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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
Real PDP-11 hardware may be attached using Q-bus/Unibus adapters. E11 is intended to boot and run any
PDP-11 operating system. It hasbeentested with RT-11 (all avors), RSX-11M, RSX-11M-PLUS, RSTS/E, IAS,
TSX-Plus, 2.9BSD and 2.11BSDUNIX, 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).
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1.1 Emulatedblock devicetypes

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

DB:

DC:

DD:

DF:/ RF:

DKYRK:

DL:

DM:

DO:

DP:

DR:

DS:

DT:

DU:

DX:

DY:

FX:

HD:

PD:

RH11, RH70
RC11

DL11

RF11, DMS-11X
RK11D

RL11%, RLV11,
RLV12

RK611?
(virtual)
RP11C
RH11, RH70
RH11, RH70
TC11

UDAS50, KDA50
RQDX3, RQZX1

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

RXT11

RP04/05/06 pack drives

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

RMO02/03/05 pack drives, RM80/RP0O7 Winchesters

RS03/RS04 xed-head disks

TUS5/TUS56 DECtape

RA60, 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
YH: DH11 serial DMA multiplexers
YJ: DJ11 serial PIO multiplexers
YM: DM11BB modem cortrol multiplexer option for DH11
YV: CXAl6, CXB16, CXF16, CXF32, CXY08 | serial DMA multiplexers
DHF11, DHQ11, DHU11, DHV11, DHZ11
YZ: Dz11, DZQ11, DzV11 serial PIO multiplexers

1.4 Emulatednetwork devicetypes

| dev name | port type(s) | description
NI: NIL1010A, NI2010A | Interlan Unibus/Q-bus Ethernet interfaces
XE: DELUA Unibus Ethernet interfaces
XH: DEQNA Q-bus Ethernet interfaces




4 Introduction

1.5 Miscellaneousevicetypes

| dev name | port type(s) | description
BCI: BCI-2003, BCI-2004, BCI-2103, BCI-2104 | Logical PCI to Q-/Unibus adapters
DO: (virtual) PC le interface
KD: M8644 CDR countdown registers
KP: KW11P programmable clock

1.6 PC hadware 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

Q/Unibus adapters: BCI-2003, BCI-2004, BCI-2103, BCI-2104, PDQ-1000, BPU-2300, BPQ-2300,BPQ-2301

Network devices:any Ethernet device supported by Linux

This is the full version of Ersatz-11. It has no limitation on commercial use. It is licensed software, and may
be used and copied only in accordancewith the terms of the D Bit software license,which is printed on the disk
padket.

The emulator speeddependson the application and the host system. In general E11 on any speed Pertium [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.

u Optional unit number identifying the device; default is the rst unit on the cortroller. The unit number
should be omitted when referring to the cortroller as a 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 referred to 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 \ KBu: ", 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 synonym 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 controller 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 slaves attached to the sameformatter, or on SCSI devices
with multiple LUNs within the sametarget sudch 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
dll dynamic link library INSTALL

.dsk disk image le MOUNT

Jini init le /INITFILE switch
dog log le LOG

.pap paper tape image 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-11is Copyright ¢ 1993{2009by Digby's Bitpile, Inc. All rights resered. This software is provided under
a license,and may be copied and usedonly under the terms of the licensetext printed on the diskette envelope.
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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.

V5.2, 01-Aug-2008; mouse cut/paste. SET/SHOW PCLOG. SET CPU NOMMU speedups. ADDPCI. SCAN.
Delays after bus adapter cycles. Emulated DMA to I1/O page. New mP features for PDP-11/45s: FASTBUS:,
IPL:, SET CPU NOSHAREDMEM.

V5.3, 01-Sep-2009ATTACH BCI: and ASSIGN ... TELNET: in Win32 version. 64-bit memory addressingin
DOS version. DIR, CD, TYPE commands. FAT le systemdriver in stand-aloneversion. Ethernet tunneling over
UDP in Linux and Win32 versions.



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 (any additional memory may be usedfor RAM disks/tap esand
disk/tap e caches).

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

Linux kernelversion2.0.1or later (2.2.1 or later required for Ethernet support). Sladkware is known to work,
and most other distributions are expectedto work too.

2.2 Installation

Installation is very straightforward. Simply insert the distribution disk into a oppy drive, and type:
tar xf /dev/fdO

If the oppy driveis not /dev/fd0 , substitute the actual drive namein the above command. tar will unpadk the
E11l les. The les are asfollows:

le contents

ell executable

ell.hlp \HELP" data le

ell.pdf this documernt, 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

bus adapter ATTACH

digital 1/0 board ASSIGN

user emulation module INSTALL

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:-CON6since ttyl-tty6  are normally ownedby getty)

assign ttl: con’:

assign tt2: cons8:

assign Ip0: "/dev/lp0”

; Define 8-line DZ11lserial muxusing Comtrol RocketPort/PCI

; (Rocket and DZ ports match 1:1 in this example, but it's OKto mix
; and match on a per-line  basis)
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assign yzaO: "/dev/ttyRO"

assign yzal: "/dev/ttyR1"

assign yza2: "/dev/ttyR2"

assign yza3: "/dev/ttyR3"

assign yza4: "/dev/ttyR4"

assign yza5: "/dev/ttyR5"

assign yza6: "/dev/ttyR6"

assign yza7: "/dev/ttyR7"

; Define DELUAEthernet port using first Ethernet port
assign xe0: ethO

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

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 switches on the E11 startup command line, rather than
being contained in the \ell.ini" initialization le:

/CONSIZEWxH 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 I/O pagepastthe usual8 KB size,with nnnn specifying the decimal number
of kilobytes. This is mainly useful with customer-written loadable device emulation
modules which act like RAM windows, and is equivalert to the \Unibus fence" feature
of somePDP-11sthat have 22-bit memory addressing.

/IMEMORYinnn 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 such changescan causecon icts with existing software, which may contain hard-coded device
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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.

Note that someoperating systemsdo little or no autosizing and may have problemsif the hardware being emulated
by E11 diers 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 autoincrement semartics, and will get the wrong answer if you set the 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 created in 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,
sudch asdevicesthat simply hang, or supposedlyl/O bound tasks that consumel00%of the CPU. Theseproblems
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 so that 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
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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
(seepage74) 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, UDAS5O etc.) is implied by the devicename usedin the MOUNdommand, and
the samedevice name syntax is the sameas most DEC operating systems. There can be more than one of each
type of cortroller. A third letter may be addedto the device name when it is mounted, to specify the controller
to which it refers; A=rst, B=second, etc. In most casesthis letter is omitted and the rst (or only) controller of
that type is usedby default.

E11 has sensibledefaults for all disk parameters, so in most casesa MOUNGommand for ead unit is all that is
needed. If necessarythe default drive parameterscan be overridden using MOUNSwitches,and the default cortroller
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
cortroller model | basedon SET CPUQBUSetting SETddc model (e.g. SET DUA: RQDX3
controller DEC default addresses SETddc CSRxxxxxxVECTORwyy
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 parameters for
that unit, aswell asthe controller parametersfor the controller to which it is attached. The controller CSR, vector,
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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
controller), and by changesin the con guration of other devicesthat use\ oating® CSRsand/or vectors (if this
controller is setto be a oating device,as DUB:and DYB:normally are for example).

4.1 Diskcache

Ersatz-11 provides a built-in disk cade, which can be enabledindividually for eat emulated disk unit by adding
a \/CACHE or \/CACHER" switch to the MOUNdGommand 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.

The built-in cade is intended mainly for the DOS version of E11, since the older DOS disk cacdhesdon'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 caching, sothere may be no advantage to using the built-in cacde.
Some experimentation might be worthwhile though, since using E11's cadhe 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 MOUNdommand 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 ] [switche§

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
Kermit or DECnet or someequivalert, 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 drive it 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
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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 corntrollers) 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/DEVcommand 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 MOUNdommand.

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 O 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.

4.2.2 Multiple concatenatedliskimage les

Command syntax:

MOUNddcu [path/ ] lename[.dsk ] + [path/ ] lename[.dsk ] + [path/ ] lenames[.dsk ] + ... [switcheg
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Special switches: none

If multiple lenames are speci ed, separatedby plus signs(+), E11 treats them as a single disk whosesizeis the
sum of all the les put together. /0O done by the PDP-11 is broken up and goesto the correct le. The les may
be any size, and there's no particular limit on the number of les that may be put together (as long as the host
operating systemdoesn't run out of le handlesand you can t all the lenames on one 132-columnE11 command
line). The purposeof this commandis to allow using image les to emulate a PDP-11 disk that's bigger than the
maximum le sizesupported by the le system. Note that E11 can alsomount a raw disk partition asa PDP-11
disk, which may provide a cleanerand more e cien t method for mounting large disk images, but a collection of
native image les may be easierto move around. The les are located using E11's usual rules, seesection 1.8 for
details.

4.2.3 Raw SCSldiskdrives

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

parameter values default meaning

h ANz A SCSlhost adapter (A= rst HA)
t 0{15 0 SCSiltarget number (8{ 15 for wide devicesonly)
I of7 0 SCSillogical 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*"), so this 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 cortrollers 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 some of the aftermarket SCSI controllers used on 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 /INTERVALnN 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 2048 bytes per sector.
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Partitions

SCSl disks may be partitioned, soasto emulate multiple drivesusing subsetsof a physical disk. This is especially
useful now that many of the PC hard driveson the market are larger than the maximum sizethat most PDP-11
operating systemscan handle. Mounting a partition is done by usingthe /STARTn and/or /END:n switcheson the
MOUNdommand, to specify the partition's starting and ending locations on the SCSI disk. The \ n" values (which
may include a decimal point) are speci ed in units of 512-byte blocks by default, where block 0 is the rst block of
the disk. Units other than 512-hyte blocks may be speci ed by appending a su x to the \n" number. The table
below lists the valid suxes. The sux must be immediately adjacert to the number, without intervening white
space.

Su X unit
BYTES bytes
BLOCKS 512-hyte blocks (default)

KB kilobytes (21° bytes)
MB megalytes (22° bytes)
GB gigabytes (2%° bytes)
TB terabytes (2%° bytes)
PB petabytes (2°° bytes)
EB exabytes (250 bytes)
ZB zettabytes (20 bytes)
YB yottabytes (28 bytes)

The units larger than \ EB' are included for future expansiononly, as Ersatz-11is currently limited to using disks
whose capacity in bytes can be expressedwith a 64-bit number (i.e. below 16 EB). If /STARTn is omitted, the
emulated drive starts at the beginning of the disk. If /END:n is omitted, the emulated drive endsat the end of the
disk. The value givenin the /[ENDswitch is actually the rst location following the partition, sothat the di erence
betweenthe /END and /STARTvalues is equal to the length of the partition. If both switches are omitted, the
emulated drive usesthe ertire disk.

E11 doesnot allow partitions to overlap ead other. If a MOUNdGommand would mount a partition that coversa
part of the disk which is already in use by another existing mounted partition, the emulated device (or devices)
already attached to the other partition(s) will be implicitly dismounted, and an informational messagewill be
displayed for eac.

If a partition is de ned which beginsbeyond the end of the disk, no error messages given, but the emulated drive
will have a size of zero bytes. Partitions are re-ewvaluated ead time a disk changeoccursin a removable drive. So,
on multi-density driveswhosecapacity dependson the size of the disk which is inserted, partitions may be placed
such that they have zero size when a small-capacity volume is mounted, but their sizewill becomenon-zeroif a
large-capacity disk is inserted in the samedrive.

MOUNd@xamplesusing partitions:

MOUNDUQ: SCSI1: usesertire drive

MOUNDUO: SCSI1: /END:4800 uses rst 4800blocks

MOUNDUQO: SCSI1: /START:32MB/END:64MB usessecond32 MB

MOUNDUQO: SCSI1: /START:2GB usesfrom 2 GB mark up to end of volume

MOUNDUQ: SCSI1: /START:1000BYTESEND:1GB OK to mix units, and endpoints neednot be at
physical sector boundaries



Rawv oppy disk drives 25

Low-levelformatting

Ersatz-11is able to perform low-level formatting of SCSI disks even while the systemis running. The easiestway
to do this is to make the PDP-11 think it's a oppy disk (albeit an unusually large one), using a command like
MOUNDUL1: SCSI3: /TYPE:RX33(or MOUNDYO: SCSI3:), and then usethe PDP-11 operating system's utilit y
for formatting RX33 (or RX02) oppy disks. Theseutilities generally don't mind if the oppy disk is the \wrong"
size or takes an unusually long time to format. However when formatting what looks like an RX33 oppy, the
DEC utilities typically refuseto go aheadwith the format operation unlessthe MSCP controller is a RQDX3 or
an RQZX1, soyou should SETone of those cortroller typesbefore attempting to format.

E11 also supports low-level formatting using the \write headers" commandson the DB:, DK:, DM; DP:, and DR:
emulations. SinceSCSldevicescan't be formatted piece-meal,E11implements this by formatting the whole volume
whenewer the PDP-11 doesa \write headers”commandwhich starts at the beginning of the disk. All other \write
headers” commands are no ops. This has the unfortunate side e ect of defeating utilities which intend to skip
formatting over the manufacturer's bad block list which appears on the last track of someolder disk types, so
PDP-11 utilities will complain that the bad block le is missing even if one had beenwritten on the disk prior to
formatting. In somecasesthe utilities are still willing to proceed,after performing their own surfacescanto ched
for bad blocks.

This interface allows E11 to get direct, raw accessto the SCSI hardware. It is also possibleto mount SCSI disks
using Linux's normal SCSI disk device names. For example:

mount duO: "/dev/sdb"

This command accesseghe second SCSI disk as a raw device, using Linux's own driver. This has the great
advantage that Linux's normal disk caching and read-aheadsystemwill be used, whereasE11's SCSI driver does
not cadhe data. However E11's own SCSI disk driver has other advantages. It allows disk changesin removable
drives,evenif the newdisk is a di erent sizeor usesa di erent sectorsize. Also, E11's SCSIdisk driver can perform
low-level formatting of blank disks, and it can partition disks on arbitrary boundaries without requiring that an
on-disk partition table be written.

One thing to keepin mind when exchanging disks between systems, is that E11's default varies with regard to
whether the last block of the disk is resened for the RCT (relocation cortrol table), on disks that are mounted as
MSCP devices(DU:). SCSI disks mounted using the \ SCSI:" device name will have one block deducted for the
RCT, but SCSIdisks mounted using the \ /dev/sd* " devicename will not. So care must be takento specify /RCT
and /NORCBwitcheswhen needed,to override the defaults and ensurethat the disk is usedthe sameway on both
systems.

MOUNBSCSI: drive switches:

/END:n[units] set end of partition (default is rest of volume)
/INTERVALN set polling interval for detecting media changes
/ISTARTNn[units] set start of partition (default is 0)

4.2.4 Raw oppy diskdrives

Command syntax:
MOUNddcu d: [switche§
Special switches: none

Floppy disk drivesmay be usedto emulate any block-replaceabledevicesupported by E11. \d: " is the drive letter,
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i.e. A: or B: for the rst or second oppy drive.

In the current version of Ersatz-11/Lin ux, this is just a shorthand for the \/dev/fd0" (etc.) device names, so
only PC disk formats are supported, and disk changesare not allowed without a new MOUNT command. More
complete support for oppy disks will be available in a future update to E11.

Note that confusionis possibleif a opp y disk hasa di erent total number of blocks than the devicebeing emulated.
The PDP-11 OS may try to accessareaso the end of the disk, which results in a controller-specic 1/0 error,
or may not useall of the disk. In particular writing a blank le system (with an OS-speci c \initialize volume”
command) will result in a directory structure that doesn't match the actual volume size. Care should be exercised
to avoid trouble. Like disk typesare of coursenot a problem, so for example\ MOUNDXO: B: /RX01" will mount
a real RX01 disk to be usedas an emulated RX01 disk. The HD: device works with any size device,soall oppy
typesmay be mounted on HD: if you have the \HD.SYS" device handler (under RT-11).

If the disk already has a correct directory structure to match its actual size, and is mounted to emulate a device
of at leastthat size, most operating systems(that usedevice-independert le systemformats) will be able to read
and write the disk correctly. For example,if you initialize an RX23 oppy with RT-11 directory structure usingthe
PUTR utilit y under DOS, and then \ MOUNDLO: A: /RX23' in E11 (using the 1.44MB RX23 disk to emulate a 5
MB RLO1 pad), RT-11 will be ableto accessall les on the disk, and can write new les without data corruption.
Only the RT-11 INITIALIZE and SQUEEZ&éommandsneedto be avoided in this case.

425 RAM diskdrives

Command syntax:
MOUNddcu RAM:switcheg
Special switches: /LOAD [path/ ] lename[.dsk ], /SIZE: blacks

RAM disks may be created using regular PC memory. This givesextremely fast accessto disk data, but hasthe
disadvantage that all data are lost on shutdown. Soany needed les should be copiedto permanert storage before
shutting down E11, and data may be permanertly lost in the evernt of a power failure. The maximum possible
size of RAM disks depends on the amount of memory available, so the SHOVWIEMORYYmmand may be useful in
deciding how much spaceto allocate. Note that the actual amount of memory neededto create a RAM disk is
slightly more than the disk's raw capacity, sinceE11 needsto maintain internal data structures related to the RAM
disk and the emulated PDP-11 controller to which it is attached.

If no MOUNSwitchesare given,a 1 MB RAM disk is created. This sizemay be changedusingthe \/SIZE: n" switch,
which setsthe size of the disk to n blocks. Other units besidesblocks may be used by appending the unit to the
number (with no spacein between), for example\/SIZE:20MB" setsthe sizeto 20 megalytes. The RAM disk will
initially cortain all zerosunlessit is loaded from a disk le, which is donewith the \/LOAD:path/] lename[.dsk ]"
switch. The le is located using E11's usual rules, seesection 1.8 for details. If this switch is given, the RAM
disk will be the samesizeasthe le, unlessthe sizeis explicitly set with the \/SIZE" switch. The RAM disk is
loaded from the le oncewhenthe MOUNT command is issued,then the le is closed. Any data written to the
RAM disk do not changethe le from which it wasloaded. Note that if the RAM disk is not loaded from a le, it
will normally needto be initialized by the PDP-11 operating system after creation, in order to have a usable le
system.
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4.3 EmulatedPDP-11diskdevices

This section describeseath PDP-11 disk drive type that Ersatz-11 emulates, and de nes the device-spgeci c MOUNT
command switchesthat apply to eat emulated disk type.

name units cortroller drive/volume switches

DB: of7 RH11/RH70 /IRP04, /IRPO5, /RPO6, /SERIAL: nnnn, geometry switches

DC: 0{3 RC11 (none, always RS64)

DD: o{1 DL11 (none, always TU58 DECtape I1)

DF: of7 RF11 (none, basedon cortroller type)

(syn. RF:)

DK: o{7 RK11D /RKO2, /RKO5 (syn. /RK03)

(syn. RK)

DL: 0{3 RL11 /RLO1, /RLO2

DM: of7 RK611 /RKO06, /RKO7

DP: of7 RP11C /IRP02, /[RPO3, geometry switches

DR: of7 RH11/RH70 /RM02 /RM03 /RM05 /RM8Q /RP07, /SERIAL:nnnn,
geometry switches

Ds: of7 RH11/RH70 /RSO3, /RS04

DT: of7 TC11 (none, always TU55/TU56 DECtape)

DU: 0{65535 MSCP ITYPE:Xxxyy

DX: 0o{1 RX11 (none, always RX01)

DY: 0{1 RX211 /IRX01, /RX02, /SS, /DS

FX: 0 Fox 2/30 DBI (none, le sizeis all that matters)

HD: 0{15 virtual (none, le sizeis all that matters)

PD: o{1 RXT11 (none, always RX01)

The \geometry switches" for DB:, DP:, and DR: refer to /CYLINDERS), /HEADSH, and /SECTORS:, which may
be usedto specify non-standard drive dimensions. This allows compatibility with some clone cortrollers, which
allowed extended drive sizesand/or untranslated SMD drive geometry to be used instead of the standard DEC
geometry. In some casesthe PDP-11 drivers may have been patched to use the non-standard geometry. These
switchesallow duplicating that hardware con guration sothat the patched driverswill run unchangedunder E11.

4.3.1 DB:| RPO04,RP05,RP06

These are top-loading 12-platter pack drives. The RP04 (built by Sperry) and RP05 (Memorex) hold about 87
MB ead, and the samemedia can interchange betweenthem, the only reasonfor the di erent model numbers is
that they were built by dierent OEMs. The RP06 (Memorex 677) is a double-capacily version of the RP05, with
a capacity of about 174 MB. Up to eight drivescan connectto an RH11 or RH70 Massbuschannel. Thesedrives
were extremely popular in the late 1970sand early 1980s,and were commonly emulated by aftermarket controllers
made by Emulex, Sl, etc. E11 allowsthe /CYLINDERS), /[HEADSN, and /SECTORSt switcheswhen mounting these
drive types, to support caseswhere the PDP-11 drivers have been patched to support extended or untranslated
drive geometriesusing SMD driveson aftermarket controllers. Also, the /SERIAL: nnnn switch setsthe drive serial
number.
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MOUNTDB: drive switches:

/CYLINDERS set non-standard number of cylinders

/HEADSIN set non-standard number of heads

/RP0O4 setdrive type to RP04 (87 MB 12-platter padk drive)
/RPO5 setdrive type to RPO5 (87 MB 12-platter padk drive)
/RP0O6 setdrive type to RP06 (174 MB 12-platter pack drive)
/SECTORSt set non-standard number of sectors

/SERIAL: nnnn set drive serial number (4 decimal digits)
/WPROTECT enablewrite protection (syn. /RONLY

SET DB: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYnA set interrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIR Q4 for Q-bus)
RH11 set cortroller type to RH11

RH70 set cortroller type to RH70

VECTORAN set vector addressto nnn octal

432 DC:| RC11/RS64

This emulation is included for completenessijt is not expectedthat anyone has a practical usefor it. It is an early
drivewith a xed platter and xed headsyielding very low capacity (128 KB). There are few if any surviving units
today, and no current PDP-11 operating system version is known to support it. Since there is only one possible
drive type, no switchesare required to selectit.

MOUNDC: driv e switches:
/WPROTECT | enablewrite protection (syn. /RONLY

SET DC: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIRQ4 for Q-bus)
VECTORAN set vector addressto nnn octal

4.3.3 DD:| DL11/TU58

The TU58 is a small one- or two-transport cartridge tape drive. It is attached to the PDP-11 using a serial
port, and communicates using RSP (Radial Serial Protocol), or MRSP (Modied RSP) in later drives. It uses
cartridges which are physically similar to DC2000s,but hold only 256 KB ead using DEC's proprietary format.
DEC introducedthe TU58 becausethey wanted to have a low-end storageperipheral which was cheapenough(well,
about $1800, cheap by DEC's standards, and at least it didn't require its own cortroller card) that they could
expect customersall to buy one. Then DEC would be able to get away with shipping diagnostics, microcode, and
small software updates on just one medium, instead of having to make everything available on all types of media
in useat the time. TU58s were plentiful, but deathly slow and low in capacity. DEC called the drives\DECtap e
1" in the hope that the namewould remind customersof the earlier 555/TU55/TU56 DECtap e drives,which were
very popular.

TUS8 drivesare normally attachedto a DL11/DL V11 serial line unit, and this is what DEC's OS-supplieddrivers
expect. However there's no reasonwhy a TU58 can't be attachedto any type of serial line, soE11 allows emulated
TUS8s to be mounted on any of its emulated serial ports. This meansthat creating a TU58 involvestwo or three
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steps: an ASSIGNcommand to attach the DD: deviceto a serial line, and one or two MOUN@ommandsto attach
block devicesto TU58 units 0 and/or 1.

For example:

ASSIGNTT1: DDA:
MOUNDDAO: UNITO0.DSK
MOUNDDAL: UNIT1.DSK

This would attach the rst TU58 controller (DDA) to a DL11 port (TT1: appearsby default at the CSR and vector
addresseexpectedby DEC's TU58 drivers), and then attach les to eat of the two transports on that TU58. The
ASSIGNaind MOUNdommandsmay be given in any order.

Note that the commandto boot from this combination is BOOTIT1:, not BOOTDDAQO; since TT1: is the device
whoseregisters must be controlled to make the drive boot. The BOOTommand supports drive 0 only.

MOUNTDD: drive switches:

/WPROTECT | enablewrite protection (syn. /RONLY

SET DD: cortroller parameters:

NEW new rm ware (MRSP with bidirectional o w control)

OLD old rm ware (RSP, ow control from PDP-11 to TU58 only)

4.3.4 DF:| RF11/RS11DDCDMS-11X/SSDM100 (calledRF:in RT-11)

The RS11is another xed-head disk, and is a PDP-11 version of the RS08 disk for the PDP-8. It was word-
addressableand more popular than the RS64,asit waslarger (512 KB) and morereliable. Due to their high speed
for the time, RS11swere commonly usedfor swapping, soit may make senseto use a RAM disk to emulate an
RS11. E11 allows write protecting the ertire unit (with the /WPRO®Dr /RO switch), but it doesnot emulate the
RS11'sswitch panel which allowed write-protecting the disk in individual 32 KB segmetts.

The Digital Developmert Corporation DMS-11X cortroller is an extended replacemen for the RF11/RS11, which
usesa DDC \SSDM 100" RAM driveto hold up to 8 MB of data. It usesslightly di erent disk addressingfrom the
RF11, and usesthe unit selectbits as additional track addressbits, soonly DFO: is useful. Non-zerounit numbers
will not be accessiblewhen emulating a DMS-11X cortroller. A full 8 MB RAM disk may be created as follows:

SETDF: DMS11X
MOUNDFO: RAM:/SIZE:8MB

MOUNDF: drive switches:
/WPROTECT | enablewrite protection (syn. /RONLY

SET DF: corntroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

DMS11X set controller type to DDC DMS-11X

PRIORITYnA set interrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIR Q4 for Q-bus)
RF11 set cortroller type to RF11

VECTORmAN set vector addressto nnn octal
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4.3.5 DK:| RKO02,RK03,RK05DECpack(calledRK: in RT-11)

Thesefront-loading cartridge driveswere very popular in the 1970sthanks to their low cost and small size(a 10.5"
rack-mount box). The disks are similar to the IBM 2315, and many other minicomputer manufacturers used a
similar form factor. The RKO2 is a rebadgedDiablo model 30 (low density) drive, and holds 1.2 MB. The RKO3 is
a Diablo model 30 (high density) which holds 2.5 MB. The RKO05 is a DEC-built media-compatible replacemen for
the RKO3 which alsoholds 2.5 MB, and also changesthe disk-selectmethod to support a maximum of eight drives
per cortroller instead of just four (but can be con gured to usethe old schemefor compatibilit y with RK11C and
RK8E cortrollers). DEC also built the RK05J, which is a later model of the regular RK05, and the RKO5F, which
had a xed platter with twice as many tracks and acts like two RKO5 drives. All of thesedrivesturn at 1500RPM.

E11 doesnot distinguish betweenthe RK0O3 and RKO5 becausethey have identical geometries. The RKO02 is no
longer supported by current versionsof PDP-11 operating systems. It is unusual in that it stores 256 bytes per
sector, vs. 512 for the RKO3 and RKO5. Be careful when using odd image le sizeswith the DK: emulation | if
you intend a disk to be usedas an RKO05 but it's not quite 4800blocks long, E11 will auto-detect it asan RKO02,
which probably isn't what you want. Use an /RKO5 switch to be sure.

MOUNTDK: drive switches:

/RK02 setdrive type to RK02 (1.2 MB cartridge drive)
/RKO3 set drive type to RKO3 (2.5 MB cartridge drive)
/RKO5 setdrive type to RKO5 (2.5 MB cartridge drive)
/WPROTECT enablewrite protection (syn. /RONLY

SET DK: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIR Q4 for Q-bus)
VECTORAN set vector addressto nnn octal

4.3.6 DL:| RLO1,RLO2

The RLO1 and RLO2 are top-loading cartridge driveswhich hold 5 and 10 MB, respectively. DEC marketed them
successfullyas a replacemernt for the RK05, and they were extremely popular in the 1980s,due to their reliabilit y,
small size (a 10.5" rack-mount box) and the relatively low price of the drives (however the cartridges were very
expensiw). They turn at 2400RPM, vs. 1500RPM for the RKO5. New RLO1 and RLO2 cartridges comewith a
bad block table written by the manufacturer in the last track, which the PDP-11s are careful never to overwrite.
Some utilities ched for this table and will complain if it is not presert, so be sure to get the whole disk when
making image les. The PUTR utilit y (available from ftp.dbit.com ) knows how to write a null bad block track
when creating an empty image le (using its FORMAT. /RLOx command).

MOUNDL: drive switches:

/RLO1 setdrive type to RLO1 (5 MB cartridge drive)
/RLO2 setdrive type to RLO2 (10 MB cartridge drive)
/WPROTECT enablewrite protection (syn. /RONLY
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SETDL: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

CSR=FLOATING set CSR addressto be auto-con gured

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIR Q4 for Q-bus)
DEFAULT set cortroller type to default (RL11 for Unibus, RLV12 for Q-bus)
RL11 set controller type to RL11 (Unibus)

RLV11 set controller typeto RLV11 (Q18)

RLV12 set cortroller type to RLV12 (Q22 with BAE register)
VECTORAN set vector addressto nnn octal

VECTOR=FLOATING set vector addressto be auto-con gured

4.3.7 DM:| RKO06,RKO07

The RKO06 and RKQO7 are top-loading twin-platter cartridge driveswith capacitiesof about 13 and 27 MB, respec-
tively. They were mounted on free-standing low-boy cabinets and were sort of a poor man's Massbusdrive. Even
the geometry and register layouts are similar to Massbusbut there are only two platters (one timing surface,three
data surfaces), the disks turn at only 2400 RPM, and the cortrol bus is serial rather than parallel. The drives
could be dual-ported but this con guration wasrare.

