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Chapter 1

In tro duction

Ersatz-11is a software replacemen for PDP-11 minicomputer systems. When running on typical PC hardware, it
substartially outperformsany PDP-11 model ever produced by DEC, outpacesall known aftermarket clone CPUs,
and is the fastest PC-to-PDP-11 software emulator available at any price. Yet it is the most inexpensive PDP-11
replacemen product on the market.

The achievable performance continuesto increaseas new IA32-compatible CPUs are released,so future upgrades
are possiblewithout requiring that a new PDP-11 CPU board be purchased. The emulated systemis con gured

using simple commands, allowing the exibilit y to duplicate almost any existing system easily The con guration

of the emulated system can be changedat any time, even while the system s running. Wherever possible, E11
provides useful defaults, to simplify the con guration process.It will choosebetweenQ-bus and Unibus cortroller

models depending on the emulated CPU type, and will auto-compute \ oating” CSR and vector addressesfor
devicesthat usethem. It alsochoosesthe default interrupt priorit y level accordingto the CPU type, sincein many
casesthe Q-bus version of a peripheral interrupts on level 4 even though the original Unibus version useslevel 5.
In all casesthesedefaults can be overridden with SETcommands.

Ersatz-11 emulates the entire PDP-11 systemin software, including most standard disks, tapes, serial devices,and
network interfaces. Facilities are provided to integrate non-standard device emulations into E11 when necessary
Ellis intended to boot and run any PDP-11 operating system. It has beentested with RT-11 (all avors), RSX-
11M, RSX-11M-PLUS, RSTS/E, IAS, TSX-Plus, 2.9BSD and 2.11BSD UNIX, DSM-11, DOS/BA TCH, Fuzzball
(BOS), the Fox 2/30 OS, and XXDP+.

Emulatedcon guration

PDP-11/03, PDP-11/04, PDP-11/05, PDP-11/20, PDP-11/23, PDP-11/24, PDP-11/34a, PDP-11/40, PDP-
11/44, PDP-11/45, PDP-11/53, PDP-11/60, PDP-11/70, PDP-11/73, PDP-11/74, PDP-11/83, PDP-11/84,
PDP-11/93, or PDP-11/94 CPU with individually selectablefeatures

FP11/FPF11/FPJ11 (etc.) oating point processor,FIS oating instruction setoption, KE11A/B extended
arithmetic elemert (EAE)

4 MB main memory

Many di erent models of disks, tapes, serial and network devices(seetables below).



Introduction

1.1 Emulatedblock devicetypes

| dev name | controller type(s) | drive type(s)

DC:

DD:

DF:/ RF:

DK/ RK:

DL:

DM:

DO:

DP:

DS:

DT:

DU:

DX:

DY:

FX:

HD:

PD:

RC11

DL11

RF11, DMS-11X
RK11D

RL11%, RLV11,
RLV12

RK611?
(virtual)
RP11C
RH11, RH70
TC11

UDAS50, KDA50
RQDX3, RQZX1

RX11, RXV11
RX211, RXV21
Fox 2/30 DBI
(virtual)

RXT11

RS64 xed-head disks

TUS8 cartridge tapes

RS11 xed-head disks, DDC SSDM 100 RAM disks
RKO02, RKO5 front-loading cartridge drives

RLO1, RLO2 top-loading cartridge drives

RKO06, RKO7 top-loading cartridge drives

Ersatz-11 interface to host le system (for DO.SYS/DOS.TSK/LNX.TSK)
RP02, RP0O3 pad drives

RS03/RS04 xed-head disks

TUS5/TUS56 DECtape

RAG60, RA70{73, RA80{82, RA90/92, RC25, RD31{32, RD50{54,
RX33/RX50 MSCP disks

RX01 8" SSSD oppy

RX02 8" SSDD (or DS DD) oppy

DDC 6200\drum" (actually a xed-head disk)

Ersatz-11 hypothetical disk with simplied interface (for HD.SYS)

RX01 8" SSSD oppy (PDT-11/150 microcomputer)

1\RL211" wasusedasa marketing namein systemswith RLO2 drives,but is the identical cortroller to the RL11.
2\RK711" wasusedasa marketing namein systemswith RKO7 drives,but is the identical cortroller to the RK611.
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1.2 Emulatedsequentiablevicetypes

| dev name | cortroller type(s) | drive type(s)
CT: TAll TUG0 DECassettedual cassettetape
MM: RH11/RH70 + TMO3 TE16, TU45, TU77 Massbusmagtape drives
MS: TS11, TSUOS/TSVOS5, TS04, TS05, TU80 magtape drives,
M7454, TQK25 TK25 cartridge tape drive
MT: T™M11 TS03, TU10 magtape drives
MU: KLESI, TQK50, TQK70 | TU81, TK50, TK70 TMSCP tapes
PR/ PP: | PC11 PCO04 high speedpaper tape reader/punch

1.3 Emulatedserialdevicetypes

| dev name | port type(s) | description
LP: LP11, LPV11 Line printer interfaces
TT: DL11, DLV11 Single serial line units
YZ: Dz11, DzQ11, DZV11 | serial PIO multiplexers

1.4 Emulatednetwork devicetypes

| dev name | port type(s) | description
NI: NI1010A, NI2010A | Interlan Unibus/Q-bus Ethernet interfaces
XE: DELUA Unibus Ethernet interfaces
XH: DEQNA Q-bus Ethernet interfaces

1.5 Miscellaneousdevicetypes

| dev name | port type(s) | description

DO: (virtual) PC le interface
KD: M8644 CDR | countdown registers

KP: KW11P programmable clock
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1.6 PC hardware supjort

Block devices:disk image les, raw SCSldisk drives,raw opp y drives,RAM disks, any block devicesupported
by Linux

Tape devices:tape image les, raw SCSltape drives,RAM tapes

Character devices: Emulated VT100 on SVGA (can ip betweenup to 12 virtual screens),any character
device supported by Linux

Network devices:any Ethernet device supported by Linux

This is a stripp ed-dovn demonstration version of Ersatz-11, which when usedfor commercial purposesmay only be
installed for an evaluation period limited to 30 days. After this time, commercialusersmust either buy E11 (either
the \Lite" or full version), or delete all copiesof the demo version in their possession.There is no limitation on
hobby/personal use of this demo package. Commercial useis de ned asanything having to do with the operation of
afor-prot business.Older versionsof Ersatz-11 (V1.1A and earlier) had no such limitation on use, sothis notice
doesnot apply to them, however they are no longer supported by D Bit.

