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Rev 1.0 — 1/29/92

MAC Layer in Detail

As described eardier, the MAC layer is responsible for maintaining the dialogues that are used to acquire the
LocalTalk node ID and transfer data. Each of these dialogues will be described, from the perspective of

both transmit and receive, in detail below. Following the dialogue description, a detailed description of all
the calls will be provided.

ENQ/ACK Dialogue (Transmit)

Upon initialization, a LocatTalk node will init
transmitter is shown in figure 4-6.

acquire a valid node ID. A flow diagram for the

Packel Passed

Packel Passed?

toaigher level. When the timer expires,
rmats an ENQ packet with the MAC.Send.ENQ call
the packet type as ENQ and sets the destination to

uccessfully transmitted, the MAC initiates a 200ps timer. This portion of the process is
shaWn in Figure 4-7. Once the timer has been initiated control can be transferred to other tasks. There are
two possible ways to re-enter the MAC at this point. If the timer expires, as represented by the
Timer.Expired inclication, then the MAC assumes that the node addressed in the ENQ frame is free. The
MAC takes this as its node ID, and writes it into the MIOC with a MAC Write.ID call. The node ID is then
used by the MIOC to filter packets that are on the link.
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Y Success

P '@ o | . | Faied

MAC.Write.ID bé'

| Log Error

@..

Ifa Packet Available indication is received, the
a MACRead.Packet call. As the packet is read,’th

checks the packet for errors. If the packetis an ACK pack
the process again. If the packet is nota valid CTS packet,

RIS/CTS Dz‘alogue (T ransmzt)

¢n reads the packet with
MAC classifies and
er node ID and try

ENQ/ACK diialogue, the MAC begins by sensing the link for
the back-off count and then defer Iftheline 1s available, the

returns to the MAC. The MAC formats the RTS packet with the MAC.Send. RTS
framing layer within the MAC. The MAC then issues the MAC.Send Packet to the

~ packet. Once the send operation is terminated, the call will retumn status to indicate whethek:
packet was successfully sent. If the call retumns status that there was a collision, the MAC updates the Back-
off count and then defers.
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The flow for a successful RTS send continues in Figure 4-9.

%t,%
* NEPS |
MAC.Read.Packet
~lle
MAC.Send.Packet
) 1;gue (cont.)
ket, the MAC initiates a 200ms timer. Once the timer has

After the successful transmlss .

packet+As ‘the packet is read, the protocol frammg layer in the MAC classifies the packet. Ifthé icke
found not to be a valid CTS packet, then the MACassumes a collision updates the back-off count,

the values of the packet type and destination. Aﬁerwards the MACgene
the MIOC. At this point the MAC returns a Success code to its calleg

1ll never have to deal with packets that are not -
destined for its node
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The flow diagram in Figure 4-10 shows the MAC as receiver.

V% Failed

Log Errors

Success

Format ACK

N\ @

MAC.Read.Packet

Format CTS

/N

A MAC.Send.Packel
Figure 4-10. MAC Receive Flow

asa receiver, the MAC is entered on a PacketAvailable indication. In the MAC, the MAC issues
l;call to the MIOC to read in the packet. In the process of mdmg the packet, the _

terminates without checking St
detection and avoidance are only perfor

Ifthe packet is a RTS, the MAC must respo
packet and then sends it out with the MAC.Send.Packe
and can return control to another level. At this point th
(Figure 4-11).

If the MAC is re-entered with a timer expired indication then the operation is-
terminated with a failed indication.

If the MAC is re-entered with a Packet.Available indication, the MAC generates a MAC.Rea
the MIOC to read the packet. As the packet is read, the Protocol Framing layer of the MAC ¢
packetand reports errors. If the packet is a valid data packet the operation is terminated with a success

indication. If the packet is nota valid data packet, the error is logged and the operation is terminated with a
failed indication.
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Failed

Log Errors N Failed

Log Errors

V4 Success

¢'4-11. MAC Receive Flow (cont.)
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MAC Layer Calls

MAC.Send.RTS() Request

Command This command causes the Protocol Framing layer within the MAC to properly add the RTS
packet type to the packet to be sent.

Return Return to Caller

Result {Success,Failed}

Result reflects either success or an unexpected status. It is expected that a failure of this
command is extraordinary.

