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UNIVERSAL SERIAL BUS DATAPUMP COMMAND INTERPRETER

SPLCIFICATION
BACKGROUND

N Ficld of the Invention

The inventionrelates in general to the field of digital computer communicationsand,
more particularly, to computer communicationsover a Universal Serial Bus communications
link. Specifically, the invention describes 2 modem system in which the modem’s digital
signal processing functions is separated (fonctionally and physically) from the modem’s
controller function.

2. Description of the Related Axt

High speed modem systems are typically incorporated onto an option card and
usually include a “data pump” for supporting the various protocols of modem
communication, such as the V.22, V.22bis, V.32 and V.32bis protocols recommended by the
International Telegraph and Telephone Consultative Committee (CCITT). The data pump
itself’ typically includes a DSP for performing modulation, demodulation and echo
cancellation and a coder-decoder (CODEC) for performing analog to digital (A/D) and
digital to analog (D/A) conversion. Analog signals from the phone line are digitized by the
CODEGC, and then demodulated by the DSP to extract the original digital data sent by an
external device. This procedure is reversed for data transmitted by the modem to the extemal
device.

The data pump is coupled to the phone line through a data channel interface. Other
support logic is typically included to interface the modem to the computer system, such as
a microconiroller for establishing a communications link, controlling the sequence of events
to originate or answer a call, and to transmit or receive digital data from the computer systern h
through a universal synchronous receive transmission (UART) across the 1/O bus.

Low-level data pump contro! is needed where millisecond timing is required. Some
primary items that require this kind of timing is interrupt service routines, and work-arounds
(where small, but time-critical, data pump interactions are necessary). Normally, these kind
of operationsare shielded from upper-level control software by an additional controller (e,
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PC sofiware controlling a modem through AT commands) An 8-bit controller provides the
higher lovel interface to application code, for example, on the PC. Note that the controller
provides for time critical operations, fresing the application code to operate the device with
& bigh latency ¥/f. Specifically, the controller suppoxts interrupts and work-arounds. In
another class, the equivalent of the eight-bit controller code resides on the system as the
application; the PC does the job of the 8-bit controller. This last case is not shielded from
the aforementioned time critical operations, but the application can adequately service the
critical operations because of the low latency i/f. Note that these operations consume system
resources because the applicationhas more to do. In geperal, the more latency in a link (and
where the latency may be not be constant), each componenthas some intelligence and ability
to run relatively unsupervised is required to be in order to function correctly (i.e,, “loosely
coupled” system). For both classes, 2 CPU (8-bit controllerin the first case and the PC CPU
in the last case) can access the device quickly and is strongly coupled to the D.P. Note that
the control response tixve is the critical factor in determining how much latency the system
can tolerate. For Universal Seral Bus (USB) applications, the PC is far away in the
control/response time interval (in the sense that there is intervening software and other
communication media), which make the close coupling difficult.

A problem. with accessing the data pump over 2 USB is the latencies the host
experiences when attempting to perform tum-around register level /O with USB nodes for
both data pump contro] operations and data access operations. These prior systems have
employed a fully intelligent controller responsible for nearly all commupications control.
The result has been a very costly remote smart device including a fully functional
microcontroller and substantial memory.
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U T EN

A communicetion systern utilizing a Universal Serial Bus commuaications link, in
accordance with the invention, is divided into two distinct elements: a data pump element
and a controller element. The data pump is physically separated from the controller element
and is responsible for conventional signal processing operations such as might be performed
by & digital signal processor (DSP). Communication is effected between the host (i.e., PC)
and the data pump over the USB commuuications bus with the data pump located at a USB
node. The data purnp communicates with the controller via a predetermined communications
protocol. The controllet is, typically, co-located with a host computer and is responsible for
commanding/communicating with the data pump. Removing the controller from the USB
node to the host introduces Jarge latencies. However, to combat latencies introduced by the
USB pipe, time intensive conirol code is executed at the USB node as a seft of interpreted
commands. This interpreted set of commands is very low level requiring only minimal
intelligence and memory at the USB node, but high enough to relieve timing latencies.
Separate contvol and signal processing is provided so that modems can be manufactured with
fewer components. These features translate into less expensive modems.
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BRIEX DESCRIPTION OF THE DRAWINGS

A berter understanding of the present invention can be obtained when the following
detajled description of the preferred embodiment is considered in conjunction with the
following drawings, in which:

Figure 1 is a high-level block diagrarn of a modem system in accordance with the
invention.

