMap: FROM "VolFileMap" USING [Open, Close], 
Volume: FROM "Volume" USING (ID, nulllD, PageCount]; 

Volumelmpl: 
MONITOR [bootFile: POINTER TO disk Boot.Location, pLVBootFiles: POINTER TO Boot.LVBootFiles] RETURNS [debugClass: 
Boot.VolumeType, debuggerDevice: UNSPECIFIED --OISProcessorFace.DeviceHandle--] 
IMPORTS DiskChannel, FileCache, FilePageLabel, lnline, LabelTransfer, LogicalVolume, PhysicalVolume, PilotSwitches, 
Runtime, SimpleSpace, SubVolume, System, Utilities, VolAllocMap, VolFileMap 
EXPORTS FMPrograms, KernelFile, LogicalVolume, Volume 
SHARES File = 

BEGIN 

BarePvlD: TYPE = System.UniversallD; -- basic component of Phys ID 

FileAccessProc: TYPE = LogicalVolume.FileAccessProc; 

-- Someday. this may live in a seperate file. The Pads are so each part may grow somewhat independently without trashing the other on existing 
volumes. This may be only of marginal use, but ii doesn't cost much 
Su bVolumeFill 1 : TYPE = [SIZE [LogicalVolume.LogicalSu bvolu meMarker] .. Environment. wordsPerPage/2); 
SubVolumeFill2: TYPE = 

[Environment. wordsPerPage/2 + SIZE[PhysicalVolume.PhysicalSu bvolu meMarker] .. Environment. wordsPerPage-1 ); 

SubVolumeMarkerPage: TYPE = MACHINE DEPENDENT RECORD[ 
logical: LogicalVolume.LogicalSubvolumeMarker, 
fill1: ARRAY SubVolumeFill1 OF WORD+- NULL, 
physical: PhysicalVolume.PhysicalSubvolumeMarker, 
fill2: ARRAY SubVolumeFill2 OF WORD+- NULL, 
checksum: CARDINAL .. o]; 

clientType: Boot.VolumeType; -- set from program paramaters 
debuggerlDsSet: BCOLEAN +- FALSE; -- if false. we haven't found a debugger yet 
system ID: PUBLIC Volume.ID +- Volume.nulllD; -- currently only a single volume is supported 
cautious: BOOLEAN +- TRUE; -- force out after each file operation 

-- The "active volume" whose LogicalVolume.Descriptor (root page) is buffered in memory 
logicalRootPageBuffer: SimpleSpace.Handle = SimpleSpace.Create[1, hyperspace]; 
activeVolume: LogicalVolume.Handle = Utilities.LongPointerFromPage[SimpleSpace.Page[logicalRootPageBuffer]]; 
activeVID: Volume.ID +- Volume.nulllD; -- active volume (nu/llD = > no active volume) 

-- Buffer variables for accessing physical volume root page 
physicalRootPageBuffer: SimpleSpace.Handle = SimpleSpace.Create[1, hyperspace]; 
physicalVolume: PhysicalVolume.Handle = Utilities.LongPointerFromPage[SimpleSpace.Page[physicalRootPageBuffer]]; 
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-- Buller variables for accessing marker pages 
markerPageBuffer: SimpleSpace.Handle = SimpleSpace.Create[1, hyperspace]; 
marker: LONG POINTER TO SubVolumeMarkerPage = Utilities.LongPointerFromPage[SimpleSpace.Page[markerPageBuffer]]; 

VollmplError: ERROR[{notFoundlnOffLine, lvTableFull, notFoundVolumelnActivate}] = CODE; 
lnsufficientSpace: PUBLIC ERROR = CODE; 
Unknown: PUBLIC ERROR [volume: Volume.ID] = CODE; 
UnOpened: PUBLIC ERROR [volume: Volume.ID] = CODE; -- Someday Actually Exported 

-- Monitor External Procedures 

GetAttributes: PUBLIC PROCEDURE [volume: Volume.ID] RETURNS [volumeSize, freePageCount: Volume.PageCount, rootFile: 
File.Capability] = 

BEGIN 
GetAttributes1: PROCEDURE [vol: LogicalVolume.Handle] = 

BEGIN 
volumeSize +- vol.volumeSize; 
-- ??? free age count junk ??? 
freePageCount +- vol.freePageCount-Utililies.ShortCARDINAL[vol.freePageCount/16); 
freePageCount +- freePageCount-MIN[freePageCount, 5]; -- keep freePageCount non negative 
rootFile +- vol.clientRootFile; 
END; 

VolumeAccess[@volume, GetAttributes1, FALSE]; 
END; 

GetlabelString: PUBLIC PROCEDURE [volume: Volume.ID, s: STRING]= 
BEGIN 
GetlabeIString1: PROCEDURE [vol: LogicalVolume.Handle] = 

BEGIN 
i: CARDINAL; 
s.length +- MIN[s.maxlength, vol.labellength, LENGTH[vol.label]l; 
FOR i IN [0 .. s.length) DO s[i] .. vol.label[i]; ENDLOOP; 
END; 

IF s#NIL THEN VolumeAccess[@volume, GetlabeIString1, FALSE]; 
END; 

-- get file with maxpermissions of given (Root) type from volume root page 
GetRootFile: PUBLIC PROCEDURE [type: File.Type, volume: Volume.ID] RETURNS [file: File.Capability]= 

BEGIN 
GetRootFile1: PROCEDURE [vol: LogicalVolume.Handle] = 

BEGIN file +- [vol.rootFilelD[type], Filelnternal.maxPermissions]; END; 
IF type NOT IN PilotFileTypes.PilotRootFileType THEN ERROR; 
VolumeAccess[@volume, GetRootFile1, FALSE]; 
IF file.flD = FilePageLabel.nulllD THEN file +- File.nullCapability; 
END; 

lsOnServer: PUBLIC PROCEDURE [volume: Volume.ID, netAddress: System.NetworkAddress] = 
BEGIN 
--not implemented 
END; 

-- This may have to get smarter when we have boot messages 
lsMyDebuggerVolume: PROCEDURE [vol: LogicalVolume.Handle] RETURNS [BOOLEAN] = 

BEGIN 
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IF vol.seal# LogicalVolume.seal OR vol.version<= 1 OR debuggerlDsSet OR vol.bootinglnfo[debugger] = Boot.nullDiskFilelD OR 
vol.bootinglnfo[debuggee] = Boot.nullDiskFilelD THEN RETURN(FALSE]; 

SELECT clientType FROM 

END; 

nonPilot, debuggerDebugger = > RETURN[FALSE]; -- these Guys have no debugger 
normal = > RETURN[vol.type = debugger]; 
debugger = > RETURN[vol.type = debuggerDebugger]; 
ENDCASE = > ERROR; 

PhysicalRootlabelCheck: PROCEDURE[label: FilePageLabel.Label] RETURNS [BarePvlD, BOOLEAN] = 
BEGIN OPEN label; 
-- could also check pad2 ... 

RETURN[filelD, filelD # FilePageLabel.nulllD AND 
FilePageLabel.GetFilePage[@label] = 0 AND 
~immutable AND ~temporary AND ~zeroSize AND pad1 = 0 AND 
FilePageLabel .GetType(@label] = PilotFileTypes. tPhysicalVolumeRootPage]; 

END; 
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PutRootFile: PUBLIC PROCEDURE [vol: LogicalVolume.Handle, type: File.Type, file: POINTER TO READONL y File.Capability]= 
BEGIN 
IF type NOT IN PilotFileTypes.PilotRootFileType THEN ERROR; 
vol.rootFilelD(type] +- file.flD; 
•• This is a hack that has to be fixed if we change to multiple RootPageBuffers ..... . 
IF vol= activeVolume THEN SimpleSpace.ForceOut[logicalRootPageBuffer]; 
END; 

ReadAndChecklogicalRootlabel: PROCEDURE [lvlD: Volume.ID] RETURNS [BOOLEAN] = 
BEGIN 
label: FilePageLabel. Label; 
label +- LabelTransfer.Readlabel[[LOOPHOLE[lvlO), lvlD, local[FALSE, FALSE, 1, Pilo!FileTypes.tlogicalVolumeRootPagel], 0, 

LogicalVolume.rootPageNumber]; 
BEGIN OPEN label; 
-- could also check pad2 ... 
RETURN[lilelD = LOOPHOLE[lvlD] AND 

FilePageLabel.GetFilePage[@label] = 0 AND 
~immutable AND ~temporary AND ~zeroSize AND pad1 = 0 AND 
FilePageLabel.GetType[@label] = PilotFileTypes. tlogicalVolumeRootPage]; 

END; END; 
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ReadAndCheckMarkerPagelabel: PROCEDURE[pvlD: BarePvlD, page: PhysicalVolume.PageNumber] RETURNS [File.ID, BOOLEAN] = 
BEGIN 
label: FilePageLabel.Label +- LabelTranster.ReadRootlabel[DiskChannel.GetAttributes[SubVolume.Find[[pvlD], 

PhysicalVolume. rootPageNumber] .sub Volume .channel], page]. label; 
BEGIN OPEN label; 
-- could also check pad2 ... 

RETURN[lilelD, lilelD # FilePageLabel.nulllD AND 
FilePageLabel.GetFilePage[@label] = page AND 
~immutable AND ~temporary AND ~zeroSize AND pad1 = 0 AND 
FilePageLabel .GetT ype[@label] = PilotFileTypes. tSubVolumeMarkerPage); 
END; END; 

-- Set up caches for reading the physical root page 
RegisterPhysicallnformation: PROCEDURE[pvlD: BarePvlD, drive: DiskChan .Drive, driveSize: DiskChannel.DiskPageCount] = 

BEGIN 
rootPage: PhysicalVolume.PageNumber = PhysicalVolume.rootPag 
DiskChannel.SetDriveTag[drive, PhysicalVolume.lDCheckSum v ]]; 
SubVolume.Online[[lvlD: [pvlD], lvSize: driveSize, lvPage: ;rootPage pvPage: rootPage, nPages: driveSize], 

DiskChannel.Create[drive, SubVolume.completion]]; 
FileCache.SetFile[[(pvlD], (pvlD], local[FALSE, FALSE, 1, PilotFileTypes.tPhysicalVolumeRootPage]], TRUE]; 
FileCache.SetPageGroup([pvlD], [rootPage, rootPage, rootPage + 1], TRUE]; 
END; 

-- sets client root file 
SetRootFile: PUBLIC PROCEDURE [volume: Volume.ID, file: File.Capability] 

BEGIN 
SetRootFile1: PROCEDURE [vol: LogicalVolume.Handle] = 

BEGIN 
vol.clientRootFile +- file; 
vol.updatelogicalSubvolumeMarker +- TRUE; 
END; 

VolumeAccess[@volume, SetRootFile1, TRUE]; 
END; 

-- Temporary to give names to volumes 
SetString: PROCEDURE [dest: LONG POINTER TO PACKED ARRAY (0..40) OF CHARACTER, pages: LONG CARDINAL, which: 
{physical, logical}, illogical: Boot.Volume Type +- normal] RETURNS [size: CARDINAL [0 . .40]] = 

BEGIN 
i: CARDINAL; 
s: STRING; 
IF which= physical THEN s +- IF pages)5000 THEN "Sa4000"L ELSE "Diablo 31 "L 
ELSE s +- IF pages > 5000 THEN SELECT illogical FROM 

normal = > "RDO.pilotVolume"L, debugger=> "RDO.Debugger"L, debuggerDebugger = > "RDO.DebuggerDebugger"L, 
ENDCASE = > "RDO.nonPilot"L 

ELSE s .. SELECT illogical FROM 
normal => "Normal"L, debugger=> "Debugger"L, debuggerDebugger => "DebuggerDebugger"L, ENDCASE => 
"nonPilot"L; 

size +- MIN[s.length, 40]; 
FOR i IN [O .. size) DO dest[i] +- s[i); ENDLOOP; 
END; 
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-- This should duplicate code in FlleVolumeAccess, not calf it !! 
-- gives proc exclusive access to volume (optionally forces out rootPage) 
VolumeAccess: PUBLIC PROCEDURE (pVID: POINTER TO REI\DONLY Volume.ID, 
proc: PROCEDURE [volume: LogicalVolume.Handle], forceOut: BOOLEAN] = 

BEGIN 
VolumeAccess1: FileAccessProc -- [vol, filePtr, op, newSizePJ-- = BEGIN proc[vol]; END; 
fileD: local Filelnternal.Descriptor ~ [FilePageLabel.nulllD, pVIDt, local[,,,]]; 
FileVolumeAccess[VolumeAccess1, @fileD, (IF forceOut THEN LogicalVolume.setVolumeAttributes ELSE 

LogicalVolume.noOp), NIL]; 
END; 

-- Entry Procedures 

Close: PUBLIC ENTRY PROCEDURE(ID: Volume.ID] = 
BEGIN 
IF ID=Volume.nulllD OR ~LogicalVolumeFind(@ID].found THEN RETURN WITH ERROR Unknown[ID]; 
Activate[@ID, close]; 
activeVolume.open ~ FALSE; 
Deactivate[flush]; 
END; 
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-- Gives proc exclusive access to volume. Someday, there should be multiple buffers, and the capability to have several volumes 
cooking at once. Someday. 
FileVolumeAccess: PUBLIC ENTRY PROCEDURE [proc: FileAccessProc, filePtr: POINTER TO local Filelnternal.Descriptor, op: 
LogicalVolume.Operations, newSize: POINTER TO READONL y File.PageCount] = 

BEGIN 
modifyVolume: BOOLEAN = lnline.BITAND[op, File.grow+ File.shrink+ File.delete+ LogicalVolume.create] #LogicalVolume.noOp; 
IF op# LogicalVolume.noOp THEN FileCache.FlushFile[filePtr.filelD]; --flush if there will be side effects 
IF filePtr.volumelD = Volume.nulllD OR ~LogicalVolumeFind[@filePtr.volumelD].found THEN GOTO Out; 
Activate[@filePtr.volumelD, IF modifyVolume THEN modify ELSE read ! UnOpened = > GOTO Out]; 
IF lnline.BIT I\ND(op, File.grow+ Logical Volume.create]# LogicalVolume.noOp 

AND newSizet > = filePtr.size + activeVolume.freePageCount-Utilities.ShortCARDINAL[activeVolume.freePageCount]/16-
5 THEN 

RETURN WITH ERROR lnsufficientSpace; 
proc[activeVolume, lilePtr, op, newSize]; --root page is in page buffer 
-- Update subvolume marker Pages if requested. Fit the logicalRootPage buffer gets "paged", it's update bit will be on, 
suggesting it is "correct" rathern than the marker pages. The bit is clearde (and page forced out) after all marker pages are 
updated. 
IF activeVolume.updateLogicalSubvolumeMarker THEN 

BEGIN 
UpdatelogicalSubvolumeMarkers[activeVolume]; 
active Volume. u pd atelogi cal Su bvolu meMarker <- FALSE; 
END: 

IF op= LogicalVolume.setVolumeAttributes OR (cautious AND modilyVolume) THEN Deactivate[forceout]; 
EXITS • 
Out =) RETURN WITH ERROR Unknown[filePtr.volumelD]; 
END; 

GetNext: PUBLIC ENTRY PROCEDURE [volume: Volume.ID] RETURNS [Volume.ID)= 
BEGIN 
volumeFound: BOOLEAN <- volume= Volume.nulllD; 
Iv: L VTlndex; 
FOR Iv IN LVTlndex DO 

IF volumeFound AND LVT(lv] # Volume.nulllD THEN RETURN (LVT(lv]]; 
IF LVT[lv] = volume THEN volumeFound ... TRUE; 
ENDLOOP; 

IF volumeFound THEN RETURN [Volume.nulllD] ELSE RETURN WITH ERROR Unknown[volume]; 
END; 

-- Open the Logica' Volume. It expects to see only volumes of the Correct Type (debugger, client, debugdebug). The labels are 
good at this point, certified by LogicalVolumeCheck 
Open: PUBLIC ENTRY PROCEDURE(vlD: Volume.ID] = 

BEGIN 
erase, scavenge: BOOLEAN; 
IF vlD = Volume.nulllD OR ~LogicalVolumeFind[@vlD].found THEN RETURN WITH ERROR Unknown[vlD]; 
Activate[@vlD, opening]; 
erase <- PilotSwitches.switches.L = down OR LogicalVolume.Vam[activeVolume] = LogicalVolume.nulllD OR 

LogicalVolume.Vfm[activeVolume] = LogicalVolume.nulllD OR LogicalVolume.Free[activeVolume] = LogicalVolume.nulllD; 
IF erase THEN 

BEGIN 
Runtime.CallDebugger["Proceed to erase logical volume"L); 
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activeVolume.clientRootFile +- File.nullCapability; 
activeVolume.rootFilelD +- LogicalVolume.nullRootFilelDs; 
LogicalVolume.SetVam[activeVolume, (System.GetUniversallD(]l]; 
LogicalVolume.SetVfm[activeVolume, [System.GetUniversallD[]]]; 
LogicalVolume.SetFree[activeVolume, (System.GetUniversallD[])]; 
UpdatelogicalSubvolumeMarkers[activeVolume]; 
scavenge+- FALSE; 
END 

ELSE IF (scavenge +- activeVolume.changing OR PilotSwitches.switches.S = down) THEN 
Runtime.CallDebugger["Proceed to scavenge logical volume"L]; 

activeVolume.changing +- erase OR scavenge; 
SimpleSpace.ForceOut[logicalRootPageBuffer]; 
OpenVFile[activeVolume, PilotFileTypes.tVolumeAllocationMap]; 
OpenVFile[activeVolume, PilotFileTypes.tVolumeFileMap]; 
OpenVFile[activeVolume, PilotFileTypes.tFreePage]; 
VolAllocMap.Open[activeVolume, erase, scavenge]; 
VolFileMap.Open[activeVolume, erase, scavenge]; 
Deactivate[forceout]; 
END; 

PhysicalVolumeOffline: ENTRY PROCEDURE [pvlD: Volume.ID --??--] -
BEGIN 
-- Not yet implemented; flush the subvolumes associated with the physical volume 
-- FileCache.FlushFile[rootPageFilelD]; + + currently doesn"t work for pinned entries!/ 
-- SubVolume.Offline[physicalVID]; + + can't do without flushing file first 
END; 

-- Examines physical volume on a drive which has just come on line. 
PhysicalVolumeOnline: ENTRY PROCEDURE [drive: DiskChannel.Drive] = 

BEGIN 
driveSize: DiskChannel.DiskPageCount = DiskChannel.GetDriveAttributes[drive].nPages; 
label: FilePageLabel.Label; 
labelStatus: LabelTransfer.LabelStatus +- invalid; 
good: BOOLEAN .. FALSE; 
rootlD: BarePvlD; 
i: CARDINAL; 

WHILE labelStatus # valid DO 
[label, labelStatus] +- LabelTransfer.ReadRootlabel[drive, PhysicalVolume.rootPageNumber]; 
IF labelStatus#valid THEN Runtime.CallDebugger["Physical volume access error (Proceed when ready)"L]; 
ENDLOOP; 

IF PilotSwitches.switches.E = up THEN [rootlD, good) +- PhysicalRootlabelCheck[label]; 
IF ~good THEN rootlD +- System.GetUniversallD[]; 
RegisterPhysicallnformation[rootlD, drive, driveSize]; 
IF good THEN good +- PhysicalRootPageCheck[rootlD]; 
IF good THEN RegisterLVFiles[rootlD) ELSE lnitPhysicalVolume[rootlD, driveSize]; 
-- Create/ check markers 
CheckAndlnitMarkers[rootlD, driveSize, -good]; 
PhysicalRootPageMap[rootlD]; 
FOR i IN [O .. physicalVolume.subVolumeCount) DO 

LogicalVolumeCheck[physicalVolume.subVolumes[i].lvlD] 
ENDLOOP; 

PhysicalRootPageUnmap[]; 
END; 

-- Internal Procedures 

-- Provides access to volume files of one volume at a time 
Activate: INTERNAL PROCEDURE [pvlD: POINTER TO READONL y Volume.ID, access: {read, modify, opening, close} ... read)= 

BEGIN 
IF activeVID # pvlD't THEN 

BEGIN 
IF ~LogicalVolumeFind[pvlD].found THEN 

ERROR VollmplError[notFoundVolumelnActivate]; 
Deactivate[flush]; 
LogicalRootPageMap[pvlD't]; 
activeVID +- pvlD't; 
END; 

IF -activeVolume.open THEN 
IF access= opening THEN activeVolume.open +- TRUE 
ELSE IF access#close THEN ERROR UnOpened[pvlD't]; 

-- The next two are basically Noops .... 
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VolAllocMap.Open[activeVolume, FALSE, FALSE]; 
VolFileMap.Open[activeVolume, FALSE, FALSE]; 
IF access= modify AND ~activeVolume.changing THEN 

BEGIN 

END; 

activeVolume.changing +- TRUE; 
SimpleSpace.ForceOut[logicalRootPageBuffer]; 
END; 

-- Check that all the volume submarkers are consistant. If not, ask confirmation and write new ones. IF just/nit, then only write 
new ones. Register the Subvolume Marker file as a side effect 
CheckAndlnitMarkers: INTERNAL PROCEDURE[pvlD: BarePvlD, driveSize: DiskChannel.DiskPageCount, justlnit: BOOLEAN] = 

BEGIN 
pRootPage: PhysicalVolume.PageNumber = PhysicalVolume.rootPageNumber; 
i: CARDINAL; 
init: BOOLEAN <- FALSE; 
markerFile: Filelnternal.Descriptor +- [File.nulllD, [pvlD], local[FALSE, FALSE, driveSize, 
PilotFile Types. tSu b Vol u meMarkerPage ]] ; 

-- First, see if there is a consistant set of labels out there 
IF ~justlnit THEN 

BEGIN 
tmplD: File.ID; 
ok: BOOLEAN; 
PhysicalRootPageMap(pvlD]; 
FOR i IN [O .. physicalVolume.subVolumeCount) DO 

OPEN sv: physicalVolume.subVolumes[i]; 
[tmplD, ok] <- ReadAndCheckMarkerPagelabel(pvlD, sv.pvPage + sv.nPages]; 
IF ~ok THEN BEGIN init ... TRUE; EXIT; END; 
IF i = 0 THEN markerFile.filelD +- tmplD 
ELSE IF markerFile.filelD # tmplD THEN BEGIN init ... TRUE; EXIT; END; 
ENDLOOP; 

PhysicalRootPageUnmap0; 
END; 

-- Need to generate a label here 
IF init OR justlnit THEN markerFile.filelD +- (System.GetUniversallD[]]; 
FileCache.SetFile[markerFile, TRUE]; 
FileCache.SetPageGroup(markerFile.filelD, (pRootPage + 1, pRootPage + 1, driveSize], TRUE]; 
-- Check the data now 

IF ~justlnit AND ~init THEN 
BEGIN 
PhysicalRootPageMap[pvlD]; 
FOR i IN (O .. physicalVolume.subVolumeCount) WHILE init DO 

OPEN sv: physicalVolume.subVolumes[i]; 
MarkerPageMap[markerFile.filelD, sv.pvPage + sv.nPages]; 
init +- marker.logical.seal= LogicalVolume.LSMSeal AND 
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marker.logical.version= LogicalVolume.LSMCurrentVersion AND marker.physical.seal= PhysicalVolume.PSMSeal AND 
marker. physical .version = PhysicalVolume.PSMCurrentVersion; 

MarkerPageUnmap[]; 
ENDLOOP; 

PhysicalRootPageUnmap[]; 
END: 

IF init THEN Runtime.CallDebugger("Proceed to write Subvolume Marker Pages"L]; 
IF init OR justlnit THEN 
-- This code Doesn't work for MultiSubvolume Logical Volumes if the rootpage is oflline or unknown 

BEGIN 
page: LONG CARDINAL; 
Deactivate[flush]; 
PhysicalRootPageMap[pvlD]; 
FOR i IN [0 .. physicalVolume.subVolumeCount) DO 

OPEN sv: physicalVolume.subVolumes[i], volP: activeVolume, pv: physicalVolume; 
page <- sv.pvPage + sv.nPages; 
LabelTransfer.Writelabels[file: markerFile, pageGroup: (page, page, page+ 1]]; 
LogicalRootPageMap[sv.lvlD]; 
MarkerPageMap[markerFile.filelD, page); 
markert +- [ 

physical: [pvlD: [pvlD], label: pv.label, bootinglnfo: pv.bootinglnfo, labellength: pv.labellength, 
svNumber: i, descriptor: sv]. 

logical: [labellength: volP.labellength, type: volP.type, label: volP.label, bootinglnfo: volP.bootinglnfo, 
clientRootFile: volP.clientRootFile]]; 

MarkerPageUnmap(]; 
LogicalRootPageUnmap[); 
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END; 

ENDLOOP; 
PhysicalRootPageUnmap0; 
END; 

-- Deactivates the active volume 
Deactivate: INTERNAL PROCEDURE [termination: {forceout, flush}] = 

BEGIN 
IF activeVID = Volume.nulllD THEN RETURN; 
VolFileMap.Close[activeVolume, termination= flush]; 
VolAllocMap.Close[activeVolume, termination= flush]; 
IF activeVolume.changing THEN activeVolume.changing +- FALSE; 
IF termination= flush THEN LogicalRootPageUnmap[) ELSE SimpleSpace.ForceOut[logicalRootPageBuffer]; 
END; 

-- Make the debugger volume swat+ swatee pages (800 + 800) bigger 
lnitPhysicalVolume: INTERNAL PROCEDURE[pvlD: BarePvlD, driveSize: DiskChannel.DiskPageCount] = 

BEGIN 
i: CARDINAL; 
pRootPage: PhysicalVolume.PageNumber = PhysicalVolume.rootPageNumber; 
IRootPage: LogicalVolume.PageNumber = LogicalVolume.rootPageNumber; 
userDriveSize: DiskChannel.DiskPageCount = driveSiz:e-3; 
clientSize: PhysicalVolume.PageCount = (userDriveSize-1600)/2; 
debuggerSize: PhysicalVolume.PageCount = userDriveSize-clientSize; 
clientStart: PhysicalVolume.PageNumber = pRootPage + 1; 
clientMarker: PhysicalVolume.PageNumber = clientStart + clientSize; 
debuggerStart: PhysicalVolume.PageNumber = clientMarker + 1; 
debuggerMarker: PhysicalVolume.PageNumber = debuggerStart + debuggerSize; 
bitsPerPage: CARDINAL = Environment.bitsPerWord*Environment.wordsPerPage; 

Runtime.CallDebugger["Proceed to erase and initialize physical volume"L]; 
Deactivate[flush]; 
LabelTransfer.Writelabels[ 

file: [[pvlD], [pvlD], local[FALSE, FALSE, 1, PilotFileTypes.tPhysicalVolumeRootPage]], 
pageGroup: [pRootPage, pRootPage, pRootPage + 1]]; 

PhysicalRootPageMap[pvlD); 
physicalVolumet <- [pvlD: [pvlD], subVolumeCount: 2, 

subVolumes: [[[System.GetUniversallD[)], clientSize, 0, clientStart, clientSize], 
[[System.GetUniversallD[]), debuggerSize, 0, debuggerStart, debuggerSize],,,,]]; 

physicalVolume.labelLength <- SetString[@physicalVolume.label, driveSize, physical); 
PhysicalRootPageUnmap[]; 
-- We have a good PV Root page. Set up Mechanisms for Accessing L Vpages 
RegisterLVFiles[pvlD]; 
-- Create L V Root Pages, using data in PV Page 
PhysicalRootPageMap[pvlD]; 
FOR i IN [0 .. physicalVolume.subVolumeCount) DO 

OPEN sv: physicalVolume.subVolumes[i); 
LabelTransler. Writelabels[ 

file: [LOOPHOLE[sv.lvlD], sv.lvlD, local[FALSE, FALSE, 1, PilotFileTypes.tlogicalVolumeRootPage]], 
pageGroup: [IRootPage, IRootPage, IRootPage + 11]; 

LogicalRootPageMap[sv.lvlD]; 
activeVolumet +- [volumeSize: sv.lvSize, vlD: sv.lvlD, type: IF i =0 THEN normal ELSE debugger]; 
activeVolume.labellength +- SetString[@activeVolume.label, driveSize, logical, activeVolume.type]; 
-- Set VAMStart so that there are now bad pages in the run. 
activeVolume.vfmStart +- activeVolume.vamStart + (activeVolume.volumeSize + bitsPerPage)/bitsPerPage; 
-- The vam/vfm/lree /D's are set latter in OPEN. This is a hack 
LogicalRootPageUnmap[); 
ENDLOOP; 

PhysicalRootPageUnmap[]; 
END; 

-- I need to think about taking multiPack volume off line somemore. Caches have been set up so mapping is cool 
LogicalVolumeCheck: INTERNAL PROCEDURE [vlD: Volume.ID] = 

BEGIN 
found, good: BOOLEAN; 
size: Volume.PageCount; 
svH: SubVolume.Handle; 