This demo version of Ersatz-11 is available from www.dbit.com.

The emulator speed depends on the application and the host system. In generalE11 on any speed Pentium [11,
Pentium 1V, or Athlon runs on the order of ten to twenty times the speedof a PDP-11/93. E11's disk I/O is much
faster than that of real PDP-11s, especially when run under an operating systemwhich provides good disk cading.

The FP11 oating point processoremulation currently requiresa math coprocessor(which is built into all current
80x86 CPUs anyway). If the PC has none, then the emulated PDP-11 will have no FPP either. Intel Pentium
CPUs that have the oating point divider bug are detected and a workaround is usedto get correct results at a
slight speedpenalty (for DIVH DIVDonly). The FIS emulation doesnot require a math coprocessor.

The system has beentested under the XXDP+ diagnostic monitor. It passesthe KD11EA diagnostics DFKAA,

DFKAB, and DFKA C, and the FP11A diagnostics DFFPA, DFFPB, and DFFPC. It doesnot work with MMU

diagnosticsdue to the absenceof the maintenancemode. It hasbeenfound that passingor failing DEC diagnostics
does not bear much relation to actual operation with real-world software and operating systems, becausethe
diagnostics are designed mainly to detect known failure modes of real DEC hardware, and not to verify new
implementations.
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1.7 Devicenames

With the exception of PC les, just about every I/O device usedby Ersatz-11 hasa device name ending in a colon
(\:™). This appliesto both emulated PDP-11 devicesand real PC hardware devices. Each device (disk unit, serial
line, etc.) hasa namethat normally conformsto the following prototype:

de\c][u]:

dev Alphabetic device name identifying the device type: always two letters for emulated PDP-11 devices,
variable for PC hardware devices.

c Optional letter (A{Z) identifying which of the (potentially) multiple controllers of the sametype is control-
ling this particular device. Speci ed only with controllers that can support multiple devices.A reasonable
default is usedif it is omitted, generally the rst or only controller of that type. The cortroller letter is
always displayed in output from the SHOW commandfor deviceswhereit is meaningful, sothe namegiven
by SHOW will have the letter evenif you didn't specify one. In the demoversionof E11, the RH11/RH70
Massbus cortrollers, TC11 DECtape controllers, and HD: pseudo disks are the only controller types of
which there may be more than one. All other typeswill always usecontroller Asothe default is always the
only choice.

u Optional unit number identifying the device; default is the rst unit on the controller. The unit number
should be omitted when referring to the cortroller asa whole (e.g. SET commands).

The two-letter device namesfor emulated PDP-11 devicesare taken from the namesusedby the popular PDP-11
operating systems. Where possible, synonyms are available to ensurethat the device nameswill be familiar to
usersof ead operating system. For example, DELUA ports may be referredto using either the RSTS/RSX name
(\ XE:"), or the RT-11 name (\ NU!"), and similarly, RKO5 disk units may be called\ DK:" or \ RK:".

However E11 usesa more consistert naming systemthan these operating systemsdo, sincethe rst two letters of
a PDP-11 device name alwaysdepend on the cortroller type.

In somecasesthis leadsto di erences, for example\ TTu: " (or \ KRu: ", which is a synonym) refersspeci cally to a
DL11/DL V11 serial port, while in RSX and RSTS, all terminal ports are mapped to one of thesenamesregardless
of the port type. But in E11, a serial port located on a DZ11/DZV11 is always\YZu: ". As a result, the device
namesused by E11's command languagemay not necessarilybe identical to those used by the operating system
for the samedevices.

The device namesfor PC hardware are the sameas those usedby DOS for those devicesthat actually have names
in DOS. So CON:refersto the rst video session,COMX:COM4are serial ports (AUX:is a synonym for COMY),
LPT1{LPT4: are parallel ports and (PRN:is a synorym for LPT1:). For other devicesa short mnemonic name
is used, with an optional letter identifying the controller for deviceslike multi-p ort serial interfaceswhere a port
number aloneisn't enoughto uniquely identify the device. Note that PDP-11 unit numbersalways start at 0 (TTO:,

DUO:, MUO: etc.) while PC unit numbers generally start at 1 (COM1, LPT1).

For a very few devices (both real and emulated), identifying the cortroller and unit isn't enough since there
may be multiple slavesattached to the samemaster unit. In this casethe device name is expandedto look like
\ de\c][u][_s]: ", where s is the optional slave number within unit u. This form is rarely usedsinceit only makes
senseon emulated Massbustape driveswith multiple slavesattached to the sameformatter, or on SCSI devices
with multiple LUNs within the sametarget suc asthe old Adaptec ACB-4000A SCSI/MFM bridge boards. In
any caseif sis omitted (as well asthe precedingunderscore)a reasonabledefault is used.
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1.8 Filenames

A few rules apply to PC les referencedusing E11 commands. When a referenceis madeto an existing le, without
a drive name or directory path in the le specication, E11 seardesfor it rst in the current directory, then in the
directory wherethe E11 executable le is located, then in the directories listed in the PATHenvironment variable. A
lename may be enclosedin single (') or double (*) quotesto allow special charactersin the name. This is required
when a lename corntains a forward slash(\ /"), sinceotherwise E11will treat it asthe rst character of acommand
switch. Ersatz-11 will add a default extension (from the table below) to lenames unlessthey cortain a forward
slash character. In most casesthis is the right behavior since lenames without slashesare probably referring to
.dsk and.cmd les in E11's homedirectory, and lenames with slashesare probably device les (e.g.\/dev/sdb ").
You can always add an extensionto les whosenamescontain slashes.To referto a le in the current directory
that should not have an extensionadded, prepend \ ./ " to the name and enclosethe whole lename in quotation
marks.

Typical default extensionsare:

.ext typeof le relevant command
.cmd command le @path/ ] lename
.dsk disk image le MOUNT

Jini init le /INITFILE switch
dog log le LOG

.pap papertapeimage le MOUNT PR:/PP:
.pdp  binary memory image LOAD, DUMP
tap tapeimage le MOUNT
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1.9 Notes

1.9.1 Interrupts

The enmulated interrupt systemis somewhatcomplicated, mainly due to someassumptionsin DEC OSes(particu-
larly RSX and RT-11 SJ) about how many instructions are guaranteed to be executedafter writing a commandto
a device CSR, before the device will complete the operation and interrupt. On the PC, somel/O may complete
much faster than on a real PDP-11, and it even appearsto be instantaneous with RAMdisks/RAMtap es (and
disk/tap e image les under MS-DOS), since the 1/0 is performed synchronously between PDP-11 instructions.
Unfortunately this causestrouble with somedriversthat depend on being guaranteedthe time to executea certain
number of instructions beforethe completion interrupt occurs.

