CHAPTER 21

ETHERNET

Interlisp was rst developed on large timesharing machines which provided each user with access to
large amounts of disk storage, printers, mail systems, etc. Interlisp- D, however, was designed to run on
smaller, single-user machines without these facilities. In order to provide Interlisp- D users with access to
al of these services, Interlisp- D supports the Ethernet communications network, which alows multiple
Interlisp- D machines to share common printers, le servers, etc.

Interlisp- D supports the Experimental Ethernet (3 Megabits per second) and the Ethernet (10 Megabits
per second) local communications networks. These networks may be used for accessing le servers, remote
printers, mail servers, or other machines. This chapter is divided into three sections: First, an overview of
the various Ethernet and Experimental Ethernet protocols is presented. Then follow sections documenting
the functions used for implementing PUP and NS protocols at various levels.

211 ETHERNET PROTOCOLS

The members of the Xerox 1100 family (1100, 1108, 1132), Xerox le servers and laser xerographic
printers, aong with machines made by other manufacturers (most notably DEC) have the capability of
communicating over 3 Megabit per second Experimental Ethernets, 10 Megabit per second Ethernets and
telephone lines.

Xerox pioneered its work with Ethernet using a set of protocols known as PARC Universal Packet (PUP)
computer communication protocols. The architecture has evolved into the newer Network Systems (NS)
protocols developed for use in Xerox oce products. All of the members of the Xerox 1100 family can
use both NS and PUP protocols.

21.1.1 Protocol Layering

The communication protocols used by the members of the Xerox 1100 family are implemented in a
“‘layered’’ fashion, which means that di erent levels of communication are implemented as di erent

protocol layers. Protocol Layering allows implementations of specic layers to be changed without
requiring changes to any other layers. The layering also alows use of the same higher level software with
di erent lower levels of protocols. Protocol designers can implement new types of protocols at the correct
protocol level for their speci c application in a layered system.

At the bottom level, level zero, there is a need to physically transmit data from one point to ancther.
This level is highly dependent on the particular transmission medium involved. There are many di erent

level zero protocols, and some of them may contain several internal levels. At level one, there is a need
to decide where the data should go. This level is concerned with how to address a source and destination,
and how to choose the correct transmission medium to use in order to route the packet towards its
destination. A level one packet is transmitted by encapsulating it in the level zero packet appropriate for
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the transmission medium selected. For each independent communication protocol system, a single level
one protocol is dened. The rule for delivery of a level one packet is that the communication system
must only make a best eort to deliver the packet. There is ho guarantee that the packet is delivered,
that the packet is not duplicated and delivered twice, or that the packets will be delivered in the same
order as they were sent.

The addresses used in level zero and level one packets are not necessarily the same. Level zero packets are
speci ¢ to a particular transmission medium. For example, the destination address of a level zero packet
transmitted on one of the two kinds of Ethernet isthe Ethernet address (host number) of a machine on
the particular network. Level one packets specify addresses meaningful to the particular class of protocols
being implemented. For the PUP and NS protocols, the destination address comprises a network number,
host number (not necessarily the same as the level zero host number), and a socket number. The socket
number is a higher- level protocol concept, used to multiplex packets arriving at a single machine destined
for separate logical processes on the machine.

Protocols in level two add order and reliability to the level one facilities. They suppress duplicate packets,
and are responsible for retransmission of packets for which acknowledgement has not been received. The
protocol layers above level two add conventions for data structuring, and implement application speci ¢
protocols.

21.1.2 Level Zero Protocols

Level zero protocols are used to physically connect computers. The addresses used in level zero protocols
are protocol speci c. The Ethernet and Experimental Ethernet level zero protocols use host numbers,
but level zero phone line protocols contain less addressing information since there are only two hosts
connected to the telephone ling, one at each end. As noted above, alevel zero protocol does not include
network numbers.

The 3MB Experimental Ethernet [1] was developed at PARC. Each Experimental Ethernet packet includes
a source and destination host address of eight bits. The Experimenta Ethernet standard is used by any
machine attached to an Experimental Ethernet.

The 10MB Ethernet [2] was jointly developed and standardized by Digital, Intel, and Xerox. Each Ethernet
level zero packet includes a source and destination host address that is 48 hits long. The Ethernet standard
isused by any machine attached to an Ethernet.

Both of the level one protocols described later (PUP and NS) can be transported on any of the level zero
protocols described above.

The Ethernet and Experimental Ethernet protocols are broadcast mediums. Data packets can be sent
on these networks to every host attached to the net. A packet directed at every host on a network is a
broadcast packet.

Other Level O protocols in use in industry include X.25, broadband networks, and Chaosnet. In
addition, by using the notion of ‘‘mutual encapsulation’’, it is possible to treat a higher-level protocol (e.g.
ARPANET) asif it were a Level Zero Protocol.
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21.1.3 Level One Protocols

Two Level One Protocols are used in the Xerox 1100 Family, the PUP and the NS protocols. With
the proper software, computers attached to Ethernets or Experimental Ethernets can send PUPs and
NS packets to other computers on the same network, and to computers attached to other Ethernets or
Experimental Ethernets.

The PUP protocols [3] were designed by Xerox computer scientists at the Palo Alto Research Center. The
destination and source addresses in a PUP packet are speci ed using an 8-bit network number, an 8-hit
host number, and a 32-bit socket number. The 8-bit network number allows an absolute maximum of
256 PUP networks in an internet. The 8-bit host number is network relative. That is, there may be many
host number ‘*1''sbut only one per network. 8 bits for the host number limits the number of hosts per
network to 256. The socket number is used for further levels of addressing within a speci ¢ machine.

The Network Systems (NS) protocols [4, 5] were developed by the Xerox Oce Products Division. Each
NS packet address includes a 32-bit network number, a 48-bit host number, and a 16-bit socket number.
The NS host and network numbers are unique through al space and time. A speci ¢ NS host number is
generally assigned to a machine when it is manufactured, and is never changed. In the same fashion, al
networks (including those sold by Xerox and those used within Xerox) use the same network numbering
space there is only one network ‘‘74'.

21.1.4 Higher Leved Protocols

The higher level PUP protocols include the File Transfer Protocol (FTP) and the Leaf Protocol used
to send and retrieve les from Interim File Servers (IFSs) and DEC File Servers, the Telnet protocol
implemented by ‘‘Chat’’ windows and servers, and the EFTP protocol used to communicate with the laser
xerographic printers developed by PARC (‘‘Dovers’ and ‘‘Penguins’).

The higher level NS protocols include the Filing Protocol which alows workstations to access the product
File Services sold by Xerox, the Clearinghouse Protocol used to access product Clearinghouse Services,
and the TelePress Protocol used to communicate with the Xerox model 8044 Print Server.

21.1.5 Connecting Networks. Routers and Gateways

When alevel one packet is sent from one machine to another, and the two machines are not on the same
network, the packet must be passed between networks. Computers that are connected to two or more
level zero mediums are used for this function. In the PUP world, these machines have been historicaly
caled ‘‘Gateways.”” In the NS world these machines are called Internetwork Routers (Routers), and the
function is packaged and sold by Xerox as the Internetwork Routing Service (IRS).

Every host that uses the PUP protocols requires a PUP address; NS Hosts require NS addresses. An
address consists of two parts: the host number and the network number. A computer learns its network
number by communicating with a Router or Gateway that is attached to the same network. Host number
determination is dependent on the hardware and the type of host number, PUP or NS.
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2116 AddressingConicts with Level Zero Mediums

For convenience in the respective protocols, alevel one PUP (8-bit) host number isthe same as alevel zero
Experimental Ethernet host number; i.e., when a PUP level one packet is transported by an Experimental

Ethernet to another host on the same network, the level zero packet speci es the same host number as
the level one packet. Similarly, a level one NS (48-bit) host number isthe same as a level zero Ethernet
host number.