MOUNDM:driv e switches:

/RK06 setdrive type to RK06 (13 MB cartridge drive)
/RKO7 setdrive type to RKO7 (27 MB cartridge drive)
/WPROTECT enablewrite protection (syn. /RONLY

SET DM:cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIR Q4 for Q-bus)
VECTORAN set vector addressto nnn octal

4.3.8 DP:| RPO02,RPO3

These are top-loading 12-platter pad drivesoriginally designedto be usedwith the PDP-10 series,but adapted
for the PDP-11. The RP02 holds 20 MB per padck, while the RP03 holds 40 MB. RT-11 can't usea whole RP03 at
oncedue to the RT-11 le structure's limit of 32 MB per volume, soit makesan RP03 look like two 20 MB disks.
Although these were fairly early drivesand weren't very widely used, the programming model is straightforward
and asa result, aftermarket controllers that emulate them using SMD drivesare common. Someof thesecortrollers
supported special drive geometriesto give extended capacity and/or usethe untranslated SMD sector addressing.
In order to emulate thesecon gurations, E11 supports the /CYLINDERSh, /[HEADSN, and /SECTORSI switchesso
that the usermay specify custom disk dimensions.

MOUNDP: driv e switches:

/CYLINDERSh set non-standard number of cylinders

/HEADSIN set non-standard number of heads

/RPO2 setdrive type to RP02 (20 MB 12-platter pack drive)
/RPO3 setdrive type to RP03 (40 MB 12-platter pack drive)
/SECTORSt set non-standard number of sectors

/SERIAL:nnnn set driv e serial number (4 decimal digits)
/WPROTECT enablewrite protection (syn. /RONLY




32 EmulatedPDP-11 disk devices

SET DP: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYnA set interrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIRQ4 for Q-bus)
VECTORAN set vector addressto nnn octal

4.3.9 DR:| RMO02,RM03,RM05,RM80,RPO7

The RMxx/RP0O7 seriesare late-model Massbusdrives,and replaceand upgrade the older RP04, RP05, and RP06
drives. Their capacities and programming model are slightly dierent from the earlier Massbusdrives, so they
aren't exact replacemerts.

The RM02 and RM03 are modi ed and rebadgedCDC 9762drives. Both hold 67 MB on a 5-platter padk, and media
can be interchangedbetweenthe two models, aswell aswith unmodi ed CDC 9762susing Emulex controllers. The
only major di erence betweenthe RM02 and RMO3 is that the RM02's spindle turns at 2400 RPM rather than
3600 RPM. This was done so that the RM02 would be slow enoughto work with any PDP-11 model using the
RH11 Massbusadapter.

The RMO03 (67 MB 5-platter padc drive), RMO05 (256 MB 12-platter padk drive, actually a modi ed/rebadged CDC
9766), and RM80 (DEC's own 124 MB Winchester disk using the samebasic drive as the R80 and RA80) were
consideredby DEC to be too fast for plain Unibus PDP-11s (really the problem was just the inadequate FIF Os
on the RH11 Massbusadapter). Similarly, the RP0O7 (516 MB Winchester disk manufactured by Sperry) was
supposedto be too fast for any PDP-11 to useat all, although someusersmanagedto get them working anyway,
by reformatting them to useusegreater than 1:1 interleave.

As with the DB: drives,E11 allows the /CYLINDERSh, /HEADSD, /SECTORSh, and /SERIAL: nnnn switchesto be
usedwhen mounting DR: drives.

MOUNDR: drive switches:

/CYLINDERS set non-standard number of cylinders

/HEADSNH set non-standard number of heads

/RMO02 setdrive type to RM02 (67 MB 5-platter padk drive)
/RMO3 setdrive type to RMO03 (67 MB 5-platter padk drive)
/RMO5 setdrive type to RM05 (256 MB 12-platter pack drive)
/RM80 setdrive type to RM80 (124 MB Winchester drive)
/RPO7 set drive type to RP07 (516 MB Winchesterdrive)
/SECTORSt set non-standard number of sectors

/SERIAL:nnnn set driv e serial number (4 decimal digits)

/WPROTECT enablewrite protection (syn. /RONLY

SET DR: controller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIRQ4 for Q-bus)
RH11 set controller typeto RH11

RH70 set controller type to RH70

VECTORAN set vector addressto nnn octal
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4.3.10 DS:| RS03,RS04

The RS03and RS04 are xed-head Massbusdisksthat hold 512KB and 1024KB, respectively. As with the RS11,
thesewere usedfor swapping and other caseswhere speedis critical, somounting them asRAM disks would work
well.

MOUNTDS: drive switches:

/RS03 setdrive type to RS03(512 KB xed-head disk)
/RS04 setdrive type to RS04 (1024 KB xed-head disk)
/WPROTECT enablewrite protection (syn. /RONLY

SETDS: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIR Q4 for Q-bus)
RH11 set controller typeto RH11

RH70 set controller type to RH70

VECTORAN set vector addressto nnn octal

4.3.11 DT:| TUS55,TU56 DECtape

Although it's actually 3=4" magnetic tape, DECtape is block-replaceableand usesa xed number of xed-size
blocks, soreally it behavesmore like disks do than tapes. It puts 578512-byte blocks on a 260' tape, and was very
popular for o -line storagein the early 1970swhen hard disk spacewas expensive, and oppy disks were not yet
widely available. The TU55 is a single-transport drive, while the TU56 hastwo independert transports, soit takes
two MOUNDTh: commandsto de ne a TU56. That di erence is invisible to the PDP-11 so there's no switch to
tell them apart.

MOUNTDT: drive switches:

/WPROTECT | enablewrite protection (syn. /RONLY

SETDT: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYnA setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR6 for Unibus, BIR Q4 for Q-bus)
VECTORAN set vector addressto nnn octal

4.3.12 DU:| MSCPdisks

MSCP (the Mass Storage Control Protocol) is a exible, device-indegendert protocol which allows any disk device
(up to 2 TB) to connectto any of DEC's later computers. It wasusedin all of DEC's PDP-11 disk controllers from
the mid-1980son. DEC imposedan arti cial limit of four drivesper controller, upon which someversionsof some
PDP-11 operating systemsdepend. Also, DEC wants unit nhumbers to be unique within a system (i.e. if there's
a unit 0 on one cortroller there should be no unit 0 on any other cortroller), and the maximum allowable unit
number varies from one devicetype to another, depending on the method usedto assigna unit number to a drive
(unit selectcap for the \ready" light, DIP switches,etc.). Unlike many of DEC's own drives, E11 implemerts the
full 16-bit unit numbers speci ed by MSCP, sothe amount of available memory is the only limit on unit numbers
or the number of drivesper controller. Even so, care should be taken to obsene the limitations that the PDP-11
operating systemimposeson MSCP con guration.
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MSCP provides a way for the PDP-11to nd out the model name of ead drive, which can be oneto three letters
followed by two decimal digits. This is largely a cosmeticfeature, since MSCP already hasways for the PDP-11 to
nd out adisk's sizeand whether it's xed or removable, so most of the time the name is meaningless.But all the
same,the drive type can be setto any appropriate string using the \/TYPE:name€' switch on the MOUNdommand.
The default drive type string is \RA81" for image les, or the actual drive type (\RX50" etc.) for SCSI disks and
oppies.

In somecasesthe drive type is important, for example someof the programs that format oppy disks on RQDX3
and RQzX1 controllers will refuseto go ahead unlessthey believe that the drive is an RX33, so you should use
\/TYPE:RX33 when mounting a oppy drive or SCSI drive which is to be formatted using standard software.

MSCP requiresthat ead volume (except for oppy disks) contain a relocation cortrol table (RCT) at the end of
the disk, with a minimum length of one block. This table is usedfor remapping bad blocks and making the volume
appear to be error-free. Sinceall current PC disk media (except oppy disks) provide someform of invisible bad
block remapping of their own, they are already error-free, sothere is no real needfor this feature. Someaftermarket
SCSl cortrollers provided a one-block RCT anyway, by deducting one block from the reported size of the volume.
E11 can be set to do the samething using the /RCT switch. This is the default for SCSI disks, but it can be
overridden using the /NORCBwitch.

MOUNDU: drive switches:

INORCT don't deduct one block for relocation cortrol table

/IRCT deduct one block for relocation control table

ITYPE:xxxyy setdrive type to xxxyy (1{3 letters, 2 digits)

/WPROTECT enablewrite protection (syn. /RONLY

SET DU: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

CSR=FLOATING set CSR addressto be auto-con gured

DEFAULT set controller type to default (UDASO0A for Unibus, RQDX3 for Q-bus)
KDA50 set controller type to KD A50

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIRQ4 for Q-bus)
RQDX3 set cortroller type to RQDX3

RQzX1 set controller type to RQZX1

UDA50 set controller type to UDAS0

UDAS0A set cortroller type to UDA50A

4.3.13 DX:| RXO01

The RX01 is a single sided, singledensity oppy disk drive which uses8" diskswith the standard IBM 3740format,
the sameaswas commonly usedin CP/M systems. The RXO01 is a dual-drive system. If only one of the two units
is MOUNE, the other one will still appear to be there, sincethe RX11/RXV11 controller hasno way of reporting
whether a drive is presert or not, but any attempts to do I/O to the missing drive will return error status.

E11 can read and write actual RX01 oppy disks, using an 8" drive attachedto a PC oppy controller (with an
adapter such as D Bit's FDADAP board) which supports single density.

MOUNDX: drive switches:
/WPROTECT | enablewrite protection (syn. /RONLY
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SET DX: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

CSR=FLOATING set CSR addressto be auto-con gured

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIRQ4 for Q-bus)
VECTORAN set vector addressto nnn octal

VECTOR=FLOATING set vector addressto be auto-con gured

4.3.14 DY:| RX02,\RX03"

The RX02 is a double-density follow-on product to the RX01. It holds twice as much data per disk, and also uses
DMA instead of programmed /O to copy betweenPDP-11 memory and the on-board sectorbu er, sothere's less
CPU overhead. DEC apparertly planned a double-sidedupgrade, which becamecommonly know as the \RX03"
but was never actually released. However there are connectorsfor the extra headson the drive's controller board
(most of the \brains" of the RX01 and RX02 systemsare actually in the drive), and DEC even documented the
register elds that have to do with using double-sideddisks, and the RT-11 V4.0 DY.MA C driver includes support
(disabled under conditionals) for double-sideddisks, but it wasremoved in later versions.

E11 includes the double-sided support in its emulation. The /SS and /DS switches can be used when mounting
the drive to set the number of sides,and SETDYi: SS(or DS can be issuedat any time to changeit. This may
be necessarywhen swapping disks in a real oppy drive, becauseunlike 8" drives, 5.25" drives have no way of
distinguishing single- from double-sideddisks, soit can't be done automatically.

RSTS/E usesthe namesDX: and DY: interchangeablyto refer to an 8" oppy drive, which may be either an RX01
or RX02. Early versionsof E11 did the samething and useda SETcommandto setthe actual cortroller type, but
it was decidedthat it would be better to be consistert and have the device name always re ect the device type.
This may mean that the device name neededto emulate an existing drive under E11 is di erent from the name
that had beenusedto refer to the samedrive under RSTS/E.

MOUNDY: drive switches:

/DS double-sideddisk

/RX01 single-densiy disk

/RX02 double-density disk

/SS single-sideddisk

/WPROTECT enablewrite protection (syn. /RONLY

SETDY: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

CSR=FLOATING set CSR addressto be auto-con gured

DS disk in drive is double-sided

PRIORITYnA set interrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIR Q4 for Q-bus)
ss disk in drive is single-sided

VECTORAN set vector addressto nnn octal

VECTOR=FLOATING set vector addressto be auto-con gured
IReally a drive option | unit must be mounted before this option is set
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4.3.15 FX:| Fox 2/30 \drum"

The Foxboro Company's Fox 2/30 processcontrol systemwas basedon a PDP-11/15 CPU but useda Foxboro-
speci ¢ \data bus interface" (DBI) to connect Foxboro's own hardware to the CPU over a private bus. One of
thesedeviceswasa Digital Developmert Corporation 62000r 7311 xed-head disk (or SSDM 100RAM disk) which
the Foxboro documertation calls a \drum", probably becausesome of the cortrol electronics are inside the disk
shroud, which leadsit to be much taller than is usual for a disk. The disk was available in seweral con gurations,
with a varying number of tracks (64, 96, 128, 144, and 256 are known possibilities), ead containing 242 sectorsof
32 bytes eadh. There's only one disk soit must be FXO0:, and the size of the image le decideshow many tracks
exist. The FX1: deviceis usedto emulate the Foxboro paper tape reader.

The SET CSR value for the FX: deviceis the baseaddressof the DBI, normally 164000.E11 emulates the registers
for FX0: or FX1: or both (depending on whether they've been MOUNT ed), but doesn't get in the way of other
DBI registersin casethe real DBI is connectedto E11 through a Unibus adapter. The register at 164000contains
status bits for ead of the devicesplugged into the DBI. E11 emulates this register as needed,and if a Unibus
adapter is preser, it combinesthe emulated status bits with the onesfrom the real DBI.

MOUNFX: drive switches:
/WPROTECT | enablewrite protection (syn. /RONLY

SETFX: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYnA setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR7 for Unibus, BIRQ7 for Q-bus)
VECTORAN set vector addressto nnn octal

4.3.16 HD:| Hypotheticaldisk

This is a hypothetical disk device which exists only in Ersatz-11. Its original de nition was based on reverse-
engineeringthe HDSYS.EXEdevice emulation that came with the so-called\Russian™ LSI-11/2 emulator which
usedto be oating around the Internet, sothat E11 would be able to boot disk imagesintended for that emulator.
However that emulation wasnot very useful, sinceit (apparertly) had no provision for interrupts or memory beyond
64 KB or drivesbigger than 32 MB. The current emulation has beenextendedto support 22-bit addressing,up to
16 drivesof up to 2 TB ead, and it usesinterrupts to signal completion sothe systemdoesn't have to stall during
I/0. The main reasonit's interesting is that it supports variably sized deviceslike MSCP does, but with a much
simpler programming model so that PDP-11 drivers can be written which require far less memory than MSCP
drivers. An RT-11 driver (HD.MA C) is included with E11, and one for Fuzzball is available from ftp.dbit.com

MOUNHD: driv e switches:
/WPROTECT | enablewrite protection (syn. /RONLY

SET HD: controller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIR Q4 for Q-bus)
VECTORAN set vector addressto nnn octal
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4.3.17 PD:| PDT-11/150RX01

The PDT-11/150 was a microcomputer basedon the LSI-11 chipset. It had no expansionbus, and used a pair
of 8085A processorsto simulate the approximate equivalent of a small PDP-11/03 con guration, but it could be
built more cheaply and sold as a \smart" terminal systemfor data entry etc. It used RX01 drivesbut instead of
an RXV11 cortroller (which would have required a Q-bus) it useda WD1771 oppy cortroller chip, which one
of the 8085Asusedto simulate an almost-RXV11-lik e interface which was called the RXT11. It's just dierent
enoughfrom the RXV11 to be incompatible with regular RX01 software, soE11 providesit asa separateemulated
controller type.

MOUNPD: drive switches:
/WPROTECT | enablewrite protection (syn. /RONLY

SET PD: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIR Q4 for Q-bus)
VECTORAN set vector addressto nnn octal




Chapter 5

Tape Devices

The full range of standard PDP-11 magtape drivesand controllers can be emulated under Ersatz-11. Tape drives
are con gured in the sameway asdisks, with a MOUNJommandto setup eat emulated tape unit. The defaults for
cortroller and drive parametersalsowork the sameway as disks, with the cortroller model basedon the emulated
CPU type and the CSR and vector computed accordingto \ oating” addressrulesif necessary However the default
tape drive models are essetially chosenarbitrarily , sinceunlik e disks, there's no point in trying to guessthe drive
model basedon the size of the PC le or devicethat's being usedto emulate a tape drive, becausethe amount of
data on a tape is variable anyway. In any case,the default drive and controller parameterscan be overridden with

MOUN3witchesand SETcommands,the sameway they can with disks. The /RONLY(syn. /IWPROTEGWitch may
be speci ed on any MOUNdommand, to lock the tape against writes.

5.1 Experimentaltape cache

Ersatz-11 has a built-in cade for cading tape writes. Like the disk cacde, it is enabledby adding a \/CACHE or
\/CACHER" switch to the MOUNdommand, and again the default is a 16 MB cacde. Unlik e the disk cadhe, the tape
cache's purposeis to speedup writes, not reads. SCSItapesnormally bu er all write commandsso they appear
to complete in a very short time. Then when a tape mark is written, they catch up with all outstanding writes,
so the write-tap e-mark operation can take a very long time. Many PDP-11 drivers usetimeouts to detect broken
hardware, and they will report errors on these slow write-tap e-mark operations.

The tape cadce works around this problem by guaranteeing, as long as the cache isn't full, that the various types
of \write" operations will complete within a certain amourt of time. If the physical tape drive gets behind, then
the cache will store written data in memory until the tape drive catchesup, reporting the (fake) completion of each
write command just asits time quota expires. Normally the tape drive will catch up quickly, since the problem
with modern SCSI tapesis only with the latency of certain commands, not with the overall average speed. In
extreme caseswhere the drive really is much slower than the DEC 9-track driveit replaces,it may be necessaryto
de ne a very large cadhe to ensurethat timeouts never occur.

NOTE

The tape cade 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, we recommendthat it be usedonly when necessaryto prevent
timeouts. If possible,make duplicate copiesof tapesin .tap les until you are con dent that the tapes
are reliably coming out the sameasthe les.

38
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Note that becausethe cache works by reporting successfulcompletion to the PDP-11, of write operations that
haven't completedyet and may not even have started, write errors and/or end-of-tape status may not be reported
at the expectedtime. When an error occursin a delayed write, the cade starts a 30-secondimeout. If the PDP-11
attempts more tape I/O during that period, the cade returns the error in responseto the new I/O operation. If
not, a message(which includes ASCIlI BEL characters to attract attention) is displayed on the console(TTO:).
The error messages also stored sothat it will be included in the output from the SHOWbmmand for the emulated
PDP-11 tape unit which had the error. This makesit possibleto seethe specic type of error if it has scrolled o

the screen.

Similarly, the cache may not nd out about end-of-tape status until after it has already told the PDP-11 that the
write completedwithout EOT status. There is no way around this if the rst time the EOT marker is seenis during

a write from cade, so multi-v olume backups may not be possiblebecausethe EOT status won't be reported until

somenumber of records after the actual EOT marker, by which time there may not be enough spaceleft before
the physical end of tape to nish o the volume. However, oncethe cace has seenthe EOT marker on a given
tape, it remembersits position (i.e. the number of recordsand/or tape marks from BOT to wherethe EOT marker
was reported by the drive) and automatically reports EOT status on delayed writes if they are after this position.

This will be reliable unlessthe tape is backspacedand rewritten with di eren tly-sized recordssothat the number
of recordsand/or tape marks from BOT to EOT is substartially dierent from what it wasthe rst time EOT was
detected. In any casethis all refersonly to writing, reading is donein real time sothe EOT status always comes
straight from the drive.

The cace has defaults for the maximum time allowed for ead type of operation, which can be modied with
additional switchesto the MOUN@ommand to match the expectations of a specic PDP-11 tape driver. Each
switch speci es the maximum amourt of time (in milliseconds)which that operation may appearto take to execute.
Setting a parameter to 0 disablescacding for that operation, soit will occur in real time and the cadce will report
completion wheneer the physical tape drive does.

tape command switch default value
Erase 3" gap /ERASEn 5000
Write record /WRITE:n 5000

Write tape mark /WTMn 1000

5.2 PCtape devices

As with disks, E11 usesa device-independert interface to connectany emulated tape drive to any real tape device.
This connectionis madewith a MOUNJommand, and the current con guration of an emulated tape canbe displayed
with a SHOWommand.

5.2.1 Tapeimage les

Command syntax:
MOUNddcu [path/ ] lename[.tap ] [switcheg
Special switches: /IMAXRECORD:

A tapeimage le contains a byte-by-byte image of tape data, with headersand trailers on ead record to maintain
the blocking data from the real tape. Each record looks lik e this:
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.LONG LEN ;32-bit  record length, LSBfirst, byte-aligned
.BLKB LEN ;LEN bytes of data
.LONG LEN ;the length again, for backspacing

A tape mark appears as a single 32-bit 0. The MOUN@ommand for an image le may include a /IMAXRECORD:
switch, which setsthe maximum possiblerecord length that can be read or written on that unit. The default is
65536 bytes. E11's memory usagemay be decreasedslightly by using a smaller number, but data will be lost if
the PDP-11 attempts to read or write recordslarger than the speci ed maximum. Both ANSI and DOS-11 labeled
tapes normally have a maximum record length of 512 bytes, but BRU tapes and UNIX \tar" tapes use longer
records. As with disks, there are also/RONLY(syn. /WPROTE&Tand /RWswitches,to optionally write lock a tape
drive. The le is located using E11's usual rules, seesection 1.8 for details. If the le doesnot exist, it is created
asa zero-length le in the current working directory.

5.2.2 Raw SCSiltape drives

Command syntax:
MOUNddcu SCSIh][t][]: [switcheg

parameter values default meaning

h ANz A SCSlhost adapter (A= rst HA)
t 0{15 0 SCSiltarget number (8{ 15 for wide devicesonly)
I of7 0 SCSillogical unit number (LUN) within target

Special switches: /INTERVALN setstape changepolling interval

Raw SCSltape drivesmay be accessedhrough the \ /dev/sg* " devicedriver, the sameaswith SCSIdisks. Almost
any tape drive that allows variable-length records may be used, including SCSI 9-track drives. There is specic
support (i.e. workaroundsfor rm ware bugs) for DEC TZ30 or TK50Z-GA drives,which canread and write TK50
tapes. 4 mm DAT tapeswork very well, asdo DLT tapes,sincethey have the samesemartics as 9-track and TK50
tapes (but much higher capacity). Older DEC/Quantum DLT drivescan evenread TK50 tapes.

Some SCSil tape drives (such as 8 mm drives, and Travan cartridge drives) do not allow data to be appendedto
an existing tape, except at the point immediately after the very last write. This is incompatible with the ANSI
and DOS-11tape labeling schemesusually usedby PDP-11s, which normally end a tape with two tape marks, and
then add les to the tape by backspacingto the point betweenthe two tape marks (if not further) and writing new
le headers.Thesetape drivesmay be usedonly in caseswherethere will be no needto append additional les to
the tape after it is written, for example when making a badkup of an ertire disk into a single save set.

As with raw SCSI disks, E11 sendsSCSI\TEST UNIT READY" commandsto tape drivesat regular intervals to
ched for a changein online/o ine/tap e-thangestatus. 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.

5.2.3 RAM tape drives

Command syntax:

MOUNddcu RAM:switcheg
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Special switches: /LOAD [path/ ] lename[.tap ], /SIZE: blacks

RAM tapesmay be created using regular PC memory, just like RAM disks. Use SHOWIEMORY seehow much
memory is available, E11 usesl MB (1,048,576bytes) by default but a di erent number of blocks may be speci ed

using the \/SIZE: n" switch. Other units besidesblocks may be usedby appending the unit to the number (with

no spacein between), for example\/SIZE:100MB" setsthe sizeto 100 megalytes. As with RAM disks, the actual
amount of memory neededto create a RAM tape is slightly more than the tape's raw capacity, due to overhead
for internal data structures. The memory allocated is shared betweentape data and record length information, so
data stored in many short recordswill require more memory than the sameamourt of data stored in a few larger
records.

The RAM tape will initially be empty unlessit is loaded from a tape image le, which is done with the
\/LOADpath/ ] lename[.tap ]" switch. The le is located using E11's usual rules, seesection 1.8 for details. If
this switch is given, the RAM tape will be the samesizeasthe le, unlessthe sizeis explicitly setwith the \/SIZE"
switch. The RAM tape is loaded from the le oncewhenthe MOUNT commandis issued,then the le is closed.
Any data written to the RAM tape do not changethe le from which it wasloaded.

5.3 EmulatedPDP-11tape devices

This section describesthe emulated PDP-11 tape drive models, and de nes the device-speci c MOUNGommand
switchesthat apply to ead.

name units controller drive/volume switches

CT: o{1 TA11l (none, always TU60 DECassette)
MM: of7 RH11/RH70, TM0O3 /TE16, /TU45, /TU77, ISERIAL:nnNN
MS: 07 TS11 etc. (none, always matchescortroller)
MT: o7 T™M11 (none, software can't tell)

MU:  0{65535 TMSCP ITYPE:xxxyy

5.3.1 CT:| TU60DECcassette

The TU60 was designedto provide cheapo -line storageusing ordinary audio cassettetapes. The TU60 is a 51=4"
box containing two tape transports and most of the control electronics, connectedby a ribbon cableto the TA11
cortroller, which is an M7892 quad SPC containing a dumb interface.

Under the CAPS-11 cassetteprogramming system,the TA11/TU60 could be usedasthe system'sonly massstorage
device. It usesprogrammed I/O rather than DMA, sotape data bytes are transferred one at a time. Unlik e other
tape devices,the TU60 requiresthe PDP-11 to know the record length ahead of time when reading a record, and
givesan error if the PDP-11 attempts to read more or lessthan the correct number of bytes. The \LOGCTh: "
command may be usedto nd out whether a PDP-11 program is trying to read the wrong record size.

The TA11/TUG0 cassettetape system requires a mandatory load point gap (i.e. tape mark) on all tapes. E11
simulates this internally so that the load point gap does not appear on the physical medium. This allows the
emulated TU60 generalaccesdo tapesthat may have beencreated using someother device (or emulated device),
where an extra tape mark at BOT would violate the labeling standards.

MOUNTT: drive switches:
/WPROTECT | enablewrite protection (syn. /RONLY
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SET CT: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYnA set interrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR6 for Unibus, BIRQ4 for Q-bus)
VECTORAN set vector addressto nnn octal

5.3.2 MM:| TE16/TUl6, TU45,TU77

These tapes all use the TM02 or TM03 Massbustape formatter to control up to eight slaves. The formatter
itself usesone of the eight possible Massbusunit numbers (typically 0), and the resulting two-level unit selection
schemeslightly complicatesthe devicenaming, sinceit appearsnowhereelse. As a result, the most commonnaming
corvertion for \ MM: " devicenamesusesthe unit number n to referto the slave number within the singleformatter,
rather than the Massbusunit number (which is what is referred to by the unit number with all Massbusdisks),
and the formatter is Massbusunit O.

E11 usesan extended MM:device name syntax similar to that usedby RSX, where eadh slave's device name looks
like\MMu_s: ". cis a letter indicating which RH11/RH70 cortroller connectsto the TM03 formatter. The default
in this versionof E11is \ C', the letter may changein future versionsbut in any caseit refersto the default tape
Massbusadapter at (17)772040.u is the Massbusunit number of the formatter, which defaults to 0 and is in the
range 0{7. sis the slave number (within a TMO3 formatter) of the tape transport, which alsodefaultsto 0 and is in
the range O{7. If a number is presert but no\ ", that number is the slave number, not the Massbusunit number.

The e ect is that if the cortroller letter and Massbusunit number are omitted leaving a device name like \ MM3,
this name has the same meaning as the usual RT-11 or RSTS name, which is: default tape RH11 (the one at
(17)772040), default formatter (0), slave 3. Meanwhile additional elds may be supplied to identify any of the
64 possibleslaves on any of the (currently 3) possible Massbussesso\ MMAB: " refersto the rst RH11, TMO3
formatter 2, slave 5. This samename format may also be usedin any other E11 command (e.g. BOO,TLOG that
takesa device name.

The MOUNMM:command has switchesto identify the drive model, but their only e ect is to set the value of the
\driv e type" register. From a PDP-11 software point of view, all drivesattached to a TM03 formatter look the
same, the only di erence is speed. There is also a /SERIAL: nnnn switch, which setsthe value of the \driv e serial
number" register.

MOUNMM:driv e switches:

/SERIAL:nnnn set driv e serial number (4 decimal digits)
/ITE16 setdrivetypeto TE16 (45 IPS NRZI/PE)
/TU45 setdrive type to TU45 (75 IPS NRZI/PE)
ITU77 setdrive type to TU77 (125 IPS NRZI/PE)
/WPROTECT enablewrite protection (syn. /RONLY

SET MM:cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYnA set interrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIR Q4 for Q-bus)
RH11 set cortroller type to RH11

RH70 set cortroller type to RH70

VECTORAN set vector addressto nnn octal
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5.3.3 MS:| TK25, TS04,TS05,TU80

These drives are microcomputer-cortrolled and have a programming model which is like a simpli ed version of
TMSCP. There are no drive type switches becauseead controller model supports only one drive type anyway, so
the drive type can be cortrolled implicitly by changing the cortroller type with a SETcommand. The TK25 is a
cartridge tape, while the others are 9-track magtapes,but they all look similar from the PDP-11 operating system's
point of view.