This is not actually a bug if it works on all real PDP-11 models, but it leadsto incorrect operation if the emulated
hardware appearsto be fast enoughto complete an operation beforethe expected minimum number of instructions
is executed. Under testing, RSX appearedto issue WAITinstructions for TTY output which was assumednot to
have completed yet a few dozeninstructions after writing a character to a DL11 (thus hanging the system), and
similarly the RT-11 SJ (but not FB/XM) keyboard interrupt serviceroutine runs with interrupts enabledon the
assumption that another keyboard interrupt couldn't possibly happen before the current ISR nishes. When this
doeshappen the ISR recursesand the characters are put in the bu er in reverseorder, which was happening with
VT100 keypad keysin early versionsof E11.

The solution to these problemsis to usea queueingsystem, sothat the interrupt (and in many casesthe transfer
itself) doesn't occur until a pre-setnumber of instruction fetchesafter the instruction that started the transfer. The
default delays are intended to be adequatefor most users. However when troubleshooting with custom operating
systems, this is a good place to experiment if E11 appearsto work with your application using certain emulated
devices,but not others. Much lesstrouble has beenexperiencedwith disks and tapes, so by default most of them
are set to executeall functions in oneinstruction time. The RSX MSCP initialization sequenceis an exception,
so the default delays are tuned appropriately. The RK11 handler in DOS/BATCH requires an unusually slow
disk cortroller, soin order to usethat you must rst issuea command like SET DELAYRK11D*=8000 to make all
RK11D disk commandstake 8000instruction fetchesto complete. For reasonsgiven above, the character-at-a-time
devices have larger default delay counts. RKO05/06/07 seekcompletion attentions may be delayed still further
beyond adknowledging the seekcommand, so as not to confuseoverlapped seekdrivers. However you'll get faster
results using a non-overlapped driver if oneis supplied with your OS. Since all your emulated disks will typically
be on one physical PC disk with only one head carriage, there's nothing to overlap anyway.

1.9.2 Hostsystems

D Bit occasionally receivesinquiries from userswho want Ersatz-11to be ported to architectures other than the
80x86, and/or operating systemsother than Linux, Win32, and DOS. There are no plans to port E11 to a large
number of operating systems. Besidesthe expenseand di cult y of moving software between radically di erent
host systems,D Bit is considersits ability to provide adequatecustomer support to be of primary importance, and
this would not be possibleif there were too many di erent versionsof E11.

Rather than produce poorly supported versionsof E11 for a myriad of host systemswhich provide more hindrance
than help to the task of emulating a PDP-11 system, D Bit haschosento focusits e orts on the 80x86architecture
under Linux, Win32, and DOS. This hardware hasthe best price:performanceratio of anything currently available,
it's what the vast majority of E11 customersare already running anyway, and its programming architecture lends
itself well to e cient PDP-11 emulation. The supported operating systems are inexpensive and easyto install
(somemore than others), they provide a good set of helpful servicesto E11 but also allow easyaccesgo hardware
so that Ersatz-11 has the control it needs,adequate DOS enulation is available in a variety of other operating
systems,sothat again, most usersalready have a system which is capable of running E11.
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1.9.3 Copyright andlicensing

Ersatz-11 is Copyright ¢ 1993{2007 by Digby's Bitpile, Inc. All rights resered. Distribution of this documen
and/or the ell.tar le (demo versiononly) in unmodi ed form, without charge, is allowed pursuant to the usage
restrictions given at the beginning of this document. Anything elseis strictly forbidden.
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late Chip Charlot (formerly of Mentec), and Dave Carroll of Mentec have provided invaluable technical help and
encouragemeh Johnny Billquist was very helpful with getting the PDP-11/74 emulation working with RSX, and
in debuggingthe DELUA emulation and the PSW T-bit.
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1.11 Histay

31-Oct-1993;developmert started.
V0.8 BETA, 29-Mar-1994;initial release.

V0.9 BETA, 05-Jul-1994; many bug xes (mainly trap handling, MMU emulation, DIV instruction, and VT100
reversevideo), added RX211 emulation, multiple DL11s, and 50 Hz KW11L mode.

V1.0 BETA, 14-Nov-1994; more bug xes, added FP11A, RK611/RK06{07, LP11, D-space,and supervisor mode
emulation. Also CALCULATHELRINITIALIZE , LOGSET SHOVWCPUYSETDRLPTh: , SET SCROLLSHOWIMdom-
mands, VT100 graphics/underline, changedto .EXE le (ran out of spacein uni ed code/data segmen in .COM
le).

V1.1 BETA, 22-Mar-1995; still more bug xes (IAS nally works), DELUA Ethernet emulation, disk LO@ing,
indirect command les, workaround for Pentium FDIV bug, help text movedto le, RussianHD:device(and RT-11
driver), PC11, display generalregisterson parallel port LED board.

V2.0 DEMO, 20-Jul-1997; many bug xes as usual, limited 22-bit MMU with and without Unibus map. MMU
SR1 medanized, TOY clock, CPU emulation extended to include 11/24, 11/44, 11/45, 11/70, 11/94. Added
RXT11/RX01, RKO02/RK05, RS03/RS04, TU56, TU10, TU60, TE16/TU45/TU77 device emulation. De nable
keyboard. Loadable ROM/EEPR OM. Many new oppy types, which may now be usedwith any disk cortroller

type.
(Many intermediate V2.0x full versionswere releasedthroughout 1997 and 1998.)

V2.1 Full version, 01-Apr-1999; runs in protected mode with full 22-bit MMU. MSCP, TMSCP, RMxx/RPxX,
TS11, DZ11/DzV11, DHU11/DHV11, DEQNA device emulation. Support for Q/Unibus bridges. Boca, Chase
PCI-FAST, Digi, RocketPort/PCl, SBMIDI serial drivers. NE2000 Ethernet driver. Physical port driversfor SCSI
disk/tap e drives,RAM disks/tap es. FLOATING addresscalculation, DEFAULT cortroller types. PDP-11/23, 53,
73, 83, 84,93 CPU typesadded. Demol/Lite versionshave a subsetof thesefeatures.

V2.1A, 01-Oct-1999;concatenatedimage les to form onelarge disk, COROMNXx: driver, other minor improvemerts
and bug xes.