When a PUP level one packet is transported by an Ethernet, or an NS level one packet is sent on
Experimental Ethernet, the level one host number cannot be used as the level zero address, but rather
some means must be provided to determine the correct level zero address. Xerox solved this problem
by specifying another level-one protocol called trandation to allow hosts on an Experimental Ethernet to
announce their NS host numbers, or hosts on an Ethernet to announce their PUP host numbers. Thus,
both the Ethernet and Experimental Ethernet Level Zero Protocols totally support both families of higher
level protocols.

21.1.7 References
[1] Robert M. Metcalfe and David R. Boggs, Ethernet: Distributed Packet Switching for Local Computer

Networks, Communications of the ACM , vol. 19 no. 7, July 1976.
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[3] D. R. Boggs, J. F. Shoch, E. A. Taft, and R. M. Metcalfe, PUP: An Internetwork Architecture, 1EEE
Transactions on Communications , com-28:4, April 1980.

[4] Xerox Corporation. Courier: The Remote Procedure Call Protocol. Xerox System Integration Standard.
Stamford, Connecticut, December, 1981, XSIS 038112.

[5] Xerox Corporation. Internet Transport Protocols. Xerox System Integration Standard. Stamford,
Connecticut, December, 1981, XSIS 028112.

21.2 HIGHER-LEVEL PUP PROTOCOL FUNCTIONS

This section describes some of the functions provided in Interlisp- D to perform protocols above Level
One. Level One functions are described in a later section, for the benet of those users who wish to
program new protocols.

The following functions provide assorted network services.

( ETHERHOSTNUMBER NAME ) [Function]
Returns the number of the named host. The number is 16-bit quantity, the high
8 hits designating the net and the low 8 bits the host. If NaVE IS NI L, returns the
number of the local host.
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(ETHERPORT NAME ERR ORFL G MJL TFL G) [Function]
Returns aport corresponding to NAVE . A ‘‘port” isa network address that represents
(potentially) one end of a network connection, and includes a socket number in
addition to the network and host numbers. Most network functions that take a
port as argument alow the socket to be zero, in which case a well-known socket is
supplied. A port iscurrently represented as a dotted pair ( NETHOST . SOCKET ).

NAVE may be a litatom, in which case its address is looked up, or a port, which is
just returned directly. If ERR ORFL G istrue, generates an error ‘‘host not found'’ if
the address lookup fails, else it returns NI L. If MUL TFL G is true, returns a list of
alternative port speci cations for Nave | rather than a single port (this is provided
because it is possible for a single name in the name database to have multiple
addresses). If muL TFL G isNI L and Nave  has more than one address, the currently
nearest one is returned. ETHERPORT caches its results.

The socker of a port is usualy zero, unless the name explicitly contains a
socket designation, a number or symbolic name following a + in NAME , eg.,
PHYLUMFLEAF. A port can also be specied in the form ‘‘net#host#socket’’,
where each of net, host and socket is a sequence of octal digits, the socket, but not
the terminating #, can be omitted, in which case the socket is zero.

( ETHERHOSTNAME POR T USE. OCT AL. DEFAULT) [Function]
Looks up the name of the host at address POR T. POR T may be a humeric address, a
(NETHOST . SOCKET ) pair returned from ETHERPORT, or a numeric designation
in string form, ‘‘net#host#socket’’, as described above. In the rst case, the net
defaults to the local net. If POR T isNI L, returns the name of the local host. If there
isno name for the given port, but USE. OCT AL. DEFAUL T istrue, the function returns
a string specifying the port in octal digits, in the form " NET #HOST #SOCKET ", with
SOCKET omitted if it is zero. Most functions that take a port argument will also
accept ports in this octal format.

( PRI NTERSTATUS PRI NTERNAME ) [Function]
Returns status of PRINTERNAME , the name of a Press Printer, in the form ( cobe
"readabl e string"). Returns NI L if the printer does not respond in a
reasonable time, which can occur if the printer is very busy, or does not implement
the printer status service. cobeE s interpreted as follows:

1 Printer isnot spooling (down for servicing)
2 Printer isidle
3 Printer isbusy (printing or accepting a le)

(EFTP HOST FILE PRINTERFL G ( SI DES) [Function]
Transmits FI LE to HOST using the EFTP protocol. The FI LE need not be open on
entry, but in any case is closed on exit. The principal use of the EFTP protocol
is for transmitting Press les to a printer. If PRINTERFL G is non-NI L, assumes
that HOST is a printer and FILE is a press le, and takes additional action: it
performs a PRI NTERSTATUS for HoST and prints this information to the prompt
window; and it lls in the ‘‘printed-by’’ eld on the last page of the press le with
USERNAME, and the ‘‘copies”’ eld with (OR (FI XP PRINTERFL G) 1). For
printers capable of duplex printing, q Sl DES may be 1 or 2, meaning print one- or
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two-sided, respectively; NI L means use the printer's default. EFTP returns only
on success; if HoST does not respond, it keeps trying.

213 HIGHER-LEVEL NS PROTOCOL FUNCTIONS

The following is a description of the Interlisp- D facilities for using Xerox SPP and Courier protocols and
the services based on them.

21.3.1 SPP Stream Interface

This section describes the stream interface to the Sequenced Packet Protocol.

(SPP. OPEN HOST SOCKET PROBEP NAME ) [Function]
This function isused to open an SPP stream. If HOST isspeci ed, an SPP connection
is initiated to HosT with remote socket socker . If both HoST and PROBEP are
speci ed, then the connection is probed for aresponse before returning the stream;
NI L isreturned if HOST doesn't respond. If HOST is NI L, a passive connection is
created which listens for an incoming connection to local socket SOCKET . NAME IS
a mnemonic name for the connection process, mainly useful for debugging. The
function returns an SPP stream, for which the standard stream operations BI N,
BOUT, CLOSEF, and ECFP are dened. In particular, COPYBYTES may be used
on SPP streams.

The SPP stream that is returned is open for both input and output, since SPP
connections are bidirectional. However, the underlying stream 1/O functions use
only a single buer. Some care must therefore be exercised to insure that any
buered output data is forced out before any new data is read, and that all
data up to a message boundary has been read before any new data is written.
Functions described below are used for this purpose. While these restrictions may
seem severe, in practice most use of SPP streams is done by the Courier remote
procedure call facility, rather than directly by the programmer. Courier conforms
to the model of aternating exchanges of messages quite well.

SPP. USER. TI MEQUT [Variable]
Speci es the time, in milliseconds, to wait before deciding that a host isn't
responding.

( SPP. FLUSH STREAM ) [Function]
This function forces any buered output data to be transmitted.

( SPP. SENDEOM STREAM ) [Function]
This function forces out any buered data and causes an End of Message indication
to be sent.

(SPP. CLOSE STREAM  ABCR T?) [Function]

This function closes an SPP stream using the reliable termination protocol. If
ABOR T? isnot NI L, the stream is closed even if there is an outstanding bulk data
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transfer in progress.

( SPP. DSTYPE STREAM  DSTYPE ) [Function]
This function gets or sets the current datastream type. If DSTYPE is speci ed, all
subsequent  packets that are sent will be of this datastream type, until the next call
to SPP. DSTYPE. Since this aects the current partialy- lled packet, the stream
should probably be ushed (via SPP. FLUSH) before this function is caled. If
DSTYPE is not speci ed, this function returns the datastream type of the current
packet being read.

( SPP. READP STREAM ) [Function]
This function returns T or NI L depending on whether or not there is data to be
read without waiting.