MAC.Send.CTS() Request

Command This command g

packet
Return Return
Result {Success,Failed}-

¢ Protocol Framing layer within the MAC to properly add the CTS

MAC.Send.Data()

Command This command causes the Protocol B
packet type to the packet to be sent.

Return Return to Caller

{Success,Failed}
Result reflects either success or an unexpected status. It is expected that a failure of this
command is extraordinary.

esult

Request

This command causes the Protocol Framing layer within the MAC to properly add the ENQ
.. packet type to the packet to be sent.
A& Caller

MAC.Send.ACK()

. Request

Command i ; *fiaming layer within the MAC to properly add the ACK
packet type to

Return Return to Caller

Result {Success,Failed }
Result reflects either success or an u
command is extraordinary.

MAC.Write.ID([NodeID]) ., dest

Command Write the LocalTalk node ID to the MIOC to filter unwanted
Return Return to Caller
Result {Success,Failed}
Result reflects either success or an unexpected status. It is expected that a filie
command is extraordinary.

Architectural Investigations & Modeling - Arioso
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MAC.Read.Packet() Request
Command Call to get status and location of a received packet.

Return Return to Caller

Result [Location, {Good, Bad}] '

The result is the status of the read. A bad indication can arise from bad framing or bad CRC.
MAC.Send.Packet () Request
Command Trigger the process of sending a packet.

Return Return to Caller
Result {Collision, Success,}

Success indicates that the packet:was sent. The only way by which the packet can not be

Request

reflects efther success or an unexpected status. It is expected that a failure of this
d is extraordmary

Command Get the status of the receiver packet FIFO. This is available to simulate a FIFO pard for
transferring data,

Return Return to Caller

Result {Full, Empty}

Result reflects the status of the receiver packet FIFO.

MAC.Put.Xmit.Pkt.FIFO() : ‘Request

- Command Provides an alternate way to pass get dat on. The command is
transmit. This is availab
Return Return to Caller

Result

Request

Request

Provides an alternate way to pass data during a transmit operation. The command is used
to get data from the transmit frame FIFO filled by the LLC layer. This is available to simulate
a FIFO paradigm for transferring data.

Return Return to Caller

Result : {Success,Failed }

Result reflects either success or an unexpected status. It is expected that a failure of this
command is extraordinary.
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MAC.Get .Xmit.Frame.FIFO.Status() Request
Command Get the status of the transmit frame FIFO. This is available to simulate a FIFO paradigm for
transferring data.
Return Return to Caller
Result {Empty,Full}
Result reflects the status of the command.
MAC.Put.Rcvr.Frame.FIFO() Request
Command Provides an alternate way to pass data during a receive operation. The command is used to

put data mto the receive.frame FIFO that is used by the LLC This is available to simulate a

Return

Result

MAC.Get .Rcvr.Frame.FIFO.St .~ Request

Command Get the status of the recétig; frame FIFO. “is av, iulate a FIFO paradigm for
transferring data.

Return . : Return to Caller

Result {Empty, Full}

Result reflects the status of the receiver frame FIFO

MAC.Set. Tlmer([tlme]) ' Request

Request to set timer to the value specified in ].15

Return to Caller

{Success,Failed}

Result reflects either success or an unexpected status. It is expected that a failure of this
command is extraordinary.

Request

Command
Return
Result

command is

MAC.Sense.Link()

Command Request to the MIOC to determine

Return Return to Caller

Result {Free, Busy} '
The result indicates whether the link is available or

Packet.Passed()

Command
Return Return to Caller
Result {Packet.Passed}

Indicates that the packet transmission has completed.

Architectural Investigations & Modeling - Arioso
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Timer.Expired() Indication
Command Indication that the current timer task has expired.
Return Return to Caller
Result {Expired}
Indicates that the timer has expired.
Packet.Available() Indication
Command Indication that a packet is available to be read. This provides a paradigm to read packets in
which it is implied that the packet is completely available in memory.
Return Return to Caller
Result {Packet.Availabl

Indicates that a pa

MIOC.Indication() Indication
Command Indicati

Return

Result

RCVL. B . ' >t Indication
Comm ) n of a state change in the receiver packet FIFO. This is used to implémem a FIFO

paradigm for transferring data.

Return Return to Caller

Result {Command Code}

Command code to indicate the state change in the receiver packet FIFO.

Xmit.Pkt.FIFO.Indication()

Command Indication of a state change in the transmit packet FIFC
paradigm for transferring data.