V2.2, 01-Apr-2000; DH11, DM11BB, DR11C, VT11, Interlan NI1010A/NI2010A emulation, FIS instruction set,
KE11A/B EAE, mini-assenbler. Hardware drivers added or extended for DCI-1300 digital 1/0O boards, SVGA
graphics, ISA RocketPorts, BCI-2004/BCI-2104 bus adapters, multiple physical serial devices. SCSI disk partition-
ing added. Most disk \write headers"commandsperform low-level format. Documertation overhauled.

V3.0, 01-Oct-2000;Linux versionreleased.DMS-11X RAM disk, SET THROTTLE, Data Products printer support,
PCI LPT cards, con gurable interrupt priorities. Additional SET CPU options to support early CPU models.

V3.1, 01-Jul-2002; Telnet server, TU58 cartridge tapes. Demo version for Linux, expanded limits on Demol/Lite
versions.

V4.0, 01-Apr-2004; at 32-bit version. DJ11, M8644 countdown register emulation, command line editing/recall.
DOS versionaddsdriversfor RocketPort \Univ ersal" PCI boards, RealTek RTL8139 Ethernet ports, and autosizing
in CDROM: (so DVDs work too). Win32-style \PE" .EXE format DLLs supported.

V4.0A, 01-Jun-2004; bug xes for new at version. Experimental Catweasel oppy driver. Win32-style DLL
support improved and documerted.
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V4.0B, 15-Oct-2004;bug xes. SET MEMORY, SET CPU USERMODE, SET CPU 03.

V4.1, 01-Sep-2005bug xes. SET CPU PRIO. DR11W, KW11P, and VT30 emulation. Drivers for LPT port
as digital I/O device, and PCI 11W DMA board. THROTTLE: pseudo-driver. SET TELNET: BANNER= le.
Support for extended CON: screensizes,SHOW VIDEQO. Timer code rewritten for greater precision, with Linux
version using /dev/rtc if available.

V5.0, 01-Feb-2006; Win32 native version. CPU speedups. SET CPU 74, SET CPU 60, SET CPUS=n. SET
TELNET: TERMINAL= type. LOG /NOTIMEST AMPS. ASSIGN ... /CD: x /CTS: x /IDSR: x /RI: x /SRD: x (and
SET equivalents). Up to 8 LP11sin full version. Many bug xes.

V5.1, 01-Aug-2007;disk and tape cading. Raw BIOS hard disks and partitions. Driver for DCI-4100 digital /O
boards, many improvemerts to digital I/O board emulations and drivers. Bit 3 Q-bus adapters. Newer Q-/Unibus
adapters from The Logical Company. SHOW PCI.



Chapter 2

Installation and Con guration

2.1 Systemrequirements

Installation of Ersatz-11 requiresthe following:

Intel 80x86-compatible PC with 803860r later CPU
At least 6 MB of available system memory.

2 MB of available disk spacefor Ersatz-11 itself, plus spacefor all disk image les (equivalent to the size of
the disk drivesthey replace).

Linux kernel version 2.0.1 or later (2.2.1 or later required for Ethernet support). Sladkware and Red Hat are
known to work, and other distributions are believed to work too.

2.2 Installation

Installation is very straightforward. Simply download and uncompressthe distribution le, changeto the directory
where you want to install the les, and type:

tar xf ell.tar

tar will unpadk the E11 les. The les are asfollows:

le contents

ell executable

ell.hlp \HELP" data le

elldemo.pdf this documert, readablewith Adobe Acrobat
hd*.* sourceand binaries for RT-11 HD: driver
do*.* sourceand binaries for RT-11 DO: driver
ked.cmd keyscripts for using cursor keyswith KED/EDT

xhboot.bin D Bit implementation of DEQNA boot/diag ROM

11
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E11's home directory is also a sensibleplace to put disk image les (*.dsk) and the ell.iniinitialization le (see
below), sinceE11 will look there if these les aren't found in the current working directory.

2.3 Con guration

Ersatz-11is con gured using a text le named\ell.ini ," which is normally kept in E11's home directory. This
le may be created using any text editor. It contains a seriesof commandswhich are read and processedn order
every time E11 starts up. Lines which start with a\;" or \!" character are treated as commerts, and ignored.
Each individual serial line or emulated disk or tape unit is created with a one-line command. Typically there will
also be additional commandsto de ne the emulated CPU model, set any non-standard device addressesor device
types,and nally the initialization le usually endswith a BOOT command which boots the emulated PDP-11's
operating system. The table below summarizeswhich command is usedto add ead device type to the system.
The syntax of ead speci c command is described in chapter 9.

devicetype commandto create
CPU SET CPU

disk drive MOUNT

tape transport MOUNT

TTY line ASSIGN

line printer ASSIGN
network port ASSIGN

Below is a typical ell.ini le. This le is read by Ersatz-11 every time it starts up, and the commands are
executedin sequenceasif they weretyped at the keyboard.

: Set PDP-11/44 CPUmodel

set cpu 44

; Mount disk and tape units

mount duO: rsx11m.dsk
mount dul: ra81.dsk
mount mmO: dump.tap

; Add extra DL11terminal lines and LP11 printer port
; (Stay away from CON1:-CONG6since ttyl-tty6  are normally ownedby getty)

assign ttl: con’:

assign tt2: con8:

assign Ip0: "/dev/Ip0"

; Define 8-line DZl1lserial muxusing Comtrol RocketPort/PCI

; (Rocket and DZ ports match 1:1 in this example, but its OKto mix
; and match on a per-line basis)

assign yza0O: "/dev/ttyR0O"
assign yzal: "/dev/ttyR1"
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assign yza2: "/dev/ttyR2"
assign yza3: "/dev/ttyR3"
assign yza4: "/dev/ttyR4"
assign yzab: "/dev/ttyR5"
assign yza6: "/dev/ttyR6"
assign yza7: "/dev/ttyR7"

; Define DELUAEthernet port using first Ethernet port

assign xe0: eth0

; Boot MSCRlisk unit 0 (and switch keyboard to PDP-11 console)

boot duO:
; Control returns to the next line whenthe user presses Shift-Enter
; or the system halts on its own (e.g. SHUTUP.TSK)

quit

The \b oot" command starts the PDP-11 operating system and directs keyboard input to the PDP-11 system
console. The usercan pressShift-Enter at any time to pop up an E11 commandprompt whereadditional commands
may be entered interactively. If there are unread lines remaining in \el11.ini" (i.e. following the \b oot" command),
they will be read at that time. In this example, the program will exit immediately when Shift-Enter is pressed
becauseit causesthe \quit® commandto be read.