( SPP. EOFP sSTREAM ) [Function]
This function returns T or NI L depending on whether or not the connection has
been closed.

( SPP. EOVP STREAM ) [Function]

This function returns T or NI L depending on whether or not an End of Message
indication has been reached. This will only be true after the last byte of data in
the message has been read.

21.3.2 Courier Remote Procedure Call Protocol

(COURI ER. OPEN HOSTNAME ~ SERVERTYPE NOERR ORFL G NAME ) [Function]
This function opens a Courier connection to the speci ed HosT and returns an SPP
stream. |If HOST is a LI TATOM, string, or list representation of a Clearinghouse
name, SERVER TYPE should specify what type of server HOST is, so that the name
may be looked up in the Clearinghouse database. Currently, SERVER TYPE must
be one of PRI NTSERVER or FI LESERVER. Normally, this function will retry the
connection \ MAXETHERTRI ES times before generating an error. If NOERR ORFL G
is speci ed, NI L will be returned if the connection fails. The Courier connection
will be given NAMVE |, if speci ed.

( COURI ERPROCGRAM  NANVE ) [NLambda NoSpread Function]
This function is used to dene Courier programs. The syntax is

( COURI ERPROGRAM name (progranmNunber versi onNunber)
TYPES
((typeNane typeDefinition)
)

PROCEDURES
((procedureName ARGS (argType ...)
RESULTS (resultType ...)
ERRORS (errorNanme ...)
pr ocedur eNunber)
)
RROR
((errorName ARGS (argType ...) errorNunber)

21.7



Courier Template Language

)
)

Type denitions are written in the Courier template language, described below.
Courier types may either be type names that are dened in the current Courier
program, quali ed names of the form (ot her Couri er Program . typeNane) ,
or explicit denitions in the template language.

21.3.21 Courier Template Language
This section describes how Courier types are described in Interlisp, and how corresponding values are
represented. (See aso the Courier protocol denition.)

Predened types:

BOOLEAN is represented by T and NI L; STRI NG is represented by strings; CARDI NAL, | NTEGER,
LONGCARDI NAL , LONG NTEGER, and UNSPECI FI ED are represented by integers.

Constructed types:

( ENUMERATI ON (NAME VALUE) ... (NAME VALUE))

( ARRAY LENGTH TYPE)

( SEQUENCE TYPE)

(RECORD (NAME TYPE) ... (NAMVE TYPE))

(CHO CE (NAME VALUE TYPE) ... (NAME VALUE TYPE))

Representation of constructed types in Lisp:

Objects of Courier type ( ENUMERATI ON (UNKNOWN 0) (RED 1) (BLUE 2)) are represented by the
litatoms UNKNOWN, RED, and BLUE.

Objects of Courier type (ARRAY 3 | NTEGER) are represented by lists of three integers, such as (10 1
59).

Objects of Courier type ( SEQUENCE BOOLEAN) are represented by arbitrary- length lists of T and NI L,
suchas (NIL T T NIL T).

Objects of Courier type

(RECORD ( NETWORK LONGCARDI NAL)
(HOST (ARRAY 3 CARDI NAL))
( SOCKET CARDI NAL))

are represented by lists like (( NETWORK 174) (HOST (100 24 363)) (SOCKET 20)).
Objects of Courier type

(CHOI CE (STATUS 0 ( ENUVERATION (BUSY 0) (COWPLETE 1)))
(MESSAGE 1 STRING))

are represented by listslike ( STATUS COVPLETE) or ( MESSAGE " Your request has conpleted.").
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(COURI ER. CALL STREAM PROGRAM PROCEDURE ARG ARGpN NOERR ORFL G)

[NoSpread Function]
This function calls the remote procedure PROCEDURE of the Courier program
PROGRAM . STREAM isthe SPP stream returned by COURI ER. OPEN. The arguments
should be Lisp values appropriate for the Courier types of the corresponding formal
parameters of the procedure (dened under the ARGS property for the procedure).
Returns results of the Courier types dened under the RESULTS property. If there
is only a single result, it is returned, otherwise a list of results is returned. The
NOERR ORFL G argument controls the treatment of remote errors. If NOERR ORFL G
isNI L, aLisp error will be generated. If NOERR ORFL G is T, NI L will be returned
as the result of the call. If NOERR ORFL G is RETURNERROCRS, the result of the call

will be a list consisting of the atom ERROR followed by the Courier name of the
error and any arguments.

Examples:

( COURI ERPROGRAM EXAVPLEPROGRAM (17 1)
TYPES
(( PERSON. NAVE ( RECORD ( FI RST. NAVE STRI NG
(M DDLE (CHO CE
(NAMVE 0 STRING)
(INTIAL 1 STRING)))
(LAST. NAVE STRING)))
(Bl RTHDAY (RECORD (YEAR CARDI NAL)

(MONTH STRI NG)

(DAY CARDI NAL))))
PROCEDURES

(( GETBI RTHDAY ARGS ( PERSON. NAME)
RESULTS (Bl RTHDAY)
3))
)

Denes EXAMPLEPROGRAM to be Courier program number 17, version number 1. The example denes
two types, PERSON. NAME and Bl RTHDAY, and one procedure, GETBI RTHDAY, whose procedure number

is 3. The following code could be used to call the remote GETBI RTHDAY procedure on the host with
address HOSTADDRESS.

(SETQ STREAM ( COURI ER. OPEN HOSTADDRESS) )
(COURI ER. CALL STREAM

( QUOTE EXAMPLEPROGRAM)

(QUOTE CETBI RTHDAY)

(QUOTE ((FIRST. NAME "Eric")
(MDDLE (INITIAL "C"))
(LAST. NAME " Cooper"))))

COURI ER. CALL in this example will return a value such as

((YEAR 1959) (MONTH "January") (DAY 10))
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21.3.2.2 Manipulating Courier Representations

Several Courier programs use values of type (SEQUENCE UNSPECI FI ED) to handle user-dened or
otherwise extensible object types. Often it is necessary to convert between a list of 16 bit words (the
sequence of UNSPECI FI EDs) and a Courier value. The following function should be used for this
purpose.

(COURI ER. READ. REP LI ST. OF. WORDS PROGRAM  TYPE ) [Function]
This function returns the Lisp representation of the Courier object of type TYPE
dened in the Courier program PROGRAM Whose underlying Courier representation
iS LI ST. OF. WORDS .

21.3.2.3 Using Bulk Data Transfer with Courier

Two Courier types are treated specially when they appear in the argument list of a procedure. They are
BULK. DATA. SI NK and BULK. DATA. SOURCE. A Courier procedure may have at most one such sink or
source parameter. The result of a COURI ER. CALL on such a procedure isan SPP stream, open for input
or output according to whether the bulk data paramter is a sink or a source. The client uses this stream
to receive or send the appropriate bulk data object. If the object consists of bytes, this may be done
with the usual stream /O functions such as COPYBYTES. If the data is a stream of Courier objects, the
following function should be used.

(COURI ER. READ. BULKDATA STREAM PROGRAM  TYPE ) [Function]
STREAM isthe bulk data stream returned from COURI ER. CALL. TYPE is the type
of each Courier object in the stream. PROGRAM is the Courier program in which
TYPE isdened. A list of objects of Courier type TYPE will be returned.

The observant reader may wonder what happens if the Courier procedure returns one or more results, in
addition to taking a bulk data parameter. If a bulk data stream is returned to the caller, what happens
to the results? The answer is that the results are collected when the bulk data stream is closed, after the
client has transferred the bulk data. The disposition of these results depends on what actua parameter
is supplied for the formal bulk data parameter at the time of the cal. If it is NI L, the results, if any,
will be ignored. Otherwise, the value is assumed to be a function which to be applied to the results. A
FUNARG may be used for full generality.