Deactivate[flush]; 
[good, svH] <- SubVolume.Find[vlD, LogicalVolume.rootPageNumber]; 
IF good THEN 

IF ~(good +- ReadAndChecklogicalRootlabel[vlD]) THEN 

7 
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Runtime.CallDebugger["bad LVRootPage label; proceed to ignore this logical volume"L]; 
IF good THEN 

BEGIN 
LogicalRootPageMap[vlD]; 
good +- activeVolume.seal = LogicalVolume.seal; 
IF ~good THEN Runtime.Cal!Debugger["???; bad LVRootPage; proceed to ignore this logical volume"L]; 
good +- good AND activeVolume.version = LogicalVolume.currentVersion AND activeVolume.type = clientType; 
size +- activeVolume.volumeSize; 
IF lsMyDebuggerVolume[activeVolume] THEN 
-- set the debugger Boot Pointers back in Pilot Control 

BEGIN 
IF pl VBootFiles # NIL THEN pLVBootFilest f- activeVolume.bootinglnfo; 
debuggerDevice +- DiskChannel.GetAttributes[svH .channel] .drive; 
debuggerlDsSet +- TRUE; 
END; 

LogicalRootPageUnmap0; 
END; 

WHILE good AND size# svH.lvPage + svH.nPages DO 
[good, svH] +- SubVolume.Find[vlD, svH.lvPage + svH.nPages]; 
ENDLOOP; 

found +- LogicalVolumeFind[@vlD].found; 
IF good AND ~found THEN LogicalVolumeOnline[vlD]; 
IF found AND ~good THEN LogicalVolumeOffline[vlD]; -- can this really happenm 
END; 

-- Logical Volume Table Keepers (/ists logical volumes which are on-line) 

LVTHandle: TYPE = •·LONG-· POINTER TO Volume.ID; 
LVT: ARRAY LVTlndex OF Volume.ID +- ALL[Volume.nulllD]; 
LVTlndex: TYPE = [0 .. maxLVs); 
maxLVs: CARDINAL = 8; -· Maximum logical volumes allowed on-line at once 

LogicalVolumeFind: INTERNAL PROCEDURE[vlD: POINTER TO READONLY Volume.ID] RETURNS [lvtH: LVTHandle, found: BOOLEAN] 

BEGIN 
Iv: L VTlndex; 
FOR Iv IN L VTlndex DO IF L VT[lv] 
RETURN [NIL, FALSE]; 

vlDt THEN RETURN[@LVT[lv], TRUE]; ENDLOOP; 

END; 

LogicalVolumeOffline: INTERNAL PROCEDURE[vlD: Volume.ID] 
BEGIN 
Iv: L VTlndex; 
FOR Iv IN L VTlndex DO 

IF LVT[lv] = vlD THEN 
BEGIN 
L VT[lv] +- Volume.nulllD; 
-- Deactivate?? What else?? 
-- FileCache.FlushFile[rootPageFilelD]; 
-- SubVolume.Offline[vlD, drive]; 
RETURN; 
END; 

ENDLOOP; 
ERROR VollmplError[notFoundlnOffline]; 
END; 

+ + 
+ + currently doesn't work for pinned entries!! 

can't do without flushing file first 

LogicalVolumeOnline: INTERNAL PROCEDURE[vlD: Volume.ID] = 
BEGIN 
Iv: L VTlndex; 
FOR Iv IN LVTlndex DO IF LVT[lv] Volume.nulllD THEN BEGIN LVT[lv] +- vlD; RETURN; END; ENDLOOP; 
ERROR VollmplError[lvTableFull]; 
END; 

LogicalRootPageMap: INTERNAL PROCEDURE[ID: Volume.ID] = INLINE 
BEGIN 
SimpleSpace.Map[logicalRootPageBuffer, [[LOOPHOLE[ID], Filelnternal.maxPermissions], LogicalVolume.rootPageNumber], 
FALSE]; 
END; 

LogicalRootPageUnmap: INTERNAL PROCEDURE = 
INLINE BEGIN SimpleSpace.Unmap[logicalRootPageBuffer]; activeVID +- Volume.nulllD; END; 

8 
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MarkerPageMap: INTERNAL PROCEDURE(ID: File.ID, page: LONG CARDINAL] = 
BEGIN 
SimpleSpace.Map[markerPageBuffer, [[ID, Filelnternal.maxPermissions], page], FALSE]; 
END; 

MarkerPageUnmap: INTERNAL PROCEDURE = BEGIN SimpleSpace.Unmap[markerPageBuffer]; END; 

9 

-- Loads Filer's caches with descriptors for a volume file on the active volume. SHould make check for existance before adding 
to caches. 
OpenVFile: INTERNAL PROCEDURE [vol: LogicalVolume.Handle, type: File.Type] = 

BEGIN OPEN file: vol.rootFilelD[type]; 
FileCache.SetFile[[file, vol.vlD, local[FALSE, FALSE, vol.volumeSize, type]], TRUE]; 
FileCache.SetPageGroup[file, (0, 0, vol.volumeSize], TRUE]; 
END; 

PhysicalRootPageCheck: INTERNAL PROCEDURE[ID: BarePvlD] RETURNS[good: BOOLEAN] 
BEGIN 
PhysicalRootPageMap[ID]; 
good ... physicalVolume.seal = PhysicalVolume.seal AND 
physicalVolume.version = PhysicalVolume.currentVersion AND 
physicalVolume.pvlD = PhysicalVolume.lD[ID]; 
PhysicalRootPageUnmap[]; 
END; 

PhysicalRootPageMap: INTERNAL PROCEDURE[ID: BarePvlD] 
BEGIN SimpleSpace.Map[physicalRootPageBuffer, [[[ID], Filelnternal.maxPermissions], PhysicalVolume.rootPageNumber], 
FALSE]; END; 

PhysicalRootPageUnmap: INTERNAL PROCEDURE = BEGIN SimpleSpace.Unmap[physicalRootPageBuffer]; END; 

-- make the In-core Subvolume entry for the Physical subvolumes. If its the root subvolume, create the Root-volume file. 
RegisterLVFiles: INTERNAL PROCEDURE[pvlD: BarePvlD] = 

BEGIN 
i: CARDINAL; 
IRootPage: LogicalVolume.PageNumber = LogicalVolume.rootPageNumber; 
PhysicalRootPageMap[pvlD]; 
FOR i IN [0 .. physicalVolume.subVolumeCount) DO 

OPEN sv: physicalVolume.subVolumes[i]; 
SubVolume.Online[sv, SubVolume.Find[[pvlD], PhysicalVolume.rootPageNumber].subVolume.channel]; 
IF sv.lvPage = IRootPage THEN 

BEGIN 
FileCache.SetFile[[LOOPHOLE[sv.lvlD], sv.lvlD, local[FALSE, FALSE, 1, PilotFileTypes.tlogicalVolumeRootPage]], 

TRUE]; 
FileCache.SetPageGroup[LOOPHOLE[sv.lvlD], [IRootPage, IRootPage, IRootPage + 1], TRUE]; 
END; 

ENDLOOP; 
PhysicalRootPageUnmap[]; 
END; 

-- Write new info on subvolume Marker pages for the various disks. Could be smarter in not reading labels/keeping cache. We 
do not have to set pageGroupslFile Ptrs, since they we pinned when we opened the volume. 
UpdatelogicalSubvolumeMarkers: INTERNAL PROCEDURE [vol: LogicalVolume.Handle] = 

BEGIN 
svH: SubVolume.Handle ,-. NIL; 
page: LONG CARDINAL; 
WHILE (svH ... SubVolume.GetNext[svH]) # NIL DO 

IF svH.lvlD #vol.vlD THEN LOOP; 

END; 

page +- svH.pvPage + svH.nPages; 
MarkerPageMap[LabelT ransfer .Read Rootlabel[DiskChannel. GetAttributes[svH .channel], page]. label .filelD, r3ge]; 
marker.logical.bootinglnfo +- vol.bootinglnfo; 
marker.logical.clientRootFile <- vol.clientRootFile; 
MarkerPageUnmap[]; 
ENDLOOP; 

lnitDisks: PROCEDURE = 
BEGIN OPEN DiskChannel; 
altoDrive: Drive = (0]; 
drive: Drive; 
systemDeviceType: OISProcessorFace.DeviceType ... IF PilotSwitches.switches.X = down THEN sa4000 ELSE mod31; 
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volumelD: Volume.ID +- Volume.nulllD; 
-- For now find the first volume of the correct type on the "SystemDrive". Eventually we will set SystemlD to the booted-from 
logical volume, and then put all volumes of the correct type on line. Code also assumes we have only one pilot drive of each 
type 

drive +- nullDrive; 
WHILE (drive +- GetNextDrive[drive)) # null Drive DO 

IF drive= altoDrive THEN LOOP; 
IF GetDriveAttributes[drive].deviceType = systemDeviceType THEN 

BEGIN PhysicalVolumeOnline[drive]; systemlD .. GetNext[Volume.nulllD]; EXIT; END; 
ENDLOOP; 

IF systemlD = Volume.nulllD THEN Runtime.CallOebugger["No Logical Volume on System Drive "L]; 
drive +- nullOrive; 
IF PilotSwitches.switches.Z = down THEN WHILE (drive +- GetNextDrive[drive]) # null Drive DO 

IF drive= altoDrive THEN LOOP; 
IF GetDriveAttributes[drive].deviceType#systemDeviceType THEN PhysicalVolumeOnLine[drive]; 
ENDLOOP; 

WHILE (volumelD +- GetNext[volumelO])#Volume.nulllD DO Open[volumelO]; ENDLOOP; 
END; 

-- Set the types temporarally from information given in bootFlle.device. Eventually, this will evlove into real code in the first loop 
below that looks for the drive with boo/file.device 
debuggerDevice +- StoragePrograms.nullDevice; 
clientType +- SELECT bootFile.device FROM O = > normal, 1 = > debugger, ENDCASE = > debuggerDebugger; 
IF PilotSwitches.switches.U = up THEN lnitDisks[]; 
debuggerlDsSet +- TRUE; -- We will never ever set them from here on .... 
RETURN; 
END. 

LOG 
Time: June 19, 1978 1:05 PM By: Purcell Action: Created from volAttocMaplmpl.mesa 
Time: June 22, 1978 4:36 PM By: Purcell Action: split up volume.init 
Time: July 27, 1978 11:45 AM By: Purcell Action: fix bug in rootinit, touched unmapped simple space rootbuffer 
Time: August 6, 1978 1:21 AM By: Redell/Purcell Action: Added beginnings of LOOPHOLES needed to eliminate 
compilation dependencies of interfaces on RigidDisk: (LOOPHOLEd channel in Root/nit} 
Time: August 7, 1978 3:25 PM By: Redelf/Purce/1 Action: Changed drive number of Pilot drive from Oto 1. 
Time: August 14, 1978 11:51 AM By: Purcell Action: moved 2 above changes by hand and removed logica/Volume.channel 
uses. 
Time: September 26, 1978 3:13 PM 
Time: September 28, 1978 2:54 PM 
Time: October 19, 1978 10:11 AM 
dependancies 
Time: December 11, 1978 5:08 PM 
Time: February 19, 1979 5:48 PM 
Time: March 26, 1979 8:45 PM 
Time: March 30, 1979 5:40 PM 
system/D for export. 

By: Purcell 
By: Purcell 
By: Purcell 

By: Redell 
By: Redell 
By: Redell 
By: Rede/f 

Action: CR 20.23 & 20.24 resolve errors and signals 
Action: CR 20.35 improve serialization 
Action: CR 65, 76 Volume openning and overflow; and weed out FiteType 

Action: quadword-align label buffer in VolumeOpen. 
Action: Convert to new DiskChannel interface and Mesa 5.0. 
Action: Fixed bug: interdependent non-constant declarations out of order. 
Action: Removed out-of-line procedure System/0 and changed systemVID to 

Time: April 2, 1979 10:45 AM By: McJones Action: Made system/D PUBLIC for export 
Time: July 26, 1979 11:12 AM By: Forrest Action: Changed module structure to suggested layout for monitor. Added 
Debugger VOiumes. Made work with new Logical Volume, subvo/ume, PhysicalRootPage. Added GetLabelString 
Time: July 31, 1979 12:02 PM By: Forrest Action, Hacked to make work for debugger/client volumes (blech) 
Time: August 1, 1979 10:47 AM By: Forrest Action: Changed to export/implement new FMProgram Interface 
Time: August 10, 1979 4:42 PM By: Forrest Action: Fixed GetLabe/String to match new volume. 
Time: August 16, 1979 10:13 AM By: McJones Action: Changed to match new DiskChannel, PhysicalVolume, SubVolume 
Time: August 27, 1979 10:32 AM By: Forrest Action: fixed getLabelString 
Time: August 27, 1979 11:15 AM By: Gobbel Action: Hack for initial SA4000 debugging 
Time: August 31, 1979 11:53 AM By: Forrest Action: Fix to use new LogicalVolume, Vol•map, pilotFlleTypes 
Time: September 3, 1979 4:12 PM By: Forrest Action: Correct types of VolFileAccess, PutRootFile; use 
LogicalVolume.[Set]Free/Vam/Vlm 
Time: September 17, 1979 4:50 PM 
Time: September 13, 1979 7:17 PM 
in them): add X& Y switch stuff. 

By: Forrest 
By: Forrest 

Time: September 25, 1979 10:02 AM By: Forrest 
Time: September 25, 1979 4:01 PM By: Forrest 

Action: Change to use new RootReadLabel 
Action: change to use Boot; write out Subvolume marker pages (with nothing 

Action: Fixed L key Bug; moved test for Utility Pilot.. 
Action: Fixed Bug introduced by previous fix .... 



-- Swapper.config (last edited by: McJones 011: August 10, 1979 2:49 PM) 

PACK 
CachedRegionlmpl, 
CachedSpacelmpl, 
MStorelmpl, 
PageFaultlmpl, 
--UNTIL IT FINDS A BETTER HOME-- SimpleSpacelmpl, 
SwapBufferlmpl, 
SwapperControl, 
SwapperExceptionlmpl, 
SwapTasklmpl; 

Swapper: CONFIGURATION . 
IMPORTS FilePageTransfer, Process, Runtimelnternal, Utilities 
EXPORTS CachedRegion, CachedSpace, 

--UNTIL IT FINDS A BETTER HOME-- SimpleSpace, 
SpecialSpace, StoragePrograms, SwapperEx_ception 

CONTROL SwapperControl 

BEGIN 

CachedRegionlmpl; 

CachedSpacelmpl; 

MStorelmpl; 

PageFaultlmpl; 

--UNTIL IT FINDS A BETTER HOME--SimpleSpacelmpl; 

SwapBufferlmpl; 

SwapperControl; 

SwapperExceptionlmpl; 

SwapTasklmpl; 

END. 

LOG 

Time: June 6, 1978 3:05 PM 
Time: June 21, 1978 9:54 AM 
Time: July 18, 1978 10:55 AM 
Time, July 31. 1978 5:54 PM 
Time: August 1, 1978 6:21 PM 
Time: August 3, 1978 1 :20 PM 
Time: August 10, 1979 2:49 PM 

By: Mc.Jones 
By: Mc.Jones 
By: Mc.Jones 
By, Mc.Jones 
By, Mc.Jones 
By: Mc.Jones 
By, Mc.Jones 

Action: Created file 
Action: Adcled SimpleSpacelmpl 
Action: Added Process to IMPORTS 
Action: Added Runtimelnternal to IMPORTS 
Action: Added Utilities to IMPORTS 
Action: Added code packing 
Action: Added Specia/Space to EXPORTS 



-· Swapper>CachedRegionlmpl.mesa (last edited by: McJones on: March 7, 1979 1:31 PM) 

-- Things to consider: 
-- 1) Analyze dynamic usage of MStore.Relocate for possible inline cases 
-- 2) Move allocation of patch table to PilotControl (so it can be used du ring· Pilot initialization) 

DIRECTORY 
Cached Region: FROM "Cached Region", 
CachedSpace: FROM "CachedSpace" USING [Desc, Get, Handle], 
Environment: FROM "Environment" USING [Word, wordsPerPage], 
File: FROM "File" USING [PageNumber]. 
FilePageTransfer: FROM "FilePageTransfer" USING [Initiate, Wait], 
lnlineDefs: FROM "lnlineDefs" USING [LongCOPY], 
MStore: FROM "MStore" USING [Allocate, Deallocate, Promise, Relocate], 
PageFault: FROM "PageFault" USING [Restart]. 
PageMap: FROM "PageMap" USING [Flags, flagsAII, flagsNone, flagsNotReferenced, flagsReferenced, 

flagsW riteProtected], 
Process: FROM "Process" USING [Detach], 
Runtimelnternal: FROM "Runtimelnternal" USING [WorryCallDebugger], 
SwapBulfer: FROM "SwapBuffer" USING [Allocate, Deallocate], 
SwapperPrograms: FROM "SwapperPrograms", 
SwapTask: FROM "SwapTask" USING [Advance, Fork, State], 
Utilities: FROM "Utilities" USING [LongMove, LongPointerFromPage, ShortCARDINAL], 
VM: FROM "VM" USING [Interval, PageCount, PageNumber, PageOlfset], 
VMMaplog: FROM "VMMaplog" USING [Descriptor, PatchTable, PatchTableEntry, PatchTableEntryBasePointer, 

Patch TableEntryPointer]; 

-- NOTE: No frame allocation traps may be taken within the following monitor! 

CachedRegionlmpl: MONITOR [pMaplogDesc: LONG POINTER] 
IMPORTS CachedSpace, FilePageTransfer, lnlineDefs, MStore, PageFault, Process, Runtimelnternal, SwapBuffer, 

SwapTask, Utilities 
EXPORTS CachedRegion, SwapperProgrnms = 

BlcGIN OPEN CachedRegion; 

inSwappableCold: lnSwappable <- inSwappableColdest; -- for age Operation 

BaseDesc: TYPE = LONG BASE POINTFR TO RECORD [UNSPECIFIED]; 
PDesc: TYPE = BaseDesc RELATIVE ORDERED POINTER [0 .. 177777B] TO Desc; 

IDesc: TYPE = [0 .. 220); _: 50 111ore than Pilot 2.0 
rgDesc: ARHAY IDesc OF Desc; 

baseDesc: BaseDesc = LOOPHOLE[LONG(@rgDesc[FIRST[IDesc]]]]; -- bc,se of caclre 
pDescFirst: PDesc = FIFlST[PDesc]; -- olfset of frrst entry of cache 
pDescMax: PDesc = pDescFirst + SIZc[Desc] • (I. /\Sf [IDesc]-FlllST[IDesc]); - offset of last possible entry of cache 
pDesclast: PDesc; -- offset of currr0 11t last entry of cache 
pDescComrnutator: PDesc; -· off.•,et of entry which r,,plac,,,nent afuorit/,rn wr/1 consrder next 
pDescMru: F'Desc; •· offset of e11try last returned hy /-irstNotBefore 

checkln: CONDITION; 

IPTE: TYPE = [0 .. 50); 

patchTable: MACHINE DEPENDENT RECORD 
header: VMMapLog.PatchTable, 
body: Alilli\Y IPTE OF VMMapLog.PatchTableEntry]; 

Apply: PUm IC PHOCEDURE [pageMernber: VM.PageNumber, operation: Operation] 
rlETURNS [outcome: Outcome, pageNext: VM.PageNurnber] = 

BEGIN 
region: Desc <- CheckOut[pageMernber, operation.ifCheckedOut]; 
forked: GOOLEAN <- ci\LSE; -- as soon as forked is set to TRUE. region must be considared read-only by this process 

-- Variables cleclared before here may be referenced globally by ForkRead and Fork Write 
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ForkRead: PROCEDURE [stateNext: State, andDirty: BOOLEAN, oldSpace: POINTER TO CachedSpace.Desc] = 
BEGIN 
buffer, activeBuffer: VM.lnterval; 
flags: PageMap.Flags; 
space: CachedSpace.Desc; 
offsetlnSpace: VM.PageOffset; -- offset of region in space 

countMapped, oldCountMapped, minCountMapped, growth, shrinkage: VM.PageCount; 
in: BOOLEAN = region.state IN In; 
out: BOOLEAN = region.state= outAlive; 
dead: BOOLEAN = region.state= outDead; 
CachedSpace.Get[@space, CachedSpace.Handle(level: region. levelMapped, page: region.interval.page]]; 
SELECT space.state FROM 

missing = > BEGIN outcome +- [spaceDMissing[region.levelMappedl]; RETURN END; 
unmapped = > ERROR; -- region/space inconsistency 
beingRemapped = > IF region.beingRemapped THEN RETURN; 
ENDCASE; 

flags +- [space.writeProtected, ~space.writeProtected AND andDirty, FALSE]; 
region.state +- stateNext; 
offsetlnSpace +- region.interval.page-space.interval.page; 
countMapped +- MIN[region.interval.count, space.countMapped-MIN[space.countMapped, offsetlnSpace]]; 
oldCountMapped +- IF oldSpace = NIL THEN 0 

ELSE MIN[region.interval.count, oldSpace.countMapped-MiN(oldSpace.countMapped, offsetlnSpace]]; 
minCountMapped <- MIN[countMapped, oldCountMapped); 
growth +- countMapped-minCountMapped; -- growth/shrinkage of mapped subregion due to Remap 
shrinkage +- oldCountMapped-minCountMapped; -- (only one can be non-zero) 
buffer +- SwapButfer.Allocate[region.interval.count]; 
activeBuffer <- w in THEN VM.lnterval(buffer.page + oldCountMapped, growth) ELSE VM.lnterval[buffer.page, 

countMapped]; 
[] <- MStore.Allocate[interval: activeBuffer, mayWait: TRUE]; 
IF dead THEN -- zero out active t,uffer area and snap into region 

BEGIN 

ELSE 

pFirst: LONG POINTER TO Environment.Word; 
offset: VM.PageOffset; 
region.dDirty ... TRUE; 
FOR offset IN [0 .. activeBuffer.count) DO 

pFirst <- Utilities.LongPointerFromPage[activeBuffer.page + offset]; 
pFirstt <- 0; 
lnlineDefs.LongCOPY[frorn: pFirst, nwords: Environment. wordsPerPage-1, to: pFirst + 1] 
ENDLOOP; 

[] +- MStore.Relocate[buffer, region.interval.page, PageMap.flagsNone, flags] 
END 

BEGIN 
filePage: File.PageNumber; 
forked <- SwapTask.Fork[region, flags, buffer.page, activeBuffer.count]; 
IF out AND oldCountMappecl>0 HIEN -- Remap ouly _- read 111 leacli11g pages from old life 

BEGIN -
filePage +- oldSpace.window.base + offsetlnSpace; 
FilePage Tran sf er. Initiate[[ 

file: oldSpace.window.file, 
filePage: lilePage, 
mernoryPage: buffer.page, 
count: minCountMappecl, 
opSpecilic: read[priorityPage: filePage + (pageMember-region.interval.page)]]] 

END 
ELSE IF in THEN -- Remap only. truncate any trailing pages no longer in mappecl sub-region 

BEGIN -
[] +- MStore.Relocate[region.interval, region.interval.page, i'age:Map.flagsReferenced, flags]; 
MSt,xe.Deallocate[interval: VM.lnterval[page: region.interval.page+ countMapped, count: shrinkage], 

promised: FALSE] 
[:ND; 

-- All cases: read in appropriate pages from current file 
-- (Remap: these are new pages due to growth of mapped sub-region) 
filePage +- space.window.base+ offsetlnSpace + oldCountMapped; 
File Page Transl Gr. Initiate[[ 

file: space.window.file, 
filePage: filePage, 
mernoryPage: buffer.page+ oldCountMapped, 
count: growth, 
opSpecific: read[priorityPage: filePage + (pageMember-region.interval.page)]]] 

ENO; 
IF ~forked HIL~j SwapBuffGr.Deallocate[buffer] 

2 
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END; 

----------·------ ----~ 
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ForkWrite: PROCEDURE [stateNext: State, andWriteProtect: BOOLEAN] = 
BEGIN 
-- Assume: region.state IN lnSwappable 
buffer: VM.lnterval = SwapBuffer.Allocate[region.interval.count]; 
flags: PageMap.Flags +- MStore.Relocate[region.interval, buffer.page, PageMap.flagsNone, 

PageMap.flagsWriteProtected].flags; 
flags.writeProtected +- flags.writeProtected OR andWriteProtect; 
BEGIN 
IF flags.dirty THEN 

BEGIN 
space: CachedSpace.Desc; 
offsetlnSpace: VM.PageOffset; -- offset of region in space 
countMapped: VM.PageCount; 
CachedSpace.Get[@space, CachedSpace.Handle[level: region.levelMapped, page: region.interval.page]]; 
SELECT space.state FROM 

missing = > BEGIN outcome +- [spaceDMissing[region.levelMapped]l; GO TO Undo END; 
unmapped = > ERROR; • 
beingRemapped = > region.being Remapped +- FALSE; 
ENDCASE; 

offsetlnSpace .. region.interval.page-space.interval.page; 
countMapped +- MIN[region.interval.count, space.countMapped-MIN[space.countMapped, offsetlnSpace]]; 
IF (region.state .. stateNext) ~IN In THEN 

MStore.Promise[countMapped]; 
forked +- SwapTask.Fork(region, [flags.writeProtected, FALSE, flags.referenced], buffer.page, countMapped]; 
FilePage Tran sf er. Initiate [[ 

file: space.window.file, 
fileP:ige: space.window.base+ offsetlnSpace, 
memoryPage: buffer.page, 
count: countMapped, 
opSpecific: write[]]] 

END 
ELSE -- ~dirty 

BEGIN 
IF (region.state .. stateNext) IN In THEN 

GO TO Undo; 
MStore.Deallocate[interval: buffer, promised: FALSE] 
END; 

EXITS Undo = > ·n +- MStore.Relocate[buffer, region.interval.page, PageMap.flagsNone, flags] 
END; 
le ~forked THEN 

Swap Buffer. Deal locate[b uff er] 
END; 

4 
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-- Main body of CachedRegion.App/y 
outcome <- [ok[]]; 
pageNext <- region.interval.page+ region.interval.count; 
Sf:LECT region.state FROM 

= checkedOut = > 
NULL; 

= missing => 
IF operation.ifMissing = report THEN 

outcome <- [regionDMissing[]] 
ELSE •· operation.i/Missing = skip -· 

NULL; 
IN [unmapped .. inPinned] = > 

BEGIN OPEN region; 
error: BOOLEAN .. FALSE; 
WITH operation SELECT FROM 

activate --fwhyJ-- = > 
IF state IN Out THEN 

ForkRead[stateNext: inSwappableWarmest, andDirty: FALSE, oldSpace: NIL] 
ELSE IF why= pagefault AND (state= unmapped OF! (state IN lnSwappable AND 

MStore.Relocate[[pageMember, 1], pageMember, PageMap.flagsAII, 
PageMap.flagsNone].anyVacant)) THEN 

error <- TRUE; -- this was an address fault 
age => 
IF state IN lnSwappable THEN 

BEGIN 
IF MStore.Relocate(interval, interval.page, PageMap.flagsNotReferenced, 

PageMap.flagsNone].flags.referenced THEN 
state <- inSwappableWarmest 

ELSE IF state)inSwappableCold THEN 
state <- LOOPHOLE(LOOPHOLE[state, CARDINAL]-1] -- for want of PREDECESSOfl operation 

ELSE ·· state= inSwappableColdest •• 
ForkWrite[stateNext: outAlive, andWriteProtect: ] 

END; 
clean --fanc/WriteProcted/·· = > 

IF state IN lnSwappable THEN 
ForkWrite[stateNext: state, andWriteProtect: andWriteProtect]; 

deactivate = > 
IF state IN lnSwappable THEN 

ForkWrite[stateNext: outAlive, andWriteProtect: ]; 
flush·=> 

IF dDirty THEN 
outcome <- [regionDDirty[]] 

ELSE IF state IN In THEN 
ForkWrite[stateNext: missing, andWriteProtect: 

ELSE -- state= untllappecl OR state IN Out 
state ... missing; 

get --{andResetDDirty. pDescResult] -· = > 
BEGIN 
pDescResultt <- region; 
IF andResetDDirty THEN 

dDirty <- FALSE 
END; 

kill = > 
IF state= outAlive THEN 

BEGIN state .. outDead; dDirty ... TRUE END 
ELSE IF state IN lnSwappable THEN 

BEGIN 
IF MStore.Relocate[VM.lnterval[interval.page, 1], interval.page, PageMap.flagsAII, 

PageMap.flagsNone] .flags. writeProtected THEN 

ELSE 
error <- TRUE 

BEGIN 
state <- outDead; dDirty <- TRUE; MStore.Deallocate[interval: interval, promised: FALSE] 
END 

END; 
map --/level]-- = > 

IF state= unmapped THEN 
BEGIN 
state <- outAlive; levelMapped <- level; beingRernapped <-- FALSE; dDirty <- TRUE 
END 

ELSE - state IN Mapped •• 
error <-- TRUE; 

5 
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-- Swapper>CachedRegionlmpl.mesa (last edited by: McJones on: March 7, 1979 1:31 PM) 

END; 

pin => 
IF state IN Out THEN 

ForkRead[stateNext: inPinned, andDirty: FALSE, oldSpace: NIL] 
ELSE IF state IN lnSwappable THEN 

state +- inPinned 
ELSE -- state= unmapped OR state= inPinned -­

error +- TRUE; 
remapA --[firstC/eanJ-- = > 

IF state= unmapped OR state= inPinned THEN 
error +- TRUE 

ELSE 
BEGIN 
beingRemapped .. TRUE; 
IF state IN lnSwappable AND firstClean THEN 

ForkWrite[stateNext: state, andWriteProtect: FALSE] 
END; 

remaps --ftromJ-- = > 
IF state= unmapped THEN 

error +- TRUE 
ELSE IF beingRemapped THEN 

BEGIN 
beingRemapped .. FALSE; 
ForkRead[stateNext: inSwappableWarmest, andDirty: TRUE, oldSpace: from] 
END; 

unmap = > 
IF state= unmapped THEN 

error +- TRUE 
ELSE 

BEGIN 
pinned: BOOLEAN = state= inPinned; 
dDirty +- TRUE; 
IF state IN Out THEN 

state +- unmapped 
ELSE -- state IN In --

ForkWrite[stateNext: unmapped, andWriteProtect: ]; 
IF pinned AND outcome= [ok[]] THEN 

outcome +- [notePinned[levelMax: level]] 
END; 

unpin = > 
IF state= inPinned THEN 

state +- inSwappableWarmest 
ELSE -- state= unmaµµed 01'1 state IN Out OR stale IN lnSwappab/e 

error +- TRUE; 
ENDCASE =) EJ1f10R; 

IF ~forked THEN 
Checkln[desc: region, restartFaulted: outcome.kind~= spaceDMissing AND ~error] 

ELSE 
IF operation.afterForking = wait THEN 

AwaitNotCheckedOut[pageMember]; 
IF error THEN 

outcome +- [error[region.state]] 
END; 

ENDCASE =) ERf10R; 

-----------
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-- Swapper>CachedRegionlmpl.mesa (last edited by: McJones on: March 7, 1979 1:31 PM) 

PageTransferProcess: PROCEDURE = 
BEGIN 
pageBuffer, pageRegion: VM.PageNumber; 
task: SwapTask.State; 
DO 

pageBuffer +- FilePageTransfer.Wait[]; 
task <- SwapTask.Advance[pageBuffer]; 
SELECT task.region.state FROM 

IN In => 
BEGIN 
pageRegion +- task.region.interval.page+ {pageBuffer-task.bufferPage); 
IF ~ MStore.Relocate[VM.lnterval[pageBuffer, 1 ], pageBuffer, PageMap.flagsAII, 

PageMap.flagsNone].flags.writeProtected THEN 
ApplyPatches[pageRegion, pageBuffer]; 

[] <- MStore.Relocate[VM.lnterval[pageBuffer, 1], pageRegion, PageMap.flagsNone, task.flags]; 
IF task.countRemaining~ = O THEN . 