There are a few more basic options which are entered as switcheson the E11 startup command line, rather than
being contained in the \ell.ini" initialization le:

/CONSIZEWxXH Setthe default sizefor all CON: screens.
/HELP(syn. /?) Display a simple list of switchesand their meanings,and exit without starting E11.
/INITFILE: le[.ini ] Readthe specied initialization command le instead of ell.ini.

/IOPAGENnnnn Enlargethe /O pagepastthe usual 8 KB size,with nnnn specifying the decimalnumber
of kilobytes. This is mainly useful with customer-written loadable device emulation
modules which act like RAM windows, and is equivalent to the \Unibus fence" feature
of somePDP-11sthat have 22-bit memory addressing.

/IMEMORYIinnn  Set the maximum possible emulated memory size of the PDP-11 to nnnn (decimal)
kilobytes. By default this maximum is 4088 KB. If this amount is not available, E11
settles for whatever it can get (rounded down to a multiple of 8 KB) aslong asit's at
least 8 KB. This switch allows you to conserne memory when emulating a PDP-11 with
lessmemory than E11's default.

/NOINITFILE Do not processthe ell.iniinitialization command le.

When con guring the systemfor the rst time, it is bestto exactly duplicate the systemwhich is being replaced.
There may be a strong temptation to expand the system, now that PDP-11 peripherals are e ectiv ely \free" for
the asking. But sudch changescan causecon icts with existing software, which may contain hard-coded device
namesor other hidden assumptionsabout the system con guration. These problems may be avoidable, if system
expansionis postponed until after the existing systemis brought up as-is.
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Note that someoperating systemsdo little or no autosizing and may have problemsif the hardware being emulated
by E11 di ers from the onefor which the operating systemwas generated. In particular you may run into trouble
if your OS dependson any static memory allocation (if E11 is emulating a di erent amount of memory than what
the systemexpects), or if it is built for Q22 1/0 and E11 is emulating a PDP-11/44 with Unibus map registers, or
anything likethat. Also, the routine in RSX-11M-PLUS that counts the number of registersin an RH70 dependson
PDP-11/70 autoincremert semartics, and will get the wrong answer if you setthe CPU type to PDP-11/44. This
normally causesno problems, sincereal PDP-11/44s can't have RH70s, but this and other \imp ossible" situations
can be easily createdin E11.

Onething to watch out for, is that somesoftware hashard-coded assumptionsabout how fast the hardware operates
in relation to the CPU. Seesection 1.9.1 for a discussionof interrupt timing. This can lead to strange behavior,
such asdevicesthat simply hang, or supposedlyl/O bound tasks that consume100% of the CPU. These problems
can generally be solved by experimenting on the relevant emulated deviceswith the SET DELAYommand. If the
system doesn't operate correctly with the default delay counts, but springsto life when they're increasedto large
numbers, then it's just a simple matter of tuning the numbersto get delays which are long enoughthat the system
works reliably, but still give good performance. Ideally the PDP-11 devicedrivers should be updated sothat they
will operate correctly with \in nitely" fast hardware, sincethis will allow it to get the best possible performance
out of any fast PDP-11 replacemen, but the SET DELAYommand allows the userto work around these problems
without having to touch the PDP-11 software.



Chapter 3

Transferring the PDP-11
Operating System to the PC

In order to run an exact copy of a real PDP-11 system, the contents of the PDP-11's disk(s) must be accessible
to Ersatz-11to be usedas enmulated disks. In most casesthis meansimporting a byte-by-byte copy of ead ertire

disk into a large\image" le which is the samesizeasthe entire PDP-11 disk. Note that this is very di erent from

importing the individual les from the PDP-11 disk. In somecasesthe les can be reassembled into a disk image,
but if possibleit's better to download the disk(s) as a single large image. The fewer transformations the data go

through, the fewer opportunities for mistakesthat could lead to le damage.

Getting a snapshotof a bootable disk from an existing PDP-11 into a PC le can be tricky, there are many ways
to do it and which choice is the best one dependson what software and hardware are available, and what media
or protocolsthe PDP-11 and PC have in common. D Bit can help with someforms of media translation, call or
send email for information. DEC, Mentec, and S&H are all now willing to sell PDP-11 OS licensesto emulator
users,there doesn't seemto be an issueabout the lack of a CPU serial number. Soordering the latest OS version
is straightforward, and with the right peripheralsthe installation kits can be booted directly by E11 and installed
on emulated disk(s).

Disk images have been successfullyloaded from real PDP-11s using Kermit, or ProcessSoftware TCP/IP , or
DECnet and Pathworks, or (as a last resort) an OS-supplied DUMP command on the PDP-11 with the output
captured with a PC terminal program and then massagedback into binary with a simple utilit y program. Also,
PUTRavailable from ftp.dbit.com , seebelow) canbuild bootable RT-11 image les usinga opp y disk distribution
kit, without the needfor booting a real PDP-11.

3.1 ScCsSidisks

The easiestway of all to move any PDP-11 OS to the PC is using a SCSI disk drive. If you were already using
a PDP-11 SCSI cortroller, you should be able to move the disk directly over to a PC SCSI cortroller, and either
read it into an image le (using PUTR.COM) or useit directly (using the SCSI disk support in the full version
of E11). lomegaZip and Jaz drives,and Fujitsu DynaMO 3.5" magneto-optical drives, are inexpensive and work
very well with both Ersatz-11 and PUTR.COM, and they provide a cheap, fast, easyway to transfer les or whole
disks betweenreal PDP-11sand E11.

Even if the PDP-11 didn't already have a SCSI controller, it might be worth obtaining a usedone if a non-trivial

15



16 Transferringthe PDP-11 Operating Systemto the PC

amount of data must be transferred, unlessthe PDP-11 operating systemis too old to support SCSIMSCP devices.
Adding support for it to the operating systemmight require a SYSGEN in somecasesbut for RSX, BRUSYS will
support a DU: cortroller regardlessof whether your usual monitor is built with the DU: driver. Older versionsof
RSTS can both backup and restore without ever booting a monitor at all, and the backups are self-booting and
include a copy of the badkup utilit y, sorestoring them on the target systemis easy New versionsof RSTS require
that the backups be made under timesharing, but they can still be restoredin INIT.SYS.

3.2 SCSltapes

Magnetic tape can be a corvenient way to import PDP-11 data to the PC, aslong asa PC tape drive can be found
which will read the PDP-11 media. The DEC TZ30 and TK50Z-GA SCSldrivesuse TK50 tapes,and a variety of
companiesstill make SCSI9-track tape drives. Thesemay be mounted inside E11 as PDP-11 tape drivesand used
directly by the emulated PDP-11, or imagesmay be taken using D Bit's DOS SCSI tape utilit y (available from
ftp://ftp.dbit.com/pub/ibmp  c/util/st.exe) and the resulting .TAP les may be mounted under E11.