DEC's earlier controllers support only onedrive per controller so PDP-11 operating systemsnormally usethe unit
number to distinguish betweenseparatecontrollers. Like later controllers, E11 allowsup to 8 units per cortroller, so
E11 usesthe cortroller letter to distinguish betweenmultiple cortrollers, the sameaswith most other devicetypes.
This meansthat when emulating a typical DEC system with one unit per cortroller, drivesthat the operating
system calls MS0:, MS1:, and MS2:, will be called MSAQ:, MSBO:, and MSCO: by E11, sincethey're the rst and
only slaveson three separatecortrollers. This issuearisesonly when there is more than one MS: style tape drive,
which is rare.

MOUNMS: driv e switches:

/WPROTECT | enablewrite protection (syn. /RONLY

SET MS: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

DEFAULT set controller type to default (TU80 for Unibus, TSVO05 for Q-bus)
EXTFEAT enable extended features

NOEXTFEAT disable extendedfeatures

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIRQ4 for Q-bus)
TQK25 set controller type to TQK25 (Q22 TK25 controller)

TS11 set controller type to TS11 (Unibus TS04 controller)

TSUO5 set controller type to TSUO5 (Unibus TS05 cortroller)

TSVO05 set cortroller type to TSVO05 (Q22 TS05 cortroller)

TU80 set cortroller type to TU80 (Unibus TU8O cortroller, M7454 module)
VECTORAN set vector addressto nnn octal

VECTOR=FLOATING set vector addressto be auto-con gured

5.3.4 MT:| TS03,TU10

The TU10 is a vacuum column tape drive which interfacesto the PDP-11 through a classicUnibus interface, made
up of a number of ip chip moduleson a wire wrap badkplane. The TS03 (actually a rebadgedKennedy 9700)is a
very small tension-arm drive which usesup just 10.5" of height in a rack, and usesa physically smaller cortroller
made with higher density modules. However they both look the sameto software, so there are no drive type
switchesto distinguish them. The 7-track version of the TU10 is not supported.

MOUNMT: driv e switches:
/WPROTECT | enablewrite protection (syn. /RONLY

SET MT: controller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIR Q4 for Q-bus)
VECTORAN set vector addressto nnn octal
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5.3.5 MU:| TMSCPtapes

TMSCP (the Tape Mass Storage Control Protocol) is a device-independert protocol for connecting arbitrary tape
drivesto any of DEC's later computers. It doesn't particularly reducethe amount of implementation-speci ¢ quirks
that must be dealt with (tap esnever had anywhere near the amount of device-sgeci ¢ details as disks do to begin
with), but it provides symmetry with the MSCP protocol for disks, and some systemsare able to capitalize on
this by sharing code betweenthe disk and tape drivers. DEC generally didn't have more than one tape drive per
TMSCP cortroller, but as with MSCP disks, E11 has no suc arti cial limits. However this meansit may be
possibleto con gure a systemwhich is incompatible with the PDP-11 operating system's TMSCP driver, soit is
bestto de ne a separatecortroller for ead drive anyway.

As with MSCP disks, the /TYPE:xxxyy switch setsthe unit type name, which may be up to three letters and up to
two decimal digits. The default is TU81 for image les and RAM tapes,or the actual drive type for SCSltapes.

MOUNMU:driv e switches:
ITYPE:xxxyy setdrive type to xxxyy (1{3 letters, 2 digits)
/WPROTECT enablewrite protection (syn. /RONLY

SET MU: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

CSR=FLOATING set CSR addressto be auto-con gured

DEFAULT set controller type to default (KLESI for Unibus, TQK50 for Q-bus)
KLESI set controller type to KLESI (Unibus TU81 cortroller)

PRIORITYnA setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIRQ4 for Q-bus)
TQK50 set cortroller type to TQK50 (Q22 TK50 cortroller)

TQK70 set controller type to TQK70 (Q22 TK70 controller)

TUK50 set controller type to TUK50 (Unibus TK50 cortroller)




Chapter 6

Serial Lines

E11 has exible support for serial and line printer devices. As with disks and tapes,any supported PC serial device
may be usedto emulate any emulated PDP-11 character device, and once again E11 choosessensibledefaults for
the controller typesand CSR/v ector addressedasedon the emulated CPU type and the con guration of \ oating"
devices,soin many casesno SETcommandswill be needed.

Each serial line is created with an ASSIGNcommand. TTO:, the system console,is connectedto CON1:(the rst
emulated VT100 sessiondisplayed on the PC video display) when E11 starts up, but it can be reassignedto any
other screenor serial port with an ASSIGNTTO: command. If it is assignedto an RS232serial port, the E11 prompt
can no longer be popped up using Shift-Enter, becausethis key combination does not correspond to any ASCII
character that could be sent over a serial line. So by default, a BREAK condition on the consoleserial port will
bring up the \E11>" prompt. If this is inconvenien, the SET BREAKommand can be usedto de ne one ASCII
character which will causethe prompt to pop up. For example, putting a SETBREAK20 command in the ell.ini
initialization le will make the prompt pop up whenewer CTRL/P is typed on the consoleterminal.

Output to any serial or printer device can be captured to a PC le using E11's LOGcommand. For example, LOG
TTO: FOQwill causeall data displayed on the consoleterminal to be saved in FOO.log, until logging is turned o
with a LOGTTO: command (with no lename).

An ASSIGNommand will fail if the speci ed PC port doesn't exist, or if the new ASSIGNcommand would steal
TTO:'s device for someother port. There must always be something attached to TTO: sincethat's E11's console
terminal.

Note that Ersatz-11doesnot ag an error if the ASSIGNommandassignsa TT: port to a printer, or assignsan LP:
port to a screen,even though these are usually not likely to be useful combinations. The reasonboth port types
usethe samepool of devicesis sothat they can both accessCOM ports, since serial terminals and serial printers
are both reasonabledevices. LP: ports attached to serial ports or video screensrespond to XON/XOFFe w cortrol.
One good reasonto ASSIGMNan LP: port to a VT100 sessionis that a LOGcommand will capture the output to a
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le, and there's no needto actually pop up that sessionand seeit on the screen.

6.1 PC serialdevices

name units type switches
COM: 1{12 video console (none)

"/dev/ devig" Linux TTY devices serial options
TELNEG: none built-in Telnet servers

6.1.1 Serialoptionscommonto all devices

E11 has a set of \serial options" which are commonto all serial devicetypes,and are usedto set communications
parameters. Theseoptions may be usedaseither a switch (with a preceding\/" character) on the ASSIGNommand
when the port is created, or as a separate SETcommand any time thereafter. For example:

ASSIGNTT1: COM2:/MODE:1200,N,8,1
SETTT1: MODE=2400,E,7,1

The rst commandwill create TT1: and attach it to COM2. The line parametersare setto 1200baud, no parity,
8 data bits, and one stop bit. The secondcommand will changethe existing TT1: port to use 2400 baud, even
parity, 7 data bits, and one stop bit. The option name may be separatedfrom its parametersby either a\:" or
\ =" character.

Note that some emulated port types allow the communications parametersto be set by the PDP-11 operating
system. E11 allows this by default, but in somecasesthe usermay want to override the PDP-11's parameters, for
exampleto seta port to a higher baud rate than the PDP-11 equivalent supports. In this casethe /LOCKswitch
will be useful when creating the port (usually in combination with a /MODEwitch). The SETddcu LOCKand SET
ddcu UNLOC&ommandscan be usedto lock and unlock the port's communications parametersafter the port has
already beencreated.

The device-indeendert serial ASSIGNswitchesare as follows:

/CD:value Setsthe value of the CD (carrier detect) modem status signal, as seenby the PDP-11
port. valuemay be ONor OFRo force CD to appear permanertly assertedor deasserted,
regardlessof the value actually detected by the emulated PDP-11 port. Or, value may
be CD(which is the default setting), to make emulated PDP-11 port's CD input follow
the actual value of the CD pin received by the PC port.

/CTS:value Setsthe value of the CTS (clear to send) modem status signal, as seenby the PDP-
11 port. value may be ONor OFFto force CTS to appear permanenly assertedor
deasserted regardlessof the value actually detectedby the emulated PDP-11 port. Or,
value may be CTS(which is the default setting), to make enmulated PDP-11 port's CTS
input follow the actual value of the CTS pin received by the PC port.

/DSR:value Setsthe value of the DSR (data set ready) modem status signal, as seenby the PDP-
11 port. value may be ONor OFFto force DSR to appear permanenly assertedor
deassertedregardlessof the value actually detectedby the emulated PDP-11 port. Or,
value may be DSRwhich is the default setting), to make emulated PDP-11 port's DSR
input follow the actual value of the DSR pin received by the PC port.

/IDTR:value Setsthe state of the DTR (data terminal ready) modem control signal. value may be
ONor OFFto force DTR to be permanerly assertedor deasserted,regardlessof the
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/LOCK

/MODE:bps par, dbits, sbits

/RI: value

/RTS:value

/SRD:value

/STD:value

ITXMAXn

/UNLOCK

value selectedthrough the emulated PDP-11 port. Or, value may be DTR(which is the
default setting), to make the real DTR pin track the value of the emulated DTR signal
from the emulated PDP-11 port.

Locks communication mode parameters (baud rate, data bits etc.) against being
changedby the PDP-11 port. This is useful for setting a port that has programmable
parameters(e.g. a DZ11 line) to a non-standard speedwithout having the PDP-11 op-
erating systemset it badk to a lower speed when initializing the emulated side of the
port.

Setscommunication mode parametersto the valuesspeci ed. Bpsis the number of bits
per second(range of allowable values depends on the speci ¢ serial hardware). Par is
the parity speci ed asoneletter: Even, Odd, None,Mark, Space(not all serial hardware
supports all types). Dbits is the number of data bits, generally 5{8 although somePC
port typescan only do 7{8. Shits is the number of stop bits, 1{2 (on most ports, \2"

actually means1.5if dbitsis 5).

If no /MODEBwitch is speci ed, newly ASSIGNed ports are initialized by default to 9600
baud, no parity, 8 data bits, 1 stop bit, i.e./MODE:9600,N,8,1.

Setsthe value of the RI (ring indicator) modem status signal, as seenby the PDP-11
port. valuemay be ONor OFRo force RI to appear permanertly assertedor deasserted,
regardlessof the value actually detected by the emulated PDP-11 port. Or, value may
be RI (which is the default setting), to make emulated PDP-11 port's RI input follow
the actual value of the RI pin received by the PC port.

Setsthe state of the RTS (request to send) modem cortrol signal. value may be ON
or OFFo force RTS to be permanertly assertedor deasserted,regardlessof the value
selectedthrough the emulated PDP-11 port. Or, value may be RTSwhich is the default

setting), to make the real RTS pin track the value of the emulated RTS signal from the

emulated PDP-11 port.

Somenewer modemsusethe RTS signalincorrectly to mean\ready to receive” and if it

is not assertedthey will refuseto senddata to the PC. The /RTS:ONswitch circumvernts

this problem. Other possible solutions include using a specially wired modem cable
to hold RTS asserted, or using the AT&RImodem command to change the modem's
behavior.

This switch is included for completenessonly. It works like the CD(etc.) switch, but it
cortrols the SRD signal (secondaryreceive data), which is pin 12 on a Bell 202 modem.
This signal is rarely usedand is not supplied by any of the supported PC serial devices,
but this switch makesit possibleto force the signal to appear to be active if needed.

This switch is included for completenesonly. It works like the /DTRand /RTS switches,
but it controls the STD pin (secondarytransmit data), which is pin 11 on a Bell 202
modem. Since none of the supported PC serial devicesdrivesthis pin, the switch has
no visible e ect.

This switch setsthe maximum number of transmitted characters that will be bu ered
for transmission by that port. Once the port has acceptedthis number of characters
from the PDP-11, it waits for all of them to be transmitted beforeacceptingmore char-
acters. This value should be set low enoughto get acceptableresponseto XON/X OFF
characters (it may take up to n characters for the PDP-11 to react and suspend out-
put), but high enoughto get adequatethroughput. The default value is 16. LA120
teleprinters are particularly sensitive to XON/X OFF responsetime, so they require a
low [TXMAXalue.

TXMAM is available only as an ASSIGNswitch. It may not appearin a SETcommand.

The opposite of the /LOCKswitch, unlocks the port's /MODBparameters so that they
may be altered by the PDP-11 port (on port typeswhere this is possiblesuc as the
Dz11 and DHU11). This is the default so there's normally no reasonto useit asan
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ASSIGN switch, however it may be useful as a SET keyword oncethe port has been
assigned.

The sectionsthat follow describe ead physical PC serial (or serial-like) devicethat E11 supports, along with the
command syntax neededto usethem as emulated PDP-11 serial ports. As with disk and tape units, the ports are
created on a line-by-line basissothere is no needto usethe samekind of physical port for all emulated ports of a
given type. Also, serial multiplexers can be sparsely populated. Only one port needsto be created for the whole
emulated multiplexer to exist. Missing ports will simply throw transmitted data away and will never receive any
input.

6.1.2 Videoconsoles

Command syntax:
ASSIGNIdcu CON: [switche§
Special switches: INOREPLY

The speci ed PDP-11 terminal port is connectedto one of twelve simulated VT100s that can normally be put up
on the screenby pressingAlt and the function key corresponding to the screennumber (F1{F12). Note that the
screensassignedto F11 and F12 are not accessibleon the old 84-key AT keyboard, unlessother keysare rede ned
to reach them. When one screenis being displayed on the PC screen,the others (up to 11) are maintained invisibly
in memory, sothey will be up to date whenewer another Alt/F n keypressswitchesthe screento display one of the
hidden sessions.

This is only the default behavior of the function keys, if they are rede ned using DEFINEKEYPRES&mmands
then other keys will needto be de ned to switch displays, using the \ PRIMARYI" and \ SECONDARY keyscript
commands.

The /NOREPLY¥witch means that this emulated VT100 should not transmit any automatic replies to cortrol

sequencesert by the PDP-11. This can be handy if you're using the \m ultiple physical ports" feature and want
to make sure that only one of the ports answers when you something like \SET TERM/INQUIRE".

6.1.3 Terminaldevices

Command syntax:

ASSIGNIdcu "/dev/ port™

Special switches: none

The PDP-11 port is connectedto the specied Linux serial device, virtual console,pseudoterminal, etc. Since
Linux TTY driversprovide a consistert programming interface, it should be possibleto useany serial device which

is supported by Linux, including COM ports (e.g. \/dev/ttySO "), LPT ports (e.g. \/dev/Ip0 "), or multi-serial
boards (exact device name dependson the driver).
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6.1.4 Telnetservers

Command syntax:

SETTELNEG: [/BANNERgpath/]lenamel[.txt ]] [INTERFACHZ [PORTH] (if needed)
ASSIGNIdcu TELNEGS:

Special switches: none

The PDP-11 port is connectedto the host side of an internal Telnet sener, which is built into Ersatz-11. This
allows usersto connect their terminals to the emulated PDP-11 over the Internet using a Telnet client, which
appearsto the PDP-11 as a regular serial port.

Each Telnet sener can have an arbitrary number of PDP-11 ports assignedto it. Incoming Telnet connectionsare
assignedto free PDP-11 ports, out of the pool which were attached to that Telnet server with ASSIGNommands.
The ports are chosenbasedon the order in which the ASSIGNommandswere given, sothat a new connection will
go to the earliest unusedport.

By default, E11 Telnet serversare set up to receive connectionson TCP port 23 (the Telnet port), on all interfaces.
Both of these parameters can be changedwith SETcommandsbeforethe rst ASSIGNvhich refersto that Telnet
sener. An interface name of \ *" meansto acceptconnectionson any interface. Setting a speci ¢ interface name
(e.g. \eth0") makesthe sener listen for connectionson that interface only. The TCP port nhumber may be set
to any non-zero value. It is important to make sure that no existing serer in the system already owns that

port number, either by opening it directly or by being listed in the /etc/inetd.conf le. Otherwise the ASSIGN
commandwill fail when trying to bind the port number to the port.

Normally there is no reasonto use more than one Telnet server, soall of the relevant ASSIGNommandsmay have
TELNETAODN the right-hand side (or just TELNET for short, since Ais the default). E11 provides multiple ports in
casecalls to one address/port should go to one pool of serial ports, and calls to another address/port should go to
another.

The \SETTELNET:BANNER=" command may be usedto specify the name a text le which contains a login
banner. This banner is displayed to all incoming connections,whenthey rst connect.

The \ SET TELNET: TERMINALlype" command tells E11 to negotiate with the Telnet client to use the specied
terminal type, in caseswhere the client is a terminal program which can emulate multiple terminal models. The
default is DEC-VT100which is the o cial RFC-designatedname for the DEC VT100 terminal, but many systems
(notably those basedon Unix) don't bother to follow this speci cation and usetheir own namesfor terminal types.
This command allows you to set whatever name the client will understand.

SET TELNEG: controller parameters(must be issuedbeforethe rst ASSIGNhat usessener c):
BANNERe set login banner

INTERFACE=* set serwer to receive connectionson all interfaces

INTERFACH= set server to receive connectionson if only

PORTH set sener to listen on TCP port number n

TERMINAltype chooseterminal type type
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6.2 PC serialpseudo-devices

This section describes pseudo-deviceayers which may be con gured to modify the behavior of E11's actual serial
port drivers.

syntax type switches
THROTTLEpcdev. speedlimiter for a PC port /RXDELAYn /TXDELAYD
dew +dew +... +dey, multiple PC ports

6.2.1 Throttled I/O

Command syntax:
ASSIGNdplldev THROTTLH/RXDELAYR] [[TXDELAYt] pcdev. [/ pcswitched

The THROTTLHiseudo-deviceaddsa throttle to another serial device,setting a limit on the rate at which characters
are transmitted and/or received. It is an intermediate layer betweenan emulated PDP-11 port and an actual PC
port, and this is re ected in the command syntax usedto con gure it. In the ASSIGNcommand, the THROTTLE:
keyword and its switch(es) go betweenthe emulated PDP-11 device name and the physical PC port name.

The ASSIGN:ommand as shonvn above createsa PDP-11 serial device and connectsit to a PC serial device, and
times all I/O to ensurethat transmitted charactersgo out at leastt millisecondsapart, and that received characters
are seenby the PDP-11 hardware at least r milliseconds apart. The /RXDELAYand /TXDELAYswitches are both
optional. If either is omitted then serial data passat full speedin the corresponding direction.

The THROTTLEpseudo-devicewill work much more accurately if the /dev/ric  deviceis available. E11 may needto
be run asroot to get the full bene t of this device, sinceit is limited to a maximum rate of 64 Hz for non-privileged
users.

6.2.2 Multiple physicalports on oneemulatedline

Command syntax:
ASSIGNIdcu dewy +dew +... + dewy,

A single emulated PDP-11 serial line may be connectedto two or more physical serial ports (as described in
section6.1), by giving multiple physical port namesin the ASSIGNommand, separatedby plus sign (+) characters.
Any data transmitted over that PDP-11 port will be copiedto all of the physical ports. Input received on any of
the physical ports will be mixed together and will goin the PDP-11 port's receiver. Similarly, the emulated modem
control signalswill be drivenin all of the physical ports, however incoming modem status signalswill be sampled
only on the rst port (dew).

The physical port namesmay be any mixture of PC serial devices. In most casesthere is no reasonto connect
two physical ports to the sameemulated port so this feature will not be used by most users,but it can be useful
for logging purposesor to provide duplicate command terminals so that a system may be controlled from more
than oneplace. The INOREPL¥witch may be usefulon CON: sessionsjn order to prevent E11's VT100 emulation
from replying to a \what-are-y ou" escape sequencejn caseswherethe emulated line is sharedwith a real terminal
which will try to reply simultaneously.

Example:
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ASSIGNTT1: "/dev/ttySO" + CON2:

This command will connect TT1: (the secondemulated DL11 port) to both /dev/tt ySO (the rst PC serial port)
and CON2: (the video sessionwhich can be popped up with Alt/F2). Output sert to TT1: will appear on both
/dev/tt ySOand CON2:, and input typed at either port will be received by TT1..
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6.3 EmulatedPDP-11serialdevices

This section describesead PDP-11 serial devicetype emulated by Ersatz-11.

name units controller notes
LPu: of7 LP11/LPV11
TTu: 0{31 DL11/DLV11 KBi: and YLu: are synoryms

Yru: 0{15 DH11

YJeu: 0{15 DJ11

YM: N.A. DM11BB modem cortrol

Ywu: 0{15 DHQ11/DHU11/DHV11/DHZ11 etc.
YZu: 07 Dz11/DzQ11/DzV11

6.3.1 LP:| LP11,LPV11line printer ports

These ports connect a single line printer, using device registers which look similar to the transmitter half of a
DL11/DL V11 serial line unit. They normally use a Data Products compatible parallel interface to connectto the
printer. Converter boxesare available from Black Box Corporationto allow connecting such a line printer to a PC
RS232serial port.

SETLP: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

MODHxp, d, s set communications parameters

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR4 for Unibus, BIRQ4 for Q-bus)
VECTORAN set vector addressto nnn octal

6.3.2 TT: | DL11,DLV11singleserialline units

These are the standard single-line serial ports. Every PDP-11 has at least one, which is used for the console
terminal. By default Ersatz-11 connectsthe consoleterminal to CON1:, which is the sameVT100 sessiornthat E11
usesfor its own command prompt. The DLV11J 4-line serial card actually appearsto software as four separate
DLV11 ports, soit can be con gured in E11 using four ASSIGNommands.

SETTT: controller parameters:

CSRannnnn set CSR addressto nnnnnn octal

CSR=FLOATING set CSR addressto be auto-con gured

MODHxp, d, s set communications parameters

PRIORITYnA set interrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR4 for Unibus, BIRQ4 for Q-bus)
VECTORAN set vector addressto nnn octal

VECTOR=FLOATING set vector addressto be auto-con gured

6.3.3 YH:| DH1116-lineserialmultiplexer

The DH11 was a 16-line serial multiplexer which t into its own 9-slot badkplane in a Unibus box. It usesDMA
for tranmission, but reception is interrupt-driv en using a FIFO bu er. In the basecon guration it supports data
leads only, however the DM11BB option (seesection 6.3.5) adds modem cortrol to the DH11.
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SET YH: cortroller parameters:

CS02 set controller type to CS02(Q-bus)

CS02Q22 set controller type to CS02(Q22)

CSRannnnn set CSR addressto nnnnnn octal

CSR=FLOATING set CSR addressto be auto-con gured

DEFAULT set controller type to default (DH11 for Unibus, CS02for Q-bus)
DH11 set controller type to DH11 (Unibus)

EXTAR EXTA baud rate

EXTBn EXTB baud rate

LOCK lock MODEettings against changesby PDP-11

MODBxp, d, s set communications parameters

PRIORITYnA setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIR Q4 for Q-bus)
UNLOCK unlock MODEettings

VECTORAN set vector addressto nnn octal

VECTOR=FLOATING set vector addressto be auto-con gured

6.3.4 YJ:| DJ1116-lineserialmultiplexer

The DJ11 was a 16-line serial multiplexer in a 4-slot Unibus system unit. It had no modem cortrol or DMA
capabilities, and was a cruder predecessoto the DZ11 seriesof single-board multiplexers.

SETYJ: corntroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

CSR=FLOATING set CSR addressto be auto-con gured

LOCK lock MODEettings against changesby PDP-11

MODHxp, d, s set communications parameters

PRIORITYnA set interrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIRQ4 for Q-bus)
UNLOCK unlock MODEettings

VECTORAN set vector addressto nnn octal

VECTOR=FLOATING set vector addressto be auto-con gured

6.3.5 YM:| DM11BB modemecontroloptionfor DH11

The DM11BB plugs into the DH11 backplane and adds modem control to the DH11. Howewer instead of being
controlled using previously resened elds in the DH11 registers,the DM11BB hasits own I/O pageregistersand
interrupt vector, so E11 makesit look like a separatedevice so that SET YM: commandscan be usedto set the
CSR and vector addressesndependertly of the settings of the corresponding YH: device.

Sincethe DM11BB works only in combination with a DH11, the commandto createa DM11BB is simply \ ASSIGN
YM: ", no PC deviceis speci ed becausethat's doneon the ASSIGNYH: commandline. The cortroller letter (\ c")
must be the samein both commands,sincethat's what decidesthe DH11 to which this DM11BB corresponds. The
DM11BB can be deleted separately from the DH11, with a DEASSIGN'M: command.

SET YM: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR4 for Unibus, BIRQ4 for Q-bus)
VECTORAN set vector addressto nnn octal

VECTOR=FLOATING set vector addressto be auto-con gured
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6.3.6 YV:| CXA16,CXB16,CXF16,CXF32,CXY08,DHF11,DHQ11,DHU11,DHV11,DHZ11
8/16/32-line serialmultiplexers

These boards are basically single-board replacemens for the DH11. They use on-board microcontrollers and
canooad XON/X OFF ow control processingfrom the PDP-11. The rst boardsin the serieswerethe DHU11
(Unibus) and DHV11 (Q-bus). They arevery similar to eat other but the DHU11 hasasslightly better programming
model, which DEC later adopted as the standard even for Q-bus versions. The boards are available in many
permutations, depending on whether they emulate the DHU11 or DHV11 or both (in which casethe emulation is
selectablewith a DIP switch), whether they support modem control and status lines, how many lines they have,
and what serial interface standard is used.

model module bus lines emulation modem SETYV: keyword in E11
CXAl6 M3118-YA Q-bus 16 DHU/DHV  no CXAl6Wr CXAleV
CXB16 M3118-YB Q-bus 16 DHU/DHV  no CXA16Wr CXAl6V
CXF16 M3123-00 Q-bus 16 DHU no two CXA168(one unused)
CXF32 M3123-00 Q-bus 32 two DHUs  no two CXA168

CXY08 M3119-YA Q-bus 8 DHU/DHV  vyes DHQ1br DHV11

DHF11 M3123-YA Q-bus 32 two DHUs  no two CXA168

DHQ11 M3107 Q-bus 16 DHU/DHV  vyes DHQl1br DHV11
DHU11 M3105 Unibus 16 DHU yes DHU11

DHV11 M3104 Q-bus 8 DHV yes DHV11

DHz11 M3117 Q-bus 16 DHV yes DHz11

In the table above, if two di erent SETkeywords are listed, the rst is for DHU11 mode and the secondis for
DHV11 mode.

The \CX" seriesQ-bus boards t the shielded BA200 series\S-box" cabinets, other Q-bus versions t in regular
BA23/BA123 cabinets. The di erence betweenthe CXA16 and the CXB16 is the external interface, RS423for the
CXA16 and RS422for the CXB16.

The CXF16, CXF32, and DHF11 usedual b er optic cablesto connectthe board to one or two RS423 16-line
distribution panels. All three of these options actually have double register setsand interrupt vectors, and appear
to software astwo separateCXA16s (DHU11 mode), one of which is unusedin the CXF16. Therefore they useup
two consecutiwve \controller" letters in E11, for example YVA:and YVB.

The DHZ11 16-line board was apparertly sold only in the South Paci ¢ region, and usesan Am2901-basedmicro-
machine instead of the usual 8051 processor(s).



EmulatedPDP-11 serialdevices

SET YV: cortroller parameters:

CSRaennnnn
CSR=FLOATING
CXAl6U

CXAleV

DEFAULT

DHQ11

DHU11

DHV11

DHZz11

LOCK

MODHxp, d, s
PRIORITYna
PRIORITY=DEFAUL|
UNLOCK
VECTORAN
VECTOR=FLOATIN(

set CSR addressto nnnnnn octal
set CSR addressto be auto-con gured
set controller type to CXA16 in DHU11 mode (Q22, 16 lines, no modem
cortrol)
set controller type to CXA16 in DHV11 mode (Q22, 16 lines, no modem
control)
set controller type to default (DHU11 for Unibus, DHV11 for Q-bus)
set cortroller type to DHQ11 in DHU11 mode (Q22, 8 lines)
set cortroller type to DHU11 (Unibus, 16 lines)
set cortroller type to DHV11 (Q22, 8 lines)
set controller type to DHZ11 (Q22, 16 lines)
lock MODEettings against changesby PDP-11
set communications parameters
setinterrupt priority to n (4{7)
Tset interrupt priority to default (BR5 for Unibus, BIR Q4 for Q-bus)
unlock MODEettings
set vector addressto nnn octal
5 set vector addressto be auto-con gured

6.3.7 YZ:| DZ11,DZQ11,DZV114/8-line serialmultiplexers
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This seriesof boards is essetially a compressedversion of the old DJ11 multiplexer. Someconfusion about port
numbering is possible becausethe early non-FCC Unibus cabinet kits supported 16 lines even though the DZ11
boards only had 8 lines ead, soit takestwo boardsto drive all 16 lines of the distribution panel. This is outlined

below:

model interface

distribution panel

DZ11A RS232
Dz11B RS232
DzZ11C 20mA
DzZ11D 20mA
DZ11E RS232
DZ11F 20mA

16 lines, only 8 work

none, adds 8 more ports to DZ11A
16 lines, only 8 work

none, adds 8 more ports to DZ11C
DZ11A + DZ11B (16 working lines)
Dz11C + DZ11D (16 working lines)

The Q-bus versions (DZQ11 and DZV11) support only 4 lines instead of 8. The DZQ11 is a newer dual-height
version of the quad-heigh DZV11.