For example, the Courier procedure to print an Interpress master uses a bulk data source to transfer
the master, and aso returns a request identi er. The Lisp function which performs the COURI ER. CALL
passes a functional to be called on this request identi er after the stream is closed and printing begins;
this functional in turn spawns a process which monitors the progress of the job.

(COURI ERTRACE FLG REG ON ) [Function]
This function controls the tracing of Courier remote procedure calls. It is similar
to PUPTRACE and XI PTRACE, but operates at the call/return level rather than the
packet level.

21.33 NS Printing

This section describes the facilities that are available for printing Interpress masters on NS printservers.
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NS. DEFAULT. PRI NTER [Variable]

The value of this variable is used whenever no printserver is specied for the
functions described below. If its value is a LI TATOM, string, or Clearinghouse
name, the Clearinghouse is queried to nd the address of the printserver with that
name. If its value is NI L, it will be set automatically to some printserver in the
local Clearinghouse domain. In environments where there is no Clearinghouse, the
value of NS. DEFAULT. PRI NTER must be an appropriate  NSADDRESS record.

( OPEN. NS. PRI NTI NG. STREAM PRI NTER  DOCUVENT. NAMVE DOCUVENT. CREA Tl ON. DATE SENDER. NAVE
RECI PIENT. NAVE  (COPIES MEDIUM PRIORITY STAPLE? TWO. SIDED? NO WATCHDOG? ) [Function]

( NSPRI NT PRI NTER

This function returns a stream for printing an Interpress master on PRINTER oOf
on NS. DEFAULT. PRI NTER as mentioned &bove. The caler should write the
Interpress data to the stream and then close it using CLOSEF. Printing begins after
the stream is closed.

DOCUNMENT. NANVE is the document name to appear on the header page (a string).

DOCUMENT. CREA Tl ON. DATE is the creation date to appear on the header page (a
Lisp integer date). The default value isthe time of the cal.

SENDER. NAME  is the name of the sender to appear on the header page (a string).
The default value is the name of the user.

RECI PI ENT. NAVE IS the name of the recipient to appear on the header page (a
string). The default value is the name of the user.

g corl ES is the number of copies to be printed. The default value is 1.

MEDI UM is the medium on which the master is to be printed. This must be a
Courier vaue of type MEDI UM, which isalist of the form ( PAPER ( KNOMWN. SI ZE
NAME) ) , where NAME is one of the LITATOMs US. LETTER, US. LEGAL, AQ
through A10, | SO. BO through | SO. B10, and JI S. BO through JI S. B10. The
default value is determined by the printer.

PR ORI TY isthe priority of this print request (LOW NORMAL, or HI GH). The default
value is NORVAL.

STAPLE? iST or NI L depending on whether the document should be stapled. The
default value is NI L.

TWO SIDED? is T or NI L depending on whether the document should be printed
on two sides. The default value is NI L.

NO WATCHDOG? is nhon-NI L if the client does not want a watchdog process to
monitor the status of the printing job.

FI LE. NAME  DOCUMENT. NAME DOCUMENT. CREA Tl ON. DATE SENDER. NAMVE

RECI PI ENT. NAME ( COPIES MEDIUM PRIORITY STAPLE? TW O S| DED?) [Function]

This function prints an Interpress master on PRINTER or on NS. DEFAULT. PRI NTER
as mentioned above. FILE NaME should be the name of an Interpress le to
be printed. The remaining arguments are al optional, and are as described
for OPEN. NS. PRI NTI NG STREAM above. DOCUMENT. NAVE defaults to the full
name of the le, and DOCUMENT. CREA Tl ON. DATE defaults to the creation date of
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the le.

( NSPRI NTER. STATUS PRI NTER ) [Function]
This function returns the Courier value resulting from the GET. PRI NTER. STATUS
cal.

( NSPRI NTER. PROPERTI ES PRI NTER ) [Function]
This function returns the Courier value resulting from the GET. PRI NTER. PROPERTI ES
call.

21.34 Clearinghouse

This section describes functions that may be used to access Clearinghouse servers. Note that these
functions are used by the NS printing functions if the printserver isspeci ed by name rather than address.

( START. CLEARI NGHOUSE REST ARTFL G) [Function]
This function enables Clearinghouse access. It performs an expanding ring
broadcast in order to nd the rst Clearinghouse server. If REST ARTFL G iS nhon-
NI L, the cache of Clearinghouse information isinvalidated and a new broadcast is
done. This may be necessary if the local Clearinghouse server goes down.

CH. NET. HI NT [Variable]
Hint as to which network the local Clearinghouse server is on, for use by
START. CLEARI NGHOUSE above. If CH. NET. HI NT is bound to a network
number, that network will be tried rst, followed by the others in the routing
table. If the local Clearinghouse server is not on the directly connected network,
setting CH. NET. HI NT to the proper network number in the local INI T le will
speed up START. CLEARI NGHOUSE considerably.

( SHOW CLEARI NGHOUSE) [Function]
This function displays the structure of the cached Clearinghouse information in a
window. Once created, it will be redisplayed whenever the cache is updated. The
structure is shown using GRAPHER''.

( SHOW ENTI RE. CLEARI NGHOUSE) [Function]
This function attempts to cache information about all the Clearinghouse domains,
so that the Clearinghouse structure window will show the entire database.

CH. DEFAULT. DOVAI N [Variable]
This is a string specifying the default Clearinghouse domain. If it is NI L, it will
be set automaticaly by START. CLEARI NGHOUSE . Otherwise, it should be set in
anINT le

CH. DEFAULT. ORGANI ZATI ON [Variable]
This is a string specifying the default Clearinghouse organization. If it is NI L, it
will be set automatically by START. CLEARI NGHOUSE . Otherwise, it should be set
inan INIT le

(CH. ORGANI ZATI ONS OR GANI ZA TI ONP ATTERN ) [Function]
This function returns the list of organization names in the Clearinghouse database
matching OR GANI ZA TI ONP ATTERN . The default pattern is "*", which matches
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anything.

( CH. DOVAI NS DOwvAI NP ATTERN ) [Function]
This function returns the list of domain names in the Clearinghouse database
matching Doval NP ATTERN . The default pattern is"*", which matches anything.

( CH. ENUVERATE OBJECTP ATTERN PROPER TY) [Function]
This function returns the list of object names matching OBJECTP ATTERN and
having the property PROPER TY. Currently, PROPER TY must be one of USER,
PRI NTSERVER, FI LESERVER, and ALL. For example,

(CH. ENUMERATE "*: PARC: Xer ox" (QUOTE USER))

will return a list of the names of users at Xerox PARC.

(CH. LOOKUP. USER Namve ) [Function]
This function returns the user information for the rst user whose name matches
NAME .

(LOOKUP. NS. SERVER NAME  TYPE ) [Function]

This function returns the NSADDRESS for the rst server whose name matches
NAVE and has the property TYPE , which must be PRI NTSERVER or FI LESERVER.

21.35 NS Filing

This section describes functions that may be used to access NS leservers.

21.35.1 Pathnames and NS Fileservers

The NS Filing protocol does not support conventional le system pathnames directly. However, the
Interlisp- D software that supports access to NS leservers uses IFS-style pathnames and does the
appropriate mapping in software. One important di erence, however, isthat leserver, directory, and le
names may have spaces in them, each of which must be preceded by a percent sign. The name of an
NS leserver isrequired to have a colon in it. Thus, even if the leserver isin the local Clearinghouse
domain, a trailing colon should be appended to the name. Case is not signi cant. For example,

{ LI SPFI LE: } <L| SPDRAVER>XYZ; 3
isavalid name for a le on the NS leserver "Li spFil e: Parc Pl ace: Xerox" .