3.3 Kermit

Kermit is a protocol for transferring les over serial lines. It provides very good reliabilit y, and requires no special
hardware, but it canbe slow. At 9600baud with the default Kermit protocol parameters(no long padkets or sliding
windows), binary le transfers can take almost an hour per megalyte. This may be acceptableif the system has
small disks or the transfer can be performed over a weelend or during someother time when the PDP-11 is not
busy with other work. Kermit protocol support is included in most terminal programs, and Kermit software is
available at little or no cost for most computers and operating systems,including the following PDP-11 versions:

KSERVE | D Bit's serner-only Kermit for RT-11, available from
http://iwww.dbit  .co m/pub/p dpl11/rt 11/ks erve. ma&

K11| Columbia'so cial PDP-11 Kermit program, supports all major DEC/Men tec/S&H operating systems,
seehttp://www.colum bi a. eduwk ermit /pd pl11. html

KRT | Billy Youdelman'sversionof K11, enhancedfor RT-11 and TSX-Plus, also at
http://www.colu  mbia. edu/k er mit /p dp11. ht ml

It's very important to issueSET FILE TYPE BINARY commandsto the Kermit programs at both ends before
beginning a Kermit transfer of a PDP-11 disk. The other settable Kermit parametersare lesscritical, asthey mainly
a ect the speedwith which the transfer will proceed. Of the above Kermits, only KSERVE is able to download an
ertire raw disk. The others can download les but not ertire raw disks. In somecasesit may be possibleto get
around this limitation by using PDP-11 systemutilites (such asRT-11's COPY/FILE/DEV command)to copy an
ertire raw disk into a le on another, larger disk, and then use Kermit to download that le. Or, if no larger disk
is available, it may be possibleto break the disk into seweral pieces(each small enoughto t into the free spaceon
another disk) and copy them to les oneat a time, sendingead to the PC via Kermit and then deleting it.

3.4 Ethernet

Ethernet can be a very e ective way to transfer PDP-11 data to a PC. Unfortunately Ethernet hardware is not
nearly ascommonon PDP-11sasit is on PCs, but usedQ-bus/Unibus Ethernet boards are available very cheaply
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from usedequipmert dealers. Soif the PDP-11 hassoftware support for an Ethernet board, it may be worth buying
onejust to transfer the disks.

The main problem with using Ethernet on PDP-11sis the availabilit y of compatible protocols. If a PDP-11 operating
systemsupports Ethernet, it usually usesDECnet, while PCs are more likely to support TCP/IP . However software
to support either protocol is available on both PCs and PDP-11s,it's just a matter of getting it.

Alan Baldwin's excellert free TCP/IP padkagesfor RT-11 and TSX-Plus are available via FTP from
shop-pdp.kent.e du.

Megan Gentry's \RTEFTP" RT-11 Ethernet le transfer program is available from

ftp://ftp.std.c om/pub/ mbdp dp11/rt 11/tools /r tef tp/. It usesits own private protocol and can com-
municate only with other computersrunning RTEFTP , howewer it's fast, very easyto setup, and cantransfer
raw disks.

JSA Stackware, a commercial TCP/IP padkagefor RSX, is available from JSA. It provides Telnet and FTP
accesdn both directions.

ProcessSoftware's TCP/IP padage for the PDP-11 is also a commercial product, available from Process
Software (www.process.com).

DECnet/DOS and Pathworks for DOS are no longer available, but they were able to connectto DECnet
hosts. Soif you already have one of these packages,it may be useful for transferring disks.

Some of the above programs are not able to transfer ertire raw disks over the Ethernet. In this casethe same
workarounds as usedwith Kermit transfers may be applied, to copy raw disksto les and then transfer the les.

3.5 ASCI serialdump

Most DEC operating systemsprovide a utilit y (typically named DUMP or DMP) which candump a le or device
out to the terminal in octal or hexadecimal. If this program is usedto dump out the ertire disk, a PC terminal
program can be usedto capture the output, and it can be translated back to a binary disk image on the PC. This
should only be used as a last resort becausethere's no error cheding or correction, and the transfer is very slow
becauseof the ine cien t encading and extra header/trailer/address information that's normally displayed with
ead block.

If possiblethe transfer should be done using hexadecimalrather than octal, the transfer will go faster since eat
word is displayed as only four characters instead of six. On an RSX system, this can be done with the following
commands:

>INS $DMP

>DMQddu:/DEV/LOCK=V(if ddu: is the systemdisk)
>MOWdu:/FOR (if ddu: is not the systemdisk)
>DMPTI:= ddu:/BL:0/WD

The le producedby capturing the output from the above commandcan be translated badk into a binary disk image
using the \HEX2DSK" program, available from ftp://ftp.dbit. comip ub/ib mpe/uti I/ . Sourcecode is included
so the program can be modi ed for other dump display formats if needed. RT-11 has a DUMP/TERMINAL
command, which is similar to RSX's DMP command but givesa di erent output format.
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Since there is no error detection at all, disks transferred in this manner should be downloaded twice, and the
resulting les should be compared, as a test to make sure the dump wasn't corrupted by line errors or bu er
overruns.

3.6 System-spci c notes

RT-11 is the easiestoperating system to transplant. For one thing, an RT-11 Kermit serwer is available (at
ftp://ftp.dbit.com/pub/p  dpll/rtll/kserv e.mac)which is able to download an ertire raw disk image over a serial
line. This cantake a long time but it just about guaranteesthat the con guration will be duplicated exactly, just
don't forget to type SET FILE TYPE BINARY and REMOTE SET FILE TYPE BINARY to make sure both
participating Kermits agreenot to try to treat the binary data astext. Failing that, you can useKSERVE, or any of
seweral other le transfer methods, to download the individual les (still in binary mode) into a PC directory. Then
useD Bit's \PUTR" program (available at ftp://ftp.dbit.com/pub/putr/) to build a blank RT-11 disk image, copy
the les into it (be sureto usePUTR's COPY/B commandto copy in binary mode), and make the disk bootable
with PUTR's BOOT command.