PageFault.Restart[interval: [pageRegion, 1 l] 
END; 

ENDCASE => 
MStore.Deallocate[interval: [pageBuffer, 1 ], promised: TRUE]; 

IF task.countRemaining = 0 THEN 
BEGIN 
SwapBuffer.Deallocate[VM.lnterval[task.bufferPage, task.region.interval.count]]; 
Checkln[desc: task.region, restartFaulted: TRUE] 
END 

ENDLOOP 
END; 

ApplyPatches: PROCEDURE [page, pageBuffer: VM.PageNumber] = 
INLINE BEGIN OPEN VMMaplog, LOOPHOLE[pMaplogDesc, LONG POINTER TO Descriptor].patchTable; 
entryPtr: PatchTableEntryPointer; 
addressOfPage: LONG POINTER = Utilities.LongPointerFromPage[page]; 
offset: LONG INTEGER; 
FOR entryPtr .. FIRST[PatchTabieEntryPointer], entryPtr + SIZE[PatchTableEntry] 

END; 

WHILE entryPtr~ = limit DO OPLcN LOOPHOLE[@entries[O], PatchTableEntryBasePointer][entryPtr]; 
offset +- address-adclressOf Page; 
IF offset IN [O .. Fnvironment.wordsPerPage) THEN 

(Utilities.LongPointerFromPage[pageBuffer] + offset)t +- value 
ENDLOOP 

AwaitNotCheckeclOut: ENTIW PROCEDURE [pageMember: VM.PageNumber] 
INLINE BEGIN 
found: LIOOLEAN; 
pDesc: PDesc; 
DO 

END; 

[found, pDesc] <- FirstNotBefore[pageMember]; 
IF ~found on baseDesc[pDesc].state~ = checkedOut HIEN EXIT; 
WAIT checkln 
ENDLOOP 

Checkln: ENrnY PROCEDURE [clesc: Desc, restartFaulted: BOOLEAN] 
ElEGIN 
found: BOOLEAN; 
pOesc: PDesc; 
[found, pDesc] +- FirstNotBefore[desc.interval.page]; 

--assert--lr ~ found OR baseDesc[pDesc].state~ = checkedOut THEN ERROR; 
IF desc.state = missing THEN 

-- Delete the entry 
BEGIN 

--assert--lF desc.dPinned THHJ ERROR; 
•-following must avoid avoid frame allocation! 

ELSE 

J 

-- Move descriptors following pDesc one place towards first 
Utilities.LongMove[ . 

pSource: @baseDesc[pDesc + SIZE[Desc]], 
size: Utilities.ShortCARDINAL(pDesclast-pDesc], 
pSink: @baseDesc[pDesc]); 

pDesclast +- pDesclast-SIZE[Desc]; 
IF pDesc<pDescCommutator THEN pDescCommutator <- pDescCommutator-SIZE[Desc]; 
pDescMru <- pDescFirst .. ensure pDescMru< = pDescLast 
END 

7 



-- Swapper>CachedRegionlmpl.mesa (last edited by: McJones on: March 7, 1979 1:31 PM) 

-- Update the entry 
BEGIN 
desc.dTemperature +- LAST[DTemperature]; 
baseDesc[pDesc] +- desc 
END; 

--following must avoid avoid frame allocation! 
IF restartFaulted THEN 

PageFault.Restart[desc.interval]; 
BROADCAST checkln 
END; 

Checkout: ENTRY PROCEDURE [pageMember: VM.PageNumber, ifCheckedOut: ReturnWait] 
RETURNS [desc: Desc] = 

-- If returned descriptor state= missing, f nterval.page + interval.count gives start of next potential cached region 
INLINE BEGIN 
found: BOOLEAN; 
pDesc: PDesc; 
DO 

END; 

[found, pDesc] +- FirstNotBefore[pageMember]; 
desc +- baseOesc[pDesc]; 
IF found THEN 

ELSE 

BEGIN OPEN baseDesc[pDesc]; 
IF state~ = checkedOut THEN 

BEGIN state .. checkedOut; EXIT END 
ELSE IF ifCheckedOut = return THEN 

EXIT 
ELSE 

WAIT checkln 
END 

BEGIN desc.state +- missing; desc.interval.count +- O; EXIT END 
ENDLOOP 

rewrite the following to avoid frame allocation: 

FirstNotBefore: INTERNAL PF1OCEDURE [page: VM.Pagetfomber] RETUF1NS [--louncl:--BOOLEAN, --p0esc:--POesc] 
BEGIN 
iDesc, iDescL, iDescU: IDesc; 
pageComp: VM.PageNumber; 

--assert--lF page= page Top THEN ERF1OR; 
BEGIN OPEN baseDesc[pDescMru]; -- interval.page. interval.count 
IF page IN [interval.page .. interval.page + interval.count) THEN 

RE:TURN[TRUE, pDescMru] -- same as last call 

END; 
iDescL +- 0; iDescU +- (pDesclast-pDescFirst)/SIZE[Desc]; -- or maintain cDesc(-1) across insert/delete 
DO 

END; 

iDesc <- (iDescL + iDescU)/2; 
pageComp <- baseDesc[pDescFirst + SIZE[Desc] *iDesc].interval.page; 
IF page(pageComp THEN 

iDescU +- iDesc-1 
ELSE IF pageComp<page THEN 

iDescL +- iDesc + 1 
ELSE 

GO TO Exact; 
IF iDescU<iDescL THEN 

GO TO NotExact 
F1EPEAT 

Exact = > RETURN[TRUE, --CachefiDescJ--pDescFirst + SIZE[Desc] *iDesc]; 
NotExact = > 

ENDLOOP 

IF iDescL = 0 THEN 

ELSE 
F1E fURN[FALSE, pDescFirst] 

BEGIN 
pDescMru +- pDescFirst +SIZE[Desc]*iDescU; 
IF page<baseDesc[pDescMru].interval.page + baseDesc[pDescMru].interval.count THEN 

RETURN[rnuE, pDescMru] 
ELSE 

F1ETUF1N[FALSE, pDescFirst + SIZE[Desc] *iDescL] 
END 
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-- Swapper>CachedRegionlmpl.mesa (last edited by: McJones on: March 7, 1979 1:31 PM) 

lnse rt: PUBLIC ENTRY PROCEDURE [desc: Desc] RETURNS [descVictim: Desc] 
BEGIN 
found: BOOLEAN; 
pDesc: PDesc; 
descVictim.dDirty +- FALSE; -- or set descVictim ,. "descTop"? 
IF pDesclast = pDescMax THEN 

-- Delete coldest unpinned descriptor 
BEGIN 
pDescCommOld: PDesc = pDescCommutator; 
DO OPEN baseDesc[pDescCommutator]; 

IF state~= checkedOut AND state ~IN In THEN 
BEGIN 
IF dTemperature = FIRST[DTemperature] THEN 

BEGIN IF ~dPinned THEN EXIT END 
ELSE 

dTemperature +- dTemperature-1; 
END; 

pDescCommutator +- IF pDescCommutator = pDesclast THEN pDescFirst ELSE pDescCommutator + SIZE[Desc]; 
IF pDescCommutator = pDescCommOld THEN 

Runtimelnternal.WorryCallDebugger["RegionCacheTooSmall") 
ENDLOOP; 

descVictim +- baseDesc[pDescCommutator]; 
-- Move descriptors following pDescCommutator one place towards first 
Utilities.LongMove[ 

pSource: @baseDesc[pDescCommutator + SIZE[Desc]], 
size: Utilities.ShortCARDINAL(pDesclast-pDescCommutator], 
pSink: @baseDesc[pDescCommutator]]; 

pDesclast +- pDescLast-SIZE[Desc] 
END; 

(found, pDesc] +- FirstNotBefore[desc.interval.page]; 
--assert--lF found THEN Ef,ROR; 

-- Move descriptors not before pDesc one place towards last 
pDesclast +- pDesclast + SIZE[Desc]; 
Utilities.LongMove[ 

pSource: @baseDesc[pDesc], 
size: Ulilities.ShortCARDINAL(pDesclast-pDesc], 
pSink: @baseDesc[pDesc +SIZE[Desc]]]; 

IF pDesc< = pDescCornmutator THEN pDescCommutator <- pDescCommutator + SIZE{Desc]; 
-- Insert desc 
desc.dTemperature <- FIRST[DTemperature]; 
baseDesc(pDesc] +- desc 
END; 

-- Initialization 
••Process. Disable Abo rt[@c heck In]; 
pDesclast <- pDescCommutator +- pDescMru +- pDescFirst; 
baseDesc(pDesclast] +- [ 

interval: [page: page Top, count: O], -- page O page+ count" positive infinity 
level: 0, -- don't care 
dTemperature: FIRST[DTemperature], -- don't care 
dPinned: TRUE, 
dDirty: FALSE, -· don't care 
state: missing, -- don't care 
levelMapped: 0, -- don't care 
beingRemapped: FALSE]; -- don't care 

patchTable.header +- [ 
limit: FIRSl [VMMapLog PatchTableEntryPointer], 
max limit: LOOPHOLE[SIZE[VMMapLog.PatchTableEntry] *(LAST[IPTE]-FIRST[IPTE] + 1 )], 
entries: ]; 

LOOPHOLE[pMaplogDesc, LONG POINTER TO VMMaplog.Descriptor].patchTable +- @patchTable.header; 

Process.Detach [FORK Page T ransferProcess[]] 

END. 

LOG 

Tim.e: March 1978 By: McJones Action: Created file 
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-- Swapper>CachedRegionlmpl.mesa (last edited by: McJones on: March 7, 1979 1:31 PM) 

Time: June 7, 1978 12:55 PM 
Time, June 7, 1978 5:27 PM 
Time: June 16, 1978 10:56 AM 
Time: June 16, 1978 5:32 PM 
Time: June 23, 1978 4:33 PM 

By: McJones 
By: McJones 
By: McJones 
By: McJones 
By: McJones 

Action: Apply called Checkln even when CheckOut had failed 
Action: Checkln decreased commutator when it pointed to deleted entry 
Action: forceOut didn't allocate buffer expected by PageTransterProcess 
Action: (noMap hack) map set state even when ForkRead failed 
Action: Added get, getResetDDirty; made CheckOut/Checkln private; 

changed to new PageFault.Restart protocol. 
Time: June 26, 1978 11 :34 AM By: Mc Jones Action: Apply outcome.pageNext logic in wrong place 
Time: July 28, 1978 1:36 PM By: McJones Action: ForkWrite didn't update state of clean region 
Time: August 4, 1978 2:06 PM By: McJones Action: Added beingRemapped logic 
Time, August 28, 1978 6:38 PM By: Redell Action: Installed "gray-code" beingRemapped states in regions/spaces 
Time: August 28, 1978 6:38 PM By: McJones Action: Added PatchTable, VMMode.pageFaulting tests 
Time, September 5, 1978 1:35 PM By: Redell Action: Added facility to allow mapping off the end of a file 
Time: September 9, 1978 2:39 PM By: McJones Action: Added notePinned from Apply unmap 
Time, September 12, 1978 7: 11 PM By, Redell Action: Fixed bug in ForkRead: if remapping and using only old pages that 

were already in, region never got set dirty 
Time: September 19, 1978 6:32 PM By: McJones Action: age cleared dirty bit 
Time: September 21, 1978 10:22 AM By: McJones Action: Insert replaced in region descriptor 
Time: September 26, 1978 3:08 PM By: McJones CR20.25: Increased region cache size and added full message 
Time: September 28, 1978 11:40 AM By: McJones CR20.31: remapB made in regions vacant 
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Time: September 29, 1978 3:02 PM By: Redell CR20.32: In-place Remap may set write-protect (change to 'flags' in ForkRead) 
Time: October 4, 1978 5:25 PM By: McJones CR20.57: ForkWrite Promised even on forceOut 
Time: January 29, 1979 11:09 AM By: McJones CR20.168: Patches were applied even on forceOut 
Time, February 5, 1979 1:54 PM By: McJones CR20.171: Speeded up FirstNotBefore 
Time: February 20, 1979 5:59 PM By: McJones CR20. 177: Apply restarted faulted even on spaceDMissing (and error) 
Time: March 7, 1979 1:31 PM By: McJones CR20.48, 134: Added andWriteProtect to clean Operation 

---------



.. CachedSpacelmpl.mesa (last edited by: McJones on: March 2, 1979 12:30 PM) 

-· Things to consider: 
-- 1) To allow multi-MOS, move global data to monitored record 

DIRECTORY 
CachedSpace: FROM "CachedSpace", 
SwapperPrograms: FROM "SwapperPrograms"; 

CachedSpacelmpl: MONITOR EXPORTS CachedSpace, SwapperPrograms = 

BEGIN OPEN CachedSpace; 

CacheEntry: TYPE = RECORD [ 
pCENext: PCE, 
desc: Desc]; 

PCE: TYPE = POINTER TO CacheEntry; 

ICE: TYPE = (0 .. 32); -- replacement algorithm assumes at least two entries 

-· Monitor data: 

rgCE: ARRAY ICE OF CacheEntry; 

pCEMru: PCE; 

pCEFree: PCE; 

•· Interpretation of h:J.ndles is not "strict": page may be any page of space 

FindCacheEntry: INTERNAL PROCEDURE [space: Handle] RETURNS [found: BOOLEAN, pCE: PCE] 
BEGIN 
pCECur, pCEPrev: PCE; 
FOR pCECur +- pCEMru, pCECur.pCENext WHILE pCECur~ = NIL DO OPEN pCECur; 

END; 

IF space.level= desc.level AND space.page IN [desc.interval.page .. desc.interval.page + desc.interval.count) THEN 
GO TO Found; 

pCEPrev +- pCECur 
REPEAT 

Found = > 
BEGIN 
IF pCECur~ = pCEMru THEN 

BEGIN 
pCEPrev.pCENext +- pCENext; 
pCENext +- pCEMru; 
pCEMru <- pCECur 
END; 

RETURN[TRUE, pCECur] 
END; 

FINISHED =) 

RETUllN[f-'ALSE, NIL] 
ENDLOOP 

Delete: PUBLIC ENTRY PROCEDURE [space: Handle] = 
BEGIN 
found: BOOLEAN; 
pCE: PCE; 
[found, pCE] <- FindCacheEntry[space]; 
-- Assume pCEMru = pCE 
IF found THEN 

BEGIN 
--assert--lF pCE.desc.dPinned THEN ERROR; 

pCEMru <- pCE.pCENext; 
pCE.pCENexi +- pCEFree; 
pCEFree +- pCE 
END 

END; 

Get: PUBLIC ENTRY PROCEDURE [pDescResult: PDesc, space: Handle] 



-- CachedSpacelmpl.mesa (last edited by: McJones on: March 2, 1979 12:30 PM) 

BEGIN 
found: BOOLEAN; 
pCE: PCE; 
[found, pCE] +- FindCacheEntry[space]; 
IF found THEN 

pDescResultt +- pCE.desc 
ELSE 

pDescResult.state +- missing 
END; 

Insert: PUBLIC ENTRY PROCEDURE [pDescVictim: PDesc, pDesc: PDesc] = 
BEGIN 
pCE, pCECur, pCEPrev: PCE; 

--assert--lF FindCacheEntry[Handle[level: pDesc.level, page: pDesc.interval.page]].found THEN ERROR; 
pDescVictim.dDirty +- FALSE; 
IF pCEFree- = NIL THEN 

ELSE 

-- Free cache entry is available; use it 
BEGIN pCE +- pCEFree; pCEFree +- pCEFree.pCENext END 

-- Replace lru element, which can't be same as mru since free chain is empty 
BEGIN 
pCE +- NIL; 
FOR pCECur +- pCEMru, pCECur.pCENext WHILE pCECur.pCENext~ = NIL DO 

IF ~pCECur.pCENext.desc.dPinned THEN 
BEGIN pCE +- pCECur.pCENext; pCEPrev +- pCECur END 

ENDLOOP; 
--assert--lF pCE = NIL THEN ERROR; -- no unpinned cache entries 

pCEPrev.pCENext +- pCE.pCENext; 
IF pCE.desc.dDirty THEN 

pDescVictimt +- pCE.desc 
END; 

pCE.pCENext +- pCEMru; 
pCEMru +- pCE; 
pCE.desc +- pDesct 
END; 

Update: PUBLIC ENTRY PROCEDURE [pDesc: PDesc] RETURNS [found: BOOLEAN] = 
BEGIN 
pCE: PCE; 
(found, pCE] +- FindCacheEntry[Handle[level: pDesc.level, page: pDesc.interval.page]]; 
IF found THEN 

END; 

BEGIN 
pCE.desc <-- pDesc1'; 
pCE.desc.dDirty +- TRUE 
END 

BEGIN 
pCE: PCE; 
pCE +- pCEFree +- @rgCE[FIRST(ICE]]; 
THROUGH [FIRST[ICE] .. LAST[ICE]) DO 

pCE.pCENext +- pCE +SIZE(CacheEntry]; 
pCE +- pCE.pCENext 
ENDLOOP; 

rgCE[LAST[ICE]l.pCENext <-- pCEMru +- NIL 
END 

END. 

LOG 

Time: June 1, 1978 3:00 PM By: McJones Action: Created file 
Time: June 8, 1978 10:32 AM By, McJones Action: Update didn't mark cache entry dirty 
Time: June 27, 1978 11: 19 AM By, Mc Jones Action: Added consistency check for no replaceable cache entries 
Time: September 9, 1978 2:55 PM By: McJones Action: Suppressed clearing of dDirty in Insert 
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-- Swapper> M Store.mesa (last edited by: Mc Jones on: March 5, 1979 11:04 AM) 

DIRECTORY 
PageMap: FROM "PageMap" USING (Flags], 
VM: FROM "VM" USING (Interval, PageCount, PageNumber]; 

MStore: DEFINITIONS = 

BEGIN 

Allocate: PROCEDURE (interval: VM.lnterval, mayWait: BOOLEAN] RETURNS [countAllocated: VM.PageCount]; 

AwaitBelowTh res hold: PROCEDURE; 

Deallocate: PROCEDURE [interval: VM.lnterval, promised: BOOLEAN]; 

Promise: PROCEDURE [count: VM.PageCount]; 

Relocate: PROCEDURE [interval: VM,lntervat," pageDest: VM.PageNumber, flagsKeep, flagsAdd: PageMap.Flags] 
RETURNS [flags: PageMap.Flags, anyVacant: BOOLEAN]; 

SetTh reshold: PROCEDURE [count: VM.PageCount]; 

END. 

LOG 

Time: March 1978 By: McJones Action: Created file 
Time: September 5, 1978 3:40 PM By: Redell Action: Added 'anyVacant' result to Relocate. 



-- Swapper>MStorelmpl.mesa (last edited by: McJones on: August 21, 1979 6:00 PM) 

•· Things to consider: 
1) Divide allocationMap into "segments" 
2) Drop result from SwapperPrograms.MStorelmpl (and param to SwapperPrograms.SimpleSpacelmpl) 

DIRECTORY 
Environment: FROM "Environment" USING [bitsPerWord, Word], 
lnline: FROM "lnline" USING [BITAND, BITNOT, BITOR, BITSHIFT, COPY], 
MStore: FROM "MStore", 
PageMap: FROM "PageMap", 
--Process: FROM "Process" USING [DisableAbort], 
SpecialSpace: FROM "SpecialSpace", 
SwapperPrograms: FROM "SwapperPrograms", 
VM: FROM "VM" USING [Interval, PageCount, PageNumber, PageOffset]; 

MStorelmpl: MONITOR RETURNS [VM.PageCount] -- delete this result 
IMPORTS lnline, PageMap EXPORTS MStore, SpecialSpace, SwapperPrograms SHARES PageMap 

BEGIN OPEN Environment, MStore, PageMap, VM; 

countVM: PageNumber = 370008; -- should be from processor face? 

ValueAnd: PROCEDURE [mv1, mv2: Value] RETURNS [Value] = LOOPHOLE(lnline.BIT AND]; 

ValueOr: PROCEDURE [mv1, mv2: Value] RETURNS (Value] = LOOPHOLE[lnline.BITOR]; 

-- Monitor data: 

-- Bit -(rp MOD bitsPerWord) of word rp/bitsPerWord of allocationMap is 1 iff real page rp is allocated. 
-- Initially all real pages are allocated. 
allocationMap: ARRAY [O .. (rnaxRealPages + bitsPerWord-1 )/bitsPerWord) OF Word; 

countfree: PageCount .. O; 
countPromised: PageCount .. O; 
countThreshold: PageCount .. O; 

allocation, deallocation: CONDITION; -- aborts disabled 

realPage: RealPageNumber .. FIRST[RealPageNumber]; -- rover for Allocate 

Allocate: PUBLIC ENTRY PROCEDURE [interval: Interval, rnayWait: BOOLEAN] 11ETURNS [countAllocated: PageCount] = 
BEGIN 
offset: PageOffset; 
w: CARDINAL; 
bit: Word; 
countAllocated <- IF mayWait THEN interval.count ELSE MIN[interval.count, countFree]; 
FOR offset IN [O .. countAllocated) DO 

END; 

WHILE countfree = 0 DO 
WAIT deallocation 

DO 
ENDLOOP; • 

real Page .. IF realPage = LAST[RealPageNumber] THEN 
Fll1S r[RealPageNumber] 

ELSE 
real Page+ 1; 

w .. realPage/bitsPerWord; 
bit <- lnline.BITSHIFT[1, realPage MOD bitsPerWord]; 
IF lnline.BITAND[allocationMap[w], bit]= 0 THEN GO TO Found 
REPEA r Found = > 

BEGIN 
allocationMap[w] .. lnline.BITOR[allocationMap[w], bit]; 
Assoc[interval.page + offset, Value[FALSE, flagsClean, rea!Page]) 
END 

ENDLOOP; 
countFree .. countFree-1; 
IF countF.-ee + countPromised<countThreshold THEN BROADCAST allocation 
ENDLOOP 



-- Swapper>MStorelmpl.mesa (last edited by: McJones on: August 21, 1979 6:00 PM) 

AwaitBelowThreshold: PUBLIC ENTRY PROCEDURE = 
BEGIN 
UNTIL countFree + countPromised<countThreshold DO 

WAIT allocation 
ENDLOOP 

END; 

Deallocate: PUBLIC ENTRY PROCEDURE [interval: Interval, promised: BOOLEAN] = 
BEGIN -- Will accept an interval with holes in it and deallocate all real pages within it. 
offset: PageOffset; 
value: Value; 
w: CARDINAL; 
bit: Word; 
count: PageCount +- O; 
FOR offset IN [O .. interval.count) DO 

value +- SetF[interval.page + offset, value Vacant]; 
IF ValueAnd[value, valueVacant] ~ = valueVacant THEN 

BEGIN 
w <- value.realPage/bitsPerWord; 
bit <- lnline.BITSHIFT[1, value.realPage MOD bitsPerWord]; 
allocationMap[w] +- lnline.BIT AND[allocationMap[w], lnline.BITNOT(bit]]; 
count +- count+ 1 • 
END 

ENDLOOP; 
countFree +- countFree + count; 
IF promised THEN 

countPromised <- countPromised-count 
ELSE 

BROADCAST deallocation 
END; 

Promise: PUBLIC ENTRY PROCEDURE [count: PageCount] 
BEGIN 
countPromised +- countPromised + count 
END; 

Relocate: PUBLIC ENTRY PROCEDUIH: (interval: Interval, pageDest: PageNumber,. flagsKeep, flagsAdd: Flags] 
RETUHNS [flags: Flags, anyVacant: BOOLEAN) = 

ElEGIN 

2 

-- Note: the implementation of Relocate may make the affected pages temporarily "vacant". The only case in which it does not is 
when the interval is not being moved (pageDest = interval.page) and the old flags are being totally overwritten (flagsKeep 
= flagsNone). In particular, this is the only case in whic/1 it can be applied to pinned pages. 

valuel<eep: Value = [1°111 SI', flagsKeep, 7777B]; 
valueAdd: Value = [FALSE, flagsAdd, 0]; 
offset: PaqeOffset; 
value1, value2. value3: Value; 
valueMax: Value +- [logSingleError:, flags: flagsNone, realPage: ]; 
anyVacant +- FALSE; 
value2 +- IF flagsKeep = flagsi'lone AND interval.page = pageDest THEN valueAdd ELSE valueVacant; 
FOR offset IN [0 .. interval.count) DO 

value1 +- SetF[interval.page + offset, value2]; 
If ValueAnd[value1, valueVacant] = valueVacant fHEN 

anyVacant +- THLIE 
ELSE 

l1EGIN 
IF value2 = valueVacant THEN 

BEGIN 
value3 <- ValueOr (ValueAnd( value 1, valueKeep], valueAdd]; 
Assoc[pageDest + offset, value3] 
END; 

valueMax <- ValueOr[ valueMax, value 1 ]; 
END 

ENDLOOP; 
flags +- valueMax.flags 
END; 



-- Swapper>MStorelmp1 esa (last edited by: McJones on: August 21, 1979 6:00 PM) 
·t-(1 

SetTh reshold: PUBLIC ENTRY I'> oCEDURE [count: PageCount] = 
BEGIN Fl 
countThreshold .- count; 
B~1OADCAST allocation 
END; 

-- SpecialSpace 

realMemorySize: PUBLIC Pal:l~cot.Jnt; 

page: PageNumber; 

-- Initialization 
allocationMap[0] .- 1777778; 
lnline.COPY[from: @allocationtv, p[O], to: @allocationMap[ 1 ], nwords: LENGTH[allocationMap]-1 ]; 
-· Process.Disa bleA bo rt[@a1I a cation]; 
-- Process.DisableA bort[@d~~110cation]; 

realMemorySize .- 0; 
FOR page IN [FIRST(PageNumi:)\'!rJ-·f'IRST[PageNumber] + countVM) DO 

IF ValueAnd[SetF_[page + fcir.sf[PageNumber], valueClean], valueVacant]~ = valueVacant THEN 
realMemoryS1ze '" r\'!<llrv1emoryS1ze + 1 -- SetF of vacant page is no-op 

ENDLOOP; 

RETURN[0] -- delete this result 

END. 