( NSDI RECTORY PATTERN ) [Function]
This function returns a list of le names in PATTERN , which must be the NS
pathname for a directory. (Any wildcards in the name eld of the pathname are
ignored.)

( NSCREATEDI RECTORY HOST/DIR ) [Function]
This function creates anew directory with pathname HosT/DIR . Top level directories
(‘‘ le drawers'’) cannot be created in this way.
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( CLOSE. NSFI LI NG. CONNECTI ONS) [Function]
This function closes any open connections to NS leservers.

214 LEVEL ONE ETHER PACKET FORMAT

The datatype ETHERPACKET is the vehicle for al kinds of packets transmitted on an Ethernet or
Experimental Ethernet. An ETHERPACKET contains several elds for use by the Ethernet drivers and a
large, contiguous data area making up the data of the level zero packet. The rst several words of the
area are reserved for the level one to zero encapsulation, and the remainder (starting at eld EPBODY)
make up the level one packet. Typicaly, each level one protocol denes a BLOCKRECORD that overlays
the ETHERPACKET starting at the EPBODY eld, describing the format of a packet for that particular
protocol. For example, the records PUP and Xl P dene the format of level one packets in the PUP and
NS protocols.

The extra elds in the beginning of an ETHERPACKET have mostly a xed interpretation over all protocols.
Among the interesting ones are:

EPLI NK A pointer used to link packets, used by the SYSQUEUE mechanism (page 21.25).
Since this eld is used by the system for maintaining the free packet queue and
ether transmission queues, do not use this eld unless you understand it.

EPFLAGS A byte eld that can be used for any purpose by the user.

EPUSERFI ELD A pointer eld that can be used for any purpose by the user. It isset to NI L when
a packet is released.

EPTRANSM TTI NG A ag that istrue while the packet is ‘‘being transmitted’’, i.e., from the time that
the user instructs the system to transmit the packet until the packet is gathered up
from the transmitter's nished queue. While this ag is true, the user must not
modify the packet.

EPREQUEUE A pointer eld that speci es the desired disposition of the packet after transmission.
The possible values are: NI L means no special treatment; FREE means the packet
isto be released after transmission; an instance of a SYSQUEUE means the packet
is to be enqueued on the speci ed queue (page 21.25).

The normal life of an outgoing Ether packet isthat a program obtains a blank packet, Ils it in according
to protocol, then sends the packet over the Ethernet. If the packet needs to be retained for possible
retransmission, the EPREQUEUE eld isused to specify a queue to place the packet on after its transmission,
or the caler hangs on to the packet explicitly.

There are redenitions, or ‘‘overlays’ of the ETHERPACKET record speci cally for use with the PUP and
NS protocols. The following sections describe those records and the handling of the PUP and NS level
one protocols, how to add new level one protocols, and the queueing mechanism associated with the
EPREQUEUE €ld.
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215 PUP LEVEL ONE FUNCTIONS

The functions in this section are used to implement level two and higher PUP protocols. That is, they
deal with sending and receiving PUP packets. It is assumed the reader is familiar with the format and
use of pups, eg., from reading reference [3]in section 21.1.7.

( RESTART. ETHER) [Function]
This function isintended to be invoked from the executive on those rare occasions
when the Ethernet appears completely unresponsive, due to Lisp having gotten
into a bad state. RESTART. ETHER reinitializes Lisp's Ethernet driver(s), just as
when the Lisp system is started up following a LOGOUT, SYSOUT, etc. This aborts
any Ethernet activity and clears severa internal caches, including the routing table.

2151 Creating and Managing Pups

There isarecord PUP that overlays the data portion of an ETHERPACKET and describes the format of a pup.
This record denes the following numeric elds: PUPLENGTH (16 bits), TCONTROL (transmit control, 8 bits,
cleared when a PUP is transmitted), PUPTYPE (8 bits), PUPI D (32 hits), PUPI DHI and PUPI DLO (16 bhits
each overlaying PUPI D), PUPDEST (16 hits overlayed by 8-bit elds PUPDESTNET and PUPDESTHOST),
PUPDESTSOCKET (32 bits, overlayed by 16-bit elds PUPDESTSOCKETH and PUPDESTSOCKETLO),
and PUPSOURCE, PUPSOURCENET, PUPSQURCEHOST, PUPSOURCESOCKET, PUPSOURCESOCKETH |,
and PUPSOURCESOCKETLO, analagously. The eld PUPCONTENTS is a pointer to the start of the data
portion of the pup.

( ALLOCATE. PUP) [Function]
Returns a (possibly used) pup. Keeps a free pool, creating new pups only when
necessary. The pup header elds of the pup returned are guaranteed to be zero,
but there may be garbage in the data portion if the pup had been recycled, so the
caler should clear the data if desired.

( CLEARPUP PUP) [Function]
Clears all information from pup , including the pointer elds of the ETHERPACKET
and the pup data portion.

( RELEASE. PUP PuP) [Function]
Releases pup to the free pooal.

2152 Sockets

Pups are sent and received on a socket. Generally, for each ‘‘conversation’’ between one machine and
another, there isadistinct socket. When a pup arrives at a machine, the low-level pup software examines
the pup’s destination socket number. If there is a socket on the machine with that number, the incoming
pup is handed over to the socket; otherwise the incoming pup is discarded. When a user process initiates
a conversation, it generally selects a large, random socket number di erent from any other in use on
the machine. A server process, on the other hand, provides a speci ¢ service at a ‘‘wellknown'’ socket,
usually a fairly small number. In the PUP world, advertised sockets are in the range 0 to 100Q.
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( OPENPUPSOCKET SKT | FCLASH ) [Function]
Opens a new pup socket. If skt q is NI L (the norma case), a socket number is
chosen automatically, guaranteed to be unique, and probably dierent from any
socket opened this way in the last 18 hours (the low half of the time of day clock
is sampled).

If a speci c local socket is desired, as is typicaly the case when implementing a
server, SKT q is given, and must be a (up to 32-bit) number. | FRCLASH indicates
what to do in the case that the designated socket is already in use: if NI L,
an eror is generated;, if ACCEPT, the socket is quietly returned; if FAIL, then
OPENPUPSQOCKET returns NI L without causing an error. Note that ‘‘wellknown™
socket numbers should be avoided unless the caller is actualy implementing one
of the services advertised as provided at the socket.

( CLOSEPUPSOCKET PUPSOC  NCERR ORFL G) [Function]
Closes and releases socket pupscoc . If pupsoc is T, closes all pup sockets (this
must be used with caution, since it will also close system sockets!). If pupsoC s
aready closed, an error is generated unless NOERR ORFL G IS true.

( PUPSOCKETNUMBER  PUPSCC ) [Function]
Returns the socket number (a 32-bit integer) of pupscc .

( PUPSOCKETEVENT PuPSCC ) [Function]
Returns the EVENT of pupsoc  (page 18.30). This event isnoti ed whenever a pup
arrives on PUPSCC , so pup clients can perform an AWAI T. EVENT on this event if
they have nothing else to do at the moment.

21.5.3 Sending and Receiving Pups

( SENDPUP PuPscC  PUP) [Function]
Sends PuP on socket pupscc . If any of the PUPSOURCESHOST , PUPSOURCENET ,
or PUPSOURCESCOCKET €elds iszero, SENDPUP IIs them in using the pup address
of this machine and/or the socket number of PUPSCC , as needed.

(GETPUP PuPSCC  WAIT) [Function]
Returns the next pup that has arrived addressed to socket pupscc . If there are no
pups waiting on puPscC , then GETPUP returns NI L, or waits for a pup to arrive if
WAIT isT. If WAl T is an integer, GETPUP interprets it as a number of milliseconds
to wait, nally returning NI L if a pup does not arrive within that time.