Note

The RT-11 DL: and DM:device handlers expect to nd a bad block replacemer table in block 1 of a
disk. If something elseis there (like the padc label in Files-11 and RDS 1.1 and later, or the master
le directory in RDS 0.0), they will replaceblocks at random and you'll get a corrupted disk image. So
either modify your Kermit (etc.) to usethe appropriate .SPFUNnstead of .READ or don't use RT-11
programsto read non-RT-11 disks.

RSTS imagescan be assenbled from individual les using Paul Koning's freely available \ X" program, seebelow.
All you needto build a bootable pack are the les from SY:[0,1], x knows how to do the HOOK operation and
make the padk bootable.

RSX is moredi cult to movesincecurrently there is no DOS software that knows how to build a bootable disk from
its componert les. If you don't have an easyway to take a raw snapshotof the whole disk (K11.TSK currently
can't do it), the best bet is to dump the disk to tape and then restore the tape on the PC, assumingyou have
suitable tape driveson both. Stand-aloneBRU (a.k.a. BRUSYS) is the easiestway to do this. After copying the
ertire disk to tape, build a bootable BRUSYS tape for E11 (HELP BRU STAND under RSX will tell you how).
Then use PUTR.COM to build a blank disk image le of the appropriate type, and boot E11 from the BRUSYS
tape, with the empty disk image le mounted. Once BRUSYS has started, you can physically switch tapes,or else
pop up an E11 prompt and MOUNT the (rst) badkup tape if you're using tape image les. Then run FMT (if
needed)and BAD on the blank disk, and nally run BRU to restorethe tape. If you want to usetape image les
instead of using a real tape drive (required on E11 Lite, sinceit doesn't support SCSItapes), you can useD Bit's
DOS SCsSil tape utilit y (available from ftp://ftp.dbit.com/pub/ibmp  c/util/st.exe) to copy betweenreal tapesand
E1l1 tape image les.

3.7 Utilities

PUTR.CQM companion program to E11 is available from ftp://ftp.dbit.co m/pub/p utr /, and knows how to
read and write RT-11 and RSTS/E and DOS/BATCH volumeson a variety of media, aswell as how to read RSX
volumes. It can write blank container les with the serial numbersand (empty) bad block data lled in correctly,
and format many typesof DEC oppies, and SCSldiskstoo, which canbe usefulwith any OS. It canalsoread and
write TUS58 DECtape Il tapes,if the drive is connectedto a PC COM port. Assenbly languagesourceis included.
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Paul Koning (former RSTS/E dewveloper) haswritten a very complete program named\flx " for manipulating les
in RSTS disk images. Among other things it can build a bootable disk giventhe les from [0,1]. It's available from
ftp://ftp.dbit.c om/pub/flx / and is written in portable C, soit can be usedwith any emulator (or with real
PDP-11 disk packs on a VAX). A DOS executableis included with the sources.



Chapter 4

Disk Devices

Ersatz-11 emulates a wide variety of disk drive and controller models. Theseare created using one MOUNJommand
(seepage66) for eadh drive unit needed. Generally eath emulated disk unit must be connectedto an emulated disk
device(e.g.alarge le onthe PC's disk) which is at least aslarge asthe disk it emulates. The connectionis device-
independert, so any emulated disk can be connectedto any of the physical disk device typesthat E11 supports.
The cortroller itself is created implicitly wheniits rst drive is mounted, and can be deleted by dismourting all of
its drives. The controller type (RL11, UDASO0 etc.) is implied by the device name usedin the MOUNdommand,
and the samedevice name syntax is the sameas most DEC operating systems.

E11 has sensibledefaults for all disk parameters, so in most casesa MOUNdommand for ead unit is all that is
needed. If necessarythe default drive parameterscan be overridden using MOUNSwitches,and the default controller
parameters can be overridden using a separate SETcommand, which may be given before or after the drivesare
mounted. The defaults are as follows:

| parameter | default | how to override
controller model | basedon SET CPUQBUSetting SETddc model (e.g. SET DUA: RQDX3
cortroller DEC default addresses SETddc CSRxxxxxxVECTORyy
CSR/vector \ oating" addressesre calculated auto-

matically if appropriate

interrupt DEC default values, SET CPUQBUSet- | SETddc PRIORITYn
priorit y ting
drive model basedon size of container le MSCP/TMSCP drives:

ITYPE:type switch (e.g. /TYPE:RD54)
non-MSCP/TMSCP drives:
/ type switch (e.g. /RK06)

write protection | disabled /WPor /RO switch

After a drive is mounted, a SHOWdcu command (e.g. SHOVIDUAO) will display the actual drive parametersfor
that unit, aswell asthe cortroller parametersfor the cortroller to which it is attached. The cortroller CSR, vector,
interrupt priorit y, and type (i.e. controller model) can be changedexplicitly at any time with a SETcommand. If
these parameters are defaulted, their actual valuescan also be changedimplicitly at any time, by a changein the
SET CPUsetting (which can make a defaulted controller type switch betweenthe Unibus and Q-bus models of that
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cortroller), and by changesin the con guration of other devicesthat use\oating" CSRsand/or vectors (if this
cortroller is setto be a oating device,as DUB:and DYB:normally are for example).

4.1 Experimentaldiskcache

Ersatz-11 provides a built-in disk cache, which can be enabledindividually for eadh emulated disk unit by adding
a \/CACHE or \/CACHER" switch to the MOUNdommand that createsthat unit. n is the amount of memory (in
bytes unlessan optional sux of KB MB or GBis added) to be set aside for the cache. This number includes all
variably-sized data structures, sothe actual amount of data that can be held in the cache will be lower. The default
is 16 MB.

NOTE

The disk cadche has passedall internal testing at D Bit, but asit is a new feature (as of V5.1) with an
unproven record in the outside world, and there is a great potential for data lossif it malfunctions, we
recommendthat it be usedwith extreme care, until it has proven itself. Make frequert backups, and
don't useit at all in caseswhere data corruption would be unrecoverable.

The built-in cade is intended mainly for the DOS version of E11, since the older DOS disk cachesdon't always
scalewell to the available RAM and hard disk capacity on modern PCs. On Linux and Windows systemsthe host
operating system already provides good disk cacing, sothere may be no advantage to using the built-in cacde.
Some experimentation might be worthwhile though, since using E11's cache in addition to the OS-supplied one
may reduce system call overheadenoughto be noticeable.

The cadheis currently write-through, i.e. it doesnot usedelayed writes. Future versionsmay intro duce write-back
cacdiing, with a settable delay.