Figure 2 is a high-level block diagram for one embodiment of a data pump in
accordance with the invention.

Figure 3 is a table illustrating a setup and description for stores in the data pump.
Figure 4A and 4B are examples of time critical communication routines.

Figure 5 is a table listing opcodes stored within the command interpreter in

accordance with the invention.
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The illustrative system described provides efficient communications over a
communications network. For purposes of explanation, specific embodiments are set forth
to provide a thorough understanding of the illustrative system. However, it will be
understood by one skilled in the art, from reading the disclosure, that the technique may be
practiced without these details. Further, although the embodiments are described in terms
of a data pump, it should be understood that this embodiment is illustrative and is not meant
in any way to limit the practice of the disclosed system to other digital signal processing
devices, Also, the use of the tetms Universal Scrial Bus to illustrate how the system works
is not intended to infer that the illustrative system requires a specific type of communications
bus. Rather, any of a variety of communications link may be employed in practicing the
technique described herein, Moreover, well-known elements, devices, pracess steps, and the
like, are not set forth in detail in order to avoid obscuring the disclosed system.

Modem Svstem

Figure 1 shows one embodiment of a moderm, in accordance with the invention, that

has a controller 100 and a data pump 105 which cormunicate via a data pump-to-controller

communications link 110. The controller can be implemented as a method that is executed
by 2 host computer’s 115 central processing unit 140 (CPU). Alternatively, the controller
can be implemented as a separate hardware device that {s operatively coupled to the host

CPU (e.g., via a common bus).

The controller 100 is configured to communicate with (that is, issue commands and
accept input from) the data pump 105 through a predefined protocol. Physical connection
between the host computer 115 and the data pump 105 can be provided by any convenient
means such as a parallel or serial interface.

The data pump 105 is designed to provide conventional signal processing capability
and the capability to communicate with both the controller 100 and an external data-channel
125. In addition to providing conventional digital signal processing capabilities, the data
pump implements a set of control functions that enable interaction with the controller.
According to the present invention, the data pump 105 is particularly suited to satisfy certain
timing constraints for communications where the communications link 110 is 2 USB link.
Specifically, latencies introduced by the USB protocol are avoided by the use of an
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interpreted set of commands within the remote data pump 105, discussed in more detail with
reference to Figures 2 and 5.

Controller

A portion of the control and data pump operations can be accomplished by defining,
and implementing, a set of commands and configuration messages in which the two elements
(controller 100 and data pump 105) are required to respond. As discussed above, the
controller 100 retains all but the time critical portions of the control code. By taking
advantage of the reliable and efficient communication capabilities of the host computer 115
over the communiceations link 110, the mgjority of the communications functionality is
performed remotely off of the USB node, the data pump 105, by the host computer 115. In
this way, the controller 100 is remotely closely coupled to the date pump 105 controlling
neearly all of the functions necessaty for commuunication. In eddition, since the majority of
processing activity is performed within the host, overhead can be removed from the data
pump resulting in significant silicon and cost savings,

Data pump

Figure 2 shows a data pump, in accordance with the invention, that comprises a
digital signel processing (OSP) unit 200, 2 modem communication link transceiver cirouit
203, a data channel interface circuit 210, read only memory unit 215, and random access
memory unit 220, The data pump 105 collectively and its components are minimally
sufficient to perform only the time eritical communication functions. Some primary
functions that require this kind of timing is interrupt service routines (ISR) and work-arounds
(where small, but time-critical, data pump interactions/interventions are necessary). These
ISRs and work-arounds are typically performed by an agent outside the data pump, typically
& small controller within the modem communications transceiver block 205. In addition, for
control operations, not directly tied to data interrupts, timely access to data pump registers
may be critical. For example, there is no problem with the host performing a set of writes,
assuming that the first write is not overly time-dependent on the last data pump operation and
that the return value is not overly critical to the next set of data purup operations. If the host
wants to do a set of writes, a read, and more writes, this may be a problem. This last
transaction has a two millisecond delay just over the USB pipe, not counting any latencies
the USB host stack introduces. In some cases, code may not tolerate these latencies.
Because of this USB pipe latency, data pump operations must be grouped in the millisecond
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range of time-dependent operations. Because the total system latency, it is best to group the
data pump operations into the high single digit millisecond range.