( DI SCARDPUPS scc) [Function]
Discards without examination any pups that have arrived on soc and not yet been
read by a GETPUP.

( EXCHANGEPUPS soc ourtPUP  DUMW | DFILTER Tl MEQUT ) [Function]
Sends outPUP on soc, then waits for a responding pup, which it returns.  If
| DFI LTER is true, ignores pups whose PUPI D is di erent from that of outPup .
TIMEQUT isthe length of time (msecs) to wait for a response before giving up and
returning NI L. TIveouT defaults to \ ETHERTI MEOUT . EXCHANGEPUPS discards
without examination any pups that are currently waiting on soc before autPuP  gets
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sent. (DuMw  isignored; it exists for compatibility with an earlier implementation).

2154  Pup Routing Information

Ordinarily, a program calls SENDPUP and does not worry at all about the route taken to get the pup to
its destination. There is an internet routing process in Lisp whose job it isto maintain information about
the best routes to networks of interest. However, there are some algorithms for which routing information
and/or the topology of the net are explicitly desired. To this end, the following functions are supplied:

( PUPNET. DI STANCE NeT q) [Function]
Returns the ‘‘hop count’’ to network NET q, i.e, the number of gateways through
which a pup must pass to reach NeT q, according to the best routing information
known at this point. The local (directly- connected) network is considered to be
zero hops away. Current convention is that an inaccessible network is 16 hops
away. PUPNET. DI STANCE may need to wait to obtain routing information from
an Internetwork Router if NET q is hot currently in its routing cache.

( SORT. PUPHOSTS. BY. DI STANCE HOSTLI ST ) [Function]
Sorts HOSTLIST hy increasing distance, in the sense of PUPNET. DI STANCE.
HOSTLI ST is a list of lists, the CAR of each list being a 16-bit Net/Host address,
such as returned by ETHERHOSTNUMBER. In particular, a list of ports ((nethost .
socket) pairs) isin this format.

( PRI NTROUTI NGTABLE TABLE SORT FILE) [Function]
Prints to FILE the current routing cache. The table is sorted by network number
if SORT istrue. TABLE = PUP (the default) prints the PUP routing table; TABLE
= NS prints the NS routing table..

2155 Miscellaneous PUP Utilities

(SETUPPUP PUP DESTHOST DESTSOCKET  TYPE ID SOC REQUEUE ) [Function]
Fills in various €elds in puP’'s header: its length (the header overhead length;
assumes data length of zero), TyPeE , 1D (if IDiS NI L, generates a new one itself
from an internal 16-bit counter), destination host and socket (DESTHOST — may
be anything that ETHERPORT accepts, an explicit nonzero socket in DESTHOST
overrides DESTSOCKET ). If soc ishot supplied, a new socket is opened. REQUEUE
lls the packets EPREQUEUE eld (see above). Vaue of SETUPPUP is the socket.

( SWAPPUPPORTS PUP) [Function]
Swaps the source and destination addresses in pup . This is useful in simple packet
exchange protocols, where you want to respond to an input packet by diddling the
data portion and then sending the pup back whence it came.

( GETPUPWORD PUP WORD Q) [Function]
Returns as a 16-bit integer the contents of the worD qth word of PuP’s data
portion, counting the rst word as word zero.

(PUTPUPWORD PUP WORD ( VAL UE) [Function]
Stores 16-bit integer VAL UE in the worD g th word of puP 'sdata portion.
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(GETPUPBYTE PUP BYTE Q) [Function]
Returns as an integer the contents of the BYTE ¢ th 8-bit byte of pup 'sdata portion,
counting the rst byte as byte zero.

(PUTPUPBYTE PUP BYTE q VAL UE) [Function]
Stores VAL UE in the BYTE q th 8-bit byte of PuP’sdata portion.

( GETPUPSTRI NG PUP OFFSET ) [Function]
Returns a string consisting of the characters in pup 's data portion starting at byte
OFFSET (default zero) through the end of PuP .

( PUTPUPSTRI NG PUP STR) [Function]
Appends STR to the data portion of pPuP, incrementing PUP 'slength appropriately.

21.5.6 PUP Debugging Aids

Tracing facilities are provided to allow the user to see the pup trac that passes through SENDPUP and
CETPUP. The tracing can be verbose, displaying much information about each packet, or terse, which
shows a concise ‘‘picture’’ of the trac.

PUPTRACEFLG [Variable]
Controls tracing information provided by SENDPUP and GETPUP. Lega values:

NI L No tracing.

T Every SENDPUP and every successful GETPUP call PRI NTPUP of the pup
at hand (see below).

PEEK  Allows a concise ‘‘picture’’ of the trac. For normal, non-broadcast
packets, SENDPUP prints ‘! '’, GETPUP prints ‘*+'’. For broadcast packets,
SENDPUP prints ‘"', GETPUP prints ‘*'’. In addition, for packets that
arrive not addressed to any socket on this machine (e.g., broadcast packets
for a service not implemented on this machine), a ‘‘&’ is printed.

PUPI GNORETYPES [Variable]
A list of pup types (small integers). If the type of a pup is on this list, then
CETPUP and SENDPUP will not print the pup verbosely, but treat it as though
PUPTRACEFLG were PEEK. This allows the user to Iter out ‘‘uninteresting’’ pups,
e.g., routine routing information pups (type 201Q).

PUPONLYTYPES [Variable]
A list of pup types. |If this variable is non-NI L, then GETPUP and SENDPUP
print verbosely only pups whose types appear on the list, treating others as though
PUPTRACEFLG were PEEK. This lets the tracing be conned to only a certain class
of pup trac.

PUPTRACEFI LE [Variable]
The le to which pup tracing output is sent by default. The le must be open.
PUPTRACEFI LE isinitialy T.
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[Variable]
If this variable is true, then each printout of a pup is accompanied by a relative
timestamp (in seconds, with 2 decima places) of the current time (i.e., when the
SENDPUP or CETPUP was called; for incoming pups, this is not the same as when
the pup actually arrived).

(PUPTRACE FLG REG ON ) [Function]

( PRI NTPUP PACKET

Creates awindow for puptrac ing, and sets PUPTRACEFI LE to it. If PUPTRACEFI LE
is currently a window and FLG is NI L, closes the window. Sets PUPTRACEFLG
to be FLG. If REG ON is supplied, the window is created with that region. The
window’s BUTTONEVENTFN is set to cycle PUPTRACEFLG through the values NI L,
T, and PEEK when the mouse is clicked in the window.

CALLER FILE PRE.NOTE DOFILTER) [Function]

Prints the information in the header and possibly data portions of pup PACKET

to FILE. If CALLER is supplied, it identies the direction of the pup (GET or
PUT), and is printed in front of the header. FILE defaults to PUPTRACEFI LE. If
PRE.NOTE isnon-Nl L, it isPRI Nl'ed rst. If DOFIL TER istrue, then if PUP 'stype
fails the Itering criteria of PUPI GNORETYPES or PUPONLYTYPES, then pPurP is
printed ‘‘tersely’’,i.e, asa!, +, *, or *, as described above.

GETPUP and SENDPUP, when PUPTRACEFLG is non-NI L, call (PRI NTPUP pup
{"GET or *PUT} NIL NIL T).

The form of printing provided by PRI NTPUP can be inuenced by adding elements to PUPPRI NTMACRCS.

PUPPRI NTMACROS

[Variable]
An association list of elements (PUPTYPE . MA CRO) for printing pups. The MA CRO
(CDR of each element) tells how to print the information in a pup of type PUPTYPE
(CAR of the element). If MA CRO isa litatom, then it isafunction of two arguments
(PUP FILE) that is applied to the pup to do the printing. Otherwise, MA CRO is a
list describing how to print the data portion of the pup (the header is printed in a
standard way).