SET YZ: cortroller parameters:

CSRannnnn
CSR=FLOATING
DEFAULT

Dz11

DzQ11

Dzvii

LOCK

MODHB=p, d, s
PRIORITYnR
PRIORITY=DEFAUL
UNLOCK
VECTORAN
VECTOR=FLOATIN(

set CSR addressto nnnnnn octal
set CSR addressto be auto-con gured
set controller type to default (DZ11 for Unibus, DZQ11 for Q-bus)
set cortroller type to DZ11 (Unibus, 8 lines)
set controller type to DZQ11 (Q-bus, 4 lines)
set controller typeto DZV11 (Q-bus, 4 lines)
lock MODEettings against changesby PDP-11
set communications parameters
setinterrupt priority to n (4{7)
Tsetinterrupt priority to default (BR5 for Unibus, BIR Q4 for Q-bus)
unlock MODEettings
set vector addressto nnn octal
5 set vector addressto be auto-con gured
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Net work Devices

Ersatz-11 emulates se\eral types of network interfaces. Once again ead emulated port is created with an ASSIGN
command, and is connectedto a real PC Ethernet port.

DECnet is very demandingin its useof Ethernet hardware. In order to avoid needingan addressresolution protocol
layer, it modi es the port's Ethernet addressto incorporate the protocol address,and it alsomakesuseof multicast
addressingfeatures. These capabilities are rarely used with protocols other than DECnet, and D Bit has found
that many drivers supplied by hardware vendorsappear to have beendebuggedagainst TCP/IP stacks only, and
the calls that have to do with multicast addresslists and changing the Ethernet addressmay not work properly,
or at worst may crash the systemwhen called.

Extensive logging is available for network devices. When applied to Ethernet interfaces,the LOGcommand can log
any combination transmitted data, received data, and device commands.

Each network port is created by an ASSIGNommand:
ASSIGNdplldev pedev[switcheg

This createsa PDP-11 network device named pdplldev (seevalid PDP-11 device namesbelow), which communi-
cateswith the real network using the speci ed PC network port.

The switchesare usually de ned by the individual PC network devicedrivers, but the /[LOCKswitch is commonto

all PC network devices,and locks the port against letting the PDP-11 changeits Ethernet address. Allowing the
Ethernet addressto be changed causesproblems with someexternal network drivers and/or protocol stacks.

7.1 PC network devices

name type switches
interface Linux network interface /LOCK
UDP: Tunneling over UDP /LOCK /MAC

56
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7.1.1 Linuxpaclet interface

Command syntax:
ASSIGNIdu: interface [proto; proto, protos ...]
Special switches: /LOCK

This commandallows a PDP-11 Ethernet port to be attached to any network port supported by Linux. interface is
the interface name, the sameas those usedby the Linux ifconfig command. The rst Ethernet port is typically
named \ eth0", the secondis named \ethl" etc., although the actual namesmay be dierent on your system.
Thesenamesdo not comeout of the normal Linux device name space,sothere is no VVdev/" pre x. The loopbadk
device,\lo ", may be usedto create a dummy network port.

El11usesthe PF_PACKET socket interfaceto communicate through the network port. This is a privileged interface
so E11 must run asthe superuser(or have the CAPNETRAV¢apability) to useit. It doesnot exist in Linux kernels
prior to 2.2.

7.1.2 EthernettunnelingoverUDP

Command syntax:
ASSIGNIdu: UDP:localport aaa bbb ccc. ddd remoteprt [proto; proto, protos ...]
Special switches: /LOCK/MAC: aa- bb cc- dd- ee-

This pseudo-devicavorks asa point-to-p oint connection, passingEthernet framesover the Internet by encapsulating
them inside UDP messagesThe commandline parametersspecify the local UDP port number, and the IP address
and UDP port number of the remote socket. This is mainly intended for attaching E11 machinesto the HECnet
(a worldwide hobbyist DECnet), through a remote machine running Johnny Billquist's \bridge" program. E11 will

act asif there's a virtual Ethernet segmen containing only a PDP-11 and a PC running \bridge", with the bridge
con gured to link that segmen to the speci ed remote system.

The virtual Ethernet port's default MA C addressis always the same,which is ne if the PDP-11 is running DECnet
and will immediately changethe MAC addressat startup to a new one basedon the machine's DECnet address.
Otherwise the addresscould conict with other E11 machines, since\bridge” makesit seemasif they're all on the
samephysical Ethernet. In this casethe default MA C addressshould be overridden using the /MACswitch, using a
unique 6-octet value (unique on the linked LANs anyway) whose rst byte hasbinary \10" in the low two bits (i.e.

the secondhex digit of the rst pair is 2, 6, A, or E) to specify that it's a unicast address(as opposedto multicast)

and it's locally administered (not part of a globally unique block assignedto a vendor by the IEEE).
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7.2 EmulatedPDP-11network devices

This section describeseady PDP-11 network devicetype emulated by Ersatz-11.

name units corntroller

Nlu:  0{1 Interlan NI1010A, NI2010A Unibus/Q-bus Ethernet
XE:: 03 DELUA Unibus Ethernet

XHi:  0{1 DEQNA Q-bus Ethernet

7.2.1 NI | InterlanNI1010A,NI2010AEthernetports

The Interlan boards were early Ethernet interfaces, and have a simpler programming model than DEC's own
Ethernet boards. Fuzzball and UNIX contain Interlan drivers. They were available in both Unibus (NI11010A) and
Q-bus (NI2010A) versions,and the Q-bus version could be switched between 18- and 22-bit addressing. By default,
E11 choosesthe NI: devicetype basedon the SET CPUQBUSetting.

SETNI: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

DEFAULT set controller type to default (NI1010A for Unibus, NI2010A_Q22 for Q-
bus)

NI1010A set controller type to NI1010A

NI2010AQ18 set controller type to NI2010A with Q18 addressing

NI2010A Q22 set controller type to NI2010A with Q22 addressing

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIRQ4 for Q-bus)

VECTORAN set vector addressto nnn octal

7.2.2 XE:| DELUAEthernetport

The DELUA is a Unibus Ethernet board in a single hex-height module. It is a compatible upgradeto the DEUNA,

which was two hex-height modules and was slower and consumedmore power. It is a sophisticated board which
ooads a lot of processingfrom the PDP-11. The board contains its own eco sener (for the ECT loopbadk
protocol, 90-00) and generatessystem ID padkets, both automatically (on a timer) and in responseto requests
from other nodes. It also maintains a \counters" pagewith transmit/receiv e statistics.

SET XE: corntroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

CSR=FLOATING set CSR addressto be auto-con gured

DEUNA set controller type to DEUNA

DELUA set controller type to DELUA (default)

PRIORITYnA set interrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR5 for Unibus, BIRQ4 for Q-bus)
VECTORAN set vector addressto nnn octal

VECTOR=FLOATING set vector addressto be auto-con gured
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7.2.3 XH:| DEQNAEthernetport

The DEQNA is a Q-bus Ethernet board in a single dual-height module. It is much simpler than the DELUA,
and has a completely di erent programming model. It has a 4 KB boot/diagnostic ROM which can be copied
into PDP-11 memory. The ROM contains a boot program which can downline load the PDP-11 over the network
using the MOP load/dump protocol. D Bit's own MOP boot program is supplied in the \XHBOOT.BIN" e,
which E11 locatesusing its usual seard rules (seesection 1.8). A BOOTXH: commandwill causethis program to
be downloaded from the emulated DEQNA, and the PDP-11 operating system will be booted over the network,
assuminga MOP load sener is presert which hasthe appropriate load images.

Note that the MOP load/dump protocol depends on using the Ethernet addressesof both the client and server
machines, rather than a higher level media-independert protocol address,soit doesnot work through routers, the
client and server must be on the sameEthernet segmen.

SET XH: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

CSR=FLOATING set CSR addressto be auto-con gured

PRIORITYnA setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR4 for Unibus, BIRQ4 for Q-bus)
VECTORAN set vector addressto nnn octal

VECTOR=FLOATING set vector addressto be auto-con gured




Chapter 8

Miscellaneous Devices

This chapter describesdeviceswhich don't t into any of the major categoriescoveredin the precedingchapters.
This includes bus adapters, digital I/O interfaces,raphicsdisplays, paper tape 1/0, and the interface to the PC's
native le system.

MiscellaneousPDP-11 devices:

name unit(s)  controller commandto create type

BCI: ATTACH bus adapter

(none) INSTALL user-written loadable .dll module
(none) LOAD/ROM ROM devices

DO: 03 virtual MOUNT PC le interface

KD: A{D M8644 CDR ASSIGN countdown registers

KP: 0{1 KW11P ASSIGN programmable clock

PP: 0 PC11 MOUNT paper tape punch

PR: 0 PC11 MOUNT paper tape reader

8.1 Unibus/Q-busadapters

Command syntax:

SETBClc: BRAx BRBy (if needed)
ATTACIgcdev: [switcheg [start;: end; start,: end, ... start,: end,]

Special switches: /DMA /NODMABCI: only), /IDATIDELAYn, /DATIPDELAYn, /IDATODELAY:

SCANdev.

Bus adapters allow real PDP-11 Q-bus or Unibus badkplanesto be attached to the PC, sothat Q-bus or Unibus
peripherals which can not be emulated may be presened and integrated into the emulated PDP-11 system. The
adapter normally consistsof an ISA or PCI card which plugs into an empty slot on the PC motherboard, a cable
which leadsto the external Q-bus or Unibus chassis,and a dual-height paddle card which plugs into that chassis
in place of the CPU.

In most cases,the ATTACldommand will be given with no parameters other than the bus adapter's device name.
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In particular, when the addressranges(\ start: end") are left out, the default is that the bus adapter will cover the
entire I/O page. Any accesgo an I/O pageregister which is not being emulated internally by E11, or by a loadable
emulation module, is passedon to the bus adapter. If the addresscorrespondsto a real deviceon the external bus,
that devicewill be accessed.If not, the bus cycle will time out and causea bus timeout trap just like on a real
PDP-11.

An addressrange, or seriesof addressranges (up to ten) may be speci ed on the ATTACHommand line. Only
accesse$o /0 pagelocations within one of theseaddressrangeswill be directed to the external Q-bus or Unibus.
This allows the user to \hide" some of the hardware without having to physically remove it from the external
chassis. It also makesit possibleto have more than one external bus plugged into the samePDP-11, since they
ead cover only part of the I/O page. For example:

El1> attach bcia: 172150:172153
E11> attach bcib: 174500:174503

Thesecommandswould con gure two separateBCI-2xxx seriesbus adapters. The PDP-11 would \see" the MSCP
cortroller on the rst external bus, and the TMSCP cortroller on the second,assumingboth cortrollers usethe
standard CSR addresses. Devices on real busses,as well as whatever devicesE11 is con gured to emulate in
software, all appear to the PDP-11 to be on one single Q-bus or Unibus.

If addressrange(s)are speci ed, the bus adapter will \own" those rangesof the I/O page,and no enmulated devices
may usethe sameaddresses.E11 will give \?Address conict" error messagesf there is overlap, and the con ict
must be resolved before the systemwill be usable. This is in contrast to the behavior when no addressrangesare
speci ed. In that case,emulated devicesmay be at any addressin the I/O page,and the bus adapter handlesonly
the locations where no emulated deviceis con gured.

Note that while it is possibleto con gure E11to operate a Q-bus and a Unibus simultaneously, this situation is rare
in real PDP-11 systems. Most PDP-11 operating systemswill not support this con guration correctly with a 22-bit
CPU type, without modi cations. The problem is that when the operating systemdetectsthat the Unibus map is
presen, it assumesthat all devices(except for RH70 Massbusadapters in PDP-11/70 systems)are connectedto
main memory through the map, soit usesmapped bu er addresseswith all DMA devices. However, this will not
work with Q-bus devices,sincethey have a direct connectionto main memory (without a map in front of it), and
must be programmed using 22-bit physical bu er addresses.As a result, data corruption will occur when Q-bus
and Unibus DMA devicesare mixed on a single system, unlessthe operating system's device drivers are aware of
the situation. With an 18-bit CPU type (SET CPU34, SET CPU45, etc.) there should be no problem, since no
Unibus map is presert in the rst place, and all DMA is done using 18-bit physical addressesregardlessof bus

type.

Any or all of the /DATIDELAYN, /DATIPDELAYn, and /DATODELAY::switchesmay be addedto an ATTACEommand
to add a delay of approximately n nanosecondsafter eadh DATI (data input), DATIP (data input and pause)or
DATO/D ATOB (data output (byte)) bus cycle, respectively. This may be necessaryfor hardware which expectsa
slower CPU and needsa certain amount of spacebetweenaccesses.

The SCANommandseartesthe ertire addressspaceof the speci ed bus adapter (which must be already ATTACEH)
to nd which addresseshave devices. This can be useful for locating unknown hardware or to seeif the external
bus box hasbeenaccidertally left with RAM installed. This commandmay take sometime to complete, becauseit
hasto wait for the bustimeout interval to expire on ead location (out of an addressspaceof up to two megavords)
where no hardware is con gured.

E11 supports the following bus adapter hardware:
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name vendor model

BClc: The Logical Company BCI-2003 PCIl/Unibus

BClc: The Logical Company BCI-2004 PCI/Unibus

BClc: The Logical Company BCI-2103 PCI/Q-bus

BClc: The Logical Company BCI-2104 PCI/Q-bus

BClc: The Logical Company PDQ-1000 PCI/Q-bus

BClc: The Logical Comparny BPQ-2300 PCl/Q-bus

BClc: The Logical Company BPQ-2301PCI/Q-bus

BClc:  The Logical Company BPU-2300 PCl/Unibus

8.1.1 BCI:| The LogicalCompanyBCI-2003,BCI-2004,BCI-2103,BCI-2104,PDQ-1000,BPU-
2300,BPQ-2300,BPQ-2301

The BCI seriesof devicesconsist of a PCI card, a 100-conductor shielded cable, an optional PDP-11 cabinet kit
(for FCC compliant versions), and a Q-bus or Unibus paddle card. If DMA is to be used,the PCI card must be
placed in a slot which supports bus mastership. In most PCs, any PCI slot can accept a bus master. However,
somePCs restrict such devicesto certain slots, or require that bus master support be enabledin the BIOS setup
screens.E11 will issuea warning if the adapter is installed in a non-bus-masterslot, and Q-bus/Unibus DMA will
be disabled.

The Q-bus/Unibus paddle card shouldbeinsertedin positions A and B of slot 1 of the rst Q-bus/Unibus backplane.
Care should be taken to plug the card in the right way around, to avoid damage. The notch in betweenthe two
setsof edge ngers should face position \A". Also, the Unibus paddle card must go in a standard Unibus slot, not
a MUD (Modied Unibus Device) slot. Normally this meansslot 1 of a regular DD11-CK or DD11-DK badkplane.
The usual rules about bus grant continuity and termination should be followed. In e ect, the bus adapter acts as
the CPU.

PDQ-1000is the name of The Logical Compary's quad-height Q-bus CPU replacemen board, which has a Q-bus
bridge built in.

The BPU-2300, BPQ-2300, and BPQ-2301 adapterswork with The Logical Company's own line of internal replace-
ments for DEC peripherals, which are physically shaped like PCI cards (and are powered by PCI slots) but pass
Q-/Unibus signals through over-the-top cables. The BPU-2300 and BPQ-2300 can be connectedto an external
Unibus box using the APU-2302 and APQ-2302 Unibus bridge cards, respectively, which plug into the internal
UP/QP bus. The BPQ-2301 has a built-in connector for an external Q-bus chassis. In ead casethere is 100-pin
connector for a cable and paddle card, similar to the setup usedby the BCI series.

The BCI-2003, BCI-2004, BCI-2103, BCI-2104, PDQ-1000, BPU-2300, BPQ-2300, and BPQ-2301 all usethe same
devicenamein the ATTACKommand. E11 determinesthe actual board type by inspecting the hardware registers.

The BCI-2003 and BCI-2103 boards have strict requiremerts regarding the PC memory layout when performing
Q/Unibus DMA, which precludesusing them with DMA devicesunder Linux or Windows. The BCI-2004, BCI-
2104,PDQ-1000, BPU-2300, or BPQ-230x must be usedinstead. The \/DMA and \ /NODMAswitchesmay be used
to enable/disable DMA support. If the user attempts to enable DMA explicitly on a system where the memory
constraints can't be ful lled, an error messages displayed and the bus adapter is not attached. If neither switch is
given, the default behavior is to attempt to enableDMA. If the memory requiremerts can't be met, then a warning
messagas displayed and the bus adapter is attached with DMA disabled. Using the \/NODMAswitch preverts the
display of this messagesoit should be usedin caseswhere DMA functionality is not neededin the rst place.

Due to cabling limitations, the BCI-2003 and BCI-2004 Unibus adapter hardware is able to support only two of
the Unibus's four bus request(interrupt) signalsat atime. The two available wires are named\BRA" and \BRB".
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The CAU-2001 or CAU-2003 module has jumpers (zero-ohm resistors) that choosewhich of the four Unibus bus
request priorities (BR4, BR5, BR6, BR7) is passedon ead of the two wires. The factory default is level 4 for
BRA, and level 5 for BRB. If the jumpers are changedto support a di erent pair of priority levels, you must issue
a\SETBCIc: BRAa BRBH' command before ATT ACHing the adapter, to tell E11 what the actual settings are.
Otherwise Unibus interrupts will not be delivered with the correct priorities and the systemwill be unreliable.

The BCI-2103/2104, PDQ-1000, and BPQ-2300/2301 Q-bus adapters have no such limitation and do not usethe
BRABRBsettings. Neither doesthe BPU-2300 Unibus adapter sinceit has all four BR levels on the over-the-top
bus used on internal (PCI form factor) cards. If an external Unibus is attached to a BPU-2300, BPQ-2300, or
BPQ-2301 using an APU-2302 or APQ-2302 bridge, it supports BR4{6. Again due to cabling constraints, BR7 is
not available on the APU-2302/APQ-2302's external bus but it is very rarely needed.

E11s support for BCI bus adapters requiresthe bci.ko module, which is available from ftp.dbit.com.

SETBClc: controller parameters(should be issuedbeforethe ATTAClkhat usesthis adapter):
BRAn assumeBCI-200x BRA priority is setto n (4{6)
BRBnA assumeBCI-200x BRB priority is setto n (5{7)

8.2 Installableuser-writtenplug-inemulationmodules

Command syntax:
INSTALL[path/ ] lenamel[.dll ]
Special switches: none

This command allows custom user-written (or third-part y) plug-in emulation modulesto be dynamically installed
at run time. This makesit possiblefor custom hardware to be emulated, without requiring accesgo the Ersatz-11
sourcecode. Modules are coded in C or 80x86 assenbly language,and linked to produce Win32-format dynamic
link libraries (\.dlI* les). The .dll loaderis part of E11 itself rather than a serviceof the PC operating system, so
the samemodule format is usedin the DOS, Windows, and Linux versionsof Ersatz-11, allowing somemodulesto
run unchangedin all environments.

E11 provides a wide selection of callable entry points to be used by the device emulation module. Typically a
loaded module will usesthese servicesto register a range (or ranges) of 1/0 page addresseswhich it wants to
handle. Then, wheneer the PDP-11 accesses device register in that range, the user code is called to emulate
the register. Calls are also provided to enqueueand cancelinterrupt requests,and alsoto perform emulated DMA,
allocate/free memory, etc. The programming interface is described in Appendix C.

Loadable modules can also provide a wide range of other servicesbesidesjust emulating existing custom hardware.
Modules have beenwritten which support high-speedinter-task communications (to connectthe PDP-11 system
to other software running on the samePC under a multi-tasking operating system), extended memory for virtual

arrays, and accesgo a dual-ported memory device for connectingto another processor,among other things.

D Bit can provide programming information, samplecode, and consulting servicesfor userswho wish to implement
a custom device emulation module.
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8.3 ROM devices

Command syntax:
LOADJEERPRONIBANKED[path/ ] lename[.pdp] start[: end|
Special switches: /BANKED/EEPROMROM

E11 can simulate ROM devices, either simple unbanked onessuc as the M9312 bootstrap/diagnostic board, or
banked oneslike the BDV11 board or the on-board ROM in the later quad-height Q-bus CPU modules.

ROM data are loadedfrom the speci ed binary le, which is located using E11's usual seard rules (seesection1.8).
More than one ROM device can be loaded, so for example the individual 128-byte device bootstraps in a M9312
style ROM board (or the on-board equivalernts in a PDP-11/24 or PDP-11/44 CPU) can be loaded from separate
les with separatecommands.

For linear (non-banked) ROMs, a starting addressin the I/0O page must be specied. The data from the le will
appear starting at that address. If an ending addressis speci ed, the le must be at least long enoughto reac
that address. If no ending addressis given, the length of the emulated ROM is the sameasthe length of the binary
le.

A M9312-style bootstrap/diagnostic ROM board can be con gured and started with the following commands:

E11> LOAD/ROMIAGBOOT.ROM765000
E11> LOAD/RORRL0O2BOOT.ROM 773000
E11> LOAD/ROMISCPBOOT.ROR 73200

E11> G0O165020
000000 000000 000000 000000
@

This is just an example of what can be done. Normally there would be no point in using the M9312 boot ROMs
sinceE11 cortains its own bootstraps for all bootable devicesthat it emulates. Anyway there may be legal problems
with copying the ROMs into image les, sincethey are copyrighted by DEC.

For banked ROMs, the /BANKEDswitch must be used. The data from the le will appear through a 512.-byte
window, and the pagewhich is visible is selectedby the PDP-11 using the page control register (PCR), which for
emulation purposesis consideredby E11 to be part of the CPU board (sincein most casesiit is).

There are two styles of page control register. SET CPUKDF11(or SET CPUBDV1] selectsthe style usedin the
KDF11 on-board ROM (or the BDV11 boot/diagnostic board). SET CPUKDJ11selectsthe style usedin the
on-board ROM of the KDJ11x CPU boards.

The starting addressfor banked ROM windows s either (17)773000or (17)765000. The windows must be 512. bytes
long, which is E11's default anyway so there's no needto give the end of the addressrange. The /EEPROMwitch
meansthat the memory is actually EEPROM (as usedon the KDJ11x CPU boards), and must go in the window
starting at (17)765000. This is the default, sothere's no needto give any addressrange at all with LOAD/EEPROM
Note that while the memory can be written, the data written are not saved to the le from which the EEPROM
was loaded. Regular ROM data go in the window starting at (17)773000,so this is the default for LOAD/RQM

ROM devicescan be removed at any time using the UNLOABommand. The switchesand defaults are the sameas
for LOADso the starting addressof the ROM to remove neednot be speci ed if the /BANKEDBwitch is used.
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8.4 DO:| PC le accesgpseudo-device

Command syntax:
MOUNDO®:
Special switches: none

DO: refersto the \DOS le device"(the nameis left over from the DOS versionof Ersatz-11). This is a pseudo-device
which allows privileged PDP-11 programs and/or devicedriversto read and write native PC les from within the
emulated PDP-11. It is compatible with the supplied DO.SYS devicedriver for RT-11, and the DOS.TSK program
for RSX which is available from ftp.dbit.com . The commandto create a DOS le deviceis simply \MOUNT
DOnN:", sincethere is no particular physical PC deviceattached to the physical side of the emulation. In E11 prior
to V2.2, one DOS le devicewas always con gured, but now they must be created explicitly. Normally there's no
reasonto have more than one, soyou can recreatethe V2.1A behavior by simply adding \MOUNT DO:" to your
ell.iniinitialization command le.

8.5 KD:| MB8644countdavn registerboard

Command syntax:
ASSIGNKL:
Special switches: none

The M8644 countdown register board was a special-purpose device made by DEC Computer Special Systems.
It countains four separate channels of 16-bit courters, eac of which counts down every millisecond and can be
con gured to causean interrupt upon reaching zero. The commandto create a countdown register board is simply
\ASSIGN KDc:", sincethere is no particular physical PC deviceattachedto the physical side of the emulation. On
the real device, the interrupt vector and priorit y were settable for ead channel, soE11 hasseparateSETcommands
for each unit number, even though the four units are otherwise consideredto be a single device.

The CDR emulation will work much more accurately if the /dev/rtc  deviceis available. E11 may needto be run
asroot to get the full bene t of this device, sinceit is limited to a maximum rate of 64 Hz for non-privileged users.

SETKD: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYnA set interrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR4 for Unibus, BIRQ4 for Q-bus)
VECTORAN set vector addressto nnn octal

8.6 KP:| KWL11P programmableclock

Command syntax:
ASSIGNK:

Special switches: none
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The KW11P (M7228) is a programmable clock, on a quad Unibus SPC. It has a 16-bit up/down courter which
can be programmed for one-shotor periodic use. It has on-board crystal-controlled 10 kHz and 100 kHz clocks,
and can also be triggered by the AC line frequency which requiresa connectionfrom the power supply to pin CE1
of the KW11P's slot, or by low-to-high transitions on an external TTL input, which is connectedto spadelugs on
the M7228 board.

The commandto create a KW11P is simply \ASSIGN KPn:", since there is no particular physical PC device
attached to the physical side of the emulation. The 10 kHz and 100 kHz clocks are derived from the PC's internal
timer, asis the AC line input, which ticks at the frequency set by the SET HERTZommand (60 Hz by default).

The KW11P emulation will work much more accurately if the /dev/rtc  deviceis available. E11 may needto be
run asroot to get the full benet of this device, sinceit is limited to a maximum rate of 64 Hz for non-privileged
users.

SETKP: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYnA set interrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR6 for Unibus, BIRQ6 for Q-bus)
VECTORAN set vector addressto nnn octal

8.7 PP:| PCO04papertape punch

Command syntax:

MOUNPP: [path/ ] lename[.pap]

Special switches: none

The PCO04 is a high speed paper tape reader/punch, interfaced to the PDP-11 through a PC11 interface. This
command attachesthe specied PC le to the output half of the device,sothat data bytes sert to the punch will
be written to the le instead.

In E11 prior to V3.0, one paper tape reader/punch was always con gured, but now they must be created explicitly .
You can recreatethe V2.2 behavior by adding \MOUNT PR: "/dev/n ull™ to your ell.iniinitialization command

le, and issuenew MOUNT command(s) later to changethe le(s) used.

Seebelow for SETcommands. The PC11 is a combined reader/punch cortroller so one set of settings con gures
both the readerand punch halves.

8.8 PR:| PCO04papertape reader

Command syntax:
MOUNPR: [path/ ] lename[.pap]
Special switches: none

This command attachesthe specied PC le to the input half of the PC11/PC04, sothat input bytes will come
from the le instead. The BOOTPR: command supports binary executabletape imageswritten in the Absolute
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Loader format (e.g. by the LINK /LDA commandin RT-11). The SETPR: REWINBommandwill resetthe tape to
begin reading at the beginning of the le on the next access.

In E11 prior to V3.0, one paper tape reader/punch was always con gured, but now they must be created explicitly .
You can recreatethe V2.2 behavior by adding \MOUNT PR: "/dev/n ull™ to your ell.iniinitialization command
le, and issuenew MOUNT command(s) later to changethe le(s) used.

SET PR: cortroller parameters:

CSRannnnn set CSR addressto nnnnnn octal
REWIND rewind tape to beginning
PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR4 for Unibus, BIRQ4 for Q-bus)
VECTORAN set vector addressto nnn octal




Chapter 9

Commands

Ersatz-11recognizesmany keyboard commands. Theseare ertered at the \ E11>" prompt, which appearswheneer
the PDP-11 is halted (e.g. at startup) but may be brought up at any time by pressingShift-Enter or Alt-SysReq,
or by pressingthe BREAK key on a serial terminal if the consoleterminal (TT0:) hasbeen ASSIGEdto a COM
port. The SET BREAK command can de ne a regular ASCII character that pops up a prompt if these methods
are all inconveniert. Some versionsof the Windows DOS box intercept Alt-SysReq, but Shift-Enter still works.
Commands(and parametersand switches) may generally be shortenedto any unique abbreviation. Note that E11
is multithreaded and PDP-11 code continuesto be executedwhile you are ertering commandsat the prompt, if

you haven't HALEd it.

Ersatz-11 supports commandline editing and recall at the \E11>" prompt, usingthe VT52/VT100 arrow keysand

somecorntrol characters.

key action

CTRL/A go to beginning of line

CTRL/D delete character to right of cursor
CTRL/E goto end of line

CTRL/H go to beginning of line

CTRL/J delete word to left of cursor
CTRL/K deleteto end of line

CTRL/L clear screenand re-display line
CTRL/R re-type line

CTRL/U delete to beginning of line
CTRL/W delete word to left of cursor
CTRL/Z exit prompt and connectto TTO:
DEL delete character to left of cursor
left arrow move left one character

right arrow  move right one character

up arrow move up a line in history bu er

down arrow move down a line in history bu er

68
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@le [.cmd]

Accepts input from the specied le asif it had beentyped at the E11 prompt. The default extensionis \ .cmd",
and seard rules are the sameasfor the ell.ini initialization le (seesection1.8). Command les may be nested
up to four deep. Lines read from the le are not echoed.

ASSEMBLBwitches] [addr]

Starts the mini-assenbler at the speci ed address,in the speci ed addressspace(syntax and defaults are the same
as for the LIST command). E11 will prompt with the address,and you can type in lines of PDP-11 assenbly
code, which E11 will translate to machine languageand deposit into PDP-11 memory at that address. E11 keeps
prompting for more lines (at updated addressesyuntil the userenters a blank line, or typesCTRL/C. The syntax
is a subsetof the standard MACRO-11 syntax. Simple expressionsare allowed in operandsbut there is no symbol
table, macro processor,or conditional assenbly. Only the .BYTE, .WORD, .BLKB, .BLKW, .ASCIlI, and .ASCIZ
pseudo-ogerations are supported.