Digital Signal Processing (DSP) unit 200 provides the computational engine to
process signals sent to the deta pump 105 from either a host computer (via the data pump to
controller communication’s link 110) or from an external source via data chanmel
communication link 125. As discussed, the DSP 200 can be made to process a selected
number of control cormmands via the command interpreter 225 within the transceiver block
205, for time critical functions. The command interpreter 225 logic may altematively be
located in the DSP 200. In this respect, the command interpreter 225 implements a restricted
number of control functions. The majority of typical DP control functions pexformed by
previous controllers including data encoding, decoding, encryption, decryption, protocol
encapsulation/decapsulation,call setup, and call tear-down remain at the host computer 115,

Modern communication link transceiver circuit 205 provides the logical and physical
interface between the data purnp-to-controller communications link 110 and the DSP 200.
Conventional serial or parallel interfaces can be used and implemented in any convenient
mannet, i.e., dixect cable, infrared or radio frequency links.

Data channel intetface circuit 210 provides the physical interface between the data
pump’s DSP 200 and an external data channel such 2s a telephone line, optical cable, or
wireless transmitter. It is noted that the external data channel can be analog or digital in
nature.

The data channel interface electronically isolates the modem from the phone line to
control emissions of electro-magnetic interference/radio frequency interference (EMI/RFE)
as required by the Federal Communications Commission (FCC). The data channel interface
also typically isolates the received signals from the transmitted analog signals, and develops
a digital ring signal to inform the computer system to answer. The data changel interface
receives signals from the phone line through a telephone jack, such as an RJ11C used for
standard telephones.

ROM 215 serves as a conventional repository of program control instructions and
data lookup necessary for the command interpreter 225 cither as state machine logic or
program code, It is ROM memory that generally contains the instructions necessary for the
command interpreter 225 to perform its operations such as coruxapd interpretation and
configurationmessage generation. The command interpreter 225 is a special purpose signal
processing set of instructions that is stored in the ROM memory. As mentioned, the ROM
‘memory 215 is only minimally sufficient to store the limited set of informationnecessary for
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the command interpreter 225 to perform command interpretation from the data pump
controller. In this way, the full set of AT commands required by prior loosely coupled
systems is unnecessary and valuable cost and silicon are saved,

RAM 220 is a conventional memory used for temporary or dynamic storage of data
and program instructions needed by the command interpreter 225 during the limited data
pump 105 operations. Like ROM 215, RAM 220 is only minimally sufficient to provide the
temporary data and instruction storage required by the command interpreter 225 to perform
the time critical functions. Accordingto one embodiment, 32k of RAM is sufficient withont
any additional external memory.

Both ROM 215 and RAM 220 memory can be used to store data needed to operate
the modem communication link transceiver 205 and data channel! interface 210 circuits,

Because the command interpreter 225 can be programmed via the communications
Lnk 110, ROM 215 may in fact be RAM, EEPROM, flash memory, or other suitable storage
(except for a small boot section if necessary to control command interpreter download), It
should be noted that the command interpreter 225 including ROM 215 and RAM 220 may
be implemented as an ASIC or using a remote, on-board processor that js minimally
sufficient to perform the time critical features. Of course, an embodiment utilizing the
remote processor includes obvious flexibility advantages during design, development and
testing.

Stores

One consequence of separating the control and data pump functions is the need to
account for the latency between the issuance of a command by the controller 100 and its
execution and response by the data pump 105, As described above, this is accomplished by
identifying, for each response, the command to which that response is associated.

Stores are locations in the USB endpoint that perform functions not possible with
Host Coramand Packets because of time constraints. According to one embodiment, there
are three configurations shown in Figure 3. Each s activated in three different ways. Note,
host transfers to and from each store is performed on a first-in/first-out basis,

For example store locations 0x0-0x6 contain predefined data such as outgoing
modem transmit data at store 0x0 or incoming modem receive data at store 0x1. Stores 0x10-
Ox1F are executed upon an interrupt to the data pump from the confroller 100, Store
locations 0x20-0x7F also contain data which the CEPU 140 or the DP controller 100 transfers
directly to the data pump, for example through a scratch pad, These data pump downloads
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are typically time critical data pump downloads. Finally, store location 0xA80-0xFF are
executed upon receipt of a special opcode from the data pump controller 100. Once the out
code is received at the data pump 15, the set of instructions stored in ROM 215 is initiated
for patch execution. Each of the opcodes are restricted to time critical patches. Thus
requiring the RAM 220 to contain only a limited set of instructions for executing small
fragments of code. Specifically, the patch is actually opcode operations for the most part
does not contain any download code or data purap code. Patches typically control the data
pump operations at a very fine lovel, actually pecking and poking data pump menaory,
Note that the Patch Store may do the same function as the Download Store, This may
be accomplished by the code executing inside the Store setting the read FIFO pointer to 2
location inside the Store that has the download code (probably tight after the code in the
store), and transfer these non-executed bytes to the data pump,
OQperation