LOG 

Time: Marcil 1978 £3Y' McJones Action: Created file 

3 

Time: June 7, 1978 2:25 PM £3Y' McJones Action: LongMove. LongCopy /Jad closed upper loop bounds 
Time: September 5, 1978 5: IS PM By: Redell Action: Fixed Deallocate and Relocate to accept holes (vacant map entries) in 

intervals passed to the{T1- Added 'anyVacant' result to Relocate. 
Time: September 20, 19 78 1 ,13 .4M By: Redell Action: Fixed bug in detection of vacant map entries by Relocate and 

Deallocate. Made Relocate slightly smarter when called only to overwrite flags. 
Time: January 25, 1979 11: 15 A.M By: McJones CR20. 161: Added rover to Allocate 
Timo: August 10, 1979 11: 15 A.li;1 By: McJones Action: Added Specia/Space.realMemorySize 
Time: August 21, 19 79 6:00 Pfw BY' Mc Jones Action: Fixed bug in realMemorySize initialization 



-- Swapper>PageFault.mesa (last edited by: McJones on: August 2, 1978 2:49 PM) 

DIRECTORY 
VM: FROM "VM" USING [Interval, PageNumber]; 

PageFault: DEFINITIONS = 

BEGIN 

A wait: PROCEDURE RETURNS [VM.PageNumber]; 

Restart: PROCEDURE [interval: VM.lnterval]; 

END. 

LOG 

Time: March 1978 By: PMcJ Action: Created file 
Time: June 23, 1978 1:27 PM By: PMcJ Action: Removed RestartQuantifier 
Time: June 24, 1978 3:00 PM By: PMcJ Action: Interval, PageNumber moved to VM 



-- Swapper>PageFaultlmpl.mesa (last edited by: McJones on: March 28, 1979 10:10 AM) 

DIRECTORY 
ControlDefs: FROM "ControlDefs" USING [Frame, GlobalFrameHandle, NullFrame, StateVector, WordPC], 
FrameOps: FROM "FrameOps" USING [GetReturnlink, MylocalFrame], 
lnlineDefs: FROM "lnlineDefs" USING [COPY], 
PageFault: FROM "PageFault". 
Processlnternal: FROM "Processlnternal" USING [Disablelnterrupts], 
ProcessOps: FROM "ProcessOps" USING [CurrentPSB, EnableAndRequeue, Queue, Readylist, Requeue], 
PSBDefs: FROM "PSBDefs" USING [Condition, Empty, ProcessHandle], 
SDDefs: FROM "SDDefs" USING [SD, sPageFault], 
SwapperPrograms: FROM "SwapperPrograms", 
TrapOps: FROM "TrapOps" USING [ReadOTP], 
VM: FROM "VM" USING [Interval, PageNumber]; 

PageFaultlmpl: MONITOR 

BEGIN 

IMPORTS FrameOps, lnlineDefs, Processlnternal, ProcessOps, TrapOps 
EXPORTS PageFault, SwapperPrograms = 

queueFaulted: ProcessOps.Queue +- NIL; 
queueNoticed: ProcessOps.Queue +- NIL; 
faultOccurred: CONDITION; 

-- Event log (for debugging) 
Event: TYPE = RECORD [ 

page: VM.PageNumber, 
process: PSBDefs.Processl-landle, 
local: POINTER TO local ControlDefs.Frame, 
global: ControlDets.GlobalFrameHandle, 
pc: ControlDefs.WordPC); 

!Event: TYPE = (0 .. 20); 
rgEvent: ARRAY !Event OF Event; 
pEvent: POINTER TO Event <- @rgEvent[FIRST(IEvent)]; 

Trap: INTERNAL PROCEDURE = -- called from outside monilorl 
-- Simulate fault notification which will eventually be done by processor 
BEGIN 
page: VM.PageNumber; 
state: ControlDefs.StateVector; 
trapee: POINTER TO local ControlDefs.Frame; 
-- Capture state 
Processlnternal.Disablelnterrupts[]; -- must be first instruction 
state +- STA ff; state.des! +- FrameOps.GetReturnlink[]; state.source +- ControlDefs.NullFrame; 
page +- LOOPHOLE[ rrapOps.ReadOTP[]]; - trap pa1a111eter 
LOOPHOLE[FrnmeOps.MylocalFrame[), POINTER TO local ControlDefs.Frame].unused +- page; -- put it where Await can find it 
-- Log event 
trapee +-- state.des!; 
pEventt <-- [page, ProcessOps.Cu rrentPSBt, t rapee, trapee.accesslink, t rapee.pc); 
pEvent <- IF pEvent =@ rgEvent[LAST(IEvent]] THEN @rgEvent[FIRST[IEvent]] ELSE pEvent + SIZE(Event]; 
-- Simulate naked notify (recall interrupts are disabled) 
BEGIN OPEN cond: LOOPHOLE[faultOccurred, PSBDefs.Condition]; 
IF cond.queue = PSBDefs.Empty THEN 

cond.wakeupWaiting <-- yes 
ELSE 

NOTIFY faultOccurred 
END; 
-- Add this process to the fault queue and reschedule 
ProcessOps.EnableAndRequeue[ProccssOps.Readylist, @queueFaultep, ProccssOps.CurmntPSBt]; 
FlUURN WI TH state 
END; 

Await: PUBLIC ENHW PROCEDURE RETURNS [VM.PageNumber] 
BEGIN 
p: PSBDefs.ProcessHandle; 
DO 

IF queueFaulted~ = NIL THEN 
BEGIN 
p +- queueFaulted.link; 
ProcessOps.Requeue[@queueFaulted, @queueNoticed, p]; 
WITH p.frame SELEG r local FROM 



.. Swapper>PageFaultlmpl.mesa (last edited by: McJones on: March 28, 1979 10:10 AM) 

END; 

END; 

local = > RETURN[unused]; 
ENDCASE 

WAIT faultOccurred 
ENDLOOP 

Rest a rt: PUBLIC ENTRY PROCEDURE [interval: VM.lnterval] = 
BEGIN 
plast: PSBDefs.ProcessHandle = queueNoticed; 
p, plink: PSBDefs.ProcessHandle; 
IF queueNoticed~ = NIL THEN 

FOR p ... queueNoticed.link, plink DO 
plink <- p.link; 
WITH p.frame SELECT local FROM 

local = > 
IF unused IN [interval.page .. interval.page + interval.count) THEN 

ProcessOps.Requeue[@queueNoticed, ProcessOps.Readylist, p]; 
ENDCASE; -

IF p = plast THEN EXIT 
ENDLOOP 

END; 

SDDefs.SD[SDDefs.sPageFault] <- Trap; 

rgEvent[0] <- [0, NIL, NIL, NIL, [01]; 
lnlineDefs.COPY[from: @rgEvent[0], nwords: SIZE[Event]*(LAST[IEvent]-FIRST[IEvent] + 1-1), to: @rgEvent[1]]; 

END. 

LOG 

Time, June "/2, 1978 9:46 AM By, McJones Action, Created file 
Time: June 20, 1978 10:53 AM By: McJones Action: Replaced "mark bit" with two queues; 

Added correct simulation of naked notify in Notify 
Time, June 23, 1978 1 :30 PM By, McJones Action, Removed RestartQuantifier 
Time: July 25, 1978 5:53 PM By: McJones Action: Trap clidn't set state.des/ (or .source); 

Restart traversed queue incorrectly 
Time: September 19, 1978 12:03 PM By: McJones Action: Added event log 
Time: March 28, 1979 10: 10 /\M By, McJones Action, Initialization of rgEvent clobbered following words 

2 



-- Swapper>SimpleSpacclmpl.mesa Oas/ edited by: McJones on: August 15, 1979 9:26 AM) 

-· This module is logically of "cached descriptor" type, but (DescribeSpace) must be initially resident 

DIRECTORY 
CachedRegion: FROM "CachedRegion" USING [Apply, Desc, forceOut, Insert, Outcome, pin, unmap], 
CachedSpace: FROM "CachedSpace" USING [Desc, Get, Handle, Insert, Level, Update], 
Environment: FROM "Environment" USING [rnaxPageslnMDS, maxPageslnVM], 
File: FROM "File" USING [write], 
lnline: rnoM "lnline" USING [GITANO], 
MStore: FROM "MStore" USING [Deallocate, Relocate], 
PageMap: FROM "PageMap" USING [flagsNone, flagsWriteProtected], 
SimpleSpace: FROM "SimpleSpace", 
Space: f'ROM "Space" USING [defaultWindow, Handle, PageCount, PageNumber, WindowOrigin], 
StoragePrograms: FROM "StoragePrograms", 
SwapperPrograms: FROM "SwapperPrograms", 
VM: FROM "VM" USING [Interval]; 

SimpleSpacelmpl: PROGRAM [countReal: Space.PageCount--de/ete this parameter--] 
IMPORTS CachedRegion, CachedSpace, lnline, MStore 
EXPORTS SimpleSpace, StoragePrograms, SwapperPrograms 
SHARES File = 

BEGIN OPEN SimpleSpace; 

locationData: TYPE = RECORD [ascending: BOOLEAN, total: VM.lnterval, largestHole: VM.lnterval]; 
locations: ARRAY Location OF POINTER TO locationData = [@first64K, @first64K, @hyperspace]; 
first64K: locationData .., [FALSE, (0, 256], (0, OJ]; 
hyperspace: locationData .., (TRUE, (256, Environrnent.maxPageslnVM-256], [256, OJ]; 

initializationDisabled: BOOLEAN ... FALSE; 

-- StoragePrograms 

Desc ri beSpace: PUBLIC PHOCEDUHE (options: S1orageProgrmns.Space0ptions, 
page: SpacePageNurnber, count: Space.PageCount, window: Space.WindowOrigin] 

BEGIN 
location: Location; 
reyionVictim: CaclleclRegion.Desc; 
space, spaceVictim: Cacl1euSpuce.Desc; 
level: Cacllcc!Spaco Level = (IF page<Environrnent.maxPageslnMDS fHEN 2 ELSE 1) + (IF options.subspace THEN 1 ELSE O); 

• · f11stl34 K IS at levol I 
IF initializationDisabled OR options.error THEN ERROR; 
IF count~ 0 TIIE~J m::TURN; 
IF options.emptylnterval THEN 

FOF1 location IN Location DO OPEN locations[location]; 
II' count>largestHole.count AND page>= total.page AND page+ count<= total.page+ total.count 

IHE:N largestHole .., [page: page, count: count] 
[NDLOOP; 

IF options.createRegion THEN 
BlGIN 
regionVictim .., Cachedllog,on.lnsert[[ 

interval: [page, count], 
level: level, 
dTemperature: , 
dPinned: options.pinRegionD, 
dDirty: rnuE, 
state: SE:L[CT THU[ FHOM 

--options.special = > special, 
options.pinned ~ > inPinned, 
options.initiailyResident = > inSwappableWarmest, 
options.mapped = > outAlive, 
FNDCASE = > unmapped, 

leve!Mapped: level-(IF options.subspace THEN 1 ELSE 0), 
beinqRcmapped: FALSE]]; 

IF regionVictim.dDirty THEN EHROR; -- cache not large enough 

END; 
IF options.createSpace THEN 

BEGIN 
space.., [ 

interval: (page, count], 
level: level, 
ciPinned: options.pinSpaceD, 
dDirty: TRUE, 
pinned: options.pinned, 
state: !F options.mapped fHEN mapped El.SE unmapped, 



-- Swapper>SimpleSpacelmpl.mesa (last edited by: McJones on: August 15, 1979 9:26 AM) 

writeProtected: 0 = lnline.BIT AND[window.file.permissions, File. write], 
dataOrFile: file, 
pageRover: page, 
vp: long[window: window, countMapped: count]]; 

CachedSpace.lnsert[@spaceVictim, @space]; 
IF spaceVictim.clDirty THEN ERROR; -- cache not large enough 
END; 

-- There should be an option for the following: 
IF options.initiallyResiclent AND options.createRegion ANDO= lnline.BITAND[window.file.permissions, File.write] THEN 

-- The following depends on Relocate NOT temporarily vacating the pages 
D +- MStore.Relocate[interval: [page, count], pageDest: page, 

flagsKeep: PageMap.llagsNone, flagsAdd: PageMap.flagsWriteProtected]; 
IF options.mStoreDeallocate THEN 

MStore.Deallocate[interval: [page: page, count: count], promised: FALSE] 
END; 

HandleFromPage: PUBLIC PROCEDURE [page: Space.PageNumber] RETURNS (Space.Handle] 
BEGIN -- what about nonzero MOS & /irst64K? 
Handle: TYPE = RECORD [level: (0 . .4), page: Space.PageNumber]; -- CachedSpace.Handle! 
RETURN[LOOPHOLE[Handle[level: IF page<Environment.maxPageslnMDS THEN 2 ELSE 1, page: page]]] 
END; 

SuperFromPage: PUBLIC PROCEDURE (page: Space.PageNumber] RETURNS (Space.Handle, Space.PageNumber] 
BEGIN -- what about nonzero MOS & first6·/K? 
Handle: TYPE = RECORD [level: [0 . .4), page: Space.PageNumber]; -- CachedSpace.Hand/et 
RETURN[LOOPHOLE[Handle(level: IF page<Environment.maxPageslnMDS THEN 1 ELSE 0, page: OJ], O] 
END; 

-- SimpleSpace 

Create: PUBLIC PROCEDURE [count: Space.PageCount, location: SimpteSpace.Location] RETURNS [Space.Handle] 
f3EGIN OPEN location:;(location]; 
h: CachedSpace.Handle; 
IF count > largestHole.count THEN ERROil; -- free space exhausted 
largestHole.count <- largestHole.count-count; 
h.page +-- largestHole.page + (IF ascending THEN O ELSF largestHole.count); 
h.level,_ IF h.page<E,wironment.maxParJeslnMDS Tf lFN 2 ELSE 1; 
IF ascending THEN largestHole.page ,. largestHole.pagc + count; 
DescribeSpace[Stora\JtePrograms.createSimpleSpace, h.page, count, Space.defaultWindow]; 
RUUllN[LOOPHOLE[h]] 
END; 

Disablelnitialization: PUBLIC PROCEDURE 
BEGIN 
initializationDisabled <- TF1UE 
END; 

Page: PUHi.iC PROCEDURI- [handle: Space.Handle] RETURNS (Space.PageNumber] 
BEGIN OPEN h: LOOPHOLE[handle, CacheuSpace.Handle]; 
RETUF1N[h.page] 
END; 

Map: PUBLIC PROCEDUHE [handle: Space.Handle, window: Space.WindowOrigin, andPin: BOOLEAN, 
countMapped: Space.PageCount] = 

-- Assumes window.fih, is writable and file doesn't end before space 
OEGIN OPEN h: LOOl'HOLE[handle, CachedSpace.Handlej; 
spaceD: CachedSpace.Desc; 
found: BOOLEAN; 
outcome: Cachedllegi,)n.Outcome; 
pageNext: Space.PageNurnber; 
CacheuSpace. Get[@spaceD, h l; 

--assert--lF spaceD.state~ = unmapped OR ~spaceD.dPinned THEN ERROR; 
spaceD.pinned <- andPin; 
spaceD.state ,_ mapped; 
spaceD.writeProtected <- (lnline.BIT AND(window .file.permissions, File. write]= O); 
spaceD.window <- window; 
spaceD.countMapped <- IF countMapped = defaultCount THEN spaceD.interval.count ELSE countMapped; 
spaceD.dataOrFile <- file; 
found ,_ CachedSpactc.Update[@spaceD]; 

--assert--lF ~found THEN u111011; 
[outcome, pageNext] ,_ CachedRegion.Apply(h.page, [ifMissing: report, ifCheckedOut: wait, afterForking: , vp: 

map[h.levelj]]; 
--assert--lF outcome.kind··= ok OR pageNext-h.page~ = spaceD.interval.count THEN ERFlOR; 

2 



-- Swapper>SimpleSpacelmpl.mesa (last edited by: McJones on: August 15, 1979 9:26 AM) 

IF andPin THEN 
BEGIN 
[outcome, pageNext] <- CachedRegion.Apply[h.page, CachedRegion.pin]; 

--assert--lF outcome.kind~= ok OR pageNext-h.page~ = spaceD.interval.count THEN ERROR 
END 

END; 

Unmap: PUBLIC PROCEDURE [handle: Space.Handle] 
BEGIN OPEN h: LOOPHOLE(handle, CachedSpaceJlandle]; 
spaceD: CachedSpace.Desc; 
outcome: CachedRegion.Outcome; 
pageNext: Space.PageNumber; 
found: BOOLEAN; 
CachedSpace.Get[@spaceD, h]; 

--assert--lF spaceD.state~ = mapped OR ~spaceD.dPinned THEN ERROR; 
[outcome, pageNext] <- Cachedllegion.Apply(h.page, CachedRegion.unmap]; 

--assert--lF (outcome.kind~= ok AND outcome.kind~= notePinned) OR pageNext-h.page~ = spaceD.interval.count THEN ERROR; 
spaceD.pinned <- FALSE; 
spaceD.state <- unmapped; 
found <- CachedSpace.Update[@spaceD]; 

--assert--lF ~found THEN ERROR; 
END; 

ForceOut: PUBLIC PROCEDURE [handle: Space.Handle] 
BEGIN OPEN h: LOOPHOLE[handle, CachedSpace.Handle]; 
outcome: CachedRegion.Outcome = CachedRegion.Apply(h.page, CachedRegion.forceOut].outcome; 

--assert--lF outcome.kind~= ok THEN ERROR; 
END; 

END. 

LOG 

Action: Created file 
Action: Result /ram Create was unassigned 
Action, Map set space.writeProtected to TRUE 
Action: Ac/clod free space allocation 
Action: ,\1ade level dependent on (handle.!page (Create, Map, Unmap) 
Action: mac/e Map do pin to allow tests of paging 
Action: Aclc/eJ DisableCteate, parameters type to Create and andPin to Map 

3 

Time: June 19, 1978 5:55 PM 
Time: June 21, 1918 /0:09 A/\1 
Time: June 23, 1978 4:58 PM 
Time: June 29, 1918 4:40 PM 
Time: ,July 10, 1978 2.20 PM 
Time: August 3, 1918 9:17 AM 
Time: August 7, 1978 5:15 PM 
Time: August 10, 1918 3:56 PM 

By: McJones 
By: McJones 
By: lvlcJones 
By: Mc.Jones 
By: McJones 
By: lvlcJones 
By: Purcell 
By: Purcell Action: Moved generalized create to VFSPrograms.DescribeSpace, changed module 

parameters 
Time: August 10, 1978 3:56 PM By: McJones Action, Added ForceOut 
Time: September 7. 1978 3: 12 PM By: Purcell Action: writeProtect with SetF, Describe swapped out resident descriptor, 

Create hyper vs mds 
Time: September 9, 1978 3: 11 PM By: Mc Jones Action: Changes for Cachec/Space.Desc pinned 
Time, September 11. 1978 5:42 PM By: McJones Action: Made Unmap allow notePinned Outcome 
Time: September 2?, 1978 11:55 AM By: McJones Action: Made DescribeSpace do Relocate to writeProtected for any in region 
Time: February 1, 1079 2:02 PM By: McJones CR20.169: Added pageRover to Cachec/Space.Desc 
Time: 1'1arch 5, JR 79 9:34 Alvl /3y: McJones Action, Changed Handle, etc. 
Time: June 27, 1979 8:51 AM By: Mc.Jones Action: Deleted dependence on countReal 
lime: August 15, 1979 9:26 AM By: McJones Action: Added countMapped to Map; added HandleFromPage, SuperFromPage 



•• Swapper>SwapBuffer.mesa (last edited by: McJones on: March 1, 1979 12:13 PM 

--Things to consider: 
-· 1) Provision of multiple pools of buffer space (for deadlock avoidance) 

DIRECTORY 
VM: FROM "VM" USING [Interval, PageCount]; 

SwapBuffer: DEFINITIONS = 

BEGIN 

Allocate: PROCEDURE [count: VM.PageCount] RETURNS [interval: VM.lnterval]; 

Deallocate: PROCEDURE [interval: VM.lnterval]; 

END. 

LOG 

Time: March 1978 By: McJones Action: Created file 



-- Swapper>SwapBufferlmpl.mesa (last edited by: McJones on: March 1, 1979 12:14 PM) 

DIRECTORY 
Swap Buffer: FROM "SwapBuffer", 
Environment: FROM "Environment" USING [bitsPerWord, maxPageslnMDS, Word], 
lnlineDefs: FROM "lnline0£fs" USING [BITAND, BITNOT, BITOR, BITSHIFT], 
--Process: FROM "Process" USING [DisableAbort], 
SwapperPrograms: FFlOM "SwapperPrograms", 
VM: FROM "VM" USING [Interval, PageCount, PageOffset]; 

SwapBufferlmpl: MONITOR [intervalBuffer: VM.lnterval] IMPORTS lnlineDefs EXPORTS SwapBuffer, SwapperPrograms 

BEGIN 

Status: TYPE = {free, busy}; -- i.e. O is free 

allocationMap: ARRAY [0 .. (Environment.maxPageslnMDS + Environment.bitsPerWord-1)/Environment.bitsPerWord) 
OF Environment.Word; 

deallocation: CONDITION; 

Allocate: PUBLIC ENTRY PROCEDURE [count: VM.PageCount] RETU,"1NS (interval: VM.lnterval] 
BEGIN 
offsetPage: VM.PageOffset; 
offsetOlfset: VM.PageOffset; 
DO -- until enough space is available 

END; 

FOR offsetPage <- 0, offsetPage + offsetOffset + 1 WHILE offsetPage +count<= interval Buffer.count DO 
BEGIN 
FOR offsetOffset IN [O .. count) DO 

IF Get~3tatus[offsetPage + offsetOffset] ~ = free HIEN GO TO HoleTooSmall 
ENDLOOP; 

FOR offsetOffset IN [O .. count) DO 
SetStatus[offsetPage + offsetOffset, busy] 
ENDLOOP; 

RETURN([inlervalBulferpage + offsetPage, count]] 
EXITS HoleTooSrnall = > NULL 
END 
ENDLOOP; 

WAIT deallocation 
ENDLOOP 

Deallocate: PUBLIC E~JTRY PROCFDLIH[ [interval: WA.Interval] = 
BEGIN 
offset: VM.PageOffset; 

--assert--lF interval.page ~IN (intervalBuffer.paoe .. intervalBuffer.page + intervalBuffer.count) Oil interval.page+ interval.count 
~IN [interva!Buffer µauf, .. intervalBufler page+ intervall3ulfer.count] I HEN ERFlOR; 

FOfi offset IN [0 .. interval.count) DO 
SetStatus[interval.pagc-intervalBufler.page + offset, free] 
E:NDIOOP; 

BF101\DCAS r deallocation 
END; 

GetStatus: PROCEDURE [offset: VM.PageOffset] RETURNS [Status] 
BEGIN 
w: CAf1DINI\L = offset/Environment.bitsPerWord; 
bit: Environmenl.Word = lnlinollef,;.BITSHIFT[1, offset MOD Environment.bitsPerWord]; 
RL nmN[II lnlind)efs.ll!T AND[allocationMap[w], bit]= 0 TIIEN free ELSE busy] 
END; 

SetStatus: PROCEDURF [offset: '!iv1Page0ffset, status: Status] = 
BEGIN 
w: Cl\11DINI\L = offset/Envirorirnent.bitsPerWord; 
bit: Environrnent.Worci = lnlinr,r)ch.BITSHlFT[1, offset MOD Envrronment.bitsPerWorci]; 
allocation Map[ w) +- I nlineDofs BITOR [1 nlineDefs. BIT AND( allocationMap[ w], lnlineDefs. BITNOT(bit]], 

If status= free fl!FN O ELSE bit] 
END; 

-- Initialization 
BEGIN 



.. Swappor>SwapBufferlmpl.mesa (last edited by: McJones on: March 1, 1979 12:14 PM) 

w: CARDINAL; 
--assert--lF intervalBuffer.count>Environment.maxPageslnMDS THEN ERROR; 
FOR w IN [0 .. LENGTH[allocationMap]) DO 

allocationMap[w] <- 0 
ENDLOOP; 

--Process.DisableAbort[@deallocation] 
END; 

END. 

LOG 

Time: May 22, 1978 10:57 AM By: McJones Action: Created file 
Time: August 4, 1978 9:42 AM By: McJones Action:-Allocated allocationMap locally; added initialization, condition variable 
Time: August 18, 1978 11:53 AM By: McJones Action: Initialization followed module END! 
Time: September 7, 1978 10:42 AM By: Redell Action: Minor edit to allow allocation/deallocation of zero-length buffers 
Time: September 8, 1978 2:00 PM By: McJones Action: Fixed check for encl of intervalBuffer in Allocate 

2 



-- Swapper>SwapperControl.mesa (last edited by: McJones on: March 2, 1979 5:55 PM) 

DIRECTORY 
CachedRegion: FROM "CachedRegion" USING [age, Apply, Outcome, pagefault, pageTop], 
Environment: fROM "Environment" USING [PageCount, PageNumber], 
MStore: FROM "MStore" USING [AwaitBelowThreshold, SetThreshold], 
PageFault: FROM "PageFault" USING [Await], 
Process: FROM "Process" USING [Detach], 
StoragePrograms: FROM "StoragePrograms", 
SwapperException: FROM "SwapperException" USING [Report], 
SwapperPrograms: FROM "SwapperPrograms" USING [CachedSpacelmpl, CachedRegionlmpl, MStorelmpl, PageFaultlmpl, 

SimpleSpacelmpl, SwapBufferlmpl, SwapperExceptionlmpl, SwapTasklmpl]; 

SwapperControl: PROGRAM [pageBuffer: Environment.PageNumber, countBuffer: Environment.PageCount, 
pMaplogDesc: LONG POINTER] 

IMPORTS CachedRegion, MStore, PageFault, Process, SwapperException, SwapperPrograms 
EXPORTS StoragePrograms = 

BEGIN 

PageFaultProcess: PROCEDURE = 
BEGIN 
page: Environment.PageNumber; 
outcome: CachedRegion.Outcome; 
DO 

page +- PageFault.Await[]; 
outcome +- CachedRegion.Apply[page, CachedRegion.pagefault].outcome; 
WITH outcome SELECT FROM 

ok => NULL; 
regionDMissing, spaceDMissing, error = > SwapperException.Report[page, CachedRegion.pagefault, outcome]; 
ENDCASE =) ERROR 

ENDLOOP 
END; 

ReplacementProcess: PUBLIC PROCEDURE [threshold: Environment.PageCount] = 
BEGIN 
page, pageNext: Environment.PageNumber; 
outcome: CachedRogion.Outcome; 
MStore.SetTlueshold[threshold]; 
FOR page <- 0, IF pageNext = CachedRegion.pageTop THEN O ELSE pageNext DO 

MStore.AwaitBelowThreshold []; 
[outcome, pageNext] <- CachedRegion.Apply[page, CachedRegion.age]; 
SELECT outcome.kind FROM 

ok =) NULL; 
spaceDMissing = > SwapperException.Report[page, CachedRegion.age, outcome]; 
ENDCASE = ) ERROR 

ENDLOOP 
END; 

countReal: Environment.PageCount = ST ART SwapperPrograms.MStorelmpl; 
ST MH SwapperPrograms.SwapBulferlmpl[intervalBuffer: [pageBuffer, countBuffer]]; 
START SwapperPrograms.CachedSpacelmpl; 
START SwapperPrograms.PageFaultlmpl; 
ST ART SwapperPrograms.Swap Tasklmpl; 
ST AH r SwapperPrograms.CnchedRegionlmpl[pf\1aplogDesc]; 
STAil r SwapperPrograms.SimpleSpacelmpl[countReal: countReal]; 
ST An r SwapperProcira111s.SwapperExceptionlmpl; 

Process.Detach[F011K PageFaultProcess[]]; 

END. 

LOG 

Time: March 1978 
Time, June 20, 1978 10:33 AM 
Time: June 29, 1978 5:18 PM 
Time: July 17. 1978 5:16 PM 
Time, July 26, 1978 4:39 PM 
Time, July 31, 1978 6: 11 PM 
Time: August 3, 1978 8:39 AM 
Time: August 10, 1978 7:04 PM 
Time: August 29, 1978 1:46 PM 

By: McJones 
By: McJones 
By: McJones 
By: McJones 
By: McJones 
By: McJones 
By: McJones 
By: Purcell 
By: fvlcJones 

Action: Created file 
Action: Added START SimpleSpacelmpl for testing 
Action: Added module parameters for SimpleSpacelmpl 
Action: Added countReal 
Action: Added ldudge Deallocate of free real memory 
Action: Updated to new SwapperExceplion interface 
Action: Updated to new CachedRegion interface 
Action: Passed new parameters t!1rough to SimpleSpacelmpl 
Action: Added pMapLogDesc to CachedRegionlmpl, etc. 