Example:

E11>a 1000

001000 mov #1022,r5 ;point  at string
001004 tstb @#177564 ;is  port ready?
001010 bpl 1004 ;spinuntil it s
001012 movb  (r5)+,@#177566 ;send next character
001016 bne 1004 ;loop unless it was a NUL
001020 halt ;stop in that case
001022 .asciz  /Hello there/ <15>< 12> ;test string
001040 ~C

E11>g 1000

Hello there

Y%HALT

R0/000000 R1/000000 R2/000000 R3/000000 CM=KPM=KPRIO=0
R4/000000 R5/001040 SP/000000 PC/001022 N=0Z=1 V=0 C=0
001022 add (r5)+,(r0)

E11>

ASSIGNdplldev pedev. [switche§

Assignsa physical PC deviceto emulate the speci ed PDP-11 serial, network, or digital 1/0O device. Seechapter 6
for information about serial devices,and chapter 7 for information about network devices.

pdplildevis the name of the PDP-11 device name being created. It conformsto the syntax de ned in section1.7.
The rst two letters de ne the devicetype, and are generally the sameas the PDP-11 operating system'sname for
that device.

pcdevis the name of the PC devicewhich will emulate this PDP-11 device. Within ead classof peripherals (serial,
network, digital 1/0), any PC device may be usedto emulate any similar PDP-11 device.

The optional switchesconsist of keywords which begin with a forward slashcharacter (\/"). Someswitchestake a
value, which is precededby a\:" or \=" character. The acceptableswitchesvary depending on the device names
used, seethe section describing the device for more information.

ATTACIHgcdev. [peswitche$
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Attachesthe speci ed Q- or Unibus adapter to the emulated PDP-11. Any accesshy PDP-11 software to an 1/O
pagelocation that isn't handled by E11's own peripheral emulation or an INSTALLed emulation module, is passed
through to the real bus using the speci ed bus adapter. Seesection 8.1 for information on command syntax and
supported hardware.

BOOTMdu: [/ switcheg

Boots the systemfrom the speci ed disk, magnetic tape, DECtap e, network device, or paper tape. The disk/tap e
must have beenmounted with the MOUNdommand, unlessit is a real device attached through a bus adapter. The
optional switch is an OS name. Useful switches are /RT11 and /RSTS /RSXis acceptedtoo but has no special
e ect. This hasto do with the method usedto passtime and date information to a newly booted monitor. RT-11
ignoresthe time and date passedat 005000unlessthe NOP in word 0000000of the bootstrap is clearedto 0 (HALT)
and the bootstrap is entered at 000002.RSTS usesthe time and date at 001000(in a di erent format from RT-11)
regardlessof whether its NOP was cleared, but later versionsof RSTS save the rst word of the bootstrap and
executeit later, sothey will halt if the system was booted the RT-11 way. Hence Note that the OS switchesare
meaningful only on block devices. If you prefer to set the time and date manually then the switch is not needed.
RSX doesn't have a way to passthe time and date to a fresh monitor, soyou'll have to use\F12" with a TIM
command, or elseusethe TOY.TSK program (available on ftp.dbit.com) to read the TOY clock, which can be
enabledon any emulated CPU type by putting ASRasthe last item on the SET CPU commandline. Recert RSX-
11M-PLUS versionshave a built in TIM /SYNcommandto do this, which works if the CPU type is PDP-11/93 or
PDP-11/94.

There is also a /HALT switch, which tells E11 to go asfar asloading block 0 into core and setting up the registers,
but to stop there. This can be handy for debuggingboot blocks.

The BOOTPR: commandexpectsatapeimagein absolutebinary format, asproducedby the \ LINK /LDA" command
under RT-11.

CALCULATExpr
& expr (synonym)

Calculatesthe value of a 32-bit expressionand displays the result in octal, decimal, hex, ASCII and radix-50. The
operatorsare* / + -, unary + - ~C(where\*"C" meanslogical complemen), and ( ), with the usual precedence.
&and! arethe bitwise AND and OR operators, and have the sameprecedenceas* and +, respectively. Numbers
are either octal digit strings, or decimal if they contain 8 or 9 or endin \. ", or hexif precededby \ X", or radix-50
triplets if precededby \"R'. General register contents may be speci ed using the namesRQ R5 (with a\'" su x
to indicate the other register set, when emulating a PDP-11 with dual register sets) or SPor PG R$or PSmeans
the processorstatus word, and something of the form \'a " meansthe ASCII value of the character \ a".

E11 can acceptexpressionsn most of the commandsor switcheswhich take numeric argumerts. The default radix
dependson the particular command or switch.

DEFINEKEYPRES&yname= statement
DEFINEKEYRELEA%Eyname= statement
DEFINEMOUSEPRHES8tonname = statement
DEFINEMOUSERELEAfsEoONname = statement

De nes the action taken when the speci ed key or mouse button is pressedor released. Keyboard operation is
de ned using a simple script language, which allows the user to bind a small script to any possible keypressor
keyreleasewhich is executedwheneer that key is pressed(DEFINEKEYPRE$®r released(DEFINEKEYRELEABE
The mouse usesthe same keyscript language, de ned using the DEFINEMOUSEPRES®USHREASE commands.
When E11is rst started, the keyboard is initialized with a set of scripts which de ne the action of a VT100-like
keyboard with a US English layout. Just like userde nitions, thesedefault scripts may be displayed with the SHOW
KEYPRES®MOUSEPRESS) SHOVKEYRELEASEIOUSERELEAS&MmMands. By default most keys do nothing on
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releaseand have no KEYRELEASIE nition, except for the Alt, Ctrl, and Shift keys, and the left mouse button.
Using the \ell.ini " initialization le, the user may easily rede ne someor all of the keyboard and/or mouseas
required. The keyscript languageis described in Appendix A, and the list of key namesthat E11 acceptsis in
section A.3.

DEFINELEDIedname= ag

De nes which ag is tracked by ead keyboard LED. LED namesare CAPSNUMand SCROLLThe ag may be the
name of any ag (read-only or read/write) from the keyboard script language,in which casethe LED turns on
whenthe ag is setand turns o whenthe ag is clear. Or it may be NONHEo turn the LED o permanertly. Flag
namesand meaningsare described in section A.4.

DEASSIGHNdu:

Disablesthe speci ed character or network device. DeassigningTTO: is not allowed (either explicitly, or implicitly
by ASSIGnhg its PC deviceto another PDP-11 device).

DEPOSIT/switches] addr val; val, ...

Deposits the word(s) vali, val, etc. starting at memory address\ addr,” which is forced even. An error messagds
returned if an attempt is madeto accessa nonexistert CSR in the 1/0 page (bus timeout). The addressspaceto
useis speci ed by the switch(es), or the spaceusedin the last EXAMINEBr DEPOSITommandis usedby default if
none are given. Seethe EXAMINEommand for a list of valid switches.

DETACHcdev.

Detachesa previously ATT ACHed Q- or Unibus adapter (see ATTACH command).
DISMOUNIdcu

Dismounts the speci ed massstorage device (see MOUNT

DUMP'switches] [path/ ] lename[.pdp] [S1: €1 S2: € ... Snl:[en]] ]

With no switches, dumps PDP-11 memory to the specied PC le (default extensionis \.pdp"). Any number of
addressranges\ s;: " may be given, and data will be dumpedto the le from ead rangein the order givenin the
command line. The last range may have no ending address,in which case le data are dumped until the end of
memory. If no rangesare given at all the default is to dump all of PDP-11 memory starting at 000000.

With either the \/ROM or \ /EEPROMswitch, dumps arange of ROM or EEPROM to the le. The ROM/EEPR OM
must have been created with \ LOAD/ROMor \ LOAD/EEPRQNNDNly one addressrange may be speci ed. It must
begin at the beginning of the ROM but may end before the end of the ROM. The \/BANKED switch can dump all
of a banked ROM if only the starting addressis given (rather than dumping only up to the rst 512. bytes), in this
casethe starting addresscan be omitted too, (17)773000is the default for \/ROM and (17)765000is the default
for \/EEPROM If no ending addressis given, the default is to dump out the whole ROM.

EXAMINEswitches] [addr [end]]

Examines the word at memory addressaddr, which is forced even. If end is specied then a range of words is
displayed. If both are missing then the 8 words following the last location accessedvith EXAMINBEr DEPOSIRre
displayed. An error messagses returned if an attempt is made to accessa nonexistert CSR in the 1/O page (bus
timeout). The addressspaceto useis speci ed by the switch(es), or the spaceusedin the last EXAMINEr DEPOSIT
or MARRommand is usedby default if none are given.
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Switches:
switch space
ICURRENT Current CPU mode, speci ed by PSWis.14
/PREVIOUS Previous CPU mode, speci ed by PSWj3.12
/KERNEL Kernel mode
/SUPERVISOR  Supervisor mode
/USER User mode
/INSTRUCTIONS | space(within one of the above modes)
/IDATA D space(within one of the above modes)
/[PHYSICAL Physical 22-bit addressspace(default if MMU disabled)

Note that the addressspaceswitch(es), if any, must be given before the addressexpressionon the command line,
to avoid ambiguity sincethe switch character (\/") is usedfor division in expressions.

FPREG|STE|!R Vi1 Vo [V3 V4]]

Setsor displays the FPP registers. r is the FP accunulator number, 0{5, and vi{v4 are two or four 16-bit octal
words to write in the register (sorry, not decimal). If no argumernts are given then the octal contents of all six ACs
are given, along with octal displays of the FPS FEC and FEA and also a bit-by-bit display of FPS

GQaddr]

Starts the machine at the speci ed address,or at the addresscurrently in the program counter if noneis given.
HALT

If the machine is running, halts it and displays the registers. Otherwise a no op.

HELHcommand|

Explains use of Ersatz-11 commands. Just type \ HELP for a list.

INITIALIZE

Initializes all emulated 1/0 devices,disablesthe MMU, setsthe CPU mode to \k ernel."

INSTALL[path/ ] lename[.dll ]

Installs a user-written dynamic link library to add a custom device emulation to Ersatz-11. Files must be in the
Win32-style \p ortable executable" format (which can be generatedwith standard software developmern tools) and
may be written in assenbly languageand/or C.

E11 also supports 16-bit modulesin the Win16-style \new executable" format, for badkwards compatibility with
moduleswritten for segmemed versionsof E11 (before V4.0), whenrunning on host systemswhich support memory
segmetation.

Loadable emulation module support is an extremely powerful feature of Ersatz-11, sinceit allows custom device
emulations to be added which can coexist with the standard emulated devices, bus adapters, and other loaded
emulation modules, without requiring accessto Ersatz-11's sourceor linkable object les. E11 provides an API
which modules can call to accesshe PDP-11 memory and interrupt system, and to arrangeto be called when the

PDP-11 wants to accessan I/O pagelocation cortrolled by the loaded module. E11 also provides entry points to
do simple memory allocation, aswell as hardware interrupt and memory window managemen. In many casesthis
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makesit possiblefor the loaded module to be completely unaware of the host operating system under which E11
iS running.

LIST [/switches] [addr]

Disassenbles eight instructions starting at the speci ed addressif it is given, or otherwise at the rst address
following the last one disassenbled by the most recert LIST or REGISTERommand. The addressspaceto useis
speci ed by the switch(es), or the spacefrom the last LIST command is used if none are given. The default for
LIST is setto /CURRENTINSTRUCTIONSfter ead register dump, either from a REGISTERommand or from the
register display from a STERcommand or CPU halt. Seethe EXAMINEommand for a list of valid switches.

LOAD/switches] [path/ ] lename[.pdp] [S1: €1 S2: € ... Snl:[en]] ]

With no switches, loads the specied PC le into PDP-11 memory (default extensionis \.pdp"). Any number of
addressranges\ s;: " may be given, and data from the le will be loadedinto ead rangein the order givenin the
command line. The last range may have no ending address,in which case le data are loaded until end of le is
reached. If no rangesare given at all the default is to load the le at 000000. This command may be useful with
binary les producedby Strobe Data Inc.'s PDPXASBoss-asserbler.

With either the \/ROM or \/EEPROMswitch, createsa ROM/EEPR OM pageand loads its contents from the le.
The ROM contains a linear copy of the le contents, unlessthe \/BANKED switch is also given, in which case
it is banked through a 512.-byte window at either (17)7730000r (17)765000,using the page cortrol register (see
the \PCR option under SET CP)l Only one addressrange may be given. If \/BANKED switch is speci ed, the
addressrange must be exactly 512. bytes long and must begin at one of the addressegyiven above. If \/EEPROM
is speci ed, the starting addressmust be (17)765000,so this addresswill be usedby default, otherwise (17)773000
is the default. Otherwise, if only the starting addressis given, the size of the ROM dependson the size of the le.
If an ending addressis given, the le must be large enoughto Il that addressrange.

LOGddcu [[path/]lename].log ]] [[APPEND
(whereddis LP, TT, YH YV, or YZ)

Logs all output to the speci ed character devicein the specied le. If no lename is specied, any existing log
le for that deviceis closed. The /APPENDBwitch meansto append to an existing log le, rather than replacingit.
The default lename extensionis \.log ".

LOGddcu [[path/]lename[.log ]] [APPEND[/NOTIMESTAMPS
(where dd is CT, DB DR DG DF, DK DL, DMDR DS DT, DY DX DY, Il , KD KR PO MMMS MT MU DQ or HD)

Logs commandssen to the TA1l, RMxx/RPxx, RC11, RF11, RK11D, RL11, RK611, RP11C, RS03/04, TC11,
MSCP, RX11, RX211, DIP11A, M8644,KW11P, RXT11, TM03, TS11, TM11, or TMSCP controller, or the DOS
le device or HDSYS.EXEpseudo-cotroller, to the specied le. If no le is specied, the current log le, if any,
is closed. The unit number is insigni cant (except for Massbusdevices,which e ectiv ely have separatecontrollers
for eadh unit), all commandsto the cortroller are logged regardlessof the currently selectedunit. The /APPEND
switch meansto appendto an existing log le, rather than replacingit. The /INOTIMESTAMR8mMmMand meansthat
the timestamps on eadh command should be omitted. This can be useful when comparing log les from two runs
to look for di erences.

LOGXHR: [[path/ ] lename[.log ]] [switche§
LOGXHh: [[path/ ] lename].log ]] [switche§
LOGNInN: [[path/]lename].log ]] [switche§

Controls logging of Ethernet evernts. If a lename is speci ed then the log le is opened. If switchesare speci ed
they specify what events are to be logged. \/ [NQCOMMANDS®trols logging of port commands,\/ [NQRECEIVE
cortrols logging of received frames, and \ / [NQTRANSMITcontrols logging of transmitted frames. The switchesmay
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be speci ed when the log le is rst opened,or later in LOGcommandswith the lename parameter missing to
change what is being logged without having to open a new log le. If neither the lename nor any switches are
speci ed, any existing log le for that deviceis closed. If no switchesare speci ed whenthe le is rst opened,the
default is \/RECEIVE/TRANSMIT In addition, the /APPENDBwitch meansto append to an existing log le, rather
than replacing it.

MAH/switches] addr

Displays the physical addresscorresponding to the speci ed virtual address. The switchesto specify the virtual
addressspaceare the sameasthe onesusedwith the EXAMINE command.

MOUNdplidev [pdpllswitche} pedev[pdpllswitchesand/or pcswitched

Mounts aPC le or deviceasthe speci ed PDP-11 block device. The PDP-11 disk/tap ecortroller of the appropriate
type is createdif it did not already exist.

pdplidevis the name of the PDP-11 device name being created. It conformsto the syntax de ned in section1.7.
The rst two letters de ne the corntroller type, and are generally the sameasthe PDP-11 operating system'sname
for that device.

pcdevis the name of the PC deviceor lename to be usedto emulate this particular PDP-11 drive. The possible
namesare described in chapters 4 and 5.

Switches speci ¢ to the controller type may appear either after the PDP-11 device name or after the PC device
(or le) name, and are typically usedto specify the drive type in casethe controller supports more than onedrive
type. If no drive type switch is speci ed, the default type is usually basedon the size of the PC device. All
emulated cortroller types support the \/RQNLY" (syn. \/\WHROTEQT switch, which has the same pressingthe
WRITEPROTetc.) button on a real drive, and works even in caseslike the RX01 where the real hardware had no
write protection facility. A \/RW switch exists for completenessand allows read/write accesgo the device, which
is the default behavior. Seechapters 4 and 5 for more information.

PRIMARY

Switches the sessionnumber (in the range 1{12) being displayed on the primary (or only) video monitor. This
commandis equivalent to pressingAlt-F n on the keyboard, exceptthat it may be issuedfrom an initialization le
or serial consolewithout requiring that key combination to be typed manually on the PC keyboard.

PROCEHDreaK]

Continues PDP-11 execution at the addresscurrently in the program counter. If \break' is specied, then it is
the virtual addressof a single hard breakpoint, where the PDP-11 is guaranteed to stop if an instruction fetch is
attempted starting at that address,regardlessof what mode the computer is executingin, and regardlessof whether
the contents of that location have changedsincethe breakpoint was set. This can be handy for tracing code that
hasn't beenloaded yet. Note that hard breakpoints and single stepping with the STEPcommand interfere with
the operation of the PDP-11 T bit, sodon't combine them with a debugger(or CPU traps diagnostic program)
running on the PDP-11 or you'll get strange behavior.

QUIT
Exit the simulator, closingall image and log les and resetting all devicesthat werein use.
REGISTER val]

reg=val
ag =val
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If \r" and \val' are given, setsregister \r" (0{7) in the current register set to cortain \val." Otherwise displays
the values of all eight registers, the condition codes, the current and previous processormodes, and the current
interrupt priority level. Registersand condition code ags may also be set by typing the register name, an equals
sign, and the new value at the command prompt. Any expressionthat works with CALCULATIE valid in this case,
so for example one may type \PC=PC-2 The CPU priority may be setin the sameway using \ PRIO=val', where
val is from O to 7. Also the current mode and previous mode may be setwith \ CMx" and \ PMx", wherex is K S,
or Ufor kernel, supervisor, or usermode. Or the ertire processorstatus word may be setat oncewith \ PS=xxxxxX'.

SCANcdev.

Scansthe specied Q- or Unibus adapter (which must have been ATTACet earlier) for installed hardware and
displays a list of addressrangeswhich respond.

SECONDARY

Switches the sessionnumber (in the range 1{12) being displayed on the secondaryvideo monitor (if any). This
commandis equivalent to pressingCtrl-F n on the keyboard, exceptthat it may be issuedfrom an initialization le
or serial consolewithout requiring that key combination to be typed manually on the PC keyboard.

SETBREAKnnn| NON&

Setsthe octal value of an ASCII character that can be usedin place of a serial BREAK signal to pop up an E11
prompt. For example,\ SETBREAKD20" will causeany CTRL/P character typed on TTO: to bring up an E11
prompt. The default value is \NONE", meaningthat all ASCII characters are passedthrough and only a serial
BREAK, or akeyscript PROMPT command,will bring up the prompt. This commandis intended for usein cases
wherethe console(TT0:) hasbeenASSIGNedto a real serial port, connectedto a terminal (or terminal program)
that hasdicult y generating BREAK signals.

SET CLOCH43181nn

Informs E11 of the actual frequency (in Hertz, asa decimal number) of the PC motherboard's 14.318MHz system
clock usedto derive the 50/60 Hz clock, amongother things. This frequencyis supposedto be 14318180Hz (which

is what E11 assumesby default), but if your PDP-11 OS's clock gains or losestime at this setting due to the

oscillator frequency being slightly o, you can use SET CLOCK to make slight changes,and E11 will adjust its

math accordingly. The correct value can be determined experimentally, or measuredusing test equipmert (this

would require a very accurate frequencycounter to be usefulthough). Setting valueswildly di erent from 14318180
may produce unexpected results.

SET CPUtem [item ...]

This command changesthe emulated CPU type, either by changing to a new model all at once, or on a feature-
by-feature basis. Each keyword enablesa particular feature, or disablesit if precededby \NO. Any number of
keywords may be speci ed in oneline, and they are applied left to right. For example,\ SET CPU44 NOFPPwill
create a PDP-11/44 and then deleteits oating point processor.This givesyou the ability to roll your own CPU,
which neednot correspond to any actual existing PDP-11 model. Changing the CPU's type while it is running will
work but is likely to crashthe PDP-11 operating systemunder somecases.SHOVCPWlisplays the current settings
of all options.

E11 doesnot really emulate cache memory, sincethat would greatly slow down emulation rather than speedingit
up. Maintenancefeaturessuc as\write wrong parity" are not emulated either, sinceagain they would needlessly
add huge overheadand anyway sincethe data paths being tested by thesemodesare all di erent on a PC, PDP-11
diagnostic software would not gain any useful information by exercisingthem. So for these casesE11's emulation
is limited to creating the appropriate registersin the I/O pageso software can read and write them without losing
data or receiving unexpected bus timeout errors. Note that if RSTS/E seesa parity CSR or KTJ11B maintenance
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CSRsit attempts to exercisethem, giving a fatal error if they do not work. To avoid this problem, the CPU
con guration givenby SET CPU94 hasNOKTJ11Bnd NOPARCSR default asa workaround. These CSRsmay still
be enabled for software that needsthem with SET CPU94 KTJ11BPARCSRowever both RT-11 and RSX11M+
will work with the default setting.

SET CPWoptions:

number Setall CPU options to match PDP-11/ number model. Recognizedvaluesare 03, 04, 05
(syn. 10), 15 (syn. 20), 23, 24, 34, 35 (syn. 40), 44, 45 (syn. 50 or 55), 53, 60, 70, 73, 74,
83, 84, 93, 94.
ASH31 J11 CPU bug with 31-bit shifts using ASH/ASHC.
ASR KDJ11E additional status register (TOY clock etc.).
CB Cadhe bypassbit in Unibus map registers.
CCR Cache cortrol register (at (17)777746).
CD Cadhedisable bit in PDRs.
CDRen] KDJ11x con guration/displa y register (at (17)777524),n is 8-bit DIP switch value.
CHR Cache hit register (at (17)777752).
CHRNZ If CHR is presen, readsas non-zero.
CMDR PDP-11/44 cache memory data register (at (17)777754).
CPUERRCPU error register.
CSM CSMnstruction (requires SUPMODR& work).

DESTFIRST Evaluate destination operand rst in dual operandinstructions with mode 0 source. E ect
is to useincremerted/decremented value of register as sourcewith mode 2{5 destination
using sameregister, or PC+2 for mode 07 sourceand mode 67 or 77 destination.

DSPACE Split I/D space.
DUALREGSEDual register set.
EAE KE11A/B Extended Arithmetic Elemert.
EIS Extended (integer) Instruction Set.
EIS16 EIS instructions with odd destination set condition codesbasedon 16-bit result.
FIS Floating Instruction Set (FIS option for PDP-11/35,40 and LSI-11).
FPA Floating point accelerator,setsKDJ11x MR bit indicating FPJ11 presert.
FPBACKOUTJ-11 SR1 behavior, autoinc/dec is always undone on aborted FPP instruction.
FPP FP11 oating-p oint instruction set.
HALT4 HALTIn user mode traps to 4 instead of 10.
JMP4 JMPRh or JSR Rn traps to 4 instead of 10.
JMPPLUS2 JMP (R)+ and JSR X,(R)+ jump to incremerted value of R (R+2).
KTJ11B KTJ11B Unibus adapter maintenanceregisters.
LDUB PDP-11/60 LDUHnstruction (load microbreak register), as no-op.
LKS7 Bit 7 (monitor) of LKS clock status register is mecanized.
LOCKASRBASRBnstruction usesinterlocked memory access.
MARK MARHKnstruction.
MAS PDP-11/60 MASnstruction (maintenancealignment shift), asno-op.
MBR PDP-11/70 microprogram break register (at (17)777770).
MED PDP-11/60 MEDnstruction (maintenance examine/deposit), as no-op.
MFP[EN]  MFPTinstruction (returns n in RO).
MNS PDP-11/60 MNSnstruction (maintenancenormalization shift), asno-op.
MPP PDP-11/60 MPRnstruction (maintenance partial product), asno-op.
MSEA Memory system error addressregister (at (17)777740/2).
MSER Memory system error register (at (17)777744).
MMTRAPSPDP-11/45,55,70-style memory managemetn traps, 3-bit ACF.
MMU Memory managemen unit, MFPODMFPI MTPDMIPI instructions.
MMU22 22-bit MMU (must use UMARoo if emulating Unibus CPU).
MRR=n] Maintenanceregister (at (17)777750).If n<16., KDJ11x-style maintenanceregister which
readsn asmodel code in bits 7:4. If n=44, PDP-11/44 style MR, and if n=70, PDP-11/70
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style MR.
MXPS MFPSMTPSnstructions.
ODD 0Odd addresstrapping.
PARCSR Parity/ECC memory CSR address(at (17)772100).
PCR=x] KDF11/BD V11 page control register and read/write register if x=\ KDF11, or KDJ11
CSR/page cortrol register if x=\ KDJ11 (at (17)777520/2).

PDRA Working \A" bit (bit 7) in MMU PDRs. PDP-11/45,50,55and PDP-11/70 only.

PDRW Working \W" bit (bit 6) in MMU PDRs. All PDP-11 MMUs have this bit, but if the
PDP-11 operating system doesn't needit, disabling it may yield a small improvemert in
emulation speed.

PIRQ PDP-11/45-style 7-level software interrupts.

PRIO Multiple interrupt priority levels (as opposedto the PDP-11/03's single level).

PSWIO PSW accessiblefrom I/O space(at (17)777776).
QBUS Q-bus exists (otherwise Unibus). A ects default models and default interrupt priorities of
many emulated peripherals.
RTIRTT RTI instruction works like RTT(early CPUS).
RTT RTTinstruction.
SIZE PDP-11/70 systemsizeregisters(at (17)777760/2).
SOBSXT SOBSXTinstructions.
SPL SPLinstruction.
SR Switch register/display register (at (17)777570).
SR1 MMU status register 1.
STACKLIM PDP-11/70 stadk limit register (at (17)777774).
SUPMODESupervisor mode.
SWABYV SWAIRhstruction presenesV bit.
SYSIO=n] PDP-11/70 systemID register (at (17)777764),returns n when read.
TSTSET J-11 TSTSETWRTLCikstructions.

UMAP Unibus map (maps 18-bit /0 bus to 22-bit memory).
UNDOAUTQJndo mode 2/3 autoincremerts on bus error etc.
USERMODHRJser mode (or anything besideskernel mode).

UWIN Unibus appearsin addresswindow at 17000000.

XOR XORnstruction.

SETDELAYevie c1:nq G:ns ...
SETDELAYevie *: n

Setsthe number of instructions that the speci ed command opcodesappear to take to complete on the indicated
device. The deviee may be DELUADL11 DOSFILHthe DOS le accesspseudo-device), KW11LLP1]1, PC1]1 RC11
RF11 RK11D RK611 RL11 RMO0203/ 05/ 80/ RPO7 (synonyms), RP0405/ 06 (synonyms), RP11C RS03or RS04
(synonyms), RX1lor RX211(synonyms), TA11 TC11 TMO03 TM11 or TS11 There may be an arbitrary number of
parameters of the form \c: n" or \c=n", where c is the octal opcode for the command (or \*" for all commands
for this device) and n is the decimal number of PDP-11 instructions to delay before signaling completion of the
command.

The reasonthat device commands,such as\read sector” on an RX02, or \transmit character" on a DL11, delay
signaling completion (by raising a \ready' ag and/or triggering an interrupt) instead of completing right away
(which would seemnatural in an emulator) is that someOS software contains assumptionsthat at least a certain
number of instructions are guaranteed to be executed before a device is able to interrupt, even when interrupts
from that device are enabled. The default interrupt delays are set for the \w orst case”, sothat ead oneis long
enoughto avoid any known (or suspected) problems with DEC OS software. The SET DELAYtommand may be
useful in caseswhere your OS needsa longer delay than the default, or in caseswhere your OS's treatment of a
deviceis \clean" and you can gain a noticeable I/O speedincreaseby setting all the delays for that deviceto 1, or
in caseswhere you're debugging OS software and want to test against variety of interrupt rates.
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Note that some devicesdon't have numbered command opcodes per se, but the SET DELAYcommand syntax

requiresone anyway for consistency and pseudoopcode numbers are assignedif necessary On DL11 SLUs, opcode
\0" refersto the delay betweenreading a character from the receiver bu er, and getting the interrupt for the next
character (only if it's the secondor later character of a function key sequenceon an emulated VT100, all other
keyboard interrupts correspond to actual asyndironous events). Opcode \1" refersto the delay betweenwriting a
character to the transmitter bu er, and getting the completion interrupt (for emulated VT100s| COM and LPT

ports use real completion interrupts). Similarly, PC11 opcode \0" refersto how long it takesto read a character
from paper tape, and opcode \1" refersto how long it takesto write one. An LP11 hasonly one opcode, which is
\0" and correspondsto the samething as opcode \1" of a DL11. An RK611 has only opcodes0{17, but the SET
DELAYXommandde nes an opcode\20" which refersto the delay betweenthe interrupt that acknowledgesreception
of a head movement command (which is itself delayed), and the \atten tion" interrupt which signals completion
of the head movement. The RK11D emulation has a similar dummy opcode \10" which meansthe samething,

and the TA11 emulation has a dummy opcode \10" which de nes the delay between character interrupts within

a block. A KW11L has no opcodes, so opcode \0" setsthe delay between simulated interrupts which are usedto

catch up if clock interrupts are misseddue to native PC le I/O taking more than 16.67 ms (or 20 ms in 50 Hz
clock mode) to complete.