Turning to Figures 4A and 4B, shown are examples of time critical functions
requiring control by the data pump 105, not the host computer 115. Note that all USB data
transfers are host initiated. The host sends data to the USB node in a straightforward fashion.
For unsolicited reads, the USB, must first send an USB interrupt packet to the Host, which
then sends an USB receive packet. This packet signals the USB endpoint to send the data
to this Host. ‘

The host sends a <SendPacket>to the USB data pump 105. It is expected that the
data pump 105 will interpret the contents of the <SendPacket>, do the operations coded by
interpreted opcodes, and return the results by using the <ReceivePacket> This type of
transfer is called a Solicited response. Note that <SendPacket> and <ReceivePacket> are
not USB entities; USB packets encapsulate USB data pump packets.

The data pump 105 may also generate a <ReceivePacket> to transfer data to the host
115 (the actual USB mechanism would be an USB Interrupt packet followed by 2 USB Read
Request) without a proceeding <SendPacket>. Such an event could be a data pump status
change interrupt. Normally, processing a data pump interrupt requires multiple read, test,
and write operations on the scratchpad to get the data or the complete status. Instead of
hardcoding this code in the data pump, the host sends a <SendPacket> that the data pump
stores and executes on a data pump intarrupt. It is expected that the interrupt processing of
the stored <SendPacket> is deferred until the processing of a current <SendPacket> is
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completed. Note that the ASIC defers sending the <ReceivePacket™> to the host until the
<SendPacket> is completely processed.

Host Coramands to the USB Node

The format of the <SendPacket> is as follows;

<SendPacket> = <PacketLen, Seq, <Opcode, Parm>, <Opcode, Parm>, ...,
<Opcode, Paym>> or

<SendPacket>= <PacketlLen, Seq, <ImplicitFifoTag, DataLen, Value, Value,.,.>,
<Opcode, Parm>, <opcode, Parm>, ..., <Opcode, Parm>>

[Field Length in bytes
ﬁketl,en 2
Seq

Opcode

Parm

Datal.en

1
1
1
ImplicitFifoTag | 1
2
Value 2

PacketLen is the total number of bytes in SendPacket.

Seq is a host assigned sequence number that the ASIC uses in the <RecejvePacket>,
For the stored <SendPacket>, the ASIC uses that Seq for gll following interrupts. This
means that the host should not use this Seq for Solicited <SendPacket>’s. ,

<Opcode, Parm> is a basic operation. Each basic operation is a read, write, and etc,
comuaand (Opcode), and a parameter that is used in the processing of the <Opcode, Parm>.
The maximum number of <Opcode, Parm> tuplets is only limited by the size of the USB
Buffer. The minimum number of pairs is zero (PacketLen is zero).

<DmplicitFifoTag, Datal.en, Value, Value,..> is used only for data transfers to a
store (Exacute or Download) or FIFO. The number of Value bytes after the ImplicitFifoTag
is only limited by the maximum USB buffer size. It may take additional <SendPacket>with
ImplicitFifoTag fields to complete a Store of FIFO fill (each Store is a FIFO for the
purposes of loading). An <SendPacket> may contain only one ImplicitFifoTag and this
tag must be at the start of the <SendPacket> packet. Datalexn is the number of Value
entries following. Datalen is two bytes in length, Each Value is one data byte. Notethe
<Opcode, Parm> tuplets in this <SendPacket> may operate on the Value data, treating it
as a FIFO,

10
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USB Node Responses to the Host

The format for the <ReceivePacket> is as follows:
<ReceivePacket> = <PacketLen, Seq, Status, Value>

Field Length in bytes
PacketLen 2

Seq 1

Status ) 1

Value 2

PacketLen is the total number of bytes in <ReceivePacket>.

Seq is the host assigned byte in the corresponding <SendPacket>.

Status is the result of the <ReceivePacket>. The ASIC generated the status based
on the instructions in the <OpCode, Parm> tuplet that terminates processing of the Packet.