-- Swapper>SwapperExceptionlmpl.mesa (last edited by: McJones on: March 2, 1979 6:09 PM) 

DIRECTORY 
CachedRegion: FROM "CachedRegion" USING [Operation, Outcome], 
FrameOps: FROM "FrameOps" USING [Alloc, Free], 
Runtirnclnternal: FROM "Runtimelnternal" USING [MakeFsi], 
SwapperException: rnoM "SwapperException", 
SwapperPrograms: FROM "SwapperPrograms", 
VM: FROM "VM" USING [PageNurnber]; 

SwapperExceptionlmpl: MONITOR IMPORTS FrameOps, Runtirnelnternal EXPORTS SwapperException, SwapperPrograms = 

BEGIN OPEN SwapperException; 

OE: TYPE = RECORD [ 
pOEPrev: POINTER TO OE, 
page: VM.PageNurnber, 
operation: CachedRegion.Operation, 
outcome: CachedRegion.Outcome]; 

POE: TYPE = POINTER TO OE; 

fsiOE: CARDINAL = Runtimelnternal.MakeFsi[SIZE[OE]]; 

pOELast: POE +- NIL; -- points to last of fifo queue of exception reports 

report: CONDITION; 

Await: PUOLIC ENTRY PROCEDURE RETURNS [page: VM.PageNumber, operation: CachedRegion.Operation, 
outcome: CachedRegion.Outcome] 

BEGIN 
pQE, pQENext: POE; 
-- Wait for queue nonempty 
WHIU" pQELast = NIL llO \/'/Al r report ENDLOOP; 
-- Remove first report from queue and return it 
FOi~ pQE ... pQELast, pQE.pQEPrev WIIILE pQE.pQEPrev~ = NIL DO 

pQENext <- pQE 
ENDLOOP; 

[, page, operation, outcome] <- pOEt; 
IF pQE = pQELast TIIEN 

pQELast ... NIL 
El.SE 

pQENext.pCiEPrev <- NIL; 
FrameOµs. F ,ee[pQE] 
END; 

Report: l'UBL IC F:NTRY 1'110CFDUllF [page: VM.PageNumber, operation: Cachermcgion.Operation, 

END. 

LOG 

outcome: CacilecdF{E,g1on.Outcon1e] = 
BEGIN 
-- Ac/cl report to encl of queue 
pOE: POE = LOOPHOLE[FramcOps.Alloc[fsiQE], POE]; 
pQE1 <- [pQELnst, page, operation, outcome]; 
pQELast <-- pQE; 
NOTIFY report 
END; 

Time: June 6, 1978 3:31 PM 
Time: July 31, 1978 10:53 AM 

By: McJones Action: Created file (stub only) 
By: McJones Action: Replace stubs with real implementation 



-- Swapper>SwapperPrograms.mesa (last edited by: McJones on: March 1, 1979 1:12 PM) 

DIRECTORY 
Environment: FROM "Environment" USING [PageCount], 
VM: FROM "VM" USING [Interval, PageCount]; 

SwapperPrograms: DEFINITIONS = 

BEGIN 

CachedRegionlmpl: PROGRAM [pMaplogDesc: LONG POINTER]; -- for patch table 

CachedSpacelmpl: PROGRAM; 

MStorelmpl: PROGRAM RETURNS [countReal: VM.PageCount]; 

PageFaultlmpl: PROGRAM; 

SwapBufferlmpl: PROGRAM [intervalBuffer: VM.lnterval]; 

SwapperExceptionlmpl: PROGRAM; 

SwapTasklmpl: PROGRAM; 

SimpleSpacelmpl: PROGRAM [countReal: Environment.PageCount]; 

END. 

LOG 

Time: June 6, 1978 4:05 PM 
Time: June 20, 1978 10:31 AM 
Time: June 29, 1978 3:40 PM 
Time: July 17, 1978 4:42 PM 
Time: August 10, 1978 7:09 PM 
Time: August 29, 1978 1:38 PM 

By: McJones 
By: McJones 
By: McJones 
By: McJones 
By: Purcell 
By: McJones 

Action: Created file 
Action: Added SimpleSpacelmpl 
Action: Added parameters to SimpleSpacelmpl 
Action: Added countRea/ to MStorelmpl 
Action: New SimpleSpace interface 
Action: Added pMapLogDesc to CachedRegionlmpl 



-- Swapper>SwapTask.mesa (last edited by: McJones on: March 5, 1979 11:55 AM) 

DIRECTORY 
CachedRegion: FROM "CachedRegion" USING [Desc], 
PageMap: FROM "PageMap" USING [Flags], 
VM: FROM "VM" USING [PageCount, PageNumber]; 

SwapTask: DEFINITIONS 

BEGIN 

State: TYPE = RECORD [ 
next: PRIVATE PState, 
region: CachedRegion.Desc, 
flags: PageMap.Flags, 
bufferPage: VM.PageNumber, 
countRemaining: VM.PageCount]; 

PState: PRIVATE TYPE = POINTER TO State; 

Fork: PROCEDURE [region: CachedRegion.Desc, flags: PageMap.Flags, bufferPage: VM.PageNumber, swapCount: VM.PageCount] 
RETURNS [forked: BOOLEAN]; 

Advance: PROCEDURE (page: VM.PageNumber] RETURNS [state: State]; 

END. 

LOG 

Time: Marcil 1978 By: McJones Action: Created file 
Time: June 29, 1978 5:50 PM By: McJones Action: Moved PageCount, PageNumber to VM 
Time: September .5. 1978 2:44 PM By: Redell Action: Replaced over-complex 'Action' record with 'flags' field in swaptask 

'State' record. Added 'swapCount' argument and 'forked' result to Fork. 



-- Swapper>SwapTasklmpl.mesa (last edited by: McJones on: March 5, 1979 11:56 AM) 

-- Things to consider: 
-- 1) When converting to multi-MOS, PState must be long pointer; may only free frame from same MOS as allocated it! 
-- 2) Change Advance to return region, action, bufferPage, and count (or lastFlag) separately 

DIRECTORY 
CachedRegion: FROM "CachedRegion" USING [Desc]. 
FrameOps: FROM "FrameOps" USING [Alloc, Free], 
PageMap: FROM "PageMap" USING [Flags], 
Runtimelnternal: FROM "Runtimelnternal" USING [MakeFsi], 
SwapperPrograms: FROM "SwapperPrograms", 
Swap Task: FROM "Swap Task", 
VM: FROM "VM" USING [PageNumber, PageCount]; 

SwapTasklmpl: MONITOR 
IMPORTS FrameOps, Runtimelnternal 
EXPORTS SwapperPrograms, SwapTask 
SHARES SwapTask = 

BEGIN OPEN SwapTask; 

fsiState: CARDINAL = Runtimelnternal.MakeFsi[SIZE[State]]; 

swapTasklist: PState +- NIL; 

Fork: PUBLIC ENTRY PROCrnURE [region: CachedRegion.Desc, flags: PageMap.Flags, bufferPage: VM.PageNumber, swapCount: 
VMPageCount] RETURNS [forked: BOOLEAN] 

BEGIN 
pState: PState; 
IF ~{forked +- swapCount>O) THEN RETURN; 
pState +- LOOPHOLE[FrameOps.Alloc[fsiState], PState]; 
pStatet +- [swapTasklist, region, flags, bufferPage, swapCount]; 
swapTasklist +- pState 
E:ND; 

Advance: PUBLIC [NHN Pf10CEDUHt, [page: VM.PageNumber] RETURNS [state: State] 
BEGIN 
pState, pStatef'rev: PState; 
pState ~- swapfasklist; 
DO OP[N pState; 

--assert--lF pState = NIL THEN ERROFl; 

fcND. 

LOG 

IF page IN [bulferPage .. bufferPage + region.interval.count) THEN EXIT; 
pStatePrev +- pState; 
pState +- next 
ENDLCOP; 

pState.r,ountHemaining +- pState.countRemaining-1; 
state +- pStatet; 
w pStat<).COUntFlemaining ~ 0 I llfcN 

l1EGIN 

END; 

IF pState "swapTasklist Tl llN swapTasklist <- µState.next ELSE pStatePrev.next +- pState.next; 
FrarncOps.F,ee[pState] 
END 

rime, March 1978 P.y: fvlcJones Action, Created file 
Time: September 5. 1978 4:39 PM By: Redell Action: Removed 'Action' records. Added 'swapCount' argument and 'forked' 

result to Fork. 



-- Filer.config (last edited by: McJones on: April 11. 1979 1:50 PM) 

PACK 
AltoDisklmpl, 
FileCachelmpl, 
FilerControl, 
FilerExceptionlmpl, 
FilerTransferlmpl, 
FileTasklmpl, 
RemotePage T ransferlmpl, 
SubVolumelmpl; 

Filer: CONFIGURATION 
IMPORTS DiskChannel, Process, ResidentMemory 
EXPORTS AltoDisk, FileCache, FilePageTransfer, FilerException, LabelTransfer, StoragePrograms, SubVolume = 

BEGIN 

AltoDisklmpl; 

FileCachelmpl; 

FilerControl; 

FilerExceptionlmpl; 

FilerTransferlmpl; 

FileTasklmpl; 

RemotePageTransferlmpl; 

SubVolumelmpl; 

END. 

LOG 

Time: February 26. 1979 5:29 PM Action: Created file from old FilePageTransferrer.config 
Time: March 23, 1979 2:39 PM Action: Converted to Mesa 5.0 
Time: April 11, 1979 1 :50 PM Action: Added 1\/taDisk to EXPO.'ns (temporary, for MesaRuntime) 



-- AltoD iskCont roller.mesa (last edited by: Redell on: August 4, 1978 1:27 PM) --

AltoDiskController: DEFINITIONS = 

BEGIN 
Acquire, Release: PROCEDURE; 
END. 

LOG 

Time: August 4, 1978 1:27 PM By: Redell Action: Created file 



-- Filer>AltoDisklmpl.mesa (last edited by Knutsen on July 31, 1979 11:26 AM) 

-- Lowest level Alto file access module, used by Filer. (Modified copy of Alto/Mesa module "DisklO") 

DIRECTORY 
AltoDefs: FROM "AltoDefs" USING [BYTE, PageNumber, PageSize], 
AltoFileDefs: FROM "AltoFileDefs" USING [ 

DISK, eofDA, fillinDA, SN, vDA, vDC], 
AltoDisk: FROM "AltoDisk" USING [ 

CB, CBinit, CBptr, CBZ, CBZptr, DA, DC, DOC, DiskPageDesc, DiskRequest, 
DL, OS, DSfakeStatus, DSfreeStatus, DSgoodStatus, DSmaskStatus, FID, 
lnvalidDA, ICBZ, nCB, nDisks, nHeads, nSectors, nTracks, RetryCount], 

lnlineDefs: FROM "lnlineDefs" USING [BITAND, COPY, DIVMOD], 
Processlnternal: FROM "Processlnternal" USING [Disablelnterrupts, Enablelnterrupts]; 

AltoDisklmpl: PROGRAM 
IMPORTS lnlineDefs, Processlnternal 
EXPORTS AltoDisk 
SHARES AltoDisk = 

BEGIN OPEN AltoDisk; 

PageNumber: TYPE = AltoDefs.PageNumber; 
DISK: TYPE = AltoFileDefs.DISK; 
SN: TYPE = AltoFileDefs.SN; 
vDA: TYPE = AltoFileDefs.vDA; 
vDC: TYPE = AltoFileDefs.vDC; 
BYTE: TYPE = AltoDefs.BYTE; 

driveNumber: PUBLIC [0 .. 1] <- 0; 
sysdisk: DISK <- DISK[nDisks,nTracks,nHeads,nSectors]; 
disk: POINTER TO DISK = @sysdisk; 

Zero: PUBLIC PROCEDURE [p:POINTER, !:CARDINAL] = 
BEGIN 
IF I= 0 THEN RETURN; pt <- 0; 
lnlineDefs.COPY [from:p, to:p + 1, nwords:I-1]; 
RETURN 
END; 

SetDisk: PUBLIC PROCEDURE [d:POINTER TO DISK] 
BEGIN diskt <- dt; RETURN END; 

GetDisk: PUBLIC PROCEDURE RETURNS [POINTER TO DISK] 
BEGIN RETURN[disk] END; 

ResetOisk: PUBLIC PROCEDURE RETURNS [POINTER TO DISK] 
BEGIN 
diskt <- DISK[nDisks,nTracks,nHeads,nSectors]; 
RETURN[disk] 
END; 

VirtualDA: PUBLIC PROCEDURE [da:DA) RETURNS [vDA] 
BEGIN 
RETURN[IF da = DA[0,0,0,0,0) THEN AltoFileDefs.eofDA ELSE vDA [ 

((da.disk *disk.tracks+ da.track) *disk.heads+ 
da.head) *disk.sectors+ da.sector)); 

END; 

RealDA: PUBLIC PROCEDURE [v:vDA) RETURNS [da:DA] = 
BEGIN 
i: CARDINAL • v; 
da <- DA[0,0,0,0,0]; 
IF V # AltoFileDefs.eofDA THEN 

BEGIN 
[i,da.sector] <- lnlineDefs.DIVMOD[i,disk.sectors]; 
[i,da.head] <- lnlineDefs.DIVMOD[i,disk.heads]; 
[i,da.track) <- lnlineDefs.DIVMOD[i,disk.tracks]; 
[i,da.disk] <- lnlineDefs.DIVMOD[i,disk.disks]; 
IF i # 0 THEN da <- lnvalidDA; 
END; 

RETURN 
END; 



-- Fi/er>AltoDisklmpl.mesa (last edited by Knutsen on July 31, 1979 11:26 AM) 

•· Disk transfer "process" 

DCseal: AltoDefs.BYTE = 1118; 

DCs: ARRAY vDC OF DC = [ 
DC[DCseal,DiskRead, DiskRead, DiskRead, 0,0], •• ReadHLD 
DC[DCseal,DiskCheck,DiskRead, DiskRead, 0,0], -· ReadLD 
DC[DCseal,DiskCheck,DiskCheck,DiskRead, 0,0], -- ReadD 
DC[DCseal,DiskWrite,DiskWrite,DiskWrite,0,0], -- WriteHLD 
DC[DCseal,DiskCheck,DiskWrite,DiskWrite,0,0], -· WriteLD 
DC[DCseal,DiskCheck,DiskCheck,DiskWrite,0,0], •• WriteD 
DC[DCseal,DiskCheck,DiskCheck,DiskCheck, 1,0], -· SeekOnly 
DC[DCseal,DiskCheck,DiskCheck,DiskCheck,0,0]]; -- DoNothing 

nextDiskCommand: POINTER TO CBptr = LOOPHOLE[521B]; 
diskStatus: POINTER TO OS = LOOPHOLE[522B]; 
lastDiskAddress: POINTER TO DA = LOOPHOLE[523B]; 
sectorlnterrupts: POINTER TO CARDINAL = LOOPHOLE[524B]; 

-· DoDiskCommand assumes that the version number in a FID (and 
-- in an FP) will never be used (is always one). It further 
-- assumes that if fp is NIL, a FreePageFID was meant; 
-- this allows the rest of the world to use short (3 word) FPs. 

FreePageFID: FID = FID[LAST[CARDINAL], SN[1,1,1,17777B, LAST[CARDINAL]l]; 

NonZeroWaitCell: WORD +- 1; 
waitCell: POINTER TO WORD +- @NonZeroWaitCell; 

ResetWaitCell: PUBLIC PROCEDURE 
BEGIN 
waitCell <- @NonZeroWaitCell; 
END; 

SetWaitCell: PUBLIC PROCEDURE [p: POINTER TO WORD] RETURNS [preval: POINTER TO WORD] 
BEGIN 
Processlnternal.Disablelnterrupts[]; 
preval <- waitCell; 
waitCell <- p; 
Processlnternal.Enablelnterrupts[]; 
RETURN; 
END; 

DoDiskCommand: PUBLIC PROCEDURE [arg:POINTER TO DOC] 
BEGIN OPEN arg; 
ptr, next, prev: CBptr; 
la: POINTER TO DL; 
zone: CBZptr = cb.zone; 
cb.headerAddress <- @cb.header; 
IF (la <- GetLabelAddress[cb]) = NIL THEN 

SetLabelAddress[cb, la <- @cb.label]; 
SetDataAddress[cb, ca]; 
IF cb.normalWakeups = 0 THEN cb.normalWakeups <- zone.normalWakeups; 
IF cb.errorWakeups = 0 THEN cb.errorWakeups <- zone.errorWakeups; 
IF fp = NIL THEN la.filelD <- FreePageFID 
ELSE la.filelD <- FID[1,fp.serialj; 
la.page <- cb page <- page; 
IF da # AltoFileDefs.fillinDA THEN cb.header.diskAddress <- RealDA[da]; 
IF restore THEN cb.header.diskAddress.restore <- 1; 
cb.command +- DCs[action]; 
cb.command.exchange <- driveNumber; 
prev <- PrevCB[zone]; 
-- Put the command on the disk controller's queue 
UNTIL waitCellt # 0 DO NULL ENDLOOP; -· Wait for Trident to finish 
Process Internal. Disable Interrupts[]; 
IF (next <- nextDiskCommandt) # NIL THEN 

BEGIN 
DO ptr <- next; next <- ptr.nextCB; 

IF next = NIL THEN EXIT; 
ENDLOOP; 

2 



-- Fi/er>AltoDisklmpl.mesa (last edited by Knutsen on July 31, 1979 11:26 AM) 

ptr.nextCB +- cb; 
END; 

-- Take care of a possible race with disk controller. The disk 
-- may have gone idle (perhaps due to an error) even as we were 
-- adding a command to the chain. To make sure there was no 
-- error, we check the status of the previous cb in this zone. 
IF nextDiskCommandt = NIL THEN 

SELECT MaskDS[prev.status, DSmaskStatus] FROM 
DSfreeStatus, DSgoodStatus = > nextDiskCommandt +- cb; 
ENDCASE; 

Processlnternal.Enablelnterrupts[]; 
EnqueueCB[zone,cb]; 
RETURN 
END; 

GetLabelAddress: PROCEDURE [cb: CBptr] RETURNS [la: POINTER TO DL] = 
BEGIN 
la +- LOOPHOLE[cb.labelAddressLow]; 
END; 

SetLabelAddress: PROCEDURE [cb: CBptr, la: POINTER TO DL] = 
BEGIN 
cb.labelAddressLow +- LOOPHOLE[la]; 
cb.labelAddressHigh +- 0; 
END; 

LongPointer: TYPE = MACHINE DEPENDENT RECORD[low: INORD, fill: BYTE, high: BYTE]; 

GetDataAddress: PROCEDURE [cb: CBptr] RETURNS [ca: LONG POINTER] = 
BEGIN OPEN LOOPHOLE[ca, LongPointer]; 
low <- cb.dataAddressLow; 
high <- cb.dataAddressHigh; 
fill <- 0; 
END; 

SetDataAddress: PROCEDURE [cb: CBptr, ca: LONG POINTER] 
BEGIN OPEN LOOPHO_LE[ca, LongPointer]; 
cb.dataAddressLow <- low; 
cb.dataAddressHigh <- high; 
END; 

-- Disk command block queue 

lnitializeCBstorage: PUBLIC PROCEDURE [ 
zone:CBZptr, nCBs:CARDINAL, page:PageNumber, init:CBinit] 
BEGIN 
cb: CBptr; 
i: CARDINAL; 
nq: CARDINAL = nCBs + 1; 
length: CARDINAL = SIZE[CBZ] + nCBs*(SIZE[CB] + SIZE[CBptr]); 
queue: DESCRIPTOR FOR ARRAY OF CBptr +-

DESCRIPTOR[@zone.queueVec,nq]; 
cbVector: DESCRIPTOR FOR ARRAY OF CB <-

DESCRIPTOR[@zone.queueVec + SIZE[CBptr]*nq,nCBs]; 
IF init = clear THEN Zero[zone,length]; 
zone.currentPage <- page; zone.cbQueue <- queue; 
zone.qTail <- 0; zone.qi-lead <- 1; 
queue[0] <- NIL; -- end of queue; 
FOR i IN [ 1 .. nCGs] DO 

queue[i] <- cb <- @cbVector[i-1]; 
cb.zone +- zone; cb.status +- DSfreeStatus; 
ENDLOOP; 

RETURN 
END; 

NumCBs: PROCEDURE [zone:CBZptr] RETURNS [CARDINAL] 
BEGIN 
RETURN[LENGTH[zone.cbQueue]-1] 
END; 

~-- ------------ -

3 



-- Fi/er>AltoDisklmpl.mesa (last edited by Knutsen on July 31, 1979 11:26 AM) 

ClearCB: PROCEDURE [cb:CBptr] = 
BEGIN 
zone: CBZptr = cb.zone; 
Zero[ cb,SIZE[CB]]; 
cb.zone <- zone; 
RETURN 
END; 

EnqueueCB: PROCEDURE [zone:CBZptr, cb:CBptr] = 
BEGIN i: CARDINAL <- zone.qTail; 
IF zone.cbQueue[i] # NIL THEN ERROR; 
zone.cbQueue[i] +- cb; 
IF (i +- i + 1) = LENGTH[zone.cbQueue] THEN i +- 0; 
zone.qTail <- i; 
RETURN 
END; 

DequeueCB: PROCEDURE [zone:CBZptr] RETURNS [cb:CBptr] = 
BEGIN i: CARDINAL +- zone.qHead; 
IF (cb <- zone.cbQueue[i]) = NIL THEN ERROR; 
zone.cbQueue[i] +- NIL; 
IF (i +- i + 1) = LENGTH[zone.cbQueue] THEN i +- 0; 
zone.qHead <- i; 
RETURN 
END; 

PrevCB: PROCEDURE [zone:CBZptr] RETURNS [cb:CBptr] 
BEGIN i: CARDINAL +- zone.qTail; 
i +- (IF i = 0 THEN LENGTH[zone.cbQueue] ELSE i) - 1; 
IF (cb <- zone.cbQueue[i]) = NIL THEN ERROR; 
RETURN 
END; 

CleanupCBqueue: PUBLIC PROCEDURE [zone:CBZptr] 
BEGIN 
cb: CBptr; 
UNTIL zone.cbQueue[zone.qHead] NIL DO 

cb <- GetCB[zone,dontClear]; 
ENDLOOP; 

RETURN 
END; 

-- Removing CBs from the queue. If for some reason the disk has 
-- gone idle without executing the command, we fake an error 
-- in it so that the entire zone of CBs will get retryed. 

RetryableDiskError: PUBLIC SIGNAL [cb:CBptr] = CODE; 
UnrecoverableDiskError: PUBLIC SIGNAL [cb:CBptr] = CODE; 

MaskDS: PROCEDURE [DS, DS] RETURNS [DS] = LOOPHOLE[lnlineDefs.BITAND]; 

GetCB: PUBLIC PROCEDURE [zone:CBZptr, init:CBinit] RETURNS [cb:CBptr] = 
BEGIN 
s:DS; da:vDA; ddc:DDC; ec:CARDINAL; 
cb <- DequeueCB[zone]; 
UNTIL Cb.status.done # 0 DO 

-- not zero means done or fake or free 
IF nextDiskCommandt = NIL 
AND cb.status.done = 0 THEN 

cb.status .. DSfakeStatus; 
ENDLOOP; 

cb.command.seal +- 0; -- remove command seal 
s <- MaskDS[cb.status, DSmaskStatus]; 
SELECT s FROM 

DSgoodStatus = > 
BEGIN 
IF cb.header.diskAddress.restore = 0 THEN 

BEGIN 
zone.errorCount +- 0; 
zone.currentBytes +- GetLabelAddress[cb].bytes; 
IF zone.cleanup # LOOPHOLE[0] THEN zone.cleanup[cb]; 

4 



-- Filer>AltoDisklmpl.mesa (last edited by Knutsen on July 31, 1979 11:26 AM) 

END; 
IF init = clear THEN ClearCB[cb]; 
END; 

DSfreeStatus = > 
ClearCB[cb]; -- really means DSneverBeenUsed 

ENDCASE => 
BEGIN -- some error occurred 
-- busy wait until disk controller is idle 
UNTIL nextDiskCommandt = NIL DO NULL ENDLOOP; 
ec ,.. zone.errorCount +- zone.errorCount + 1; 
IF ec > = RetryCount THEN ERROR UnrecoverableDiskError[cb]; 
da +- zone.errorDA ,.. VirtualDA[cb.header.diskAddress]; 
IF cb.status.finalStatus = CheckError THEN zone.checkError ,.. TRUE; 
lnitializeCBstorage [ 

zone,NumCBs[zone],cb.page,dontClear]; 
IF ec > RetryCount/2 THEN 

BEGIN -- start a restore before signalling the error 
lastDiskAddresst +- lnvalidDA; 
ddc ,.. DDC[GetCB[zone,clear],NIL,da,0,NIL,TRUE,SeekOnly]; 
DoDiskCommand[@ddc]; 
END; 

ERROR RetryableDiskError[cb]; 
END; 

RETURN 
END; 

-- Don't all Cleanup procedures need to be locked? 

5 



·- Filer>AltoDisklmpl.mesa (last edited by Knutsen on July 31, 1979 11:26 AM) 6 

-- Segment swapper 

•• Note that each CB is used twice: first to hold the disk label 
-- for page i-1, and then to hold the DCB for page i. It isn't 
-- reused until the DCB for page i-1 is correctly done, which 
-- is guaranteed to be after the disk label for page i-1 is no 
-- longer needed, since things are done strictly sequentially by 

page number. 

-· Currently, DiskRequest.lastAction is not used by SwapPages. 

DiskCheckError: PUBLIC SIGNAL [page:PageNumber] = CODE; 

SwapPages: PUBLIC PROCEDURE [arg:POINTER TO swap DiskRequest] 
RETURNS [PageNumber, CARDINAL] = 
BEGIN OPEN arg; 
i: PageNumber; 
cb, nextcb: CBptr; 
cbzone: ARRAY [0 . .ICBZ) OF UNSPECIFIED; 
zone: CBZptr = @cbzone[0]; 
ddc: DOC <- DDC[,ca,dat,,fp,FALSE,action]; 
lnitializeCBstorage[zone,nCB,firstPage,clear]; 
IF desc # NIL THEN 

BEGIN zone.info <- desc; 
zone.cleanup <- GetDiskPageDesc; 
END; 

BEGIN 
ENABLE RetryableDiskError --[cb]-- = > 

BEGIN 
ddc.da <- zone.errorDA; 
ddc.ca <- GetDataAddress[cb]; 
RETRY END; 

cb <- GetCB[zone,clear]; 
FOR i <- zone.currentPage, i + 1 UNTIL i = lastPage + 1 DO 

IF ddc.da = AltoFileDefs.eofDA THEN EXIT; 
IF signalCheckError AND zone.errorCount = RetryCount/2 

THEN SIGNAL DiskCheckError[i); 
nextcb <- GetCB[zone,clear); 
SetlabelAddress[ cb, LOO PHO LE[@nextcb. header.d iskAddress)); 
ddc.cb <- cb; ddc.page <- i; 
IF i # zone.currentPage THEN ddc.da <- AltoFileDefs.fillinDA; 
DoDiskCommand [@ddc); 
IF ~fixedCA THEN ddc.ca <- ddc.ca + AltoDefs.PageSize; 
cb <- nextcb; 
ENDLOOP; 

CleanupCBqueue[zone); 
END; -- of enable block 

RETURN(i-1,zone.currentBytes] 
END; 

GetDiskPageDesc: PROCEDURE [cb:CBptr] 
BEGIN 
la: POINTER TO DL = GetlabelAddress[cb]; 
desc: POINTER TO DiskPageDesc <- cb.zone.info; 
desct <- DiskPageDesc [ 

VirtualDA(la.prev), 
VirtualDA[cb.header.diskAddress], 
VirtualDA[la.next], 
la.page, la.bytes]; 

RETURN 
END; 

END .. 

LOG 

Time: September 14, 1978 5:36 PM By: Redell Action: Created File from Alto/Mesa Disk/0 converted to LONG POINTER disk 
control/er. 
Time: September 19, 1978 11:29 PM By: Redell Action: Enabled LONG POINTER disk controller. 
Time: March 7, 1979 11:58 AM By: Redell Action: Added IMPORTS of /nlineDefs and Processlnternal, as required by 
Mesa 5.0. 
Time: July 31, 1979 11:26 AM By: Knutsen Action: Made a Pilot-standard module header paragraph. 