SETHERTZ50 | 60g
SETHZf50 | 60g

Setsthe frequency of the KW11L line clock (startup default is 60).

SETIDLE [NQRELEASE

Setsthe behavior when the emulated CPU is idle, i.e. halted or executinga WAIT instruction. RELEASE means
to askthe host OS to releasethe current time slice. This way E11 won't hog 100% of the host CPU's time for no
reason. However, in OS/2's DOS box this is taken asa sign that E11 will be idle for sometime soits priority gets
reducedasa result, sothis option should not be usedin OS/2. NORELEASE meansE11 should just keeplooping
until there's something for it to do.

SET KEYBOARNQSWAP

SWARets the keyboard handler to exchange the functions of the Caps Lock and left Ctrl keys for people who
don't like the IBM Enhanced Keyboard. NOSWAgets the handler back so that the keyswork as marked. The
swap is made upstream of the keyscript interpreter, so CAPSLOC#d LCTRLexecute eath other's KEYPRES&Shd
KEYRELEASEripts when the keys are swapped.

SET MEMORMNN

Setsthe sizeof emulated PDP-11 memory. nnnn is the number of kilobytes of memory, anything from 8 up to 4088
(or the limit speci ed by the /MEMORYi:switch when E11 was started).

SET MEMORYNLOCK

Locks or unlocks emulated PDP-11 memory against paging. This may give E11 a speedbene t on a heavily loaded
system, at the expenseof other processes.

SETPCLOGON| OFF

Enablesor disableslogging of the PC (program counter) register's value before eadh PDP-11 instruction fetch, at
a slight speedpenalty. Usedfor debuggingPDP-11 code.

SET[NQSCOPE
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Setswhether the consoleterminal is a scope or a hardcopy terminal, for the purposeof handling rubout characters
typed at the \E11>" prompt. Mainly useful if the consoleis redirected to a COM port with a DECwriter (etc.)
pluggedinto it. Also determineswhether typing AL at the command prompt will attempt to clear the screen.

SET SWITCH

Setsthe value of the emulated switch registerto n, asan expressionwith the samesyntax asusedby the CALCULATE
command.

SET THROTTLION [OFF [DELAYR [INTERVALY

Enablesor disablesa simple throttle which can slow down the averageemulated CPU speed,for compatibilit y with
PDP-11 software which contains timing loops which are tuned for a particular PDP-11 CPU model.

Throttling is implemented by inserting a xed delay at regular intervals in the instruction simulation. DELAYx
setsthe length of this delay to x microseconds. INTERVALysetsthe number of PDP-11 instructions that will be
executedbetweendelays. Sothere will be a delay of x microseconds,every y instruction fetches.

The ONkeyword turns throttling on. Throttling is alsoturned on implicity whenthe DELAYxand/or INTERVALy
parameter(s) is/are given.

The OFFeyword turns throttling o, and allows PDP-11 instruction emulation to proceedat the maximum possible
speed. This is the default setting.

SETpcdevcu ...

Sets parameters for the speci ed PC device, with the optional cortroller letter and/or line number given using
the usual device name syntax, seesection 1.7. SETcommandsfor real PC devicesmust be issuedbefore the rst
ASSIGNr MOUNGommand which usesthat PC device. The PC device namesare the sameas those used on the
right hand side of an ASSIGNor MOUNdommand.

The rest of the command line consistsof keywords appropriate to that devicetype. The valid SETparameters for
eath PC devicetype are listed in the section that describesthat device. Multiple keywords may be specied on
the sameSETcommand, they will be processedn left-to-right order.

SETddcu ...

Setsparametersfor the speci ed PDP-11 device. Possibleparametersare as follows:

BOOTSTRAdption Selectswhether incoming MOP boot frames will be honored, speci es either the BOOT
command parameters,or DISABLEdefault) to disable network-initiated booting. DELUA
remote booting is not yet supported, sothis command has no visible e ect.

CSRannnnn  Setsthe baseCSR addressto nnnnnn octal.

CSR=DEFAULTSets the base CSR addressbadk to the default addressfor this device (useful if it had
beenchangedwith an earlier SETcommand). SHOWommandswill display \(D)" after an
addresswhich was chosenusing DEFAULT

CSR=FLOATINGSetsthe base CSR addressaccordingto the PDP-11 oating CSR rules, for devicesthat
support this scheme. CSR addressedor all oating devicesare recomputedevery time the
device con guration is changed. SHOWbmmandswill display \(F)" after an addressthat
was chosenusing FLOATING

ctritype Setcontroller type. This is mainly usedto distinguish betweenUnibus and Q-bus versions
of controllers, which dier in number of addressbits used and whether they go through
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SHOW BREAK

the Unibus map, and in some casesin other ways as well. DEFAULTeansto choosea
default cortroller type basedon whether SET CPUQBUSs in e ect. SHOWommandswill
display \(D)" after a controller type which was chosenusing DEFAULT

D3 SS Setsthe disk to be single-sidedor double-sided. Real RX211sautodetect this but 3.5" and
5.25" disks don't have a separateindex hole for DS disks, so the number of sidesmust be
set explicitly .

MODE Setsthe mode parametersfor the speci ed port using a syntax similar to the DOS MODE
command. The four parameters\ bps par, dbits, sbits' set the decimal number of bits per
second(which unlike DOS MODE, may not be abbreviated, so\96" really means96 baud
not 9600), a single letter indicating the parity (\E" for even,\O" for odd, \N" for none,
\M" for mark, \S" for space),a decimal number of data bits (5{8), and a decimal number
of stop bits (1{2). This is mainly useful for DL11 type ports where the communications
parametersare not set by software, for mux ports any parametersset with SET MODH®ill
be overridden by the valueswritten to the mux by the driver in the PDP-11 OS, unless
they are locked with the LOCKoption. Note that the set of valid baud rate valuesdepends
on the hardware emulating that port. If the value specied is not available E11 will use
the closestrate the device supports.

PRIORITYAa Setsthe interrupt priority to n (4{7).

PRIORITY=DEFAUL Setsthe interrupt priority to DEC's default value for this cortroller type. In many cases,
the original Unibus version of a cortroller usespriority 5, but the Q-bus equivalent uses
priority 4, since early LSI-11 CPUs didn't have a multi-lev el priority system. When set
to DEFAULT, the priorit y will normally be automatically reducedto 4 when emulating a
Q-bus CPU. This is true even on deviceswhich were available from DEC only for Unibus,
sincethere may have beenaftermarket Q-bus versionswhich used priority 4.

REWIND Rewind the paper tape, sothat subsequeh input will start over at the beginning of the
MOUNT le.

RH11 Setsthis Massbusadapter (speci ed by cortroller letter, unit number is unimportant) to
be an RH11. 18-bit addressing,goesthrough Unibus map if oneis con gured with SET
CPUUMAPThis is the default for all Massbusdisks and tapes.

RH70 Setsthis Massbusadapter to be an RH70. 22-bit absolute addressing, RHBAE/RHCS3
registersexist.

VECTORAN Setsthe basevector addressto nnn octal.

VECTOR=DEFAULSets the basevector addressbadk to the default addressfor this device (useful if it had
beenchangedwith an earlier SETcommand). SHOWommandswill display \(D)" after an
addresswhich was chosenusing DEFAULT

VECTOR=FLOATINGetsthe basevector addressaccordingto the PDP-11 oating vector rules, for devicesthat
support this scheme. Vector addressedor all oating devicesare recomputed every time
the device con guration is changed. SHOWommandswill display \(F)" after an address
that was chosenusing FLOATING

SHOVBDR

Shows the current value of the boot/diagnostic display register (last value written to (17)777524).

SHOVBREAK

Shaws the octal ASCII value of the character that can be usedin place of a serial BREAK signal to bring up the
E11 prompt. The default is NONE, meaning that only a geruine serial BREAK signal, or PROMPT keyscript
command (normally generatedwith Shift/En ter), will bring up the prompt, and all ASCII characters are passed
through.
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SHOVZLOCK

Shows the current assumedfrequency (in Hz) of the PC motherboard's 14.318 MHz clock, usedto generatethe
KW11L/KW11P 50/60 Hz clock.

SHOVCPU

Shows emulated CPU type, number of emulated CPUs if greater than one, and emulated core size, along with
breakdown of features, as well asthe CPU type of the host processor.

SHOVZ SRaddr
Shaws the name of the device register at the speci ed octal /0 pageaddress.
SHOVDELAMevie

Shaows the currently active list of interrupt delay counts for the speci ed device, starting with the delay for opcode
number 0. SeeSET DELAYor details.

SHOVDISPLAY
Shaws the current value of the display register (last value written to (17)777570).

SHOWERTZ
SHOWZ

Shows the current frequency in Hz, of the emulated KW11L line clock. The default is 60.
SHOMIDLE

Shows the SET IDLE setting, either RELEASKeleasethe host CPU when idle) or NORELEASkeep polling until
there is somethingto do).

SHOVWKEYPRES&yname
SHOVKEYRELEASEyname

Shows the keyscript currently bound to the keypressor keyreleaseevent for the speci ed key, if oneis de ned. See
section A.3 for key names.

SHOWEDIedname

Shows the name of the ag (from the keyboard script language)whosevalue is being tracked by the speci ed LED,

or \ NONE:if the LED hasbeendisabled. LED namesare CAPSNUMand SCROLLSeesection A.4 for a list of ag

names.

SHOWIEMORY

Shows the amount of PC memory usedby Ersatz-11, how much of that memory is emulated PDP-11 memory, and
how much PC memory is free. Free memory must be available in order to usethe ASSIGNDEFINEKEYPRESSOG
or MOUNdommands.

SHOWIMU f KERNEL SUPERVISOR USER[INSTRUCTION DATA]

Shaws the current mapping registersfor the speci ed space. Defaults are KERNEBnd INSTRUCTIOSpace.
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SHOWIOUSEPRB&¥§name
SHOWIOUSERELEA®SKname

Shows the keyscript currently bound to the pressor releaseevent for the speci ed mousebutton, if oneis de ned.
Seesection A.3 for key names.

SHOWCLOG

Shows the log of PC (program courter) values from the last 64 PDP-11 instruction fetches, if enabledwith SET
PCLOGDON Used for debugging PDP-11 code.

SHOWHREADS

Shows a list of all threads currently running in Ersatz-11, and a brief description of ead one. This command is
mainly intended as a support aid when contacting D Bit for help.

SHOWHROTTLE

Shows the current status of the emulated CPU speedthrottle. Seethe SET THROTTLEommand for more informa-
tion.

SHOWERSIONS
Shows the version numbers of Ersatz-11, the host operating system, and any other relevant interfaces.
SHOWdcu

Shaws the con guration of the speci ed PDP-11 or PC device. The actual data shovn are dependert on the device
type, in generalthe display corntains the information that can be SETfor that device(e.g. cortroller type, interrupt
priorit y, or CSR/v ector addresses)and for PDP-11 devicesthe name of the PC le or deviceattached with ASSIGN
or MOUNi§ showvn. Not all devicessupport SHOW

In the output from a SHOWdcu command,\(D)" following a cortroller type or interrupt priorit y meansthat pa-
rameter is setto \DEF AULT" and the displayedtype or priorit y is the default basedon the \SET CPU [NO]JQBUS"
setting. Similarly, \(F)" following a CSR or vector value meansthat parameter is set to \FLO ATING" and the
value given is the one currently in usebasedon the system con guration.

The default cortroller types, oating CSR or vector addressesand default interrupt priorities are assignedspeci ¢
valuesonly for controllers that have actually been created with an ASSIGNor MOUNGommand. If the cortroller
doesnot currently exist then a defaulted cortroller type or interrupt priorit y will simply be listed as\DEF AULT"
and oating addresseswill be listed as\FLO ATING".

The following PC devicessupport SHOW: CON: .
Examples:

Show a simple PDP-11 device:

E11> show ttO:

TTO: CONL1:
CSR=777560(D)VECTOR=060(DPRIORITY=4



STEP 83

Shaow an auto-con guring unmounted PDP-11 device:

E11> show dlIO:

DLAO: NONEXISTENT
DEFAULTCSR=17774400/ECTOR=16BRIORITY=DEFAULT

Mount the deviceand show it under a Unibus emulation (PDP-11/70):
E11>mount dlO: "/el1/rt11.dsk"
El11>set cpu 70
E11> show dIO:
DLAO: RLO2 READ/WRITIEILE "/el1/rt11.dsk"
RL11(D) CSR=17774400(D)VECTOR=160(DPRIORITY=5(D)

Switch to a Q-bus emulation (PDP-11/93) and show changes:
El11>set cpu 93
E11> show dIO:
DLAO: RLO2 READ/WRITEILE "/e11/rt11.dsk"
RLV12(D) CSR=17774400(D)VECTOR=160(DPRIORITY=4(D)

STEHcount]

Executesthe speci ed number (default=1) of singleinstruction stepsand displays the updated registersafter ead.
Note that if real time clock interrupts are enabledand the CPU priority is below 6, STEPwill immediately enter
the clock interrupt serviceroutine instead of executingthe instruction at the current PC. An easyworkaround is to
disable clock interrupts with \D 17777546 0" before using STERand then reenablethem with \D 17777546 100"
before continuing regular execution.

UNLOA[switches] [addresg
Unloads a ROM or EEPROM page previously loaded with \LOAD Either the \/ROM or \/EEPROMSswitch is

required, \/BANKEDmay be givento invoke the default starting addressesf (17)773000for \/ROM and (17)765000
for \/EEPROWM otherwise the starting addressof the ROM must be given.
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Keyb oard Script Language

The script languageusedby E11'sDEFINEKEYPRESf$d DEFINEKEYRELEASEBEmmands(and DEFINEMOUSEPRESS
and DEFINEMOUSERELERN®&Epowerful, yet very easyto use. Unlike some systemswhere keys can have only
characters or strings bound to them, and mousebuttons can be reorderedbut not changed, E11 allows the userto
attach a small script to ead key sothat more complicated operations can be de ned. In particular, there's nothing
special about the shift keys (Ctrl, Alt, Shift), they can be rede ned to be data keysand vice versa.

When de ning a new keyscript, it may be helpful to usea SHOWbmmandto display the existing default keyscript
for that key, or a similar one, and useit asthe basisfor writing the new keyscript. To make the keyboard senda
character or string to the system, simply enclosethat character or string in single or double quotes. IF statemerts
can be usedto senddi erent strings depending on the state of a variety of ags (including the current state of the
Alt, Ctrl, and Shift keys).

NONREPEATIMGd NOREPEAT®8mmandsare usedin many of the default keyscripts to emulate the autorepeat
behavior of the VT100 keyboard precisely NONREPEATIMGs E11 that this keyscript should not be autorepeated
evenif the key is held down (lik e the VT100 Esc, Tab, and Return keys), and NOREPEAT&ansthat while this key
is pressed,all other keysshould be prevernted from autorepeating (which is what the VT100 Ctrl key does). There
are numerousother special-purposecommandsthat allow sud things as sendingthe current date and/or time in a
variety of formats, popping up the E11 command prompt, and switching the video display to show another session.

Multiple statemerts in a singlekey de nition may be separatedby \:" or\n" charactersand count asonestatemert
(for the purposesof the IF/ ELSEIF ELSEENDIF construct). If aline endswith \&" (with no white spacefollowing)
it is cortinued on the next line, and any characters after the rst \I" that is not inside single or double quotes
are considereda commert and are ignored (up until the trailing \&" if oneis presert). This should be familiar to
BASIC-PLUS users.

A.1 Defaultkeyloard layout

The keypad layout generatedby E11's prede ned keyscripts may take a little getting usedto but it's intendedto be
familiar if your ngers are already comfortable using KED or EDT on areal VT100. Just don't look at the keypad,
the keys are where you expect in spite of having the wrong labels. Similarly, the CTRL characters on the main
keyboard are in the sameplacesas on a VT100, including the non-alphabetic ones(e.g. CTRL/SP ACE generates
NUL, CTRL/~generates RS, etc.). The \backspace"key generatesDEL becauseahat's what DEC operating systems
normally use. Use CTRL/H to get a badkspacecharacter. Line feedis CTRL/J, and on 104-key keyboards it's

84



Keyboard Script Language 85

alsothe \context menu" key next to the right-hand Ctrl key.

The keypad digits and \." key work as marked (you must be in Num Lock mode to get this on 84-key keyboard,
it doesn't matter on 101- or 104-key keyboards). The keys around the top and right edgesof the keypad are not
as marked, but correspond to the PF1{PF4, hyphen, comma,and ENTER keysof the VT100. The commakey is
missing unlessyou have an 84-key AT keyboard. CVT Avant Prime and Avant Stellar, and Northgate Omnikey
102 keyboards (which were all apparertly designedby the sameperson)have an\=" key where the VT100 comma
belongsbut unfortunately there is no way for software to distinguish it from the =/+ key on the main keyboard so
E11 can't useit asa comma, so F8 must be usedinstead. To get the normal function of the Num Lock key (and
Esc, Scroll Lock, and Sys Req on an 84-key AT keyboard), pressAlt, Ctrl, or Shift at the sametime (it doesn't
matter which). The VT100 keypad hyphen, comma, period, and ENTER keysare also available asthe F6, F8, F9,
and F10 keys (seebelow). On an IBM AT 84-key keyboard (which hasthe F-keysstacked vertically) this givesthe
samelayout asthe right-hand edgeof a VT100 keypad.

If your keyboard has an F12 key, pressingit will sendthe current date and time in the format \ hh:mm:ss dd-
mmm-yyyy," unlessyou DEFINEit to do otherwise. This is intended to be useful when starting an RSX or IAS
system.

CON1{ conz| cons| cona: CONs{ CON6Y con7{ CONS: CON9|CONI0con1gf COM12

Default F-keyson 101-and 104-key keyboards

NumLoc Esc |NumLoc|ScrLock] SysReq . .
pr1 | PF2 | PR3 | PF4 PF1 | PF2 | PF3 | PFa CON1{ CON2
7 8 9 7 8 9 - Cona| cona:
4 5 6 4 5 | 8 ! CoNs;| CONG:
1 2 3 1 2 3 CON7/ CON:

Enter Enter
JCON10
0 . 0 . CONo: Enter

Default keypad layout on 101- Default keypad layout on IBM F-keyson IBM

and 104-key keyboards AT 84-key keyboards AT keyboards

A.2 Keyload script statementdescriptions

string

Sendsthe speci ed string. The string may be any combination of double quoted strings (" string"), single quoted
strings (' string' ), and single ASCII characters (CHR$() ), all concatenatedwith plus signs (+). Note that PDP-
11 serial ports normally have only one or two characters worth of input bu ering, and E11 currently buers 32
characters per port in addition to that (this number may increasein the future), soit is not possibleto send
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arbitrarily long strings.

AMPM

Sends\ AM or \ PM depending on whether the time read by GETTIMEs before or after noon.

CLEARag

Clearsa read/write ag. Seesection A.4 for alist of ag names.

COPY

Copiesthe currently selectedtext (seeSELEC®tc.) into the pastebu er, whereit can be be pastedwith PASTE
DAY1

Sendsthe 1- or 2-digit day of the month (1{31) asread by GETTIME

DAY2

Sendsthe 2-digit day of the month (01{31) asread by GETTIME

GETTIME

Readsthe current date and time (as an atomic operation to avoid race conditions) and storesit internally for use
by HOURMINUTERSE©®ND? etc. GETTIMEhould be executedonce before any sequenceof commandsthat sends
the various date/time elds. This is done explicitly, instead of having ead individual command get the time itself
before sendingits eld, in order to ensurethat all the elds are coordinated and don't contain mismatched data
if the clock rolls over while the date/time string is being composed. Without a preceding GETTIMEtatement, the
statemerts that sendthe individual parts of the date/time will sendgarbage.

HOURL1

Sendsthe 1- or 2-digit hour of the day (0{23) asread by GETTIME

HOUR12

Sendsthe 1- or 2-digit hour (1{12) asread by GETTIME

HOUR2

Sendsthe 2-digit hour of the day (00{23) asread by GETTIME

HUNDREDTH2

Sendsthe 2-digit hundredth of a second(00{99) asread by GETTIME

IF <exprl> THEN&
[statementl] &
ELSEIF <expr2> THEN&
[statement2] &
ELSE&

[statement3] &
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ENDIF

Executesstatemerts conditionally. The expressionsnay be madeup of any combination of read-only and read/write
ags (seesectionA.4 for alist of ag names),the operators ANDNOTOR and XORand parentheses(to override the
default binary operator precedencewhich is NOT ANDand ORXORrom highest to lowest with ORand XORbeing
equal).

If the expressionafter the IF is true, the statemert (which may actually be multiple statemerts separatedby \:"

or \n" characters) following the THENs executed,and after that executionthen skipsto after the ENDIF Otherwise
the expressionfollowing the ELSEIF(if any) is similarly tested, followed by any successie ELSEIFsif the rst fails.
Finally the ELSEclause(if any) is executedif no (ELSEIF wastrue. This is pretty much the sameasFORTRAN-77
or any languagewith block-structured IFs.

The ELSEIFkeyword is provided as a corvenienceto avoid excessie nesting:

IF a THEN&
X &

ELSEIFb THEN&
y &

ELSE&
zZ &

ENDIF

is equivalent to:

IF a THEN&
X &
ELSE&
IF b THEN&
y &
ELSE&
zZ &
ENDIF &
ENDIF

LETTERtringl

Acts as a normal alphabetic (\letter”) key. Stringl is a one-taracter string. If CTRLs true, stringl is sert with
the high 3 bits setto 0. Otherwise if CAPSor SHIFTIs true then stringl is sert with bit 5 setto 0. Otherwise
stringl is sert with bit 5 setto 1. This hasthe e ect of converting it to lower or upper caseas appropriate, and
converting it to the correct control character if CTRLs true, assumingit's a US-ASCII alphabetic character.
MILLISECOND3

Sendsthe 3-digit millisecond (000{999) asread by GETTIME

MINUTE2

Sendsthe 2-digit minute (00{59) asread by GETTIME

MONTH1

Sendsthe 1- or 2-digit month (1{12) asread by GETTIME
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MONTH2

Sendsthe 2-digit month (01{12) asread by GETTIME

MONTH3

Sendsthe 3-letter English month abbreviation (Jan{ Deq asread by GETTIME
NONDATA

Speci es that the current key is not a data key and should not generatekeyclick (if E11 supports it in the future)
or count from a\SET ag FOR" pre x.

NONREPEATING

Speci es that the current key should not auto-repeat.

NOREPEATS

Speci es that the current key should prevert all other keysfrom auto-repeating until it is released.
NUMBES®ring2

Acts as a normal numeric (\n umber") key. String2 is a two-character string. If CTRLis true, nothing is sen.
Otherwise if SHIFTIis true then the secondcharacter of string2 is sert. Otherwise the rst character of string2 is
sert.

PASTE

Pastesthe text from the paste bu er (as copiedwith COP) asif it weretyped at the keyboard.

PRES%eyname

Executesthe \k eypress"script for the speci ed key, i.e. the script de ned by DEFINEKEYPRESSr that key.
PRIMARY

Changesthe screenon the primary video (or only) display to screenn (1{12).

PROMPT

Popsup an E11 command prompt. The primary video display is switchedto TTO:'s screenif it is not already there.
RELEASEeyname

Executesthe \k eyrelease"script for the speci ed key, i.e. the script de ned by DEFINEKEYRELEAS& that key.
RSTSAMPM

Sends\AM or \M or \PM depending on the time read by GETTIMEusing the unusual rules used by pre-V9.0
versionsof RSTS/E:

00:00{00:00:59.99s PM (the minute starting at midnight)

00:01{11:59:59.99s AM as usual
12:00{12:00:59.99s M (the minute starting at noon)
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12:01{23:59:59.99s PM as usual

SECOND?2

Sendsthe 2-digit second(00{59) asread by GETTIME
SECONDARY

Changesthe screenon the secondaryvideo display to screenn (1{12). This is useful only on systemswith two
video displays, and performs no operation on systemswith only one.

SELECT

Begin selectingtext usingthe mouse. Text on the screenis shown in reversevideo starting at the current mouseloca-
tion, and extending to wherewer the mousemoves,until a COP¥ommandis executed(typically by the MOUSERELEASE
keyscript for the samebutton which executedthe SELEC)Twhich copiesthe highlighted text into the paste bu er.
Selectionis aborted (and the text being selectedis un-highlighted) if the PDP-11 sendsmore data to the screen
while selectionis in progress.

SELECTWORD

Selectthe word at the current mouselocation.

SELECTLINE

Selectthe ertire line (including a carriage return character at the end) at the current mouselocation.
SET ag [FORn]

Setsa read/write ag. Seesection A.4 for a list of ag names. If the \ FOR" modi er is given, it meansthat the
ag is set for the speci ed non-zeronumber of data keystrokes, and then automatically clears after the script for
the nth keystroke is executed. This is usedfor the pre x keyscommonon non-English keyboards, and can also be
useful for handicapped users. Note that the current key (the one whosekeyscript contains this \SET... FORn"
command) courts from the total unlessa NONDATstatemert is part of its de nition.

Example using SETto rede ne the right-hand Alt key asan \acute accert” pre x key, which makesthe vowel keys
sendthe ISO Latin-1 codesfor the sameletters with acute accens when pressedimmediately afterwards:

DEFINEKEYPRESBALT= SETFLAG1FOR1 : NONDATA

DEFINEKEYPRESA = IF FLAG1THENLETTERCHR$(193) ELSELETTERA' ENDIF
DEFINEKEYPRESE = IF FLAG1THENLETTERCHR$(201) ELSELETTERE' ENDIF
DEFINEKEYPRESB = IF FLAG1THENLETTERCHR$(205) ELSELETTERI' ENDIF
DEFINEKEYPRESS = IF FLAG1THENLETTERCHR$(211) ELSELETTERO' ENDIF
DEFINEKEYPRESH = IF FLAG1THENLETTERCHR$(218) ELSELETTERU' ENDIF

TICK

Sendsthe timer tick number as read by GETTIMENormally this is a 2-digit nhumber, 00{49 for a 50 Hz clock or
00{59 for a 60 Hz clock, but the actual number of digits is selectedto t the maximum possibletimer tick number,
which is one lessthan the SET HERT3etting.

TOGGLEg

Togglesa read/write ag. SeesectionA.4 for a list of ag names.
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UCMONTH3

Sendsthe 3-letter upper caseEnglish month abbreviation (JAN DEQ asread by GETTIME
YEAR2

Sendsthe 2-digit year (00{99) asread by GETTIME

YEAR4

Sendsthe 4-digit year (1980{2099) as read by GETTIME

A.3 Keynames

This sectionde nes the key namesusedfor DEFINEKEYPRESBEFINEKEYRELEASBEMmMands,and PRESSRELEASE
statemerts. Keycap descriptions are for US English keyboards and may dier on keyboards designedfor other
languages.For most of thesekeyboardsthe physical layout is closeto the US layout so name of the key that would
be in the sameposition on a US keyboard should be usedin script languagede nitions. Keys labeled\EKB only"
exist only on the 101-key \Enhanced" keyboard and the 104-key \Windo ws 95" keyboard. It is not consideredan
error to bind keyscriptsto them even when only an 84-key AT keyboard is presen, but keyscripts for keysthat are
missing will never be executed.

PrScr
*

* * key on keypad, or key if presert

<

0{9 Numeric keys (top row of main keyboard)

+

A Z Alphabetic keys
BACKSPACHBBackspacekey (top right of main keyboard)
CAPSLOCKCaps Lock key
CONTEXT Context Menu key (104-key keyboard only)
DARROWDown arrow key (EKB only)
DEL Del (EKB only)
END End (EKB only)
ENTER Enter
ESC Esc
F1{F12 Function keys(F11, F12 are on EKB only)
HOME Home (EKB only)
INS Ins (EKB only)
KP@KP9 Numeric keyson keypad
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KPENTER Enter key on keypad (EKB only)
KPMINUS - key on keypad
KPPERIOD . key on keypad
KPPLUS + key on keypad
KPSLASH / key on keypad (EKB only)
LALT Left (or only) Alt key
LARROWLEeft arrow key (EKB only)
LCTRL Left (or only) Ctrl key
LSHIFT Left Shift key
LWIND Left \Windo ws" key (104-key keyboard only)
NUMLOCKNum Lock key
PAUSE Pausekey (EKB only) | N.B. most keyboards sendthe \release" code for this key imme-
diately after the \press" code, rather than waiting until the useractually releaseshe key,
soit would not be usefulto try to rede ne this key as a shift key
PGDN PgDn (EKB only)
PGUP PgUp (EKB only)
POWERPower (newer keyboards)
PRSCR Print Screenkey (EKB only)
RALT Right Alt key (EKB only)
RARROWRIight arrow key (EKB only)
RCTRL Right Ctrl key (EKB only)
RSHIFT Right Shift key
RWIND Right \Windo ws" key (104-key keyboard only)
SCRLOCKScroll Lock key
SLEEP Sleep(newer keyboards)
SPACE Spacebar
SYSREQ Sys Req (84-key keyboard only)
TAB Tab
UARROWUp arrow key (EKB only)
WAKE Wake (newer keyboards)

[

n

]
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In addition to the above, the following keywords de ne keysthat don't exist on most keyboards, for completeness
in casethey are useful on special-purposekeyboards:

KEY00 Sendsscancode 00 hex

KEY55 Sendsscancode 55 hex

KEY56 Sendsscancode 56 hex (unmarked key on somekeyboards made by Focus)
KEY59 Sendsscancode 59 hex

KEY5A Sendsscancode 5A hex

KEY5E Sendsscancode 5E hex (syn. for POWER)

KEY5F Sendsscancode 5F hex (syn. for SLEEP)

Mouse button namesmay be usedonly in DEFINEMOUSEPRES® DEFINEMOUSERELEASEmMands:

LEFT Left mousebutton
MIDDLE Middle mousebutton (if any)
RIGHT Right mousebutton
X1 Extra button on somemice
X2 Extra button on somemice

The double- and triple-click events are usedin DEFINEMOUSEPRESSy:

DOUBLELEFTDouble-click on left mousebutton
DOUBLEMIDDLBouble-click on middle mousebutton (if any)
DOUBLERIGHTDouble-click on right mousebutton
DOUBLEX1Double-click on X1
DOUBLEX2Double-click on X2
TRIPLELEFT Triple-click on left mousebutton
TRIPLEMIDDLE Triple-click on middle mousebutton (if any)
TRIPLERIGHT Triple-click on right mousebutton
TRIPLEX1 Triple-click on X1
TRIPLEX2 Triple-click on X2

A.4 Flags

The keyboard script languagehas a number of boolean ags, which may be usedin keyscripts and DEFINELED
commands. They are broken into two groups: read/write ags, and read-only ags.