The list form of MA cRO consists of ‘‘commands’ that specify a ‘‘datatype’ to
interpret the data, and an indication of how far that datatype extends in the packet.
Each element of MA CR O isone of the following: (a) a byte oset (positive integer),
indicating the byte at which the next element, if any, takes eect; (b) a negative
integer, the absolute value of which isthe number of bytes until the next element,
if any, takes eect; or (c) an atom giving the format in which to print the data,
one of the following:

BYTES Print the data as 8-bit bytes, enclosed in brackets. This is
the default format to start with.

CHARS Print the data as (8-bit) characters. Non- printing characters
are printed as if the format were BYTES, except that the
sequence 15Q, 12Q is printed specialy as [crif].

WORDS Print the data as 16-bit integers, separated by commas (or
the current SEPR).
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| NTEGERS Print the data as 32-bit integers, separated by commas
(or the current SEPR). Note: the singular BYTE, CHAR,
WORD, | NTEGER are accepted as synonyms for these four
commands.

SEPR Set the separator for WORDS and | NTEGERS to be the next
element of the macro. The separator is initially the two
characters, comma, space.

| FSSTRI NG Interprets the data as a 16-bit length followed by that many
8-bit bytes or characters. If the current datatype is BYTES,
leaves it alone; otherwise, sets it to be CHARS.

If there is dtill data left in the packet by the time processing
reaches this command, prints ** '’ and stops.

FI NALLY The next element of the macro is printed when the end of
the packet is reached (or printing stops because of a ).
This command does not ater the datatype, and can appear
anywhere in the macro as long as it is encountered before
the actual end of the packet.

T Perform a TERPRI .

REPEAT The remainder of the macro is itself treated as a macro
to be applied over and over until the packet is exhausted.
Note that the osets specied in the macro must be in the
relative form, i.e., negative integers. For example, the macro
(1 NTEGERS 4 REPEAT BYTES -2 WORDS -4) says to
print the rst 4 bytes of the data as one 32-bit integer, then
print the rest of the data as sets of 2 8-bit bytes and 2 16-bit
words.

Only as much of the macro is processed asis needed to print the data in the given
packet. The default macro for printing a pup is (BYTES 12 ...), meaning to
print the rst up to 12 bytes as bytes, and then print ** '’ if there is anything left.

The following functions are used by PRI NTPUP and similar functions, and may be of interest in specia
Cases.

( PORTSTRI NG NETHOST  SOCKET ) [Function]
Converts the pup address NETHOST , SOCKET into the following octal string format:
net#host#socket. NETHOST may be a port (dotted pair of nethost and socket),
in which case SockeT is ignored, and the socket portion of NETHOST is omitted
from the string if it is zero.

(PRI NTPUPROUTE PACKET CALLER FILE) [Function]
Prints the source and destination addresses of pup PACKET to FILE in the
PORTSTRI NG format, preceded by cALLER (interpreted as with PRI NTPUP).

( PRI NTPACKETDATA BASE OFFSET MA CRO LENGIH  FILE) [Function]
Prints data according to MA CRO, which is a list interpreted as described under
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PUPPRI NTMACRCS, to FI LE. The data starts at BASE and extends for LENGTH bytes.
The actua printing starts at the oFFSET th byte, which defaults to zero. For example,
PRI NTPUP ordinarily cals ( PRI NTPACKETDATA (fetch PUPCONTENTS of
PUP) O MACRO (I Dl FFERENCE (fetch PUPLENGTH of Pup) 20) FILE).

( PRI NTCONSTANT VAR CONST ANTLI ST FILE PREFIX ) [Function]
CONST ANTLIST is a list of pairs (VARNAME VAL UE), of the form given to the
CONSTANTS File Package Command. PRI NTCONSTANT prints VAR tO FILE,
followed in parentheses by the VARNAME — out of CONST ANTLIST whose VAL UE is
EQto vAarR, or ? if it nds no such element. If PREFI X isnon-NI L and is an initia
substring of the selected vARNAME , then VARNAME is printed without the prex.

For example, if FOOCONSTANTS is ((FOO. REQUEST 1) (FOO ANSWER 2)
(FOO ERRCOR 3)), then (PRI NTCONSTANT 2 FOOCONSTANTS T "FOQO ")
produces ‘2 ( ANSVEER) .

( OCTALSTRI NG N) [Function]
Returns a string of octal digits representing N in radix 8.

21.6 NS LEVEL ONE FUNCTIONS

The functions in this section are used to implement level two and higher NS protocols. The packets used
in the NS protocol are termed Xerox Internet Packets (XIPs). The functions for manipulating XIPs are
similar to those for managing PUPs, so will be described in less detail here. The major di erence is
that NS host addresses are 48-bit numbers. Since Interlisp- D cannot currently represent 48-bit numbers
directly as integers, there isan interim form called NSHOSTNUMBER, which is dened as a TYPERECORD
of three €lds, each of them being a 16-bit portion of the 48-bit number.

21.6.1 Creating and Managing XIPs

There is a record XI P that overlays the data portion of an ETHERPACKET and describes the
format of a XIP. This record denes the following elds. Xl PLENGTH (16 bits), Xl PTCONTRCOL
(transmit control, 8 hits, cleared when a XIP is transmitted), XI PTYPE (8 hits), Xl PDESTNET
(32 bits), XI PDESTHOST (an NSHOSTNUMBER), XI PDESTSCOCKET (16 bits), and XI PSOURCENET,
Xl PSOURCEHOST, and XI PSOURCESOCKET , analagously. The eld Xl PCONTENTS is a pointer to the
start of the data portion of the XIP.

(ALLOCATE. XI P) [Function]
Returns a (possibly used) XIP. As with ALLOCATE. PUP, the header elds are
guaranteed to be zero, but there may be garbage in the data portion if the pup
had been recycled.

(RELEASE. XI P xi1P) [Function]
Releases xi p to the free pool.
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21.6.2 NS Sockets

As with pups, XIPs are sent and received on a socket. The same comments apply as with pup sockets
(page 21.16), except that NS socket numbers are only 16 bits.

( OPENNSOCKET SKT q | FCLASH ) [Function]
Opens a new NS socket. If skt g is NI L (the norma case), a socket number is
chosen automatically, guaranteed to be unique, and probably dierent from any
socket opened this way in the last 18 hours. If a speci ¢ local socket is desired,
as is typically the case when implementing a server, SKT q is given, and must be a
(up to 16-bit) number. |1 FCLASH governs what to do if SKT q is aready in use, as
with OPENPUPSOCKET .

( CLOSENSOCKET NSOC NCERR ORFL G) [Function]
Closes and releases socket Nsoc . If Nsoc is T, closes al NS sockets (this must
be used with caution, since it will also close system sockets!). If Nsoc is aready
closed, an error is generated unless NOERR ORFL G is true.

( NSOCKETNUMBER Nscc ) [Function]
Returns the socket number (a 16-bit integer) of NsocC .

( NSOCKETEVENT NscC ) [Function]
Returns the EVENT of Nsoc . This event is notied whenever a XIP arrives on
NSCC .

21.6.3 Sending and Receiving XIPs

( SENDXI P NsoC X1 P) [Function]
Sends xi1 P on socket Nsoc . If any of the XI PSOURCESHOST, XI PSOURCENET, or
Xl PSOURCESCOCKET elds is zero, SENDXI P llIs them in using the NS address of
this machine and/or the socket number of NSoC , as needed.

(GETXI P NsoC  WAIT) [Function]
Returns the next XIP that has arrived addressed to socket nsoc . If there are no
XIPs waiting on Nsoc , then GETXI P returns NI L, or waits for a XIP to arrive if
WAIT isT. If WAIT is an integer, GETXI P interprets it as a number of milliseconds
to wait, naly returning NI L if a XIP does not arrive within that time.