-- FileCachelmpl.mesa (last edited by: Redell on: March 7, 1979 3:23 PM) 

DIRECTORY 
File: FROM "File", 
FileCache: FROM "FileCache", 
Filelnternal: FROM "Filelnternal", 
FilerPrograms: FROM "FilerPrograms"; 

FileCachelmpl: MONITOR 
EXPORTS FileCache, FilerPrograms = 

BEGIN OPEN Filelnternal; 

-- General cache mechanism --

Cache: TYPE = POINTER TO CacheRecord; 

CacheRecord: TYPE = RECORD [ 
cacheType: CacheType, 
mru: CEptr, -- most recently used entry (head ol lru chain) 
free: CEptr, -- head of free chain • 
CleanUp: CacheCleanUpProc]; -- proc to cleanup when an entry is replaced 

CacheType: TYPE = {file, pageGroup}; 

CacheEntry: TYPE = RECORD [ 
next: CEptr, -- next entry in lru chain 
refCnt: CARDINAL, -- number of readlocks set by FindCacheEntry 
body: SELECT COMPUTED CacheType FROM 

file = > [Id: Descriptor], 
pageGroup = > [group: PageGroup, fileCacheEntry: CEptr], 
ENDCASE]; 

CEptr: TYPE = POINTER TO CacheEntry; 

CacheCleanUpProc: TYPE = PROCEDURE [cePtr: CEptr]; 

NoCleanUp: CacheCleanUpProc; •- null case indicator /unbouncl control link) 

returned: CONDITION; 

-- Key for cache searc/Jes -­

CacheKey: TYPE = RECORD[ 
SELECT OVERLAID CacheType FROM 

file = > [filelD: File.ID], 
pageGroup = > (fileCacheEntry: CEptr, filePage: File.PageNumber], 
ENDCASE]; 

-- File descriptor cache -­

FCache: Cache: 
FCacheRecord: CacheRecord; 
FCacheArray: AHRAY FCachelndex OF file CacheEntry; 
FCachelndex: TYPE = [0 .. FCacheSize); 
FCacheSize: CARDINAL = 32;· -- must be 2 or greater 
FCacheCleanUp: INTERNAL CacheCleanUpProc = 

l:3EGIN -- flush corresponcl1nr; enrries from pa9e r;roup cache 
WHILE RemoveCacheEntry[PGCache, cePtr] DO NULL ENDLOOP 
END; 

-- Page Group cac/Je -­

PGCache: Cache; 
PGCacheRecord: C''lCheRecord: 
PGCacheArray: ARRAY PGCachelndex OF pageGroup CacheEntry; 
PGCachelnclex: TYPE = [0 .. PGCacheSize); 
PGCacheSize: CARDINAL = 32; -- must be 2 or greater 



-- FileCachel m pl.mesa (last edited by: Redell on: March 7, 1979 3:23 PM) 

GetFilePtrs: PUBLIC ENTFlY PROCEDURE [count: CARDINAL, filelD: File.ID] RETURNS [success: BOOLEAN, ID: POINTER TO 
Descriptor] = 

BEGIN 
fEntry: CEptr; 
[success, fEntry] ... FindCacheEntry[get, count, FCache, CacheKey[file[filelD]]]; 
IF success THEN WITH fEntry SELECT file FROM file = > fD ... @fd; ENDCASE; 
END; 

Retu rnFilePtrs: PUBLIC ENTRY PROCEDURE [count: CARDINAL, fD: POINTER TO Descriptor] = 
BEGIN 
[] ... FindCacheEntry[return, count, FCache, CacheKey[file[fD.filelD]]]; 
END; 

SetFile: PUBLIC ENTRY PROCEDURE [fd: Descriptor, pinned: BOOLEAN] = 
BEGIN 
SetCacheEntry[FCache, CacheEntry[NIL, IF pinned THEN 1 ELSE 0, file[fd]]) 
END; 

FlushFile: PUBLIC ENTRY PROCEDURE [filelD: File.ID] = 
BEGIN 
found: BOOLEAN; 
fEntry: CEptr; . 
[found, fEntry] ... FindCacheEntry[locate, 0, FCache, CacheKey[file[filelD]l]; 
IF found THEN [lt-RemoveCacheEntry[FCache,fEntry]; 
END; 

GetPageGroup: PUBLIC ENTRY PROCEDURE [filelD: File.ID, filePage: File.PageNumber] 
RETURNS [success: BOOLEAN, pg: PageGroup] = 

BEGIN 
!Entry, pgEntry: CEptr; 
[success, fEntry] <- FindCacheEntry[locate, 0, FCache, CacheKey[file[filelD]]]; 
IF ~success Tl l[N f-lETURN; 
[success, pgEntry] <- FindCacheEntry[locate, 0, PGCache, CacheKey[pageGroup[fEntry, filePage]]]; 
If-- success THEN WITH pgEntry SELECT pageGroup FROM pageGroup = > pg ... group; ENDCASE; 
END: 

SetPageGroup: PUBLIC ENTRY PROCEDURE [filelD: File.ID, group: PageGroup, pinned: BOOLEAN] = 
BEGIN 
success: BOOLEAN; 
!Entry: CEptr; 
[success, !Entry] ,_ FindCacheEntry(locate, 0, FCache, CacheKey(file[filelD]]l; 
IF ~success THFN EtlROR; 
SetCacheEnt, y(PGCache, CacheEntry(NIL, IF pinned THEN 1 ELSE 0, pageGroup[group, !Entry]]]; 
END; 

2 



-- FileCachelmpl.mesa (last edited by: Redell on: March 7, 1979 3:23 PM) 

FindCacheEntry: INTERNAL PROCEDURE (op: {get, return, locate}, count: CARDINAL, cache: Cache, key: CacheKey] RETURNS 
[success: BOOLEAN, ceptr: CEptr] = 

3 

-- FindCacheEntry searches for an entry in the indicated cache having the indicated key, and returns the specified number of 
pointers to it (i.e. a pointer that may be copied that many times). If the pointers will be passed outside the monitor, op = get, 
and a later matching call with op = return must occur when the client discards the pointers; these adjust the refCnt of the 
entry appropriately. If only the contents of the entry are passed outside the monitor, op = locate, and the refCnt is not 
incremented. 

BEGIN OPEN cache; 
current: CEptr +- mru; •· start search with most-recently-used 
previous: CEptr; 
WHILE current ~ = NIL DO OPEN current; 

IF WITH current SELECT cacheType FROM 
file = > key.filelD = fd.filelD, 
pageGroup = > key.fileCacheEntry = fileCacheEntry AND • 

key.filePage > = group.filePage AND key.filePage < group.nextFilePage, 
ENDCASE =) FALSE •• (never happens) 

THEN •• found the matching cache entry 
BEGIN 
IF current ~ = mru THEN •· promote it to mru 

BEGIN previous.next +- next; next +- mru; mru +- current END; 
SELECT op FROM 

get = > refCnt +- refCnt + count; 
return = > IF (refCnt +- refCnt-count) = 0 THEN BROADCAST returned; 
ENDCASE; 

RETURN [TRUE, current] 
END; 

previous +- current; current +- next; •· advance down LRU chain 
ENDLOOP; 

RETURN [FALSE, NIL]; •• search failed 
END; 

SetCacheEntry: INTERNAL PROCEDURE [cache: Cache, newEntry: CacheEntry] 
BEGIN OPEN cache; 
found: BOOLEAN; 
p, entry, previous: CEptr; 
key: CacheKey; 
WITH newEntry SELECT cacheType FROM 

file = > key +- CacheKey[file[fd.lilelD]l; 
pageGroup = > key +- CacheKey[pageGroup[lileCacheEntry, group.filePage]]; 
ENDCASE; 

[found, entry] <- FindCacheEntry[locate, 0, cache, key]; 
IF ~found THEN •· must find a slot in the cache for the new entry 

BEGIN 
IF tree ~ = NIL THEN 0EGIN entry <- free; free .. free.next; entry.refCnt +- O; END -- try to use a free entry 
ELSE •. replace lru entry /can't be same as mru since free-chain known empty) 

BEGIN 
p <- mru; 
WHILE p.next ~ = NIL DO 

IF p.next.refCnt = 0 THEN BEGIN entry <- p.next; previous <- p END; •• eligible for replacement 
p +- p.next; 
ENDLOOP; 

IF entry = NIL THEN ERROR; •· cache full of pinned entries1 

IF CleanUp ~ = NoCleanUp THEN CleanlJp[entry]; •· clean up for removal 
previous.next +- entry.next; -· remove last eligible entry from lru chain 
END; 

entry.next +- mru; mru +- entry; -· splice entry in as head of lru chain 

END; 
entry.re!Cnt <- entry.refCnt + newEntry.refCnt; 
WITH newEntry SELECT cacheType FROM 

END; 

file = > entry.body +- file[fd]; 
pageGroup = > entry.body +- pageGroup(group, fileCacheEntry]; 
ENDCASE; 

RemoveCacheEntry: INTERNAL PROCEDURE [cache: Cache, fee: CEptr] RETURNS [success: BOOLEAN] = 
BEGIN OPEN cache; 
current, previous: CEptr; 
DO -- Note: This loop will never terminate if attempting to remove a pinned cache entry ! 

current <- mru; -- start search with most-recently-used 
WHILE current ~ = NIL DO 

IF WITH current SELECT cacheType FROM 



-- FileCachelmpl.mesa (last edited by: Redell on: March 7, 1979 3:23 PM) 

file = > current = fee, 
pageGroup = > fileCacheEntry = fee, 
ENDCASE = > FAl_SE -- /never happens) 

THEN EXIT; 
previous +- current; current +- current.next; -- advance down LRU chain 
REPEAT 
FINISHED = > RETURN [FALSE]; -- search failed 
ENDLOOP; 

IF current.relent = 0 THEN EXIT; 
WAIT returned; -- entry busy, try again when activity subsides 
ENDLOOP; 

IF Cleanup ~ = NoCleanUp THEN CleanUp[current]; -- clean up entry for removal 
IF current = mru THEN mru +- current.next ELSE previous.next +- current.next; -- remove from lru chain 
current.next +- free; free +- current; -- p~t on tree chain 
RETURN [TRUE]; 
END; 
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-- FileCachelmpl.mesa (last edited by: Redell on: March 7, 1979 3:23 PM) 

-- Initialization of file caches -­

i: CARDINAL; 

.. Process.DisableAbort[@returned]; 

FCache +- @FCacheRecord; 
FCache.cacheType +- file; 
FCache.mru ... NIL; 
FCache.free +- @FCacheArray[FIRST[FCachelndex]]; 
FCache.CleanUp +- FCacheCleanUp; 
FOR i IN FCachelndex DO -- set up tree chain 

FCacheArray[i].next +- IF i = LAST[FCachelndex] THEN NIL ELSE @FCacheArray[i + 1] 
ENDLOOP; 

PGCache +- @PGCacheRecord; 
PGCache.cacheType +- pageGroup; 
PGCache.mru ... NIL; 
PGCache.free +- @PGCacheArray[FIRST[PGCachelndex]l; 
PGCache.CleanUp +- NoCleanUp; 
FOR i IN PGCachelndex DO -- set up free chain 

END. 

LOG 

PGCacheArray[i].next +- IF i = LAST[PGCachelndex] THEN NIL ELSE @PGCacheArray(i + 1] 
ENDLOOP; 

Time: April 20, 1978 3:09 PM By: Redell Action: Created file 
Time: May 4, 1978 1:32 PM By: Redell Action: bug: get free entry = > refCnt ,_ 0 
Time: July 25, 1978 1:31 PM By: Redell Action: clean crash if cache fills up with pinned entries. 

5 

Time: September 11, 1978 5:42 PM By: Redell Action: Fixed flush to wait if l/O in progress. Re-did lost edits to expand cache 
size to 32 entries(/) 

-- ---------



-- FilerControl.mesa (last edited by: Redell on: March 7, 1979 4:45 PM) 

DIRECTORY 
FilerPrograms: FROM "FilerPrograms", 
StoragePrograms: FROM "StoragePrograms"; 

FilerControl: PROGRAM 
IMPORTS FilerPrograms 
EXPORTS StoragePrograms = 

BEGIN OPEN FilerPrograms; 
START FileCachelmpl; 
START FilerExceptionlmpl; 
START FilerTransferlmpl; 
START FileTasklmpl; 
START RemotePage Transferlmpl; 
START SubVolumelmpl; 

END. 

LOG 

Time: February 28, 1979 11 :39 AM Action: Created file from old lnitia/izeFPT.mesa 



-- FilerExceptionlmpl.mesa (last edited by: Redell on: March 23, 1979 7:44 PM) 0-

DIRECTORY 
FilePageTransfer: FROM "FilePageTransfer" USING [Request], 
FilerException: FROM "Filer Exception", 
FilerPrograms: FROM "FilerPrograms", 
Process: FROM "Process" •·USING [DisableAborts]-•; 

FilerExceptionlmpl: MONITOR 
··IMPORTS Process 
EXPORTS FilerException, FilerPrograms = 

BEGIN 

FET: ARRAY FETindex OF FETentry; -- Filer Exception Table 
FETentry: TYPE = RECORD [ 

state: {free, report}, 
req: FilePageTransfer.Request]; 

FETindex: TYPE = [O .. FETsize); 
FETsize: CARDINAL = 10; 
report, free: CONDITION; 
i: CARDINAL; 

Await: PUBLIC ENTRY PROCEDURE RETURNS [FilePageTransfer.Request] 
-- Waits for a Filer exception to occur 
BEGIN 
DO 

END; 

FOR i IN FETindex DO OPEN FET[i]; 
IF state = report THEN 

BEGIN state .. free; NOT:FY free; RETURN[req] END; 
ENDLOOP; 

WAIT report; 
ENDLOOP; 

Report: PUBLIC ENTRY PROCEDURE [rwReq: FilePageTransfer.Request] = 
-- Reports a Filer exception and describes the remaining work (rwReq) 
BEGIN 
DO 

END; 

FOR i IN FETindex DO OPEN FET(i]; 
IF state = free THEN 

BEGIN req .. rwReq; state .. report; NOTIFY report; RETURN END; 
ENDLOOP; 

WAIT free; 
ENDLOOP; 

-- Initialize Filer Exception Table --

--Process.Disablet,borts[@report]; 
-- Process.DisableAborts[@free]; 

FOR i IN FETindex DO FET[i].state .. free ENDLOOP; 

END. 

LOG 

Time: February 27, 1979 9:51 PM 
Time: timeStamp By: yourName 

By: Redell Action: Created file from old CacheMisslmpl.mesa 
Action: shortDescription 



.. FilerPrograms.mesa (last edited by: Redell on: March 7, 1979 3:15 PM) •• 

FilerPrograms: DEFINITIONS = 
BEGIN 

FileCachelmpl: PROGRAM; 

FilerExceptionlmpl: PROGRAM; 

FilerTransferlmpl: PROGRAM; 

FileTasklmpl: PROGRAM; 

RemotePageTransferlmpl: PROGRAM; 

SubVolumelmpl: PROGRAM; 

END. 

LOG 

Time: February 27, 1979 10:07 PM By: Redell Action: Created file from old lnitializeFPT.mesa 



.. FilerTransferlmpl.mesa (last edited by: Redell on: August 19, 1979 1:51 PM) 

--Things to consider: 
•· 1) Large XWi re request (>Transfer.maxConcu rrency) will hang forever; should split up as with label requests (must 

deal with multiple processes however ... simply making this module a monitor would seem to introduce 
deadlocks ... ?) 

•• 2) Main routines for data and label transfers should be combined. Note that combined routine will be an external 
procedure and will execute within monitor for label transfers but outside it tor.data ... 

DIRECTORY 
DiskChannel: FROM "DiskChannel" USING [Address, CompletionHandle, Create, CreateCompletionObject, Delete, Drive, 

Handle, lnitiatelO, IORequest, Label, Plabel, WaitAny], 
Environment: FROM "Environment" USING [PageNumber, wordsPerPage], 
File: FROM "File" USING [PageCount, PageNumber], 
FileCache: FROM "FileCache" USING [GetFilePtrs, GetPageGroup, ReturnFilePtrs], 
Filelnternal: FROM "Filelnternal" USING [Descriptor, FilePtr, PageGroup], 
FilePageTransfer: FROM "FilePageTransfer" USING [Request], 
FilePageLabel: FROM "FilePagelabel" USING [Label], 
FilerException: FROM "FilerException" USING [Report], 
FilerPrograms: FROM "FilerPrograms", 
FileTask: FROM "FileTask" USING [LabelWait, maxConcurrency, XWireStart], 
lnline: FROM "lnline" USING [LongCOPY], 
LabelTransfer: FROM "LabelTransfer" USING [LabelType, Operation], 
RemotePageTransfer: FROM "RemotePageTransfer" USING [Initiate, Suggest}, 
ResidentMemory: FROM "ResidentMemory" USING [Allocate], 
SubVolume: FROM "SubVolume" USING [Find, GetPageAddress, Handle, PageNumber, StartlO], 
System: FROM "System" USING [nullNetworkAddress], 
Systemlnternal: FROM "Systemlnternal" USING [altoFPSeries, UniversallD], 
Utilities: FROM "Utilities" USING [ShortCARDINAL], 
Volumelnternal: FROM "Volumelnternal" USING [altoVolume, PageNumber]; 

FilerTransferlmpl: MONITOR 
IMPORTS 

DiskChannel, 
FileCache, 
FilerException, 
File Task, 
lnline, 
RemotePage Transfer, 
ResidentMemory, 
SubVolume, 
Utilities 

EXPORTS FilePageTransfer, Fi!erPrograms, LabelTransfer 
SHARES File, Systernlnternal 

BEGIN 

Initiate: PUBLIC PROCEDURE [req: FilePageTransfer.Request] 
BEGIN OPEN FilePageTransfer, req; 
fileFound, groupFound: BOOLEAN; 
fileP: Filelnternal.FilePtr; 
fileD: Filelnternal.Descriptor; 
rReq: Re(luest <- req; 
group: Filelnternal.PageGroup; 
IF count = 0 rHFN RETURN; 
IF LOOPHOLE[file.flD, Systemlnternal.UniversallD].series = Systernlnternal.altoFPSeries THEN -- Alto files are special remote files 

BEGIN 

ELSE 

fileP <- @fileD; 
fileD <- f ilelnternal.Descriptor[file.flD, Volurnelnternal.altoVolume, remote[]]; 
END 

BEGIN 
[fileFound, fileP] <- FileCache.GetFilePtrs[count, file.flD]; 
IF ~fileFound THEN BEGIN FilerException.Report[req]; RETURN END; 
END; 

WHILE count > 0 DO -- handle each requested file page 
WITH fileP SELECT FROM -

local = > 
l3EGIN 
svH: SubVolurne.Handle; 
svFound: BOOLEAN; 
svPage: SubVolume.PageNurnber; 
[groupFound, group] <- FileCache.GetPageGroup[file.flD, filePage]; 
II-' ~groupFound HIEN 



-- FilerTransferlmpl.mesa (last edited by: Redell on: August 19, 1979 1:51 PM) 

BEGIN FileCache.ReturnFilePtrs[count, fileP]; FilerException.Report[req]; EXIT END; 
[svFound, svH] +- SubVolume.Find[fileP.volumelD, group.volumePage]; 
svPage +- group.volumePage-svH.lvPage + (filePage-group.filePage}; 
SubVolume.StartlO(operation, svH, svPage, memoryPage, fileP, filePage]; 
END; 

remote = > 
BEGIN 
FileTask.XWireStart[memoryPage, fileP]; 
RemotePageTransfer.Suggest[[operation, file.11D, filePage, memoryPage]]; -- Alto file hack: remove later 
END; 

ENDCASE; 
filePage +- filePage + 1; memoryPage +- memoryPage + 1; count +- count-1; 
ENDLOOP; 

WITH fiteP SELECT FROM remote = > RemotePageTransfer.lnitiate[rReq, System.nullNetworkAddress]; ENDCASE; 
END; 

-- Start of monitor implementing Labe/Transfer interfai;;e 

-- Empty page is source of zeros (sink for garbage) when writing (reading) labels. 
emptyPagePtr: LONG POINTEFl = ResidentMemory.Allocate[hyperspace, 1]; 
emptyPage: Environment.PageNumber = Utilities.ShortCARDINAL.(LOOPHOLE[emptyPagePtr, LONG 
CAFlDINAL]/Environment.wordsPerPage]; 
completion: DiskChannel.CompletionHandle <- DiskChannel.CreateCompletionObject(]; 

Readlabel: PUBLIC ENTRY PROCEDURE [ 
tile: Filelnternal.Descriptor, 
filePage: File.PageNumber, 
volumePage: Volumelnternal.PageNumber] RETURNS [label: F1lePagelabel.Label] 

BEGIN 
pageGroup: Filelnternal.PageGroup <- [fi!ePage, volumePage, filePage + 1]; 
[label,] <- Perform[readLabel, @file, @pageGroup, emptyPage]; 
END; 

ReadRootlabel: PUBLIC ENTRY PROCEDURE [ 
drive: DiskChannel.Drive, 
rootPage: Volumelnternal.PageNumber] RETURNS [label: FilePageLabel.L.abel, labelValid: BOOLEAN] 

Br:GtN OPEN DiskChannel: 
rootChannel: Handle <- Create[drive, completion]; -- temporary channel for root page 
request: IORequest; 
pLabel: Plabel; • 
labelStorage: ArlRAY [0 .. SI1E[Label] + 3) OF WOFlD; -· space for label plus extra for quad alignment 
pLabel <- LOOPHOLE[((LOOPHOLE[L.ONG[@labclStorage[0]], LONG INTC:GFR] +3)/4}*4]; --qu,1,tnif,1n label 

BEGIN OPEN request; -- Can't use conscructur because of blasted PR/VA TE tie/els ... 
channel +- rootChannel; 
diskPage <- rootPage; 
memoryPage <- emptyPage; 
count <- 1; 
direction +- get; 
label <- pLabel; 
verifyLabel <- 0; 
END; 

lnitiatelO[@request]; 

labelValid <- (WaitAny[completion].status 
Delete[rootChannel]; 
label <- LOOPHOLE[pLabelt]; 
END; 

WriteLabels: PUBLIC FNTRY PROCEDURE 
file: Filolnternal.Descriptor, 
pageGroup: ,ile:nternal.PageGroup] 

BEGIN OPEN pageGroup; 
emptyPagePtrt +- 0; 

goodCompletion}; 

lnline.LongCOPY[emptyPagePtr, Envimnment.wordsPerPage-1, emptyPagePtr + 1]; 
[] <- Perform[writeLabel, @file, @pageGroup, emptyPage]; 
END; 

VerifyLabels: PUBLIC EN1FlY PROCEDURE [ 
file: Filelnternal.Descriptor, 
page(,roup: Filelnternal.PageGroup] RE::TURNS [labelsValid: BOOLEAN] = 

Bf:GIN OPEN pageGroup; 
[,labdsValid] <- Perfonn[verifyLabel, @file, @pageGroup, emptyPage]; 

2 



-- FilerTransferlmpl.mesa (last edited by: Redell on: August 19, 1979 1:51 PM) 

END; 

ReadlabelAndData: PUBLIC ENTRY PROCEDURE 
file: Filelnlernal.Oescriptor, 
filePage: File.PageNumber, 
volumePage: Volumelnternal.PageNumber, 
memoryPage: Environment.PageNumber] RETURNS [label: FilePageLabel.Label] = 

BEGIN 
pageGroup: Filelnternal.PageGroup +- [filePage, volumePage, filePage + 1]; 
[label,] +- Perform[readlabelAndData, @file, @pageGroup, memoryPage]; 
END; 

WritelabelsAndData: PUBLIC ENTRY PROCEDURE 
file: Filelnternal.Descriptor, 
pageGroup: Filelnternal.PageGroup, 
memoryPage: Environment.PageNumber, 
type: LabelTransfer.LabelType +- normal, 
lastlink: DiskChannel.Address +- NULL] = 

BEGIN 
O +- Perform[writelabelsAndData, @file, @pageGroup, memoryPage, type, lastlink]; 
END; 

Perform: INTERNAL PROCEDURE [ -- Should be combined with Initiate (above) 
operation: LabelTransfer.Operation, 
filePtr: Filelnternal.FilePtr, 
pageGroupPtr: POINTER TO Filelnternal.PageGroup, 
memoryPage: Environment.PageNumber, 
labelType: LabelTransfer.LabelType +- normal, 
lastlink: DiskChannel.Address +- NULL] 
RETURNS [label: FilePageLabel.Label, labelsValid: BOOLEAN] = 

BEGIN OPEN pageGroupPtr; 

END. 

LOG 

count: File.PageCount <- nextFilePage-filePage; 
subVolume: SubVolume.Handle; 
subVolumeFound: BOOLEAN; 
batchSizo: CAFWINAL; 
thisLabelValid: BOOLEAN; 
[subVolurneFound, subVolume] <- SubVolume.Find[filePtr.volumelD, volumePage]; 
IF ~subVolumeFound THEN ERHOR; -- local volume must be found 
WITH filePtr SELECT rnOM 

END; 

remote =>ERROR; -- can't transfer remote labels 
local = > 

BEGIN 
i: CARDINAL.; 
link: DiskCllannel.Address; 
labelsValid ... TRUE; 
Wlill[ count > 0 DO -- lia11dle each requested label transfer 

END; 
ENDCASE; 

batchSize <- MIN[Utilities.ShortCARDINAL[count], FileTask.maxConcurrency]; 
FOR i IN [1 .. batchSize] DO -- start a batch 

IF labelType = chained THEN link ... IF i = count THEN lastlink ELSE 
SubVolume.GetPageAddress[filePtr.volumelD, volumePage + 1].address; 

SubVolume.StartlO[operation, subVolume, volumePage, memoryPage, filePtr, filePage, 
labelType = chained, link]; 

filePage +- file Page+ 1; volumePage +- volumePage + 1; 
IF operation = writeLabelsAndData HIEN memoryPage +- memoryPage + 1; 
ENDLOOP; 

THROUGH [1 .. batchSize] DO -- wait for the hatch to finish 
[label, thislabelValid] +- FileTask.LabelWait[]; 
labelsValid +- labelsValid AND thislabelValid; 
ENDLOOP; 

count <- count-batchSize; 
ENDLOOP; 

Time: February 28, 1979 9:28 AM By: Redell Action: Created file by merging old FilePageTransfer/mp/.mesa and 

3 
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-- File rTransfe rim pl.mesa (last edited by: Redell on: August 19, 1979 1:51 PM) 

Labe/Transferlmpl.mesa 
Time: March 21, 1979 12:01 PM By: Redell 
Time: August 13, 1979 3:59 PM By: Redell 

into dis/<. driver. 

Action: Converted to Mesa 5.0 
Action: Added interim boot-chain machinery; must be cleaned up and pushed down 

-- -----------------



.. File Task.mesa (last edited by: Redell on: August 17, 1979 4:10 PM) 

DIRECTORY 
DiskChannel: FROM "DiskChannel" USING [IORequestHandle], 
Environment: FROM "Environment" USING [PageNumber], 
Filelnternal: FROM "Filelnternal" USING (FilePtr, Operation], 
FilePageLabel: FROM "FilePageLabel" USING [Label]; 

FileTask: DEFINITIONS = 

BEGIN 

maxConcurrency: CARDINAL = 40; -- ma)(imum File Tasks (oustanding page transfers) that can e)(ist at any one time. 

DiskStart: PROCEDURE [mPage: Environment.PageNumber, fPtr: Filelnternal.FilePtr, operation: Filelnternal.Operation] RETURNS 
[DiskChannel.lORequestHandle]; 

DiskFinish: PROCEDURE [reqH: DiskChannel.lORequestHandle, labelValid: BOOLEAN]; 

XWireStart: PROCEDURE [mPage: Environment.PageNumber, IPtr: Filelnternal.FilePtr] ; --RETURNS (??]; 

XWireFinish: PROCEDURE [ mPage: Environment.PageNumber --other args--]; 

LabelWait: PROCEDURE RETURNS [label: FilePageLabel.Label, labelValid: BOOLEAN]; 

END. 

LOG 

Time: February 28, 1979 10:35 AM By: Redell Action: Created file from old Transfer.mesa 
Time: March 22, 1979 5:51 PM By: Redell Action: Increased size of RequestCe/1 from 12 to 14 words. 
Time: July 31, 1979 6:25 PM By: Gobbel Action: Increased size of RequestCe/1 from 14 to 17 words. 
Time: August 17, 1979 4:09 PM By: Redell Action: Changed to use FilePageLabel and DiskChannef. 