A.4.1 Read/write ags

Read/write ags can be tested or modi ed by keyscripts. Their valuesmay be usedin IF expressionsor DEFINE
LEDcommands, or they may be changed using SET CLEARand TOGGLEtatemerts. The descriptions below are
only defaults usedby E11's initial keyboard de nitions, the useris free to rede ne them at will.

CAPS CapsLock state

EDITBACKUPEDT/KED editor direction, maintained by default keyscripts for keypad 4 and 5 (true=BA CKUP,
false=AD VANCE)
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FLA®@G User-de ned ags (n=1{4), resened for userkeyscripts
LALT Left (or only) Alt key state
LCTRL Left (or only) Ctrl key state
LSHIFT Left Shift key state
NUM Num lock state
RALT Right Alt key state
RCTRL Right Ctrl key state
RSHIFT Right Shift key state
SCROLL Scroll lock state

A.4.2 Read-onlyags

Read-only ags can be tested by keyscripts but not modi ed. Consequetly they may be usedin IF expressionsor
DEFINELEDcommandsonly, the valuesare maintained and updated by E11 itself.

ALT OR of LALTand RALT
APPKEYPADApplications keypad mode (ESC =)
CHARSETACharacter set A (UK) is currently selected
CHARSETBCharacter set B (US) is currently selected
CHARSETOCharacter set 0 (graphics) is currently selected
CHARSET1Character set 1 (unde ned) is currently selected
CTRL OR of LCTRland RCTRL
CURSORKEXCursor key mode (ESC [?1h)
EKB True: 101-key Enhanced (or 104-key W95) keyboard, false: 84-key AT keyboard
GO GO character setis selected(Sl)
G1 G1 character setis selected(SO)
L1 keyboard LED 1islit (ESC [1q)
L2 keyboard LED 2 is lit (ESC [2q)
L3 keyboard LED 3is lit (ESC [3q)
L4 keyboard LED 4is lit (ESC [4Q)
NEWLINE Newline mode (ESC [20h)
SHIFT OR of LSHIFTand RSHIFT
VT52 VT52 mode (ESC [?2I)
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Debugging Features

Ersatz-11providesa full assortmert of debuggingcommands. Thesecanbe usefulfor PDP-11 program developmen,
and can also be invaluable for troubleshooting con guration problems, or for providing detailed information to D
Bit when reporting a problem in Ersatz-11 itself.

Real PDP-11s all provide someform of programmer's console. This can be either a traditional binary \switc hes
and lights" front panel, an octal keypad and LED display, a simple ASCII consoleemulator program running
out of ROM, or the \Micro-ODT" program implemented in microcode in systemsbasedon the LSI-11, DCF11,
and DCJ11 chip sets. Regardlessof the implementation, the programmer's consoleprovides someway to examine
and deposit memory, inspect and modify the general registers and processorstatus word, and control program
execution.

E11 providesall of this functionalit y, aswell asmany more features,usingthe interactive\ E11>" commandprompt,
which canbe popped up at any time by pressingShift-Enter. Most of the commandsrelated to program debugging
can be abbreviated to one letter, to save typing, and the user can further streamline the debugging processby
binding often-usedcommandsto a single keystroke using DEFINEKEYPRES®mmands.
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Debugging commands:

ASSEMBLE
C=(etc.)
CALCULATE
CM=etc.)
DEPOSIT
DUMP
EXAMINE
FPREGISTER
GO

HALT
INITIALIZE
LIST

LOAD

LOG

MAP

PRIO=
PROCEED
PS=

RO=(etc.)
REGISTER
SETDISPLAY
SETPCLOG
SET SWITCH
SHOVZSR
SHOVDISPLAY
SHOWIEMORY
SHOWIMU
SHOWERSIONS

Assenble PDP-11 code into memory
Set condition ag value
Evaluate an expression(abbreviation = \ &")
Set current/previous processormode
Deposit into memory or 1/O pageregisters
Dump memoryto a le
Examine memory or I1/0O pageregisters
Display/c hange oating point registers
Start program execution
Halt program execution
Initialize CPU (like RESET instruction)
List disassenbled PDP-11 code
Load a binary le into memory
Log disk/tap e/Ethernet controller commandsto a le
Translate virtual addressto physical address
Set processorpriorit y
Proceedwith execution, with an optional breakpoint
Set processorstatus word
Set generalregister value
Display generalregistersand PSW elds
Set up hardware display register
Enable/disable PC logging on ead fetch
Set up switch register (real or virtual)
Display name of any I/O pageregister
Inspect value of display register
Shov E11 memory usage
Display MMU maps

5 Show version numbers of E11 and host OS

STEP

Execute one (or seweral) single program step

B.1 Displyi

ng and modifying memay
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Memory may be displayed or modi ed one word at a time using the EXAMINEnd DEPOSITommands. Both can
accept switchesthat de ne the virtual addressspaceto use. If no switchesare speci ed, the default is to usethe
samespaceas the previous EXAMINBr DEPOSITTommand. Any switch usedon either command sets the default
for both commands.

These commands can also operate on multiple memory words. Normally when only one addressis speci ed, the
EXAMINEommand will display just one word, but if a starting and ending addressis speci ed, that ertire range,
no matter how large, is displayed on the terminal. If an EXAMINEommand is given with no addresswhatever, it
displays eight words starting at the word following the last EXAMINEommand. Multiple words can be entered into
memory by simply entering more than one number following the addressin a DEPOSITtommand. The numbers
are entered into consecutive words of memory starting at the speci ed address. For convenience,these commands
may be abbreviated to E and D.
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B.2 Assemblyanddisassembly

The ASSEMBL&Nd LIST commandsdisplay or modify memory in very much the sameway as the EXAMINENd
DEPOSITtommands, except that they accept and display assenbly language source instead of octal data. Both
commands accept optional switchesto set the virtual addressspaceto use, and if no switches are speci ed the
default is to usethe samevirtual addressspacefrom the previous ASSEMBL@& LIST command.

The ASSEMBLd®mmand starts the assenbler at the speci ed address,or if no addressis speci ed the default is to
continue assenbly at the next addressfollowing the last line assenbled by the previous ASSEMBL&&mmand. E11
prompts for ead line, giving the addresswhere it will be entered into memory. Entering a blank line (or typing
CTRL/C) returns to the E11 command prompt.

The LIST command lists eight lines of code starting at the speci ed address,or if no addressis speci ed then eight
lines of code are disassenbled following the last line displayed by the previous LIST commandor REGISTERisplay.
Two addressescan be given, to produce a disasserbly of all code in that range of addresses.

B.3 Registers

The PDP-11 registers may be displayed at any time using a REGISTERommand (R for short). This displays all
of the registersand PSW ags at once. Individual registers may be displayed using commandslike\ & R3. Any
value that is displayed by the REGISTERommand may be set using the samekeywords asis usedin the display.
For example, if the register dump includes\ C=1' and \ PM=Uto indicate that the carry ag is setand the previous
mode is \user”, it is possibleto clearthe carry ag by typing \ C=0, or changethe previous mode to \sup ervisor"
by typing \ PM=S And of coursethe generalregistersmay be changedwith commandssuc as\ R3=100, or even
\ SP=SP+4

The FP11 oating point processorstate may be inspected using the FPREGISTEBommand. Howevwer it is less
exible than the regular REGISTERommand, all register values are displayed and set using octal numbers.

The SETPCLOGNcommand can be usedto log the PC value before ead instruction fetch, at a slight speed
penalty. The last 64 valuesmay be showvn at any time using SHOWCLOGThis can be very useful for tracing the
everts leading up to a trap or halt.

B.4 Breakmints and single-stepping

The PROCEHE®MmMand takes an optional numeric argumert, which is a PC value. PDP-11 instruction execution
will halt wheneer that addressis reached. This is done using address comparison, rather than by depositing
anything into memory (regular PDP-11 debuggersdo breakpoints by inserting a BPTinstruction into memory),
which meansit works even if the memory contents are overwritten before the breakpoint is reached.

STEPallows proceedingone instruction at a time. If a numeric argumert is speci ed, it givesthe number of steps
to perform, with a default of one step. This command can be abbreviated to S so that it may be typed quickly.
For even greater convenience,a key may be rede ned to enter this commandwith a single keystroke. For example:

def key kpplus = 'step'+chr$(13)

This will causea step to be executedevery time the keypad + key is pressed.
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The GOcommand starts execution at full speed, with no breakpoints or single stepping. An optional starting
addressmay be given. If it is omitted, execution corntinuesat the current PC value. Unlik e someversionsof ODT,
E11 doesnot issuean implied INIT pulse with either the GOor PROCEEMmMand. If necessarythe system may
be initialized, including all emulated devicesand bus adapters, using a separateINITIALIZE command.

B.5 Memay mapping

E11 can display the current status of the memory managemen unit at any time using the SHOWIMWdommand.
There are two optional argumerts, the mode (KERNELSUPERVISO& USERand the space(INSTRUCTIOd DATA
Both may be abbreviated to one letter, and the defaults are KERNELNSTRUCTIQNhe display for ead pagegives
the starting virtual address,starting physical address,block limits, accessand the A (accessed)and W (written)

dirty bits. Also, the current valuesof MMRO through MMR3 are displayed (MMR3 is omitted if the current CPU
emulation doesn't include MMR3).

The MARommandmay be usedto compute a physical address,givena virtual address. It takesthe sameswitchesas
the EXAMINEBnd DEPOSITommands,to give the mode and spaceparametersfor the virtual address.It displays the
resulting 22-bit physical address,asif it had beenprocessedoy the MMU during a PDP-11 instruction. However,
like the EXAMINENd DEPOSITommands,the MMU's status is not a ected by this command, sothe Abit will not
be modi ed in this page'sPDR, and no MMU abort will occur if the pageis marked\no access"or the addressis
outside of the range of valid blocks in that page.

The SHOVWCSRcommand displays a one-line description of an emulated CSR on the 1/O page,given its address. It
works only on deviceswhich are currently con gured.

B.6 Devicelogging

Although the cortroller LOGcommandsare provided mainly as an aid to reporting Ersatz-11 problemsto D Bit,
they can be invaluable to userswho are debugging device drivers or boot blocks. When logging is enabledfor a
given disk, tape, or network cortroller, every command issuedto that controller by the PDP-11 is recordedin the
log le with atime stamp. Other parameterssuch asbu er addressesand lengths, unit numbers, disk addresses,
and tape record lengths, are recordedtoo, and for somedevicesthe command's completion status is saved as well.
For Ethernet devices,switcheson the LOGcommand line give independert control over logging of host commands,
transmitted padkets, and received packets.

B.7 Loadingand dumpingmemay

The LOADand DUMRBommandsmay be usedto transfer betweenPDP-11 memory and les on the host system. An
optional seriesof addressrangesmay be speci ed to do scatter/gather transfers. If no addressesare speci ed, the
transfer starts at the beginning of memory and goesuntil the end of the les (for LOADor the end of memory (for

DUMP



98 Switch and display registers
B.8 Switchanddisply registers

The SET SWITCHind SHOVDISPLAYcommandsgive accessto emulated switch and display registers, which work
the sameway asthose on the binary front panelson early PDP-11 models. The switch/display register is located
at address17777570aslong asa SET CPUSRcommand, or someother SET CPUhn command which includes SR
hasbeenissued. This providesa crude one-word I/O register which can be accessedy a program running in kernel
mode, for things like displaying chedpoint information during debugging.

Simple hardware can be attached to E11's switch register and display register emulations using SETcommands. A
display register which connectsto an LPT port is available from D Bit asa bare PC board.
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Installable Plug-ins

Ersatz-11 has a built-in linking loader, invoked by the INSTALLcommand, which allows \plug-in" modules to be
integrated with E11 at run time. This makesit possibleto implement custom devicesand/or instructions using
80x86 assenbly language,Watcom C, or Digital Mars C, without requiring a custom version of Ersatz-11 or access
to its sourcecode.

A plug-in module is in the 32-bit \p ortable executable” .dll format, which is the standard executable le format
for Windows NT and Windows 95 and later, and is supported by standard linkers. Ersatz-11 provides no-op stubs
for a number of Win32 calls, so that the regular Windows library start-up module supplied with Watcom C or
Digital Mars C will run unmodi ed. The supplied stubs are only enoughto start up the C code without errors,
but they don't provide Windows system services. In particular, anything which usesmalloc() will not work (use
GetMemory() instead).

There is no di erence in the le format or command syntax neededto load an instruction emulation plug-in, as
comparedto a deviceemulation plug-in. A plug-in's purposeis de ned by the callsit makes. Also, there is no need
to split multiple deviceor instruction emulations into separatemodules, they can be combined into one.

C.1 Callingconventions

As is traditional with Win32 DLLs, Ersatz-11 plug-in modules must use__stdcall calling corventions when calling
API ertry points, and these conventions are also usedwhen Ersatz-11is calling user code. These are as follows:

Caller pushesargumerts right to left, before making NEAR call
Callee pops argumerts upon return, using RETnh instruction

EBX, EBP, ESI, EDI and all segmen registersare presened by callee
DF is 0 on entry and must be presened by callee

Symbol namesare case-sensitie but are otherwise used as-is (no underscorepre x or @n sux is added,
despite linker-induced illusions to the cortrary)

Return value (if any) is passedin EAX (zero- or sign-extendedas needed)
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C.2 Entry conditions

After a plug-in module is loaded and linked, a call is madeto its entry address,with the following parameters:
int __stdcall DIlIMain(unsigned long hinstDLL,unsign ed long fdwReason,void *IpvReserved)

This is compatible with the standard Win32 DLL ertry point (and this is the name of the user-written routine
which the C library startup code will call after its own initialization, with the sameparameters).

hinstDLL is a unique number assignedwhen the module is loaded. It has no purposein E11, but is part of the
Win32 library startup soit is included for compatibilit y.

fdwReason is the reason for the call, either 1 (DLLPROCESSTTACHIf the library is being loaded, or O
(DLLLPROCESSETAQHT it is being unloaded.

IpvReserved points at the command line when loading, and contains NULL when unloading. The command line
is whatever follows the lename in the INSTALLcommand, if anything, in DOS form (i.e. a length byte followed by
a CR-terminated string). This can be useful for passingCSR addressegetc.) or other con guration information to
the installed module. For example,\ INSTALL FOO.DLLCSR=164000will result in IpvReserved pointing at the
following (in E11's own scratch memory, which will be re-usedafter the initialization routine returns):

.BYTE 11. ;length  of string
ASCII / CSR=164000/ ;the string itself
.BYTE 15 ;always ends with carriage return

DlIMain() returns 1 (TRUEfor successpr O (FALSE for failure, in which caseE11 will issuean error message.

C.3 Exit conditions

Sincethe loading of a plug-in module, and whatever calls it makes, are completely unrelated in E11, E11 has no
idea what resourceshave beenallocated by a particular module so it doesn't automatically free them when that
module exits (e.g. due to a QUIT command). Therefore, each module must keeptrack of its resourcesand free
them when they are no longer needed. The library shutdown call to DIIMain() is a good time to releaseany
unneededresources.

C.4 Building plug-inmodules

All C source les should include a #include “ell.h" line at the beginning. The E11.Hheader le and E11.LIB
import library are available from D Bit.

To build a DLL with Watcom C (available from www.openwatcom.org, runs under MS-DOS or Windows or OS/2),
compile and link as follows (e.g. to build FOO.DLL from FOO.C):

wce386 -bt=nt -bd -s foo.c
wlink @foo
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This requiresa FOO.LNHinker script as follows:
system nt _dll

name foo.dll

file foo

library  ell.lib

To build a DLL with Digital Mars C (available from www.digitalmars.com, runs under Windows), compile and link
asfollows (e.g. to build FOO.DLL from FOO.C):

dmc-mn -WDfoo.c ell.lib kernel32.lib

C.5 Entry points

This sectionde nes all of the callable Ersatz-11 entry points. They are grouped roughly by function. Most of these
calls may be safely made only from main program level, i.e. not from an interrupt serviceroutine, signal handler,
or non-mainline thread. Exceptions are noted in the entry point descriptions below.

An include le and import library for Watcom C or Digital Mars C are available from D Bit. De ned data types
are as follows:

E11HANDLE a 32-bit token usedby E11 internally.
word is an unsigned 16-bit value.
dword is an unsigned 32-bit value.

Pointers are normally 32-bit at addresses.DLLs are consideredto be trusted, so E11 doesnot ched parameter
valuesand crashesare possibleif bad numbers are passed.

C.5.1 Ersatz-1lenvironment

This section describescalls which obtain information about the ervironment where the plug-in module is running.

unsigned long E11Version(void)

Returns the Ersatz-11 version number, as follows:
MAJOR*256.+MINOR

MAJOR is the major versionnumber asan integer, and MINOR is the minor versionnumber in hundredths (0{99).

void *Getltem(const char *itemname)

Gets a pointer to a constart data structure or string, which correspondsto the supplied .ASCIZ item name. If the
item is unde ned, then NULL is returned. This allows cheding for arbitrary E11 featureswhich may be presert
in particular versions,without needingspeci c knowledge of rangesof Ersatz-11 versions.
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C.5.2 1/0 deviceemulation

The most likely purposefor a plug-in module is to emulate a peripheral device. In order to do this, it must be able
to intercept readsand writes to its I1/O pageregisters,and must be able to interrupt the emulated PDP-11 and/or
perform DMA to and from PDP-11 memory. The next few calls accomplishthese functions.

E11HANDLEetCSRBIlock(dwordfirst,dword  count,word (*dati)(),void (*dato)(),
void (*init)())

Allo catesa block of control/status register locations on the I/O page,to be emulated by this module. The return
value is zeroon failure, otherwiseit's a handle which may later be passedto RetCSRBIlock() to releasethe block of
addresses.first is the absolute addressof the rst CSR to allocate, and is represeried as a 22-bit even number,
evenif the current CPU enmulation is setfor a smaller addressspace. count is the count of registers,i.e. the number
of words of /0 spaceto allocate starting at that address. dati , dato, and init are pointers to functions which
E11 will call accordingto what the PDP-11 code does:

word __stdcall dati(dword addr)

Called whenewer the PDP-11, or consoleEXAMINEommand etc., reads a byte or word on the I/O page which is
within the range passedto GetCSRBIlock(). This is equivalent to a Unibus \D ATI" bus cycle. PDP-11 bussesdo
not distinguish betweenbyte and word read cycles, a word is always read and if it's a byte instruction then the
CPU choosesthe proper byte out of that word. addr is the absolute 22-bit addressof the I/O pagelocation to be
read, and the function's return value is the 16-bit word to be passedbadk to the PDP-11.

void __stdcall dato(dword addr,dword value,dword datob)

As above, but called when a byte or word is being written to an I/O page register in the range covered by the
GetCSRBlock() call. This is equivalent to a Unibus \D ATO" or \D ATOB" bus cycle. addr is the absolute 22-bit
I/O page addressas above. value is the 16-bit word to be written, or if it's a byte write, it's two side-by-side
copiesof the 8-bit byte being written. datob distinguishesbetweenword and byte writes, 0 meansword (DATO),
1 meansbyte (DATOB).

void __stdcall init(dword addr)

Called on every RESETnstruction, or on consolelNITIALIZE commandsetc. This is equivalent to a Unibus \INIT"
pulse. The deviceemulation code should perform whatever initialization would be appropriate for a bus reset. addr
is the base22-bit addressthat was passedto GetCSRBIlock(), and is supplied in casethe samehandler routine is
usedfor more than one device,sothat it can tell them apart.

void RetCSRBlock(E11HANDIHaNndle)

Returns a block of /0 page CSR registers, which had previously been allocated using GetCSRBIlock(). This is
normally done as part of the clearup in the module's DIIMain() exit handling. Future accesseso the 1/O page
addressesovered by the GetCSRBIlock() call will causeemulated bus timeouts.
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E11HANDLEetIntQel(dword level,dword rank,dword vec)

Allo catesan interrupt queueelemeri. A module which needsto deliver emulated interrupts to the PDP-11 must
allocate one interrupt queue elemen for every possible interrupt that can be outstanding at one time. This
normally meansone queue elemen for ead interrupt vector that the device uses. This function returns zero on
failure, otherwise the return value is the queue elemen's handle, which is a number usedto identify the queue
elemen in other callsto E11.

level is the interrupt priority level, which must be in the range 4{7. This correspondsto the Unibus BR and BG
lines (or their Q-bus equivalerts), and is the sameas the priorit y that would be set using a priorit y jumper plug
on a typical Unibus peripheral card.

rank is the daisy chain rank within a given priority level, and indicates the device's distance from the CPU on
this priorit y level. Sincethe emulator has no physical daisy chain, it's generally not possibleto know what other
devicesthis one should go between, so the daisy chain rank is just a rough guess. The value O is resened for the
PIRQ feature that's built into someCPU models, and E11 generally usesl for the 50/60 Hz clock and the console
SLU ports, sincein most systemsthese are physically located on the CPU card, or immediately next to the CPU.
So most deviceswill usevalues?2 and up. If two devicesinterrupt at the samepriority level and with the same
daisy chain rank, E11's policy is to acknowledgethem in the order that they occurred.

Finally, vec is the vector addressthrough which the interrupt will be taken onceit is acknowledged. It must
be a multiple of four. The vector need not be valid except when an interrupt has actually beenenqueuedusing
Enqueuelnt() , soif the Enqueuelnt() completion routine will setthe vector at bus grant time, a junk value suc
as-1 may be usedhere.

void RetintQel(E11HANDLEhandle)

Returns an interrupt queueelemen that had beenobtained earlier using GetIntQel() . This call is normally made
as part of the DIIMain() exit processing. If an interrupt is enqueuedusing this queue elemen, it is dequeued
beforethe elemer is freed.

void Enqueuelnt(E11HANDLBandle,int  (*crtn)(dword),dword  parm)

Enqueuesan interrupt requeston a previously allocated interrupt queueelemen. This is equivalert to a Unibus
device asserting its \BR" line and waiting for service. The interrupt is only enqueued,and has not yet begun
processingon return, becausethat can only happen when the emulated PDP-11 is betweeninstructions. Note that
like most E11 entry points, this one may be called only from main program level, not from a hardware interrupt
serviceroutine or signal handler. The EnqueueFork() call provides accessto E11's internal \fork" queue,which
allows scheduling a call in the near future to a user subroutine at main program level, from anywhere. This call
may be usedin an interrupt serviceroutine or signal handler to schedule a call to a separateuser-suppliedroutine
which makesthe Enqueuelnt() call.

Simple devicescan simply passNULL asthe crtn parameter, and any value for the parm parameter. In this case
the interrupt will quietly occur on its own wheneer the PDP-11 lowers its priority and beginsinterrupt service,
and the vector addressthat was setin the GetIntQel() call will be used, unlessit is canceledby a Dequeuelnt()
call before then.

Deviceswhich needto be informed when an interrupt is actually being serviced,and/or needto wait until the last
momert to choosean interrupt vector, should passa function pointer asthe crtn parameter. This is a completion
routine, which is called like this:
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int __stdcall crtn(dword parm)

This routine is called just as the emulated PDP-11 is acknowledging the interrupt and preparing to fetch the
interrupt serviceroutine's addressfrom the vector. parmis the samevalue that was passedto Enqueuelnt() . It
may be any 32-bit value and is there sothat the samecompletion routine may be usedfor more than one device.
The routine should do whatever processingits emulated devicewould do at bus grant time. Its return value is the
actual vector addressto interrupt through (which neednot be the sameas the value passedto GetIntQel() ), or
-1if the interrupt should not be taken after all (a Unibus \passive release”).

Very few devicesneedthis routine. An examplewould be certain models of the 50/60 Hz line clock, which clear the
\monitor" ag in bit 7 of the CSR whene\er the interrupt requestis granted. If a NULL pointer is passedinstead
of a completion routine address,E11 will just interrupt as usual using the vector addressthat was already set.

void Dequeuelnt(E11HANDLEandle)

Dequeuesan interrupt request which was scheduled using the Enqueuelnt() call. This is generally done on bus
resets,or any time the emulated device'sstatus is changedsothat a previously enqueuedinterrupt will not happen
after all. handle is the handle of the interrupt queueelemen to dequeue,as returned from GetIntQel() . It is
perfectly safeto call this routine if no interrupt was actually enqueued,in this caseit will simply return without
doing anything. However the handle parameter must be valid, since unpredictable behavior will result if it is not.

long AbsTransfer(dword func,dword pdplladdr,void *x86addr,dword len)

long MapTransfer(dword func,dword pdplladdr,void *x86addr,dword len)

Performs DMA between 80x86 memory and emulated PDP-11 memory. func givesthe direction of the transfer,
either TOPDB transfer from the hostto the PDP-11, TOHOS® transfer from the PDP-11 to the host, or COMPARE
comparethe two. pdplladdrgivesthe PDP-11 bu er address,either an 18-bit Unibus address(for MapTransfer() ,
which goesthrough the Unibus map if it is present and enabled), or an absolute 22-bit address(for AbsTransfer() ,
which usesabsolute addressinglike Q22-busor the RH70). x86addr is the 80x86bu er address.len is the length
of the transfer. The return value is zeroon successpr the number of bytes not transferred (if stopped due to a bus
timeout), or the two's complemert of this number (if stopped due to a compare mismatch).

C.5.3 PDP-11linstructionemulation

A plug-in module may be usedto add custom instructions to the PDP-11 architecture, or provide modi ed versions
of existing ones. This is similar to what was possibleusing the hardware user microcode options on the LSI-11 and
PDP-11/60 machines, but it is much more powerful sincethe code doing the emulation has accessto the ertire
host computer and operating system, rather than just a PDP-11 micro-machine.

E11HANDLEetOpcode(dwordfirst,dword  count,void (*exec)(),void (*init)()

Allo catesa block of PDP-11 opcodesto be emulated by this module, instead of by Ersatz-11itself. The return value
is zeroon failure, otherwise it's a unique handle which may later be passedto RetOpcode() when the instruction
handler is unloaded. If the range of opcodescon icts with existing PDP-11 instructions, or other loaded plug-ins,
whoever requestedead opcode last will be the one called when it gets executedby the PDP-11.
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first is the rst opcode value to be intercepted and passedto this handler. count is the number of opcodesto
be intercepted, starting with that value. exec and init are subroutines which E11 will call when appropriate, as
follows:

void __stdcall exec(dword opcode)

This routine is called by E11 any time an opcode is executedwhich is in the range from first  to first +count-1.
opcode is the actual opcode used,and may be usedfor the handler's internal dispatch table, switch() statemen,
etc. This routine does whatever processingis required to execute the instruction, and usesother calls (de ned
below) to read and write PDP-11 registersand memory space.

void __stdcall init(void)
This routine is called any time the PDP-11 is initialized, through a RESETnstruction, INITIALIZE command etc.

void RetOpcode(E11HANDLtandle)

Returns a block of PDP-11 opcodes, previously allocated using GetOpcode(). This call is a normal part of
DlIMain() exit processing.

word GetReg(dword regnum)

Readsthe value of one of the eight PDP-11 registers, in the current register set. regnumgivesthe register value,
0{5 for RO{R5, 6 for the SP, and 7 for the PC. The return value is the 16-bit register value.

void SetReg(dword regnum,dword value)

Setsthe value of a PDP-11 register. regnumis the register number (0{7, the sameas for GetReg()), and value
has the value to store there in its low 16 bits.

dword GetPSW(void)

Readsthe zero-extendedvalue of the processorstatus word.

void SetPSW(dwordvalue)

Setsthe value of the processorstatus word to value .

long Peek(dword space,dword pdplladdr)

Readsa word from a PDP-11 virtual addressspace. space selectswhich spaceto use,and is one of the following:
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0 KD Kkernel data space

1 Kl kernelinstruction space

2 SD supervisor data space

3 Sl supervisor instruction space
6 UD userdata space

7 Ul userinstruction space

8 D current data space

9 | current instruction space
10 PD previous data space

11 Pl previousinstruction space

pdplladdr is the 16-bit virtual addressto read within that space. On successthe return value is the data word,
in the range 0{177777 octal. If the read fails due to an odd address,MMU error, or bus timeout, -1 is returned.
Note that the return value is a signed 32-bit number, sothat the -1 error indication can be distinguished from a
valid data value of 1777770ctal.

long PeekB(dword space,dword pdplladdr)

Byte version of Peek(), reads a byte from a PDP-11 virtual addressspace. Return value is the 8-bit byte sign-
extendedto a 32-bit number, or else-1 the in caseof an error.

int Poke(dword space,dword pdplladdr,dword data)

Writes a word into a PDP-11 virtual addressspace.space selectswhich space(seetable above), pdplladdr is the
16-bit virtual addressin that space,and the low 16 bits of data are the word to write to that address. The return
value is 0 on successpr -1 on failure.

int PokeB(dword space,dword pdplladdr,dword data)

Writes a byte into a PDP-11 virtual addressspace. The parametersand return value are the sameas for Poke() ,
exceptthat only the low 8 bits of the data parameter are used.

long PeekCD(dwordpdplladdr)
long PeekBCD(dwordgpdplladdr)
int PokeCD(dwordpdplladdr,dword data)

int PokeBCD(dwordhdplladdr,dword data)

Special versions of Peek() , PeekB(), Poke(), and PokeB(), which accessthe current data space. Execution is
slightly faster than the equivalent Peek(D,...) (etc.) calls.
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long PeekPhys(dword pdplladdr)
long PeekBPhys(dwordpdplladdr)
int PokePhys(dword pdplladdr,word data)

int PokeBPhys(dwordpdplladdr,word data)

Special versions of Peek(), PeekB(), Poke(), and PokeB(), which bypassthe MMU to access22-bit physical
addressspace.