Value is additional data byte that the corresponding <SendPacket> may return.
Note that the Host may have to respond to an USB Interrupt request fixst before receiving this
packet. Set Value equal zero for void returns.

Note that the stored interrupt routine will use the Seq value repeatedly.
Operation Examples

Both of the examples in Figure 4A and Figure 4B are performed by the data pump
105. As such each of the required opcodes in the routines ere stored in the command
interpreter 225 to allow for fast runtime performance. Time consuming interim look-up
communication between the data pump 105 and the host computer 115 is thereby avoided.

Figure 4A is an exemplary fragment of executable code which executes off of a data
pumnp interrupt such as for store location 0x10-0x1F. For example, the execute on interrupt
routine will be executed when there is data to be read from the data pump 105, For proper
execution, the data must be moved from the data pump before the data pump overrides its
internal buffer. Thus, such & operation is a time critical operation, On a register level basis
over the USB imerface, it would not be possible to get the data fast enough to avoid a
premature override of the data. Specifically, the following USB sequence is not fast enough
(1) signaling the host; (2) host servicing a signal; (3) host sending down the opcode fragment;
and (4) returning the data to the host. According to an embodiment, the execute on interrupt
routine and code is stored and executed at the data pump endpoint 105,

Figure 4B illustrates another time critical operation, wait for execute. The wait for
execute routine may used when a work around is required, where it may be necessary to wait

11
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for a specific condition to occur within the data pump, such as 2 read of 2 memory location,
and quickly alter another value within the data pump, such as another memory location.

Finally, tucning to Figure 4C shown is a exemplary data pump download operation
performed at the data pump endpoint 105, For time critical data pump downloads, it is not
possible to wait for a condition to occur and then execute the data pump download in the
appropriate time window. The steps of Figure 4C are all performed at the data pump
endpoint 105, First, the endpoint waits for a bit to be set, basically remaining in a loop #ill
the mondtored bit is changed. After the bit is set, download status is active to go ahead and
select a store to select the appropriate data pump code. Once the store is set, the store is read
to determine whether the status of the store is empty or not. If empty, the operation is done.
Otherwise data is read from the store and written to the data pump and the operation is
complete. Here again, this is an example of a time critical operation that if performed at the
register level across the USB intexface would have too many latencies involved to complete
the operation within the time constraints required, It is important to note that each of these
examples are typical of the small code fragments that may be performed at the data pump
endpoint 105,

Opcodes

According to one embodiment, the command interpreter 225 contains the opcades
and parameters shown in Figure 5. Although different opcodes could be included in the
command interpreter 225, only those opcodes and parameters that are required by the data
pump to perform the limited set of functions which are time critical are contemplated, Figure
5 illustrates along with each opcode, the description of the opcode and the value or type of
associated parameter.

As will be apparent to one of ordinary skill having the benefit of this disclosure,
implementation of a different function such as a telephone answering or facsimile machine
can easily be accomplished by implementing a different command set. This versatility is
attributable to the architecture of the system in that the controller and data pump elements
ave functionally separated.

A modem system, in accordance with the invention, is divided into two distinct
elements: a data pump element and a controller element, The data pump is physically
separated from the controller element and is responsible for conventional signal processing
operations such as might be performed by a digital signal processor (DSP). Communication
is effected between the host and the data pump over a USB communications bus with the

12
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data pump located at a USB node. The data pump communicates with the controller via a
predetermined communications protocol and a set of interpreted commands within the 225.
The Jogic and interpretation features are minimally sufficient to petform time semsitive
processing while relegating all other non-time-critical processing to a data pump controller
within the host computer.

The foregoing disclosure and description of the various embodiments are illustrative
and explanatory thereof, and various chapges in communication network, the descriptions
of the data pump, the host computer, and other circuitry, the organization of the components,
and the order and timing of steps taken, as well as in the details of the illustrated system may
be made without departing from the spirit of the invention,

13
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We claim;

L A communications system for communications hetween 2 modem and a host

computer system comprising:

a data pump controller for performing communications control and data
transfer functions;

a communications data link coupled to said data pump controller; and

a data pump coupled to said communications data link, said date pump being
physically separated from said data pump controller, the data pump performing time critical
communications control and data transfer functions,

2. The communications system of claim 1 wherein said data pump further
comprises:
2 memory minimally sufficient to store information necessary to perform time

critical communications control and data transfer functions; and

a command intexpreter interface coupled to sald memory for intgrpreﬁng
commands from the data pump controller where said commands from the data pump

controller require time critical performance.