-- FileTasklmpl.mesa (last edited by: Redell on: August 20, 1979 1:17 PM) --

DIRECTORY 
DiskChannel: FROM "DiskChannel" USING (IORequest, IORequestHandle, Label], 
Environment: FROM "Environment" USING [PageNumber], 
FilePage Transfer: FROM "FilePage Transfer", 
FilePageLabel: FrlOM "FilePageLabel" USING [Label], 
Filelnternal: FROM "Filelnternal" USING [FilePtr, Operation], 
FileCache: FROM "FileCache" USING [ReturnFilePtrs], 
FilerPrograms: FROM "FilerPrograms", 
FileTask: FROM "File Task"' 
LabelTransfer: FROM "LabelTransfer" USING [Operation], 
--Process: FROM "Process" USING [DisableAborts], 
Runtimelnternal: FROM "Runtimelnternal" USING [WorryCallDebugger]; 

FileTasklmpl: MONITOR 
IMPORTS FileCache, --Process,-- Runtimelnternal 
EXPORTS FileTask, FilePageTransfer, FilerPrograms 

BEGIN 
ErrorHalt: PROCEDURE = BEGIN Runtimelnternal.WorryCallDebugger["Error in FileTasklmpl"L]; END; 
FTT: ARRAY [0 .. FTTsize) OF FTTentry; -- File Task Table 

FTTlabelStorage: ARRAY [0 .. FTTsize] OF DiskChannel.Label; -- parallel table of labels (w/ extra slot to align) 
FTTlabels: POINTER TO ARRAY OF DiskChannei.Label = 

LOOPHOLE[((LOOPHOLE[@FTTlabelStorage[0], CARDINAL]+ 3)/4)*4]; -- quadword aligned 
FTTindex: TYPE = [0 .. FTTsize); 
FTTsize: CARDINAL = FileTask.maxConcurrency; 
FTTentry: TYPE = Mt,CHINE DEPENDENT RECORD [ -- must be mult of quadword to retain alignment 

operationClass: OperationClass, 
state: {pending, complete, free}, 
labelError: BOOLEAN, 
pad: (0 .. 7777B], 
memPage: Environment.PageNumber, 
filePtr: File\ nternal. FilePtr, 
var: SELECT OVEHLAID * FROM 

disk = > [request: DiskChannei.lORequest], 
xwire = > NUU, --??--
ENDCASE]; 

OperationClass: TYPE = {dataOperation, labelOperation}; 
complete, free: CONDITION; 

DiskSta rt: PUBLIC ENTRY PFlOCEDURE [rnPage: Environment.PageNumber, fPtr: Filelnternal.FilePtr, operation: Filelnternai.Operation] 
f,ETUflNS [DiskCl1annel.lORequestHandle] = 

BEGIN 
i: CARDINAL; 
Error: PROCEDURE flETIJRNS (OperationClass]; 
DO 

END; 

FOR i IN FTTindex DO WITH FTT(i] SELECT disk FROM disk = > 
IF state = free THEN 

BEGIN 
operationClass .. SELECT operation FROM 

IN FilePageTransfer.Operation = > dataOperation, 
IN LabelTransfer.Operation = > labelOperation, 
ENDCASE =) Error[]; 

state .. pending; 
rnemPage .. mPage; 
filePtr .. f Ptr; 
RETUF1N [@request] 
ENIJ; 

ENDCASE; 
ENDLOOP; 

WAIT free; -- no free slots: wait for one and try again 
ENDLOOP; 

DiskFinish: PUBLIC ENTRY PROCEDURE (reqH: DiskChannel.lORequestHandle, labelValid: BOOLEAN] 
BEGIN 
i: CARDINAL; ~'\ 
FOR i IN FTTindex DO OPEN FTT[i]; ____,, t tJ 

IF state = pending AND reqH = @request THEN ,,r• _\. \tJ'..e; _f 

BEGIN ~ 1)i~ _,_,.- -
IF operationClass = dataOperation THEN ~ 

IF labelValid THEN F!leCache.ReturnFilePt_r§.[~~PtrJ -- ••""•• " 
ELS[ Runtimelnternal.WorryCallDebugger[' ~r_§_~erable Ql:'>!<Jerror ]; "- Should be non-fatal somehow 

labelError ,_ ~ label Valid; 

------- --- ----------------------------
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state <-- complete; 
BROADCAST complete; 
RETURN; 
END; 

ENDLOOP; 
ErrorHalt[]; -- never heard of this page transfer 
END; 

XWireStart: PUBLIC ·-ENTRY-- PROCEDURE [mPage: Environment.PageNumber, !Ptr: Filelnternal.FilePtr] = 
BEGIN 
-- Real version must handle duplicates, retransmissions, etc. Needs much fancier key ... 
[] <-- DiskStart[mPage, fPtr, read]; -- this will do for now (for pseudo-remote Alto files) 
END; 

XWireFinish: PUBLIC ENTRY PROCEDURE (mPage: Environment.PageNumber --other args--J 
BEGIN 
-- Real version must handle duplicates, retransmissions, etc. Needs much fancier key ... This version works only for pseudo­
remote Alto-file transfers 
i: CARDINAL; 
FOR i IN FTTindex DO OPEN FTT(i]; 

IF state = pending AND memPage = mPage THEN 
BEGIN 
-· FileCache.ReturnFilePtrs[1, filePtr]; ... disabled for Alto files, which aren't in file cache 
labelError <-- FALSE; 
state <-- complete; 
BROADCAST complete; 
RETURN; 
END; 

ENDLOOP; 
ErrorHalt[]; -- never heard of this page transfer 
END; 

Wait: PUBLIC ENTRY PROCEDURE RETURNS (Environrnent.PageNumber] 
BEGIN 
i: CARDINAL; 
DO 

FOfl i IN FTTindex DO OPl"N FTT(i]; 
IF state = complete AI\JD operationClass 

BEGIN. 
state ... free; 
NOTIFY free; 
FlETURN[memPage] 
END: 

lcNDLOOP; 

dataOperation THEN 

WAIT complete; · no u•111pletecl tmnsfers: wait for some transfer to complete 
ENDLOOI'; 

END; 

LabelWait: PUBLIC ENTRY PROCEDUllE RETURNS [label: FilePageLabel.Label, labelValid: BOOLEAN] 
BEGIN 
i: CARDINAL; 
DO 

END; 

FOR i IN FTTindex DO OPEN FTT(i]; 
IF state = complete AND operationClass = labelOperation THEN 

I3EGIN 
labelValid <-- ~labelError; 
label ... LOOPHOLE[request.labelt, FilePageLabel.Label]; 
state •- free; 
NOTIFY free: 
RETURN; 
fND; 

ENDLOOP; 
WAIT complete; -- 110 co1J1pleted transfers: wait for some transfer to complete 
ENDLOOP; 

-- Initialize Page Transfer Table -­

BEGIN 
i: CARDINAL; 

--Process.DisableAborts[@complete]; 
--Process. Disabl,,Aborts[@free]; 

2 
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FOR j IN FTTindex DO 

END 

END. 

LOG 

FTT[i].state +- free; 
FTT[i].request.label +- @FTTlabels[i]; 
ENDLOOP; 

Time: February 28, 1979 11:33 AM By: Repel/ Action: Created file from old Transferlmpl.mesa 

3 

Time: March 7, 1979 6:04 PM By: Redell Action: Converted to Mesa 5.0; removed reference to old FilePageTransferlnternal. 
Time: March 26, 1979 4:59 PM By: Redell Action: Added check for label error on data transfer (For now, fatal error = > Call 

Debugger). 
Time: August 20, 1979 12:19 PM By: Redell AG.tion: Removed LOOPHOLES to DiskChannel types. 



-- RemotePageTransfer.mesa (last edited by: Redell on: August 18, 1979 6:11 PM) 

DIRECTORY 
Environment: FROM "Environment" USING [PageNumber], 
FilePageTransfer: FROM "FilePageTransfer" USING [Operation, Request], 
File: FnOM "File" USING (ID, PageNumber], 
System: FROM "System" USING [NetworkAddress]; 

RemotePageTransfer: DEFINITIONS = 

BEGIN 

PageOp: TYPE = RECORD[ 
op: FilePageTransfer.Operation, 
file: File.ID, 
fPage: File.PageNumber, 
mPage: Environment.PageNumber]; 

Suggest: PROCEDURE [sPop: PageOp]; 

Initiate: PROCEDURE [FilePageTransfer.Request, System.NetworkAddress]; 

END. 

LOG 

Time: March 20, 1978 9:16 AM By: Redell Action: Created file 
Time: September 22, 1978 4:08 PM By: Redell Action: Added 'Suggest' mechanism to eliminate Alto file bottleneck. 
Time: Marc/1 t, 1979 10:56 AM By: Redell Action: Changed name from "Server" to "RemotePageTransfer". 
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DIRECTORY 
AltoDiskController: FROM "AltoDiskController" USING [Acquire, Release], 
AltoDefs: FROM "AltoDefs" USING [BYTE, MaxFilePage, PageMumber], 
AltoFileDefs: FFlOM "AltoFileDefs" USING [FA, FP, LO, NullFP, vDA, vDC], 
AltoDisk: FROM "AltoDisk" USING [DiskCheckError, DiskPageDesc, DiskRequest, SwapPages], 
Environment: FROM "Environment" USING [Word, wordsPerPage], 
File: FROM "File" USING [PageNumber], 
FilePageTransfer: FROM "FilePageTransfer" USING (Operation, Request], 
FilerPrograms: FROM "FilerPrograms", 
FileTask: FROM "FileTask" USING [XWireFinish], 
Process: FROM "Process" USING [Detach, --DisableAborts,-- SetTimeout], 
RemotePageTransfer: FROM "RemotePageTransfer" USING (PageOp], 
Runtime: FROM "Runtime" USING [CallDebugger], 
System: FROM "System" USING [NetworkAddress], 
Utilities: FROM "Utilities" USING [ShortCARDINAL], 
VM: FROM "VM" USING [PageNumber, PageOffset]; 

RemotePageTransferlmpl: MONITOR 
IMPORTS 

AltoDiskCont roller, 
AltoDisk, 
File Task, 
Process, 
Runtime, 
Utilities 

EXPORTS FilerPrograms, RemotePageTransfer 
SHAflES File = 

BEGIN 
-- This module simulates communication with a page-level server by short-circuiting the entire remote swapping protocol and 

clirectly accessing Alto files via the low-level AltoDisA interface /adaptecl trorn the Alto/Mesa D1sWets ,ntertacej. It is a monitor 
to avoid any possible conflicts due to the non-reentmncy of AltoDisAlmpl !aclapted frorn t/,e Alto/Mesa Disk/O module). 
RemotePageTransferlmpl must be replaced (or modified) when real remote swapping is desired instead ol (or in addition 
to) pseudo-remote access to Alto files. 

hints: 1\RFlAY [0 .. 1] OF Hint <- [nullHint, nullHint]; 
Hint: TYPE = RFCOllD [ 

fp: Altol-ileDefs.FP, 
filePage: File.PageNumber, 
vDA: AltoF1leDcfs.vDA]; 

nullHint: Hint = [A:toFilcDefs.NullFP, 0, [O]]; 
hOldest: CAHIJINAL <- 0; 

workToDo, workDone: CONDITION; 
wPop: llernotePayeTransfer.PageOp; 
wCount: CAllDINAL; 

Suggest: PURI IC ENTFlY PflOCEDURE [sPop: RernotePageTransfer.PageOp] = 
BEGIN OPf'N wPop; - ft11s 1o really 111st a l1ack for Alto /1/cs 
IF wCount > 0 THEN 

IF sPop = HemotePageTransfcr.PageOp(op, file, !Page+ wCount, mPage + wCount] THEN 
BEGIN wCount <- wCount + 1; RETURN; END 

ELSE 
WlilU: wCount ) 0 DO 

WAI r work Done 
f-NLJLOOP; 

wPop <- sPop; wCount <- 1; 
END; 

Initiate: f'UULIC EN rnY f'nOCEDURE [req: Filef'ageTransfer.Request, netAdclr: System.NetworkAcldress] = 
f3EGIN 
NOTIFY workToDo; 
END; 

•AltoFileProcess: EN mY PflOCEDURE 
BEGIN OPEN wPop; 
offset: VM.PageOffset; _ 
AltoFilelD: TYPE = RECORD[series: CARDINAL, fp: AlloFileDefs.FP]; 
DO 

WHILE wCount = 0 DO 
WAI r workToDo 
ENDLOOP; 

AltoDiskCont roller.Acquire[]; 
Transfer:'\ltrY1g0s[LOOPHOLE[filc, AltoFilelD].fp, !Page, mPage, wCount, op]; 
AltoDiskControlie ,.Release[]; 
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END; 

FOR offset IN [O .. wCount) DO 
FileTask.XWireFinish[mPage + offset]; 
ENDLOOP; 

wCount ,.. O; 
NOTIFY workDone; 
ENDLOOP; 

TransferAltoPages: INTERNAL PROCEDURE [Ip: AltoFileDefs.FP, filePage: File.PageNumber, memoryPage: VM.PageNumber, count: 
CARDINAL, operation: FilePageTransfer.Operation] = 

BEGIN 
firstFilePage: AltoDefs.PageNumber ,._ Utilities.ShortCARDINAL[filePage]; 
lastFilePage: AltoDefs.PageNumber ,.. firstFilePage + count-1; 
firstDA: AltoFileDefs.vDA; 
page: AltoDefs.PageNumber; 
byte: AltoDefs.BYTE; 
memoryAddr: LONG POINTER LOOPHOLE[LONG[memoryPage]*256]; 
leaderPage: LONG POINTER TO AltoFileDefs.LD = LOOPHOLE[memoryAddr]; 
dReq: swap AltoDisk.DiskRequest; -
dpd: l\ltoDisk.DiskPageDesc; 
Error: PROCEDURE r~ETURNS [l\ltoFileDefs.vDC]; 
BEGIN ENABLE 

AltoDisk.DiskCheckError = > 
IF page = 0 AND filePage = 0 THEN 

BEGIN 

ELSE 

leaderPage.eolFA ,.. l\ltoFileDofs.FA[[O], 0, OJ; -- (tells file mgr that file doesn't exist! 
GO TO Return 
END 

DO Runtime.CallDebugger["Mallormed Alto file: run the scavenger"] ENDLOOP; 
IF Ip = hints[O].fp AND lilePage = hints[O].filePage THEN 

lirstDA ,- hints[O].vDA 
ELSE IF Ip = hints[1].fp /\ND lilePage = hints[1].filePage TI-IEN 

lirstDA <- hints[1].vDA 
ELSE II- firstFilePage = 0 HIEN 

ELSE 
lirstDA <- lp.leaderDA 

BEGIN 
dReq ... AltoDisk.DiskRequest[ 

ca: @scanGuffer, 
da: @fp.leaderDA, 
lirslPage: 0, 
lastPage: firstFilePage-1, 
fp @fp, 
fixedCA: TRUE, 
action: ReadD, 
lastAction: , 
signalCheckError: TRUE, 
option: swap[@dpdl]; 

[page,] <- AltoDisk.SwapPages[@dReq]; 
IF page ~ = lirstFilePage-1 THEN ERl,OF1; -- File too short 
lirstDA <- dpd.next; · 
END; 

dReq <- AltoDisk.DiskRequest[ 
ca: rnemoryAddr, 
da: @lirstDA, 
lirstPa9e: lirstFileP;ige, 
lastF'age: lastFilePage, 
Ip: @Ip, 
lixedCA: FALSE, 
actic1: SEL.ECT operation FROM read =) Read 0, write =) WriteD, EN DC ASE =) Error[], 
lastAction: , 
signalCheckError: TRUE, 
option: swap[@dpdl]; 

[page,] ,.. AltoDisk.SwapPages[@dReq]; 
IF page ~ = lastFilePage THEN f=RROR; -- File too short 
IF lilePage = 0 n-JF.N -- (ci1u11t rea1/i119 leader page: cl,eck length hint! 

BEGIN 
pastEOF: BOOLEAN ,._ F/\lSE; -- Has bad EOF hmt sent us diving off past end-of-file? 
liintDA: AltoFileDefs.vDA <- leaderPage.eolFA.da; 
eofFA: /\llofileDefs.FA; 
dReq <-- i\ltoDislcDiskRequest[ 

2 
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ca: @scanBuffer, 
da: @hintDA, 
lirstPage: leaderPage.eofFA.page, -- start at alleged end of file ... 
lastPage: AltoDefs.MaxFilePage, -- ... and read as much as there is. 
Ip: @fp, 
fixedCA: TRUE, 
action: ReadD, 
lastAction: , 
signalCheckError: TRUE, 
option: swap[@dpd]]; 

[page, byte] +- AltoDisk.SwapPages[@dReq ! AltoDisk.DiskCheckError = > BEGIN pastEOF +- TRUE; CONTINUE END]; 
IF pastEOF THEN -- go back to beginning of file and read as much as there is 

BEGIN 
dReq +- AltoDisk.DiskRequest[ 

ca: @scanBuffer, 
da: @firstDA, 
firstPage: firstFilePage, 
lastPage: AltoDefs.MaxFilePage, 
fp: @Ip, 
fixedCA: TRUE, 
action: ReadD, 
lastAction: , 
signalCheckError: TRUE, 
option: swap(@dpd]]; 

[page, byte] +- AltoDisk.SwapPages[@dReq]; 
END; 

eolFA +- AltoFileDefs.FA[dpd.this, page, byte]; -- truth about end of file 
IF leaderPage.eofF A ~ = eofF A THEN 

END 

BEGIN 
leaderPage.eofFA +- eofFA; -- fix hint 
dReq +- AltoDisk.DiskRequest[ 

ca: leaderPage, 
da: @firstDA, 
firstPage: firstFilePage, 
lastPage: firstFilePage, 
fp: @fp, 
fixedCA: TRUE, 
action: WriteD, 
lastAction: , 
signalCheckError: TRUE, 
option: swap[@dpdl]; 

[page, byte] +- AltoDisk.SwapPages[@dReq]; -- shoulcl't ever get check error here ... 
END 

ELSE -- (enter hint in ca,;he) 
BEGIN 
hints[hOldest] <- Hint[fp, lilePage + count, dpd.next]; 
hOldest <- {hOldest + 1) MOD 2; 
END 

END -- enable-block for DiskC/JeckError 
EXITS 

Return = > RETURN; 
END; 

scanBulfer: ARRAY [O .. Environrnent.wordsPerPage) OF Environment.Word; 

;· .. p;~c~~sDisableAborts[@w;rkToDo]; 
1 --Process.DisableAborts[@wor kDone]; 

Process.SetTimeout[@work To Do, 1 O]; 
wCount +- O; 
Process.Detach[FORK AltoFileProcess[]]; /' c·, 

---- -- -- - . ___ _,, ~ 
END. 

LOG 

Time: June 7, 1978 11:01 AM 
Time: June 14, 1978 6:30 PM 
Tim~: June 14, 1978 6:30 PM 

By: Redell 
By: Redell 
By: Redell 

-
Action: Created file 
Action: Added calf to Transfer.XWireFinish to complete each transfer. 
Action: Added privilte scanBuffer for Disk/O label scan. 

3 
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Time: July 21, 1978 11:37 AM By: Redell 
Time: August 4, 1978 5:03 PM By: Redell 
Time: August 30, 1978 5:27 PM By: Redell 

Action: Bug: could not access page 0. 
Action: Added acquire/release of shared alto disk controller 
Action: Added two-item disk address cache for Alto files (should catch code 

remapping and directory searching) 
Time: September 1, 1978 4:56 PM By: McJones 
Time: September 2, 1978 11:11 AM By: McJones 
Time: September 14, 1978 11:28 PM By: Redell 

controller. 

Action: Set signa/CheckError +- TRUE 
Action: Added count to hint filePage 
Action: Changed to fix hint in leader page. Converted to LONG POINTER disk 

4 

Time: September 22, 1978 3:57 PM By: Redell 
danger of lockup. 

Action: Added extra process to allow arbitrary-sized Alto file transfers without 

Time: March 1, 1979 11:09 AM By: Redell 
Time: March 1, 1979 11:09 AM By: Redell 

Action: Changed name from "Server/mp/" to "RemotePageTransferlmpl". 
Action: Converted to Mesa 5.0. 



\ 

-- Su bVolumelmpl.mesa (last edited by: Forrest on: September 10, 1979 6:29 PM) 

--Things to consider: 
--1) Taking subvolumes offline needs more synchronization. Can probably cover subvolumes with filecache 

reference counts since holder of a SubVolume.Handle usually holds a FilePtr for a file on the subvolume. 
Offline must then flush file cache before removing subvolume (allows pending 1/0 to complete). 

DIRECTORY 
AltoDiskController: FROM "AltoDiskController", 
DiskChannel: FROM "DiskChannel" USING [Address, CompletionHandle, CreateCompletionObject, Direction, 

GetPageAddress, Handle, Idle, lnitiatelO, IORequestHandle, Restart, WaitAny], 
Environment: FROM "Environment" USING (PageNumber], 
File: FROM "File" USING [PageNumber], 
Filelnternal: FROM "Filelnternal" USING (FilePtr, Operation], 
FilePagelabel: FROM "FilePageLabel" USING [Label, nulllabel, SetFilePage, SetType], 
FilerPrograms: FROM "FilerPrograms", 
FileTask: FROM "FileTask" USING (DiskFinish, DiskStart], 
PhysicalVolume: FROM "PhysicalVolume" USING [SubVolumeDesc], 
PilotFileTypes: FROM "PilotFileTypes" USING [tBootFile], 
Process: FROM "Process" USING [Detach], 
Runtimelnternal: FROM "Runtimelnternal" USING (WorryCallDebugger], 
SubVolume: FROM "SubVolume" USING [Descriptor, Handle, PageNumber], 
Volume: FROM "Volume" USING [ID], 
Volumelnternal: FROM "Volumelnternal" USING [PageNumber]; 

SubVolumelmpl: MONITOR 
IMPORTS DiskChannel, FilePagelabel, FileTask, Process, Runtimelnternal 
EXPORTS AltoDiskController, SubVolume, FilerPrograms = 

BEGIN OPEN DiskChannel; 

-- Preliminary version of subvolume cache 
cacheSize: CARDINAL = 8; -- (2 subvolumes + physical Root Hack} •2 disks + 2 for fudge 
Cachelndex: TYPE = [1 .. cacheSize]; 
cache: ARRAY Cachelndex OF CacheEntry; 
CacheEntry: TYPE = RECORD [occupied: BOOLEAN, svDesc: SubVolume.Descriptor]; 
CePtr: TYPE = POINTER TO CacheEntry; 
ceFirst: CePtr = @cache[FIRST[Cachelndex]]; 

ErrorHalt: PROCEDURE = BEGIN Runtimelnternal.WorryCallDebugger["Error in SubVolumelmpl"L]; END; 

Find: PUBLIC ENTRY PROCEDURE (vlD: Volume.ID, page: Volumelnternal.PageNumber] RETURNS [success: BOOLEAN, subVolume: 
SubVolume.Handle] = 

BEGIN 
[success, subVolume] +- FindSV(@vlD, page] 
END; 

FindSV: INTERNAL PROCEDURE {vlD: POINTER TO Volume.ID, page: Volumelnternal.PageNumber] RETURNS [BOOLEAN, 
SubVolume.Handle] = 

INLINE 
BEGIN 
cePtr: CePtr +- ceFirst; 
svH: SubVolume.Handle; 
THROUGH Cachelndex DO 

IF cePtr.occupied THEN 
BEGIN 
svH +- @cePtr.svDesc; 
IF vlDt = svH.lvlD AND page IN [svH.lvPage .. svH.lvPage + svH.nPages) THEN RETURN (TRUE, svH]; 
END; 

cePtr +- cePtr + SIZE{CacheEntry]; 
ENDLOOP; 

RETURN [FALSE, Nil] 
END; 

GetPageAddress: PUBLIC ENTRY PROCEDURE (vlD: Volume.ID, page: Volumelnternal.PageNumber] RETURNS {channel: 
DiskChannel.Handle, address: DiskChannel.Address) = 

BEGIN 
found: BOOLEAN; 
svH: SubVolume.Handle; 
[found, svH] +- FindSV[@vlD, page); 
IF NOT found THEN ErrorHalt[); 
RETURN (svH.channel, DiskChannel.GetPageAddress[svH.channel, svH.pvPage + (page-svH.lvPage))] 
END; 
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Online: PUBLIC ENTRY PROCEDURE [subVolume: PhysicalVolume.SubVolumeDesc, channel: DiskChannel.Handle] = 
BEGIN OPEN subVolume; 
cePtr: CePtr +- ceFirst; 
THROUGH Cachelndex DO OPEN cePtr; 

IF ~occupied THEN 
BEGIN 
occupied +- TRUE; 
svDesc +- SubVolume.Descriptor[ 

lvlD: lvlD, 

RETURN; 
END; 

lvPage: lvPage, 
pvPage: pvPage, 
nPages: nPages, 
channel: channel]; 

cePtr +- cePtr + SIZE[CacheEntry]; 
ENDLOOP; 

ErrorHalt[]; -- subvolume cache overflow 
END; 

Offline: PUBLIC ENTRY PROCEDURE [vlD: Volume.ID] = 
BEGIN -- Flushes all subvolumes of a given logical volume 
cePtr: CePtr +- ceFirst; 
THROUGH Cachelndex DO OPEN cePtr; 

END; 

IF svDesc.lvlD = vlD THEN occupied +- FALSE; 
cePtr <- cePtr + SIZE[CacheEntry]; 
ENDLOOP; 

Acquire: PUBLIC ENTRY PROCEDURE = 
BEGIN -- Idles all Pilot subvolumes to allow Alto file 1/0 
cePtr: CePtr +- ceFirst; 
THROUGH Cachelndex DO OPEN cePtr; 

END; 

IF occupied THEN ldle[svDesc.channel]; 
cePtr +- cePtr + SIZE[CacheEntry]; 
ENDLOOP; 

Release: PUBLIC ENTRY PROCEDURE = 
BEGIN -- Restarts all Pilot subvolumes when Alto file //0 is completed 
cePtr: CePtr +- ceFirst; 
THROUGH Cachelndex DO OPEN cePtr; 

END; 

IF occupied THEN Restart[svDesc.channel]; 
cePtr <- cePtr + SIZE[CacheEntry]; 
ENDLOOP; 

StartlO: PUBLIC --ENTRY-- PROCEDURE [op: Filelnternal.Operation, subVolume: SubVolume.Handle, subVolumePage: 
SubVolume.PageNumber, memPage: Environment.PageNumber, filePtr: Filelnternal.FilePtr, filePage: File.PageNumber, chained: 
BOOLEAN +- FALSE, link: DiskChannel.Address <- NULL] = 
BEGIN 
labelSize: CARDINAL = SIZE [FilePagelabel.Label]; 
VerifyCount: TYPE = [O . .labelSize]; 
verify: VerifyCount +- labelSize; 
noVerify: VerifyCount = O; 
Action: TYPE = RECORD [verifylabel: VerifyCount, getOrPut: Direction]; 
action: Action; 
ErrorHalt1: PROCEDURE RETURNS [Action] = LOOPHOLE[ErrorHalt]; 
requestHandle: IORequestHandle; 
properlabel: FilePageLabel.Label <- FilePageLabel.nulllabel; 
properLabel.filelD +- filePtr.filelD; 
FilePageLabel.SetFilePage[@properlabel, filePage]; 
IF chained THEN properlabel.bootChainlink <- LOOPHOLE[link]; 
WITH filePtr SELECT FROM·· couldn't his be done at a higher level??? 

local => 
BEGIN 
FilePageLabel.SetType[@properlabel, type]; 
IF type = PilotFileTypes.tBootFile THEN verify <- verify-2; -- can't verity bootchain link words 
IF filePage = 0 THEN 

BEGIN 
properlabel.immutable <- immutable; 
properlabel.temporary <- temporary; 
properlabel.zeroSize <- (size = O); 

2 



-- Control>PilotControl.mesa (last edited by: McJones on: October 10, 1979 11:34 PM) 

DIRECTORY 
AltoDisk: FROM "AltoDisk" USING [DA, DL, DiskPageDesc, DiskRequest, RealDA, SwapPages, VirtualDA], 
AltoFileDefs: FROM "AltoFileDefs" USING [FP], 
Boot: FROM "Boot" USING [Location, LP, LVBootFiles, nullDiskFilelD, VolumeType], 
BootSwap: FROM "BootSwap" USING [countSkip, GetPStartlistHeader, GetSelf, Initialize, lnitializeMDS, mdsiGerm], 
CommunicationPrograms: FROM "CommunicationPrograms" USING [CommunicationControl), 
ControlDefs: FROM "ControlDels" USING [GlobalFrameHandle, StateVector, TraceOff, Traplink), 
ControlPrograms: FROM "ControlPrograms" USING [Systemlmpl), 
CoreSwapDefs: FROM "CoreSwapDefs" USING [Puntlnfo], 
DebuggerSwap: FROM "DebuggerSwap" USING [DebuggerMicrocode, Parameters], 
DriverPrograms: FROM "DriverPrograms" USING [DriverCcintrol, StartlODrivers], 
Environment: FROM "Environment" USING [maxPageslnMDS, PageCount, PageNumber, PageOffset, wordsPerPage), 
FacePrograms: FROM "FacePrograms" USING [FaceControl], 
File: FROM "File" USING [Capability, Create, ID, MakePermanent, nulllD, Permissions, read, SetSize, write], 
FrameOps: FROM "FrameOps" USING [Free, GetReturnFrame, SetReturnlink], 
lnline: FROM "lnline" USING [BITAND, LongCOPY], 
KernelFile: FROM "KernelFile" USING [DeleteTemps, GetRootFile, Pin], 
Keys: FROM "Keys" USING [KeyBits], 
MiscPrograms: FROM "MiscPrograms" USING [PPDatalmpl, ResidentHeaplmpl, Streamlmpl, Utilitieslmpl, Zonelmpl], 
Mopcodes: FROM "Mopcodes" USING [zll4, zMISC, zRFS, zSHIFT, zWFS], 
PageMap: FROM "PageMap" USING [Assoc, SetF, Value, valueClean, valueVacant], 
PerformancePrograms: FROM "PerformancePrograms" USING [PilotCounter, PilotPerfMonitor], 
PilotClient: FROM "PilotClient" USING [Run), 
PilotMP: FROM "PilotMP" USING [Code, cBadBootFile, cClient, cCommunication, cDeleteTemps, cDrivers, cMap, 

cRuntime, cStorage], 
PilotFileTypes: FROM "PilotFileTypes" USING [tCodeFile], 
PPData: FROM "PPData" USING [Initialize, on, TurnOn], 
Process: FROM "Process" USING [Detach], • 
Processlnternal: FROM "Processlnternal" USING [Disablelnterrupts, Enablelnterrupts], 
ResidentMemory: FROM "ResidentMemory", 
Runtime: FROM "Runtime" USING [CallDebugger], 
Runtimelnternal: FROM "Runtimelnternal" USING [Codebase, WorryCallDebugger], 
RuntimePrograms: FROM "RuntimePrograms" USING [Frames, Instructions, lnterruptKey, PilotNub, Processes, Signals, 

Snapshotlmpl, Start, Traps), 
SDDefs: FROM "SDDefs" USING [sFirstFree, SD], 
Space: FROM "Space" USING [Create, delaultWindow, Delete, Handle, MakeReadOnly, Map, Remap, WindowOrigin], 
SpecialSpace: FROM "SpecialSpace" USING [MakeSwappable), 
Startlist: FROM "Startlist" USING [Entry, Filelndex, Index, Header, NullFilelndex, SelfFilelndex, NullSpacelndex, 

Spacelndex, SpaceType, Startlndex, TableBase, VersionlD], 
StoragePrograms: FROM "StoragePrograms", 
System: FROM "System" USING [UniversallD], 
Systemlnternal: FROM "Systemlnternal" USING [UniversallD, altoFPSeries], 
TrapOps: FROM "TrapOps" USING [WriteXTS], 
VMMapLog: FROM "VMMapLog" USING [Descriptor, EntryPointer, PatchTable, PatchTableEntry, PatchTableEntryPointer], 
PilotSwilches: FROM "PilotSwitches", 
Volume: FROM "Volume" USING [ID, SystemlD]; 

PilotControl: PROGRAM 
IMPORTS AltoDisk, Boot, BootSwap, CommunicationPrograms, ControlPrograms, DebuggerSwap, FacePrograms, 

DriverPrograms, File, FrameOps, lnline, KernelFile, MiscPrograms, PageMap, PerformanceProgranis, PilotClient, 
PPData, Process, Processlnternal, Runtime, Runtimelnternal, RuntimePrograms, Space, SpecialSpace, 
StoragePrograms, TrapOps, Volume 

EXPORTS DebuggerSwap, PilotSwitches, ResidentMemory 
SHARES AltoDisk, ControlDefs, File, PageMap, RuntimePrograms, System, Systermnternal = 

BEGIN OPEN Environment; • 

countVM: PageCount = 16384-256-256; -- leave room for germ, old saved map entries 
pageSavedMap: PageNumber = countVM-1; -- only if altoDebugger (need an allocator for this) 

-- Options: 
switches: PUBLIC Keys.KeyBits; -· exported through PilotSwitches 
debuggerVolume: BOOLEAN; •· Pilot was bootLoaded from a debugger or a client volume? 