C.5.4 PCmemay management

void *GetMemory(dwordsize)

Allo catesa block of PC memory. size is the size of the requestedregion in bytes. If successfulreturns a pointer
to the block of memory. Returns zero (NUL on failure.

void RetMemory(void *addr)

Freesa block of PC memory, previously allocated by GetMemory().

C.5.5 Fork queue

There are often caseswhere an interrupt serviceroutine or signal handler, which is entered asyncronously, needs
to switch to main program level. This may be becauseit needsto call code which is non-reertrant, such as the
majority of E11 entry points, or it needsto perform processingwhich would take too long to be done at interrupt

level. E11 doesthis by enqueueingrequestsfor callbacks, and then processingthem at \fork level”, which is what
the main program switchesto whenewr E11 is between PDP-11 instructions and there are items in the \fork

gueue". Callbacks are made serially (one at a time) until the fork queueis empty. Many PDP-11 operating systems
have a similar concept, so this may be familiar.

E11HANDLEetForkQel(void)

Allo catesa queueelemen which can be usedto enqueuerequestsfor callbacks at fork level. One queueelemert is
required for every possiblerequestthat can be outstanding at onetime. The return value is a non-zerohandle to
the queueelemert on successpr zero on failure.

void RetForkQel(E11HANDLEBandle)

Frees a fork queue elemen that was obtained earlier from GetForkQel() . If a requestis currently enqueued,
it is dequeuedbefore the queueelemer is ushed. This routine would normally be called during the module's
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DlIMain() exit processing.

void EnqueueFork(E11HANDLi&ANdle,void (*crtn)(dword),dword  parm)

Enqueuesa requestfor a callback at fork level. handle is the queueelemen handle returned from GetForkQel() ,
crtn is a pointer to the completion routine to call at fork level, and parmis an arbitrary 32-bit parameter which will
be passedto the completion routine. EnqueueFork() is unusual in that it may be safely called from an interrupt
serviceroutine or signal handler.

The completion routine is called in the very near future, beforethe next PDP-11 instruction is fetched, as follows:
void __stdcall crtn(dword parm)

parmis the samevalue that was passedto the EnqueueFork() call, and is for user-de ned purposes,for exampleit

may be a pointer to per-instance data so that the samefork completion routine may be usedfor seweral di erent

devices. When the completion routine is called, E11 is running at main program level, and all entry points are safe
to call.

void DequeueFork(E11HANDLUaNdle)

Dequeuesthe previously queuedfork request,if any, which was made using the speci ed handle. If no requesthad
beenmade, this call simply returns without doing anything.

C.5.6 Threadmanagement

E11HANDLEpawnThread(const char *name)

Createsa child thread. nameis the addressof an .ASCIZ string giving the name to be assaiated with the thread.
The return value is either -1 on error (no child thread has beencreated), O if this is the child thread (in which case
all registers have been destroyed except for EBP, or the positive thread handle of the child thread if this is the
parert.

void KillThread(EL11HANDLE thread)

Kills a child thread. thread is the thread's processhandle asreturned by SpawnThread Threads should be killed
by the mainline rather than making a Linux exit() call on their own, soasnot to confuseE11's SIGCHLD handler
(which is necessaryfor StopThread() to be reliable on SMP machines, seebelow).

void StopThread(E11HANDLEhread)

Stopsa child thread, by sendingit a SIGSTOP signal and then waiting until a SIGCHLD signal is received. This is
necessanbecauseon multi-CPU systems,SIGSTOP doesn't take e ect immediately if the child thread is currently
executing on another CPU. This call guaranteesthat the child thread is frozen beforeit returns. thread is the
thread handle of the child thread to stop.
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void ContThread(E11HANDL#thread)

Continuesexecution of a child thread that was stopped by StopThread() . thread is the thread handle of the child
thread to restart.
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PDP-11/74 and PDP-11/45

Multipro cessing
(EXPERIMENT AL/UNSUPPOR TED)

In the late 1970s,DEC built prototype PDP-11 systemswhich had sewral modied PDP-11/70 CPUs (\PDP-

11/74s") attachedto a sharedmemory to form onelarge system,and extendedRSX-11M to support thesemachines
(this project led to RSX-11M-PLUS). Also, the earlier PDP-11/45 had a limited ability to shareits memory with
another processor.Ersatz-11 attempts to emulate thesemultipro cessomachines, however this feature is completely
unsupported. D Bit is happy to accept commerts and problem reports about E11's multipro cessingfeatures but
makes no commitment to act on them. These features are provided for experimental usesonly and are not

guaranteed to work reliably, or at all.

The vestigial PDP-11/74 code that's still present in RSX-11M-PLUS was written for DEC's internal testing only,
and is absolutely, completely unsupported by Mentec, HP, Compaq, or DEC. Pleasedo not corntact them about
anything having to do with PDP-11 multipro cessing.The RSX multipro cessingcode and documertation are there
only becausethere was never any reasonto rip them out, but it was never supported.

A PDP-11/74 multipro cessorsystem consistsof the following:

2{4 PDP-11/74 CPUs

one or more MKA11 sharedmemory boxes

DIP11A 1IST (interprocessorinterrupt and sanity timer) device
consoleterminal for eadh CPU

peripherals as usual

Below is a simple multipro cessorell.ini le.

; Get decent response even w/o enough host CPUs

set idle release

110
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: Set PDP-11/74 CPUmodel

set cpu 74

; Set number of emulated CPUs(changes prompt to CP#4)

set cpus=2

; Set up console for CPB

set ttl: bus=cpb

assign ttl: /dev/tty7

; Set up lIST ports (using default BUSsettings of 110 = CPA,Ill1 = CPB,..)
assign ii0:

assign iil:

; Mount disk and tape units

mount du0: rsx11mp.dsk
mount mu0: dump.tap
boot duO:

D.1 CPUsandconsolgerminals

The SETCPU74 and SET CPUSs commandsare usedto set up the processorsthemselhes. You must use both
commands,in either order. A SET CPU74 command alone will just give you a single PDP-11/74 CPU. The SET
CPUSE command (n is from 1 to 4) changesthe number of CPUs in the system. When you add CPUs, the new
onescomeup halted.

Unlike CPA (the main CPU that E11 starts with), the new CPUs do not get a consoleterminal set up for them
by default, soyou must create one for each CPU after CPA. Usea SET TTh: BUSx% commandto tell E11 that the
DL11 will be on CPx's bus, and then use an ASSIGNTTh: commandto attach it to a terminal device. As long
asit's the lowest-numbered TT: device on that CPU's bus, it will usethe default consoleterminal addressesof
CSR=17777560and VECTOR=60, sothere will be no needto setthose.

Whenewer E11 is emulating more than one CPU, the \E11>" prompt changesto the name of whichever CPU is
operated upon by the execution/debuggingcommands. Initially this is\ CP&", but you can changeit by typing the
name of the CPU you want (e.g. CPB etc.). Any commandwhich works on the CPU itself is a ected by this. That
includesEXAMINE/DEPOSIT/LIST, REGISTER, GO, HALT, INITIALIZE, STEP, etc. ASSIGN/MOUNT/SET
commands(which add, remove, or con gure peripherals) are not a ected by the debuggerfocus, and may be issued
at any time. BOOT commandsalways apply to the CPU that owns the device being booted (according to its SET
... BUS=x setting).
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D.2 Busses

Each PDP-11/74 processorhasits own Unibus. E11 needsto know which bus eat deviceis on, so most devices
have a SETddcu BUSx command, which setsthat cortroller to be on CPx's bus. This command must be issued
beforethe commandthat createsthe device. RSX hasa corresponding parameter for eat device, calledthe \URM"
or Unibus Run Mask. It's expressedvariously asan octal number (which represens a binary bitmap, with bit 0=
CPA, bit 1 = CPB, etc.) or asthe name of the CPU (e.g. CPA, CPB, etc.). E11 will accepteither notation. The
fact that RSX always uses\Unibus" in its homenclature is simply becausethe PDP-11/74 is a Unibus machine.
As far asE11 is concerned,they could just as easily be Q-busses.

Most devicesare on bus A by default. The exceptionsto this rule are the KW11L line clock and the DIP11A [IST
device. There's one KW11L per CPU and it's always on its host CPU's bus, and DIP11A 11STs are useful only
in a multipro cessingsystem so they default to 110: = CPA, 111: = CPB, ... sincethat's how most userswill use
them. To avoid causing confusionto userswho aren't using the multipro cessorfeature, the bus is not shown by
SHOWommandsunlessa SET CPUS=Zor higher) command is in e ect, or the bus is other than A The default
CSR/vector values are assignedon a per-bus basis, so the rst device of a given type on a given bus always gets
the rst default CSR/vector values,even if it's not the rst deviceof that typein the ertire system. In particular,
the DIP11A |IST devicestypically all usethe sameCSR/vector address,but ead oneis on a dierent bus. You
can always override a device's CSR/vector valueswith a SETcommand.

D.3 II:| DIP11Ainterprocessointerrupt and sanity timer

Command syntax:
ASSIGNII n:
Special switches: none

The DIP11A IIST deviceis the device used by CPUs in a multipro cessorsystemto interrupt and/or boot other
CPUs, and alsoto inform the rest of the systemwhen one of the CPUs has crashed. It usesa serial bus with an
M8717 interface card in ead processor.Sincethe systemusesone common memory for all CPUs, there's no need
for the IIST to be very complicated, it just makesother CPUs interrupt and it's up to the operating systemto set
up its internal tables to shav what the interrupts mean. RSX doesthis by setting bits in a CPU's SMPTAB slot.
The bit valuesare de ned in [11,10]MPTBL.MA C.

The RSX $IIWAK routine (in [11,10]JISRV.MA C) usesa software polling loop to wait until the target CPU(s)
have acceptedtheir interrupt(s), and returns an error mask if they don't all respond in time. A limit of 64 K loop
iterations was generouson real hardware, where all CPUs are running cortinuously at the same speed (and the
IIST is a BR6 device soits interrupts are usually servicedimmediately), but it can causeproblems running under
emulation on a multitasking host operating system where threads can pausefor many millisecondsat a time, any
time there are at least N+1 active threads on a PC with N CPUs.

Ell'sworkaroundis to start cournting PDP-11 instructions executedafter a CPU sendsinterrupt(s) to other CPU(s).
Once the interrupting CPU has executed N instructions, it pausesits own execution (if necessary)until all the
CPUs it's interrupting have also executedN instructions. On a quiet SMP PC with onereal 80x86 CPU for each
emulated PDP-11 CPU and no active tasks besidesE11, this pausewill normally be short or nonexistert. But this
method meansthat $IIWAK will always succeed.geven on a heavily loaded single-CPU host PC. The default value
of n hasworked in testing, but if necessaryit may be changedwith the SET DELAYDIP11A 0=n command.
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SETIIl: cortroller parameters:

BUSx set home bus segmem to CPx

CSRannnnn set CSR addressto nnnnnn octal

PRIORITYn setinterrupt priority to n (4{7)

PRIORITY=DEFAUL[Tset interrupt priority to default (BR6 for Unibus, BIRQ®6 for Q-bus)
VECTORAN set vector addressto nnn octal

D.4 Con guring RSX-11M-PLUSor multiprocessing

Theseinstructions are for RSX-11M-PLUS V4.6. Other versionsare likely to have di erences, which you'll have to
gure out. As mentioned at the beginning of this chapter, this feature is uno cial and is not supported in any way
by Mentec or any of DEC's incarnations. Not only is it unsupported, but there has never beenmuch hardware to
test it on, sothe con guration tendsto be fragile, and you needto make careful choicesand you may needto solve
someproblemswith the automatically-generated build scripts. If at all possible,you should probably try to install
completely from scratch (from a Mentec distribution tape), rather than trying to merge multipro cessorsupport
into an existing system. The fewer parametersyou changeat once, the better.

The rst thing you needto dois to edit [200,200]SGNPREFIX.CMD, commert out .SETF $M$PRMy putting \.; "
beforeit) and uncommert .SETT $M$PROefore doing your @SYSGBNhen you've done this, suddenly SYSGEN
will know all about multipro cessorsystemsand will ask you many more questionswhen you run it. The important
answers are:

Number of CPUs (obviously)
[IST | the default CSR/vector addressesare OK, but seebelow

MK11 (MKA11) memory boxes| you mustde ne at leastone, eventhough E11 doesn't speci cally emulate
them (E11's memory is non-relocatable and always on line)

Don't specify \XX:" asyour crash device, or you'll get an unde ned global

Don't include XDT

You can de ne other peripherals as usual. It will include a lot of RH70 Massbusadapters without asking you,
which is ne. It's up to you whether you put deviceson them or use someother kind of disks/tap es. Be careful
when including TMSCP tapes (\MU:"), since RSX's default vector for a TMSCP controller is 260, which is the
sameasthe IIST soyou should set one of them to something else. MU: is easierto move sinceits vector is setin
software soyou won't needto add a SET MU:commandto your ell.ini le. Similarly, the default CSR and vector
for the TA11/TU60 DECcassette(\CT:") are both the sameasthe IIST, and sois the priorit y sothis is probably
not a coincidence(the TU60 wasn't very popular and was mainly usedon low-end systemssoit may have beena
sensibledevice from which to borrow the CSR/vector). Soyou'll have to move one or the other if you needCT..

The rest of the build/save/bootstrap processis the same as always, unlessyou have errors to work out. Once
you have a bootable disk, just boot it the sameas on a single-CPU system. Then usethe CON ONLINE CPB
(etc.) commandto boot the other CPU(s) and bring them online | they aren't included in a CON ONLINE ALL
command. It normally takesa little over four secondsto bring a new CPU up, becauseHRC's boot code includesa
4-seconddelay betweenbooting the CPU and interrupting it to seeif it hascomeup successfully The new CPU's
consoleterminal is brought online implicitly when the CPU is started, sothere's no needfor CON ONLINE YLB
(etc.) commandsto wake up the consoles.

Ersatz-11's multi-pro cessingsupport is fragile, and it is easyto crash E11 by doing the wrong things, or by doing
the right things in the wrong order. Most emulated devicestry to be multipro cessing-compatible but only a few of
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the physical device driv ers have multipro cessingsupport. They are: disk image les, tape image les, RAM disks,
RAM tapes, CON: terminal sessionsLinux character devices,and Win32 COM: devices. Anything elseis likely to
malfunction when attached to a processorother than CPA.

Currently it is important that a processorbe created (with SET CPUSH) before any devicesare attached to it with
MOUNGr ASSIGNommands. The SET... BUSx command that setsthe bus must also come before the MOUNGr
ASSIGNThis applies even to TU58 cortrollers, which are not actually attached to a bus but must handle everts
on the sameCPU asthe DL11 to which they are connected. If this requiremert is not satis ed, data structures
may be corrupted.

There are other known bugs: currently it appearsto be impossibleto bring more than three CPUs online under
E11| CON givesan\oine" error on whichever oneyou do last, no matter which oneit is (not just CPD). This
is presumably becauseof a bug in E11. Also, sometimesa CPU will halt for no apparert reason. D Bit makesno
commitment to x theseor any other multipro cessing-sgci ¢ bugs, but would be very interested in hearing any
input on what might be going wrong.

D.5 Multiple PDP-11swith non-shaed memay

There are a few scenarioswhere it may be useful to have multiple PDP-11 CPUs which are completely separate.
This is generally no di erent from running separate instancesof E11 under a multi-tasking host OS, except on
DOS where there can be only oneinstance. Creating multiple separatePDP-11sis donethe sameway as creating
amP PDP-11/74 system, exceptthat the SET CPU NOSHAREDMEM command must be usedto give each CPU
private memory, and sincethere are no [ISTs eadt processormust be booted individually .

Here's a multipro cessorell.ini le for separate CPUs:

; Set PDP-11/45 CPUmodel (all must be the same) with private memory

set cpu 45 nosharedmem

; Set number of emulated CPUs(changes prompt to CP#4)
set cpus=2

; Set up console TTYfor CPB

set ttl: bus=b
assign ttl: /dev/tty7

; Mount disks (move DKB: controller to CPB)

set dkb: bus=b
mount dkaO: rk05a.dsk
mount dkbO: rk05b.dsk

; Boot CPUs(do CPAlast since it will take the CTYaway from ell.ini)

boot dkbO:
boot dkaO:



FASTBUS:| Fastbusmemay on detachableUnibussegment 115
D.6 FASTBUS:| Fastbusmemay on detachabldJnibussegment

The PDP-11/45, PDP-11/50, and PDP-11/55 are sometimes described as having dual Unibusses. What this
actually meansis that any internal MS11-A/B/C semiconductormemory which is connectedto the CPU's private
\F astbus" is preserted asa Unibus slave for NPR purposesthrough a separatepair of Unibus infout slots (\Unibus
B"), while core memory (or any kind of standard Unibus memory) appearson the regular /0 bus (\Unibus A")
with all of the system's other Unibus peripherals, including the three quad SPC slots in the CPU badkplane itself.

Normally this is all connectedtogether as one Unibus using an M9200 jumper in the A/B positions of slots 26 and
27 of the processorbadkplane, but it neednot be. The internal semiconductormemory may be separated,in which
caseit is not available for NPRs from peripherals on Unibus A.

This separateUnibus B can be connectedto a separateDMA-only bus (using an M9300to grant NPRs in place of
a processor),for usee.g.on the \Unibus B" side of an RH11 Masshusadapter. Or, the Unibus B connectionscan
be usedto make the internal memory act as a slave deviceto an ertirely separateprocessor,suc as Unibus A of
another PDP-11/45. In this way a multi-pro cessorsystemcan be built where eat processormakesa portion (the

Fastbus part) of its memory available to another processoror processors. The memory controller is dual-ported
betweenits PDP-11/45 host and Unibus B. The catch is that a systemwith split Unibussesis unable to use DMA

to accessits own internal memory, so presumably it will also have some Unibus memory for use with its mass
storage.

A Fastbus memory is created with the following command:
ATTACH-ASTBUS start: end

This createsa block of memory on processorCR (which is the only processorthat can't accessthe memory by
DMA), covering the speci ed absolute addressrange. This range must be outside of regular memory, so the I/O
pagewill probably have to be enlarged(using the /IOPAGEnNNnnn switch on the E11 startup command line so that
the desiredaddressrange beginsat or above the line betweenplain memory and 1/0 space.

The memory is attached to other processorsby issuing the same ATTACHommands (with the identical address
range, or with the addressrange omitted) while the other processorhas the debuggerfocus (becauseof the CPA
CPBetc. commands). Unlik e real hardware, E11 allows the samememory to be visible to more than two processors.
If the very rst ATTACKommand givesone processorin the FASTBUS device name but is issuedwhile another
processorhas the debuggerfocus, then the memory is connectedto both processorsand no further commandsare
necessary

D.7 IPL:| Internalinter-processolink

E11 includes a virtual inter-processorlink device which can connect two emulated DR11C (DRV11) or DR11W
(DRV11WA) ports to ead other, for very high-speed communication between processorsof a multi-pro cessor
system. The typical usageis as follows:

assign xa0: iplaO:
set xal: bus=b
assign xal: iplal:

In this example, XAQ: is on processorCPA by default, and XALl: is explicitly put on CPB. Each IPLc: controller
letter represens a link, and units 0 and 1 are the two endpoints of that link.
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Dates and Times

Ersatz-11 has se\eral features that facilitate passingdate and time information back and forth betweenthe host
system and the PDP-11 operating system. The PC clock can be read from the PDP-11, and E11 can simulate
a software bootstrap of RT-11 and RSTS/E so that these systemswill pick up the current time as if they were
started with a warm boot from a monitor that was already running.

E.1 Booting

RT-11 and RSTS/E both have methods for discovering whether they were software booted from another running
RT-11 or RSTS/E monitor, and if sothey can\inherit* the time and date from that monitor. E11's BOO€ommand
can simulate this situation. If you useit with a /RT11 or /RSTSswitch, it obtains the current PC date and time
and passeshem on to the PDP-11 operating system.

E11's keyscript languagehas commandswhich allow composing a time and/or date string in almost any format, so
that it may be entered with a single keystroke. The default keyscript for the F12 key sendsthe current time and
date in a format acceptedby recent versionsof RSX, soit may be pressedin responseto the date/time prompt
at system startup. SeeAppendix A for information on keyscript commands,and type SHOVKEY F12 at the E11
command prompt to seehow the existing binding works.

Newer versionsof DEC operating systemshave support for the KDJ11E TOY clock, which E11 emulates using the
host operating system'sclock. For example,the RSX\TIM /SYN' commandwill read the RSX time from the PC,
and \ TIM /SETTOY will setthe PC clock from the RSX time. These commandswork only if RSX has detected a
KDJ11E-basedCPU (i.e. PDP-11/93 or PDP-11/94), however E11 can add the TOY clock to any CPU emulation
by adding ASRo the end of the SET CPlWtommand (sincethe TOY clock is accessedhrough the Additional Status
Register). A TOY.TSKorogram is available from ftp.dbit.com  which has/SYNand /SETTOYswitcheswhich work
just like the TIM command, but with no restriction on the CPU type, and it doesn't have the year 2000 problem
that TIM /SYNdid in earlier versionsof RSX.

E.2 PCclock

PCs don't have a 50/60 Hz line frequency clock, so E11 simulates the KW11L style clock by reprogramming the
PC's crystal-controlled interval timer for 50 or 60 Hz (the SET HZcommand selectswhich frequency the default is
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60 Hz). These speedscan not be produced precisely by the PC's interval timer (it usesrather odd numbers since
its master clock is the 14.31818MHz ISA bus clock fed into a divide-by-12 counter), soE11 programsit ascloseas
possibleto the right value, and then usesfractional math to decidewhen to insert \leap ticks" sothat the average
rate will be exactly 50 or 60 Hz. In practice, this is not perfectly accurate becausemany (or most) PCs don't have
a very accurate 14.31818MHz clock to begin with. So their clocks tend to gain or lose time regardlessof what
applications software or operating systemis running.

E11's solution to this is the SET CLOCKommand, which allows adjustment of the actual master clock frequency
value (which can be specied in 1 Hz incremerts) which E11 usesto calculate the interval clock divisor and
schedule leap ticks. There's no needto actually measurethe master clock frequency on the PC's motherboard,
simply experimenting with valuescan greatly improve the accuracyand of courseletting the systemrun for a while
and then cheding its clock will allow you to gure out the exact drift.

E.3 Yea 2000issues

Ersatz-11 hasno year 2000issuesof its own. It doesvery little manipulation of dates, and when dates are handled
internally it uses16 bits to hold the year, which is enoughto last until the year 65,535AD. However problems do
occur when translating datesto and from the formats required by the various PDP-11 operating systems,the PC
operating system, and the KDJ11E TOY clock. Also the YEARXeyscript command sendsonly 2-digit years, but
it's there for the speci c purposeof working with non-Y2K-compliant PDP-11 software. If the PDP-11 software
can handle 4-digit dates, use YEAR4nstead, which is what's usedin the default keyscript for F12 anyway.

E.3.1 KDJ11ETOY clock

The Dallas Semiconductor DS1215 clock chip used in the KDJ11E battery-backed time-of-year \TO Y") clock
cortains only two digits for the year. Therefore it inherently su ers from the year 2000 bug, and so must any
accurate emulation of it, including the one in E11, otherwise it would be incompatible with PDP-11 software
designedfor the real thing. Howewer this is not as bad asit might seem. Sincethe TOY clock is used only to
hold the current time, the only ambiguity that the PDP-11 software hasto resolwe is what certury it is now. This
is as opposedto dates held in databases, le system timestamps, etc., which can represen past and future dates
and so must not be ambiguous. The latest versionsof most PDP-11 operating systemshave beenupdated to usea
100-year window when interpreting the year read from the TOY clock. For example 80{99 can be taken to mean
1980{1999, and 00{79 would mean 2000{2079. Future PDP-11 operating system releasescan move this window
(at this point 00{99 might as well mean 2000{2099), so this scheme can be extendedinde nitely . Recert versions
of RSX-11M-PLUS clewverly usethe TOY clock's day-of-the-week eld to gure out what certury this must be, so
there's no needfor a 100-year window.

E.3.2 Datesin RT-11and TSX-Plus

Older versionsof RT-11 usedonly 5 bits to store the year, asthe number of yearssince1972. This format stopped
working on 01-Jan-2004,and the older RT-11 versions(V5.6 and earlier) have year 2000 problemstoo sothey had
already stopped working correctly anyway. Newer versionsof RT-11 adapt two previously unused bits in the date
word to extend the year o set to 7 bits, which will last until 31-Dec-2099.RT-11 V5.7 is the rst versionthat fully
implemerts this changein all utilities aswell asthe monitor. TSX-Plus V6.50 also supports the 7-bit year eld, so
when installed on top of RT-11 V5.7 it too will last until 31-Dec-2099.
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E.3.3 Datesin RSX

RSX's internal date format usesa 16-bit word to hold the number of years since 1900. This format will last for
many millennia, and it's unusual in that it allows going badck all the way to 1900 so that datesin the low 2000s
really are ambiguous when expressedin only two digits. Current versionsof RSX accept four-digit yearsin user
commandsand processthem correctly, but older versionsare limited to two-digit yearswhich are all assumedto
be in the 1900s. Also, the Files-11 ODS-1 disk structure usedby RSX and IAS usesonly 2-digit years, stored as
ASCII digits rather than binary values. Newer versionsof RSX extend this format for seweral more certuries by
allowing the \10s" digit to take on the value of characters which follow \9" in the ASCII code.

E.3.4 Datesin RSTS/E

RSTS/E usesthe samedate format asthe old DOS/BATCH system. This consistsof the number of years since
1970, times 1000 (decimal), plus the day within the year (1 = January 1), stored as a 16-bit word. In older
versionsof RSTS/E this word was signed, so its maximum usable value was 32365.,or 31-Dec-2002.Again, year
2000problemswith INIT.SYS's time/date parserpreverted getting even that far. Newer versionsof RSTS/E have
changedto using an unsigneddate word (negative valueswere never allowed anyhow), sonow it lasts until 31-Dec-
2035. Unfortunately RSTS/E's extensionto the date format is not applicable to the few remaining DOS/BA TCH

systems,since DOS/BA TCH usesthe sign bit of the date word in directory ertries to ag a le ascontiguous, so
it's not available for expansionof the date word. Multiplying the year o set by 1000 makesfor very sparseusage
of the available date word values, so there is room for expansionof the date format (using day-within-y ear values
from 367to 999) if that ever becomesnecessarybut updatesto PDP-11 software will be required.

E.3.5 Datesin Fuzzball

Although the Fuzzball operating systememulatesthe RT-11 systemcalls, it actually usesits own 14-bit date format
internally instead of RT-11's format. This is encaded as the number of days since 01-Jan-1972,s0 it runs out in
2016. Fuzzball hasyear 2000problems, but replacemer modulesare available from ftp.dbit.com to makeit work
until 2016. The date format could be extendedto 16 bits, but that would require relocating the ags that currently
goin the high 2 bits of the date word, and the .GDATsystem call would require an incompatible changeto support
that.

E.3.6 Datesin Unix

Unix (and Unix-compatible) systemsnormally store dates as a signed number containing the number of seconds
since midnight UTC on 01-Jan-1970.The type that this value is stored in (\ time t") is normally a 32-bit signed
integer (in some casesthis is true even on Unix systemsthat run on 64-bit processors),which meansthat this

format will run out in early 2038. This limit applies both to PDP-11 Unix systemsbeing run under emulation, as
well as 80x86 Unix or Linux systemsbeing usedas the host environment for Ersatz-11.