3 The communications system of claim 1 wherein the communications data link
is 2 Universal Serial Bus,

4. The communications system of claim. 1 wherein szid data pump controller
generates one or more data pump controller command signals to be sent to said data pump.

5. The communications system of claim 4 wherein said data pump controller
command signals comprise a series of one or more instructions to perform a specified one

or more signal processing operations,

14
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6. The communications system of claim 5 wherein said data pump processes
said one or more instructions and performs said one or more signal processing operations
when said one or more signal processing operations requires time critical performance in
accordance with said data pump controller command signal.

7. The comnunications system of claim 1, wherein said communication link is
2 sexial cable baving two ends respectively connected to said host processor and said modem.

8. The communications system of claim 1 where said data pump generates one
or more data and control signals to be sent to the data pump cosntroller via said
communications link.

9. The communications system of claim 8 wherein said data pump controller
processes said one or more data and control signals in accordance with said data pump
controller command signal.

10.  The communications system of claim 1 wherein said data pump controller
performs 2ll of the communijcations control and data transfer functions except the
communications control and data transfer functions that require time oritical performance.

11. A method, executed by a data pump in a modem of performing time critical
communications contro! and data transfer operations in response to ooe or more cormmand
signals generated by 2 data pump controllerin a host processor, the modem being physically
separated from said host processor, said method comprising:

receiving over @ communicationlink a data pump controller command signal
data pump controller, said data pump controller command signal comprising a series of one
or more instructions to perform a specified set of ome or more signal processing,
communications control or data transfer operations, the specified set containing time critical
operations;

receiving one or more data signals from the data pump controller; and

15
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processing ssid one or more data signals in accordance with said data pump
controller command signal.

12,  Themethod of claim 11, wherein the communication link is a Universal Serial
Bus.

13.  The method of claim 11, wherein said communication link is a serial cable

having two ends respectively connected to said host processor and said modem.

14.  The method of claim 11, wherein said processing step further comprises the
step of:

processing said one or more data signals in accordance with an interpreted set
of commands stored in the data pump controller.

16
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Figure 3

Store/FIFO Number Triggered Descriptions

0x0 Data. Modem TX FIFO

0x1 Data, Modem RX FIFO

0x2. Data, SR3 TX FIFO

0x3 Data, SR3 RX FIFO

0x4 Data. SR3 TX FIFO

x5 Data. '| SRERX FIFO

0x6 Data, CID FIFO

0x7-0xf Reserved Reserved

0x10-0x1f DP Interrupt D2 0 executes code in Store 0,

0x20-0x7f Data, Endpoint CPU executes DP Download. Time critical DP
opcodes that ransfers the store downloads,
contents to the DP (probably through
the scratchpad),