-- Parameters: 
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-- Conlrol>PilotCont rol.mesa (last edited by: McJones on: October 10, 1979 11:34 PM} 

countResidentMemory: PageCount +- 30; •· for ResidentMemory implementation 
countBuffer: PageCount; •• for SwapBuffer implementation (set just before key stop OJ 
countThreshold: PageCount +- 4; -- tor replacement algorithm (MStore.AwaitBelowThreshold) 

-- Assorted global variables: 
h: POINTER TO Startlist.Header; tableBase: Startlist.TableBase; 
pageFirstReal: PageNumber ... O; -- should be field in StartLlst.Header 
indexResidentMemory: Startlist.Spacelndex +- Startlist.NullSpacelndex; 
fcSelf: File.Capability; •· file from which we were booted 
countloaded: PageCount; •· prefix of countVirtual allocated by Star/Pilot 
pageGerm: PageNumber; -- the one table-compiled into Pilot (it any) 
pageResidentMemory: PageNumber; -- currently within the tirst64K, which is also the MOS 
pageBuffer: PageNumber; 

-- Exported to DebuggerSwap: 
canSwap: PUBLIC BOOLEAN +- FALSE;·· can we get to the debugger 
parameters: PUBLIC DebuggerSwap.Parameters; 
altoGermCopy: ARRAY [O .. wordsPerPage) OF UNSPECIFIED; 
altoBootLabelCopy: AltoDisk.DL; 

•· Pilot code swapping file, 
fcSwap: File.Capability; 
countSwap: PageCount; 
offsetSwap: PageOffset; 

-- Map log and patch table descriptor (see also CachedRegionlmp/}: 
maplogDescriptor: VMMapLog.Descriptor +- [ 

self:, 
writer: FIRST[VMMapLog.EntryPointer], 
reader: FIRST[VMMapLog.EntryPointer], 
limit: FIRST[VMMapl.og.EntryPointer), 
patchTable: @dummyPatchTable.patchTable]; -- overwritten by CachedRegionlmpl 

DummyPatchTable: TYPE = RECORD [patchTable: VMMapLog.PatchTable, entries: ARRAY [0 .. 5) OF VMMapLog.PatchTableEntry]; 
dummyPatchTable: DummyPatchTable +- [[ 

limit: FIRST[VMMapLog.PatchTableEntryPointer], 
maxlimit: FIRST[VMMapLog.PatchTableEntryPointer] + 5*SIZE[VMMapLog.PatchTableEntry], 
entries: ], ); 

-- Heart of PilotControl 
ProcessStartlist: PROCEDURE = 

-- Assume called from main body 
BEGIN 
pKeys: LONG POINTER TO Keys.KeyBits +- LOOPHOLE[LONG[177033Bl]; 
bootFile: disk Boot.Location; 
lvBootFiles: Boot.L VBootFiles; 
debugClass: Boot.VolumeType; 
debuggerDevice: UNSPECIFIED; 
offset: PageOffset; 
state: ControlDefs.StateVector; 

pCursorXY: LONG POINTER TO MACHINE DEPENDENT RECORD [x, y: CARDINAL] = LOOPHOLE(LONG(426B]); 
pCurmap: LONG POINTER TO ARRAY [0 .. 16) OF UNSPECIFIED = LOOPHOLE(LONG[431B]); 
pCursorXYt +- [512-8, 404-8]; 
pCurmap[O) +- 177777B; lnline.LongCOPY[from: @pCurmap[O], to: @pCurmap[1], nwords: 15]; 

FrameOps.Free[FrameOps.GetReturnFrame[]); 

-- Get key switch settings passed by RunPilot if present else from keyboard 
BEGIN OPEN SDDefs--SO, sFirstFree--; 
IF Boot.LP[highbits: BootSwap.mdsiGerm, lowbits: @SD[sFirstFree])t~ = 0 THEN 

switches <- LOOPHOLE[Boot.LP[highbits: BootSwap.mdsiGerm, lowbits: @SD(sFirstFreel], LONG POINTER TO 
Keys.KeyBits]t 

ELSE WHILE pKeys.Space = up DO switches +- pKeyst ENDLOOP 
END; 
IF (debuggerVolume +- switches.D = down) THEN switches.A +- down; -- temporary 
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-- Control>PilotControl.mesa (last edited by: McJones on: October 10, 1979 11:34 PM) 

SetMP[PilotMP.cRuntime]; 

-- Get start traps working first 
RunlimePrograms.Start[LOOPHOLE[RunlimePrograms.Traps]); 

BootSwap.lnitializeMDSU; •· set pMon 
h +- BootSwap.GetPStartlistHeader[]; tableBase +- h.table; 
BootSwap. GetSelf [@fcSelf.flD]; fcSelf .permissions +- LAST[File. Permissions]; 
countloaded +- h.lastVMPage + 1; 

IF h.version~ = Startlist.VersionlD THEN·· is it the version of Star/List.mesa that we think it is? 
Punt[PilotMP .cBadBootFile]; 

EnumerateStartlist[DescribePassO); -- until StartPilot is changed 

-- Initialize ResidentMemory to none available 
FOR offset IN [0 .. 256) DO SetBit[busy, @map, BD[offset]l ENDLOOP; 

-- Initialize Mesa runtime 
START RunlimePrograms.Frames; 
START RuntimePrograms.lnstructions; 
FrameOps.SetReturnlink[ControlDefs.Traplink]; •· so it can be set to Processes.End 
START RuntimePrograms.Processes[pagePDA: h.pdaBase, countPDA: h.pdaPages]; 
START RuntimePrograms.Signals; 
START RuntimePrograms.PilotNub[ 

debuggerFile: FIDFromlndex[h.debuggerFile], 
coreFile: FIDFromlndex(h.coreFile], 
debuggerDA: h.debuggerDA, 
coreDA: h.coreDA, 
pageLoadState: tableBase[h.loadState]. vmpage, countloadState: tableBase[h .load State] .pages, 
pVMMapLog: @maplogDescriptor]; 

--pageGerm +- PageFromPointer[lnline.LowHalf[Runtimelnternal.Codebase[LOOPHOLE[RuntimePrograms.Germ]])]; 
--EnumerateStartlist[lnitializeGerm); 
BootSwap.lnitialize[mdsiOther: BootSwap.mdsiGerm]; 
lnitializeDebuggerSwap[]; -- read in germ for debugger's world: initialize saved map entries 
START RunlimePrograms.lnterruptKey; 

-- Snapshot/mp/ is started below after the virtual memory is running 
START PerformancePrograms.PilotCounter; 
START PerformancePrograms.PilotPerfMonitor; 

-- Mesa runtime and debugger now fully operational 

-· Set countBuffer to size of real memory (can be overriddent at key stop 0) 
BEGIN page: PageNumber; 
countBuffer +- O; 
FOR page IN [FIRST[PageNumber]..FIRST[PageNumber] + countVM) DO OPEN PageMap; 

IF lnline.BITAND[SetF[page, valueClean], valueVacant]~ = valueVacant THEN 
countBuffer +- countBuffer + 1 

ENDLOOP 
END; 

IF switches.Zero= down THEN Runtime.CallDebugger["Key Stop O"]; 

-- Start O/S stuff (faces) 
START FacePrograms.FaceControl; 

-- Initialize ResidentMemory implementation (delay allows key stop 0 intervention) 
EnumerateStartlist[FindResidentMemory]; -- set indexResidentMemory 
IF indexResidentMemory = Startlist.NullSpacelndex THEN Runtime.CallDebugger["MDS Full"L]; 
BEGIN OPEN tableBase[indexResidentMemory); •· steal a piece of the space 
pageResidentMemory +- vmpage; 
vrnpage +- vmpage + countResidentMernory; pages +- pages-countResidentMemory; 
END; 
StealRealMemory[page: pageResidentMemory, count: countResidentMemory]; 
FOR offset IN (0 .. countResidentMemory) DO 

SetBit[free, @map, BD[offset)) 
ENDLOOP; 

-- Initialize System/mp/ 
SetMP(PilotMP.cDrivers]; 
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.. ControJ>PilotControl.mesa (last edited by: McJones on: October 10, 1979 11:34 PM) 

START ControlPrograms.Systemlmpl; 

-· Initialize Streams, Utilities, and Zone 
START MiscPrograms.PPDatalmpl; 
START MiscPrograms.Zonelmpl; 
START MiscPrograms.ResidentHeaplmpl; 
START MiscPrograms.Utilitieslmpl; 
START MiscPrograms.Streamlmpl; 

•· Initialize Storage drivers 
START DriverPrograms.DriverControl; 

-· Initialize Storage 

-· Initialize lower Storage 

BEGIN OPEN StoragePrograms; 

SetMP[PilotMP.cStorage]; 
START FilerControl; 

IF countBuffer>countVM-countloaded THEN Runtimelnternal.WorryCallDebugger["VM Full"L); 
pageBuffer +- FIRST[PageNumber] + countloaded; countloaded +- countloaded + countBuffer; 
START SwapperControl[pageBuffer, countBuffer, @maplogDescriptor]; 

-· Free extra real memory (so can no longer call Stea/Rea/Memory) 
•· NOTE: We are careful not to free real memory behind pageSavedMap (if any) 
DescribeSpace[free, pageFirstReal, - -count VM --pageSaved Map-pageFirstReal, Space.defaultWindow]; 

-· Describe pageSavedMap 
IF switches.A= down THEN DescribeSpace[options[TRUE][space](resident], pageSavedMap, 1, 

Space.WindowOrigin[File.Capability[File.nulllD, File.read], O]]; 

-- Describe buffer, resident, and empty spaces (latter provide room for simple spaces) 
DescribeSpace[specialOptions, pageBuffer, countBuffer, Space.defaultWindow]; 
DescribeSpace{options[TRUE](space][resident], pageResidentMemory, countResidentMemory, 

Space.WindowOrigin[File.Capability[File.nulllD, File.write], O]); 
countSwap +- O; 
EnumerateStartlist[DescribePass1]; -- set countSwap 
DescribeSpace[empty, FIRST[PageNumber] + countloaded, --countVM- -pageSavedMap-countloaded, 

Space.defaultWindow]; 

-- Now that free real memory exists, start virtual memory replacement process 
Process.Detach[FORK ReplacementProcess[countThreshold]); 

-· Initialize upper Storage 
--bootFile ... ???; 
bootFile.device.,. IF debuggerVolume THEN 1 ELSE --clientVolume-- O; •• TEMPORARY KLUDGE 
[debugClass, debuggerDevice] +- START Filelmpl[@bootFile, @lvBootFiles]; •· find file ids from booting info 
IF - switches.A= down THEN 

IF debuggerDevice = StoragePrograms.nullDevice OR lvBootFiles[debugger].da = Boot.nullDiskFilelD.da THEN 
switches.M +- down -- disable map logging 

ELSE 
BEGIN 
parameters.locDebugger +- [device: debuggerDevice, vp: disk[lvBootFiles[debugger]]l; 
parameters.locDebuggee +- [device: debuggerDevice, vp: disk[lvBootFiles[debuggee]]]; 
canSwap +- TRUE -- now can get to debugger 
END; 

lnitVMMgr[countVM, @maplogDescriptor]; 

SetMP(PilotMP.cMap); 

IF ~switches.LI= down THEN -· (we only want a code file if this is not UtilityPilot) 
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-- ControJ>PilotControl.mesa (last edited by: McJones on: October 10, 1979 11:34 PM) 

BEGIN 
fcSwap '" KernelFile.GetRootFile[PilotFileTypes.tCodeFile, Volume.SystemlD[]); 
countSwap .. (countSwap + 63)/64 *64; 
IF fcSwap.flD = File.nulllD THEN 

File.MakePermanent[fcSwap <- File.Create[Volume.SystemlD(], countSwap, PilotFileTypes.tCodeFile]] 
ELSE 

File.SetSize[fcSwap, countSwap]; 
KernelFile.Pin[fcSwap]; 
END; 

offsetSwap +- O; 
EnumerateStartlist[DescribePass2]; 

-- Now everything allocated by StartPilot has been placed in the map log 
IF switches.One= down THEN Runtime.CallDebugger["Key Stop 1 "]; 

START RuntimePrograms.Snapshotlmpl; •· not initially resident 

IF ~switches.U = down THEN 
Space.Delete[HandleFromPage[PageFromPointer[tableBase)]]; --Space.Delete not currently implemented for UtilityPilot 

END; •· of OPEN StoragePrograms 

SetMP[PilotMP.cDeleteTemps]; 
IF ~switches.U = down THEN KernelFile.DeleteTemps[Volume.SystemlD[]); 

DriverPrograms.StartlODrivers[); 

SetMP[PilotMP.cCommunication]; 
IF switches.C = up THEN START CommunicalionPrograms.CommunicationControl; 

-- Ready to start the client 
SetMP[PilotMP .cClient]; 
IF ~switches.LI= down THEN •· no instrumentation for UtilityPilot 

BEGIN 
PPData.lnitialize[]; •· initialize instrumentation tables 
PPData.TurnOn[]; •· turn on instrumentation (blow in its ear) 
END; • 

IF switches.Two= down THEN Runlime.CallDebugger["Key Stop 2"); 
state.instbyte +- state.stkptr <- O; state.dest .. PilotClient.Run; state.source +- FrameOps.GetReturnFrame[]; 
RETURN WITH state 
END; 

-· Modify start list (until StartPilot is changed): 
•· Set each space entry bootloaded IFF some subSpace bootloaded 
•· Set entry for start list itself to bootloaded readOnly resident other 
•· Set pageFirstReal = last page boot loaded + 1 
DescribePassO: StartlistProc = 

BEGIN 
WITH tableBase[index] SELECT FROM 

space=> 
BEGIN 
IF bootloaded AND class~= code THEN pageFirstReal +- MAX(pageFirstReal, vmpage + pages]; 
IF PageFromPointer(h] IN [vmpage .. vmpage + pages) THEN 

BEGIN 
type +- resident; class +- other; readOnly +- bootloaded +- TRUE; backingStore +- Startlist.SelfFilelndex 
END 

END; 
subSpace =>IF bootloaded THEN 

BEGIN 
pageFirstReal +- MAX[pageFirstReal, tableBase[parent].vmpage +base+ pages]; 
tableBase[parent].bootloaded +- TRUE 
END; 

ENDCASE 
END; 
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-- Control>PilotCont rol.mesa (last edited by: McJones on: October 10, 1979 11:34 PM) 

-- Describe initially resident spaces to Swapper, and set countSwap 
DescribePass1: StartlistProc = 

BEGIN 
WITH tableBase[index] SELECT FROM 

space => 
BEGIN 
IF vmpage + pages)h.lastVMPage + 1 THEN ERROR; --Error[cBadBootFile] 
IF type= swappable OR type= residentDescriptor THEN countSwap +- countSwap + pages; 
StoragePrograms.0escribeSpace[ 

options[bootLoadedj[IF class= code THEN parentSpace ELSE space][type], 
vmpage, pages, 
Space.WindowOrigin[File.Capability[FIDFromlndex[backingStore], IF readOnly THEN File.read ELSE File.read+ File.write], 

backingPage]] 
END; 

subSpace = > StoragePrograms.DescribeSpace[ 
options[bootloaded][subSpace][tableBase[parent].type], 
tableBase[parent).vmpage + base, pages, • 
Space.defaultWindow]; 

ENDCASE 
END; 

-- Describe non-initially resident spaces to VMMgr and unpin initially resident swappable ones 
DescribePass2: StartlistProc = 

BEGIN OPEN Space; 
indexOuter: Startlist.Spacelndex = LOOPHOLE[index]; -- rename to reach inner scope 
sh, shSuper: Handle; 
pageSuper: PageNumber; 
CreateSubspace: StartListProc = -- create a child of this parent space 

BEGIN 
WITH tableBase[index] SELECT FROM 

subSpace = > IF parent= indexOuter AND ~bootloaded THEN [] +- Create[pages, sh, base]; 
ENDCASE 

END· 
WITH tableBase[index] SELECT FROM 

space => 
BEGIN 
IF type= residentDescriptor OR (type= swappable AND bootloaded) THEN 

sh +- StoragePrograms.HandleFromPage[vmpage]; 
IF type= swappable THEN 

BEGIN 
IF bootloaded THEN BEGIN IF class~= code THEN SpecialSpace.MakeSwappable[sh] END 
ELSE 

BEGIN [shSuper, pageSuper] +- StoragePrograms.SuperFromPage[vmpage]; sh +- Create[pages, shSuper, vmpage­
pageSuper] END; 

IF class= code THEN EnumerateStartList[CreateSubspace]; -- create children before mapping 
IF ~bootloaded THEN Map[sh, [[FIDFromlndex[backingStore], IF readOnly THEN File.read ELSE File.read+ File.write], 

backingPage]] 
END; 

IF (type= swappable OR type= residentDescriptor) AND ~switches.LI= down THEN 
BEGIN 
Remap[sh, [fcSwap, offsetSwap]]; 
IF readOnly THEN MakeReadOnly[sh]; 
offsetSwap +- offsetSwap + pages 
END 

END; 
ENDCASE 

END; 

StartlistProc: TYPE = PROCEDURE [index: Startlist.lndex]; 

EnumerateStartlist: PROCEDURE [Proc: StartlistProc] = 
BEGIN OPEN Startlist; 
index: Index; 
size: CARDINAL; 
FOR index +- Startlndex, index+ size UNTIL tableBase[index].option = stop DO 

SELECT tableBase(index).option FROM 
space, subSpace = > Proc[index]; 
ENDCASE; 

size .. (WITH tableBase[index] SELECT FROM 
space = > SIZE(space Entry], 
subspace = > SIZE[subSpace Entry], 
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-- Control>PilotControl.mesa (last edited by: McJones on: October 10, 1979 11:34 PM) 

INLINE BEGIN 
pageSubSpace: PageNumber; 
WITH tableBase[index] SELECT FROM 

subSpace --base, pages, parent-- = > 
BEGIN 
pageSubSpace <- tableBase[parent].vmpage + base; 
IF pageGerm IN [pageSubSpace .. pageSubSpace + pages) THEN 

BEGIN 
-- Add or remove real memory so as to have pages+ 1 mapped pages starting with 

mdsiGerm • maxPageslnMDS + countSkip 
lnline.LongCOPY[ 

from: PointerFromPage[pageSubSpace], 
nwords: pages*wordsPerPage, 
to: Boot.LP[highbits: BootSwap.mdsiGerm, lowbits: PointerFromPage[BootSwap.countSkip])] 

END 
END; 

ENDCASE 
END; 

-- Save away an Alto's worth of map entries which can be set up on way to (old) debugger 
-- Note: This code uses pageSavedMap = countVM-1, see calls to DescribeSpace above 
lnitializeSavedMap: PROCEDURE = 

BEGIN OPEN PageMap; 
page: PageNumber..,. pageFirstReal-1; 
offset: PageOffset; 
value: Value; 
StealRealMemory[page: pageSavedMap, count: 1]; 
parameters.pSavedMap +- LOOPHOLE[LONG[pageSavedMap) *wordsPerPage); 
FOR offset IN [O .. maxPageslnMDS) DO 

pa ramete rs.pSavedMap[ offset] ..,. 

8 

IF lnline.BIT AND[value<-SetF[FIRST[PageNumber] + offset, valueClean], valueVacant]- = value Vacant THEN value 
ELSE SetF[page<-page + 1, valueClean] 

ENDLOOP 
END; 

PageFromPointer: PROCEDURE [pointer: POINTER] RETURNS [PageNumber] = 
BEGIN 
RETURN[LOOPHOLE[pointer, CARDINAL]/wordsPerPage] 
END; 

PointerFromPage: PROCEDURE [page: PageNumber] RETURNS [POINTER] = 
BEGIN 
RETURN[LOOPHOLE[page*wordsPerPage]] 
END; 

-- When all else fails . .. 
Punt: PROCEDURE [c: PilotMP.Code] = INLINE BEGIN SetMP[c]; DO ENDLOOP END; 

-- Set Diagnostic Notification Panel code 
SetMP: PROCEDURE [PilotMP .Code] = MACHINE CODE BEGIN Mopcodes.zMISC, 10B END; 

-- Steal real memory (after that loaded by germ) (can only be called early in ProcessStartList) 
StealRealMemory: PROCEDURE [page: PageNumber, count: PageCount] = 

BEGIN OPEN PageMap; -· Assoc, SetF, valueClean, valueVacant 
pageFirstUnmapped: PageNumber; 
offset: PageOffset; 
-- Find last real memory 
FOR pageFirstUnmapped <- pageFirstReal, pageFirstUnmapped + 1 DO 

IF lnline.BIT AND[SetF[pageFirstUnmapped, valueClean], value Vacant] = value Vacant THEN EXIT 
ENDLOOP; 

-- Steal last count pages 
IF pageFirstUnmapped-pageFirstReal<count THEN Runlimelnternal.WorryCallDebugger["Real Memory Full"L]; 
FOR offset DECREASING IN [O .. count) DO 

Assoc[page + offset, SetF[pageFirstUnmapped <- pageFirstUnmapped-1, valueVacantl] 
ENDLOOP 

END; 

-- ResidentMemory implementation 

map: ARRAY [0 .. 16) OF CARDINAL; 
PageState: TYPE = {free, busy}; 
GetBit: PROCEDURE [POINTER, CARDINAL] RETURNS [PageState] = 



-- Controt>PilotCont rol.mesa (last edited by, McJones on, October 10, 1979 11:34 PM) 

MACHINE CODE BEGIN Mopcodes.zRFS END; 
SetBit: PROCEDURE [PageState, POINTER, CARDINAL] = 

MACHINE CODE BEGIN Mopcodes.zWFS END; 
8D: PROCEDURE [CARDINAL] RETURNS [CARDINAL] = 

MACHINE CODE BEGIN Mopcodes.zll4; Mopcodes.zSHIFl f:ND; 

Allocate: PUBLIC PROCEDURE [where: ResidentMemory.location, pages: CARDINAL] 
RETURNS [LONG POINTER] = 
BEGIN 
RETURN[AllocateMDSPages[pages]] •· ignores 'where', Putting everything in mds 
END; 

AllocateMDSPages: PUBLIC PROCEDURE [pages: CARl:)1NAL] RETURNS [POINTER] = 
BEGIN 
start, page: CARDINAL; 
FOR start +- 0, page+ 1 UNTIL start+ pages>countRelilidentMemory DO 

Processlnternal.Disablelnterrupts[]; 
FOR page IN [start.start+ pages) DO 

IF GetBit[@map, BD[page]] = busy THEN EXIT •·,a/Lie of page must survive loop exit 
REPEAT FINISHED = ) 

BEGIN 
FOR page IN [start .. start + pages) DO 

SetBit[busy, @map, BD[page]] 
ENDLOOP; 

Process! nternal.Enablelnterrupts[]; 
RETURN[PointerFromPage[pageResidentMemory + start]] 
END 

ENDLOOP; 
Processlnternal.Enablelnterrupts[] 
ENDLOOP; 

DO Runtimelnternal.WorryCallDebugger["Resident MernorY Exhausted"L] ENDLOOP 
END; 

FreeMDSPages: PUBLIC PROCEDURE [base: POINTER, pages: CARDINAL] = 
BEGIN 
start: CARDINAL = PagefromPointer[base]-pageResi<:tentMemory; 
page: CARDINAL; 
FOR page IN [start .. start + pages) DO 

SetBit[free, @map, _BD[page]] 
ENDLOOP 

END; 
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• 'Time, April 17, 1979 3,22 PM 
l Time, May 1, 1979 11:35 AM 

Time: July 12, 1979 1:(57 PM 
Time: August 1, 1979 11:49 AM 
Time: August 6, 1979 12:29 PM 
Time: August 16, 1979 9:35 AM 

Time, August 27, 1979 5:05 PM 
Time: August 30, 1979 1:13 PM 
Time: August 30, 1979 6:35 PM 
Time: August 30, 1979 6:35 PM 
Time: September 4, 1979 9:52 AM 
Time, September 6, 1979 3:16 PM 
Time: September 11, 1g79 5:20 PM 
Time: September 18, 1g79 5:08 PM 
Time: October 5, 1979 9:26 AM 
Time: October 10, 1979 11:34 PM 

By: McJones 
By: Lauer 
By: McJones 
By, McJones 
By: McJones 
By, McJones 

By: McJones 
By: Gobbet 
By, McJones 
By: Knutsen 
By: Forrest 
By: Ladner 
By, Knutsen 
By, McJones 
By: McJones 
By: McJones 

Action: Add microcode swapping; fix Launch to observe 64K boundaries 
Action: Start MiscPrograms. • 
Action: Germ, new StartList 
Action: Add boot file id's to Filetmpl 
Action: DebuggerSwap 
Action, Specia/File = >Kerne/File; VMMode = >PilotSwitches; make T Key 
unconditional; tnitializeSavedMap used countLoaded instead of pageFirstReal 
Action: Move saved map entries into memory, remapp more 
Action, Faces 
Action: Make swap file big enough /or additional remapping 
Action: Change "START VMMControl[ ... j" to "lnitVMMgr{ .. .]". 
Action: Change to use PitotFileTypes vs FileTypes 
Action, Instrumentation 
Action: Key control of file creation; optionally get keys from Runpilot 
Action: Move some types from BootChannet and StoragePrograms to Boot 
Action: Set countBulfer to size of real memory 
Action: Start PerformancePrograms. •, Snapshottmpl 
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