4.2 PCdiskdevices

The MOUNdommand establishesa connectionbetweenan emulated PDP-11 disk drive unit, and a PC le or device
which will be usedto hold the actual disk data. Generally this le or device must be at least as large as the
PDP-11 disk unit that is being emulated. E11 supports seweral di erent forms of physical media to be used for
emulating disks. The connectionsare made on a per-unit basissoit is possibleto mix units attached to di erent
typesof physical media within the sameemulated PDP-11 disk corntroller. The supported typesof physical media
are described below, along with the syntax of the MOUN@ommand for ead type. The /RONLY(syn. /WPROTECT
switch may be speci ed on any MOUNdommand, to lock the disk against writes.

4.2.1 Diskimage les

Command syntax:
MOUNddcu [path/ ] lename[.dsk ] [switcheg
Special switches: none

A disk image le contains a byte-by-byte image of a PDP-11 disk, presumably loaded from a real PDP-11 using
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Kermit or DECnet or someequivalent, or built using PUTR.CObr FLX.EXEor RT11.EXEor a similar utilit y (see
chapter 3). The le is the samesizeasthe total capacity of the PDP-11 disk driveit replaces. The le is located
using E11's usual seard rules, seesection 1.8 for details.

There are two typesof image les, \blo ck” and \sector" images. \Blo ck" imagescontain the disk data asit would
be read in sequettial block order, which for most PDP-11 disks is the sameas the raw device order. This is the
most common format and is normally usedby default. \Sector" imagesapply to oppy disks only. RX01, RX02,
and RX50 disks are organized using a soft interleave layout to increasetheir speed when used with corntrollers
that have only one sectorbu er. The PDP-11 device handlers (and/or cortrollers) for these disks handle the soft
interleave soit is normally invisible to the PDP-11 user program, so imagesmade of these disks using something
like the RT-11 \ COPY/FILE/DEV command will be normal block images. When a block image le is accesseds a
virtual PDP-11 oppy disk, Ersatz-11 doesthe inverseof the soft interleave sothat when the PDP-11 driver does
the interleave, the blocks comeout in the correct order.

Howevwer if the image is taken using special software (such asthe COPFLP.MA&ogram available from ftp.dbit-
.com), or on a non-DEC computer, it may be more natural for the image le to bein raw sectororder, i.e. starting
with track O sector 1, then track O sector 2, track 0 sector 3 etc. In this caseErsatz-11 should not alter the
interleave, and in fact it should do the interleave itself if the le is mounted as something other than a virtual
oppy drive (since PDP-11 driversfor other devicesdon't do the opp y-style interleave).

By default, Ersatz-11 guessesvhether a le is a block or a sectorimage basedon the le size:

size (bytes) type
256,256 RXO01 sectorimage
512,512 RX02 sectorimage
1,025,024 \RX03" (DS RXO02) sectorimage
(anything else) block image

Block imagesof RX01/02/03 disks are slightly smaller becausethe interleave scheme leavesout track 0, so they
can be distinguished by sizealone, unlesspadding was added during transfer or something elsealtered the le size.
RX50 image les are the samesizeeither way, sincethe RX50 soft interleave schemeusesall sectorsof the disk. So
by default they are assumedto be block images. The defaults may be overridden with the \/BLOCK and \/SECTOR
switcheson the MOUNGommand.

Since DEC's 8" oppYy interleave scheme doesn't use track 0, data from this track do not normally appear in a
block image le. However somenon-standard software may needto usetrack 0, sothe RX11, RX211, and RXT11
emulations relocate it beyond the end of the block image, if the le is enlarged by the size of one cylinder to be
the samesize as the equivalent sectorimage le. Use\/BLOCK to specify that it's still a block image, in spite of
being the sizeof a sectorimage. In this caseit may be more natural to usea sectorimage, but E11 supports either
scheme.

type basesize (bytes) extra size (bytes)
RX01 252,928 3,328
RX02 505,856 6,656
\RX03" 1,011,712 13,312

If the base le sizesare used,these les work asregular block imagesand track 0 doesnot exist. Any attempt to
write track O is a no op, and any attempt to read track O returns hex E5 in every data byte, asif the disk were
freshly formatted.

Note
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The Demo version of E11 limit the combined sizeof all image les to 256 MB. E11 versionsprior to 2.0
did not have this restriction, but they are no longer supported by D Bit.

4.2.2 Rawv SCSldiskdrives

Command syntax:
MOUNddcu SCS[h][t][-1]: [switche§

parameter values default meaning

h Nz A SCSl host adapter (A= rst HA)
t 0{15 0 SCSil target number (8{ 15 for wide devicesonly)
I o7 0 SCSllogical unit number (LUN) within target

The host adapter and LUN are normally defaulted, so for example\ SCSI6:" refersto SCSI device 6 on the rst
(or only) SCSI adapter.

Special switches: /INTERVALN setsdisk changepolling interval, /START:n and /END:n de ne partition boundaries

Raw SCSI disks may be accessedising the SCSI genericdevice driver (Vdev/sg*"), sothis method of accessing
SCSldisks requiresthat the \sg" driver be either built into the Linux kernel, or loadedasa module. Removable
disks, such aslomegaZip drivesor Fujitsu DynaMO magneto-optical drives, are supported as well as hard drives,
and in many casesmedia may be interchangedwith real PDP-11 SCSI drives(using controllers made by CMD and
others). Note that CMD MSCP cortrollers on real PDP-11s are often con gured to deduct one block from the
reported sizeof the disk to allow for the RCT (relocation cortrol table, an MSCP data structure). For compatibilit y
with these popular cortrollers, E11's default operation is to do the samewhen mounting a raw SCSI drive as a
DU: device. The \/NORCT switch may be usedto override this behavior.

When a SCSldrive is idle, E11 sendsSCSI\TEST UNIT READY" commandsat regular intervals to ched for a
changein online/o ine/disk-c hangestatus. This is done for exact compatibility with DEC MSCP cortrollers, and
in practice it works better than someof the aftermarket SCSI controllers usedon real PDP-11s, which notice a
disk changeonly the next time 1/O is attempted on that device. The polling interval is 5 secondsby default, but it
can be changedusing the /INTERVALN switch, which changesthe interval to poll every n secondsinstead, or not
to poll at all if n is zero.

Disks with sector sizesother than 512 bytes are supported by E11. Data are re-blocked as necessarywith read-
modify-write sequencesione when writing a partial sector, so the physical sector size is completely independert
of the sector size of the emulated PDP-11 disk. In particular, SCSI CD-ROM driveswork well (regardlessof the
drive model), and so do magneto-optical cartridges, someof which use 2048bytes per sector.

Partitions

SCSl disks may be partitioned, soasto emulate multiple drivesusing subsetsof a 