( DI SCARDXI PS Nsoc ) [Function]
Discards without examination any XIPs that have arrived on Nsoc and not yet
been read by a GETXI P.

( EXCHANGEXI PS soc QutxiP I DFILTER TIMEQUT ) [Function]
Useful for simple NS packet exchange protocls. Sends outxi P on soc, then waits
for a responding XIP, which it returns. If 1 DFILTER is true, ignores XIPs whose
packet exchange ID (the rst 32 bits of the data portion) is di erent from that of
ouTXI P . TIMEQUT isthe length of time (msecs) to wait for a response before giving
up and returning NI L. TiMeour  defaults to \ ETHERTI MEQUT . EXCHANGEXI PS
discards without examination any XIPs that are currently waiting on soc before
QUTXI P gets sent.
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21.6.4 NS Debugging Aids

XIPs can be printed automatically by SENDXI P and GETXI P analogously to the way pups are. The
following variables behave with respect to XIPs the same way that the corresponding PUP-named variables
behave with respect to PUPs. XI PTRACEFLG, Xl PTRACEFI LE, XI Pl GNORETYPES, XI PONLYTYPES,
Xl PPRI NTMACRCS. In addition, the functions PRI NTXI P, PRI NTXI PROUTE and Xl PTRACE are directly
analogous to PRI NTPUP, PRI NTPUPROUTE, and PUPTRACE.

217 SUPPORT FOR OTHER LEVEL ONE PROTOCOLS

Raw packets other than of type PUP or NS can aso be sent and received. This section describes facilities
to support such protocols. Many of these functions have a\ in their names to designate that they are
system internal, not to be dealt with as casualy as user-level functions.

(\ ALLOCATE. ETHERPACKET) [Function]
Returns an ETHERPACKET datum. Enough of the packet is cleared so that if the
packet represents a PUP or NS packet, that its header is all zeros, no guarantee is
made about the remainder of the packet.

(\ RELEASE. ETHERPACKET EPKT ) [Function]
Returns EPKT to the pool of free packets. This operation is dangerous if the
caler actually is still holding on to EPKT , e.g., in some queue, since this packet
could be returned to someone else (via \ ALLOCATE. ETHERPACKET ) and suer
the resulting contention.

From a logical standpoint, programs need never call \ RELEASE. ETHERPACKET ,
since the packets are eventually garbage- collected after all pointers to them drop.
However, since the packets are so large, normal garbage collections tend not to
occur frequently enough. Thus, for best performance, a well-disciplined program
should explicitly release packets when it knows it is nished with them.

A locally-connected network for the transmission and receipt of Ether packets is speci ed by a network
descriptor block, an object of type NDB. There is one NDB for each directly- connected network; ordinarily
there is only one. The NDB contains information speci ¢ to the network, e.g., its PUP and NS network
numbers, and information about how to send and receive packets on it.

\ LOCALNDBS [Variable]
The rst NDB connected to this machine, or NI L if there is no network. Any other
NDBs are linked to this rst one via the NDBNEXT eld of the NDB.

In order to transmit an Ether packet, a program must specify the packet's type and its immediate
destination. The type is a 16-bit integer identifying the packet's protocol. There are preassigned types
for PUP and NS. The destination is a host address on the local network, in whatever form the local
network uses for addressing; it is not necessarily related to the logical ultimate destination of the packet.
Determining the immediate destination of a packet is the task of routing. The functions SENDPUP and
SENDXI P take care of this for the PUP and NS protocols, routing a packet directly to its destination if
that host is on the local network, or routing it to a gateway if the host is on some other network accessible
via the gateway. Of course, a gateway must know about the type (protocol) of a packet in order to be
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able to forward it.

( ENCAPSULATE. ETHERPACKET NDB PACKET PDH NBYTES ETYPE ) [Function]
Encapsulates PACKET for transmission on network NDB . PDH is the physica
destination host (e.g., an 8-bit pup host number or a 48-bit NS host number);
NBYTES s the length of the packet in bytes, ETYPE is the packet’'s encapsulation

type (an integer).

(TRANSM T. ETHERPACKET NDB PACKET ) [Function]
Transmits PACKET , which must already have been encapsulated, on network NDB .
Disposition of the packet after transmission is complete is determined by the value
of PACKET 's EPREQUEUE €ld.

In order to receive Ether packets of type other than PUP or NS, the programmer must specify what to do
with incoming packets. Lisp maintains a set of packet Iters, functions whose job it is to appropriately
dispose of incoming packets of the kind they want. When a packet arrives, the Ethernet driver calls each
Iter function in turn until it nds one that accepts the packet. The Iter function is called with two
arguments. (PACKET TYPE ), where PACKET s the actual packet, and TYPE is its Ethernet encapsulation
type (a number). If a Iter function accepts the packet, it should do what it wants to with it, and return
T; else it should return NI L, alowing other packet Iters to see the packet.

Since the Iter function is run at interrupt level, it should keep its computation to a minimum. For
example, if there isalot to be done with the packet, the Iter function can place it on a queue and notify
another process of its arrival.

The system aready supplies packet Iters for packets of type PUP and NS; these Iters enqueue the
incoming packet on the input queue of the socket to which the packet is addressed, after checking that
the packet is well-formed and indeed addressed to an existing socket on this machine.

Incoming packets have their EPNETWORK eld lled in with the NDB of the network on which the packet
arrived.

(\ ADD. PACKET. FI LTER FILTER) [Function]
Adds function FILTER to the list of packet Iters if it is not already there.

(\ DEL. PACKET. FI LTER FILTER) [Function]
Removes FILTER from the list of packet Iters.

(\ CHECKSUM BASE NW ORDS | NI TSUM) [Function]
Computes the one's complement add and cycle checksum for the N\w ORDS  words
starting at address BASE . If I NITSUM is supplied, it is treated as the accumulated
checksum for some set of words preceding BASE; normally INTSUM is omitted
(and thus treated as zero).

( PRI NTPACKET PACKET CALLER FILE PRE.NOTE DOFIL TER) [Function]
Prints PACKET by invoking a function appropriate to PACKET 's type. See
PRI NTPUP for the intended meaning of the other arguments. In order for
PRI NTPACKET to work on a non-standard packet, there must be information
on the list \ PACKET. PRI NTERS.

\ PACKET. PRI NTERS [Variable]
An association list mapping packet type into the name of a function for printing
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that type of packet.

218 THE SYSQUEUE MECHANISM

The SYSQUEUE facility provides a low-level queueing facility. The functions described herein are all
system internal: they can cause much confusion if misused.

A SYSQUEUE is a datum containing a pointer to the rst element of the queue and a pointer to the last;
each item in the queue points to the next via a pointer eld located at oset 0 in the item (its QLI NK
eld in the QABLEI TEM record). A SYSQUEUE can be created by calling ( NCREATE ' SYSQUEUE) .

(\ENQUEUE Q ITEM) [Function]
Enqueues 1 TEM on Q, i.e, links it to the tail of the queue, updating Q’stail pointer
appropriately.

(\ DEQUEUE Q) [Function]

Removes the rst item from Q and returns it, or returns NI L if Q is empty.

(VUNQUEUE Q ITEM NOERR ORFL G) [Function]
Removes the 1 TEM from Q, wherever it is located in the queue, and returns it. If
I TEM isS not in Q, causes an error, unless NOERR ORFL G is true, in which case it
returns NI L.

(\ QUEUELENGTH Q) [Function]
Returns the number of elements in Q.

(\ONQUELE ITEM Q) [Function]
True if I TEM is an element of Q.
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