0x80-0xfT Opcode (refer to Figire S) Patch executon. Time critical

parches.
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ExecateOnInterrupt (ASIC fircs this oil or Data pump inferrupt)
tloop: Read Parm /I AX ="Parm
Andlimmed Panm // AX &= Parm (check for data)
JumpNonZero Parm 77 Parm = ofiset of Fini: Jabel
Read Parm I/ AX = *Panm (data from DP)
Write Parm // *Parm = AX (to Modem RX FIFO)
Tump Parm . | // ofiset of the sloop! label
Fini; BurstRx Parm /7 Parm = Modem RX FIFO
RetumOKRaf Parm ({ Return *Parm (Number of bytes in FIFO)
Figure 4B
WaitForExecute
SetTimeout0 Parm /T value
lloop: _ CheckTimeout0 Parm // parm = relative offset of texr; Jabsl
Read Pam /] AX=*Parm
Andimmed Farm 7] AX &= Prxm (Wait for bit to sof)
JumpZero Farm // parm == relative offset of :loop! label
ReadImmed Parm /I AX= Parm
Write Parm {/ *Parm= AX (write g constant out)
RetumOK Parm // Return *Parm (remumn result)
eIt RetumError Pann // Return, *Parm
Figure 4C
Datapump Download
SetTimeout0 Parm /Tvalue
'walt. | Check]Imeouto Parm 7/ patm = relative oitset of rerr: label
) Read Pann /] AX= *Parm
Andimmed Parm /TAX &= Farm (walt Tor bit to sel)
JumpZero Parm /7 Parm = relative offset of swait: 1abel
Write Parm // Parm = Store select
Readlmmed Parm /] AX=Parm (set AX to 0)
Write Parm / *Parm = AX (set tail index to 0)
daop:  Read Parm /] AX=¥Parn (get Store/FIFO status)
Andimmed Parm I/ AX &= Yarm (check for empty FIFO)
JumpZero Parm {/ parm = relative offset of :done: label
Read Parm 77 AX=*Parm (FIFO R/W)
Write Parm [/ *Parm= AX (to DF)
Jump Parm 1 offset of the :loap: label
:done:  ReturnOK. Parm /T Return *Pann (rebim result)
zerr RetumEtror Pam / Retura, *Parm
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Figure §
Opcodes and Parameters
Opcoda | Opcods Name Opcode Dascption Parm Descdplion
0 Version Returm Version Number (XXXX.YYYY) Nane. Setlo0.
1 Read Read contenls of reglsler location poinded to by Parminto AX, | Offsel,
A Jozd from byte sources clears the Upper byte.
2 Readimmed Transfer Pam into lower byle of AX. Upparbyte Js cleared, | Pannis 8 bifs,
3 ‘) ReadimmedHigh | Transfer Pam Into upper byte of AX. Pamm s 8 blts,
4 Wiite Writs contents ol AX to regisler location pointed to by Parm, | Offset,
§ Andimmed Btwise and of AX and value in Panm. AX left unchanged. Mask,
Flags perslst until next comparison.
6 And Bltwise and of AX and value in fegister location polnted fo by | Offsel,
Parm. AXleft unchanged, Flags perstst untll next
- companiaen. .
7 JumpZero Eondilianal jump by number of <Opcode, Parme> tuplets, May | -128 10 127 lines (Parm s 8 bits),
— o negalive.
8 JumpNonZero gondi!i:ﬂnal jump by number of <Opoode, Parm> tuplets. May | 128 1o 127 flines (Pamm i 8 bits).
@ neqaive.
9 Jumnp Uneonditiona! jump by number of <Opcode, Pamm tuplels, «128 10 127 lines (Parm Is & bits),
May be negative. \
Oxa SelTimeout) Sels ime-out value for WailForX opcodes, Number of milllsaconds to waiL
Oxb CheckTimeout0 If the timeotl does not ogcur, the program execilion ~128 10 127 lineg (Parm Is 8 bits),
confinues on the next ling, otherwise the program exacution
fakes a jump of <Opcode, Pamm> luplels,
Oz SetTimeoutt Sels lime-out valus for WallForX opcades, Number of milliseconds to wail,
Oxd ' [ CheckTimeoutt If the timeout does nof oceur, the program execution =128 to 127 lines (Pam Is 8 bita),
continues on the next ling, othervise the program execution
takes a jump of <Qpcoda, Parm> (uplels.
Oxe Loek Lock access lo register map. None, Set to O,
Od Unlock Unlock access to reglstar map. None, Setlo 0.
ax10 BurstTx Transfer from Commiand Packet to FIFO or Store _FIFO or Store number
0x11 BursiRx Trangfer to Response Packet from FIFO or Store FIFO or Stote number
0x12 BumpCIdFIFO Transfer contents of CID FIFO to FIFQ or Store FIFO or Store number
0x13 RelumOK Returns OK staliis for ihe < SendPackel >, Additional Nene Set o 0,
e parameter from AX. .
Oocld RelurnOKRaf Retums OK slatus for the < SendPacket >, Read contenls of | Offse,
register loegtion painied to by Pam Inte AX,
0x18 RewmOKimmed | Refums OK staius for ihe < SendPacket >, Additional Additional parameler.
— parameter taken from Pam, .
0x16 Retumgrr Returns Error stalus for the < SendPackel >. Addifional None Set {0 0.
. parameter from AX,
[ 0x17 | RetumEnmer Returns Error status for the < SendPacket >, Read conlents | Offsel,
of register location pointed to by Fam Into AX,
Ox18 RelumEmimmed | Retums Ermor stalus for the < SendPackel >, Addilonal Addllfonal parameter.
parameler taken from Parm.
0x18 RelumNop No responge to Host; do not generate a response packel, None Sel to 0.
020 ExectiieStore Execules current store at location pointed to by Pam. Stora number (o execule:
021 GelStoraSize Retums lolal size remaining. None. Sef o 0.
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