Return Return to Caller

Result {Command Code}

Command code to indigite the s

Indication

Command

Return
Result

RCVE Indication

ndication of a state change in the receiver frame FIFO.This is used to implement a FIFO
paradigm for transferring data.

Return to Caller

{Command Code}

Command code to indicate the state change in the receiver frame FIFO.

Architectural Investigations & Modeling - Arioso
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MAC Timing Requirements

The most important timing requirements of the MAC layer are the times required to respond to a received
packet during a dialog. All times are measured from a Packet Available indication to the Send.Packet call to
the MIOC. Table 4-1. shows these times for the MAC.

Table 4-1. Timing for MAC Dynamic Characteristics

Test

Symbol Paramete Min Max Units Conditions

ters Packet. Available to G - 200 ps
MAC.Send Packet
tDan Packet Available to Da

200 s
MAC.Send.Packet :

tack Packet Available to ACK
"~ MAC.Send.Packet

Architectural Investigations & Modeling - Arioso
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MIOC Layer in Detail

As described earlier, the MIOC is responsible for all single-ended transmissions. Unlike the MAC, all
transmissions are operended, with no feedback on the success of the transmission. In addition to

. providing services to send and receive single packets, the MIOC provides the services to determine
whether the link is busy or free.

Send Packet

Durmg the unnsmlssnon ofa LocalTalk packet, the MIQ is responsible for adding the LocalTalk required

ons of these characters are provided in the
sible for properly formatting them for the
ket (gray shaded in Figure 12) has been

Abort

CRc)( CRC KFlagwm”mmL

sequence are shown in Figure 4-13.

Collision
Send Packet . : \/

¢

—®

@ N\

MIOC .Put.Unit

If the'link is free, the MIOC will wait on the Xmit Unit Free indication from the physical laver. At this point
“¢ontrol can be passed to another task. Once the indication is detected, the MIOC will format the sync

character of the packet by a call to the MIOC framing layer. The MIOC then transmits the sync character by
issuing the MIOC.Put.Unit command.
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After completion of the MIOC.Put. Unit command, the MIOC formats two flag characters and transmits
them with two MIOC.Put.Unit commands (Figure 4-14).

| SendFlag © Freo | sendFiag
XmitUnt ' m
é N é A
MIOC.Put Unit MIOC.Put Unit
Figur . Send Packet (cont.)

After transmission of the sync chamcte

te opening flags, the MIOC transmits the contents of the
packet (Figure 4-15). '

|

Xmit.Unit -

MIOC.Fill Byte.Buffer o
o Figure 4-15. Send Packet (cont.)
Thé first step in transmitting the packet is to signal the Segmentation layer to fill the byte buffer, through

the MIQG, Fill. Byte Buffer command. The timing of the MIOC Fill Byte.Buffer call is implementation

st take into account the characteristics of system features such as VM and DMA. For
is call is performed at the last conceivable moment immediately before the data

a-éhown Regardless of when the call is actually performed, the Data
t the timing required during the send.

ta prior to sending the data out on the link. During the
CRGand then sent outover the link. As in the other

MIOC layer the destination and source, as well as the packety
allowing the MIOC to transfer the packet without knowledge of

After the data has been completely sent, the MIOC transfers the two byteC}
the data transfer (Figure 4-16). As in the earlier examples, each byte is transferreds
Xmit.Unit.Free indication is asserted by the Physical layer, by the MIOCanLUmt comman L

Send CRC1 ' @ Free | sendCRC2

Xmit.Unit Xmit.Unit
L AN 2

MIOC.Put.Unit MIOC.Put.Unit

Figure 4-16. Send Packet (cont.)
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Finally, after the CRC has been transferred, the MIOC sends out the closing flag and abort character
(Figure4-17). In each case, a call to the MIOC framing layer formats the byte before it is sent out over the
link with the MIOC Xmit.Unit. After the abort character has be transmitted, the MIOC retumns control to
the caller with a successful indication.

Y Success
Xmit.Unit Xmit.Unit
T3 \
MIOC.Put.Unit
(cont.)
Store ID
To prevent buldenm sin th ﬁppleTalk protocol amhitecture, the MIOC filters the packets

Store ID

Store ID
Locally

MIOC as a Receiver
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Packet.Passed

/
< % > Available Abort

N
Rovr.Unit

@ /N

MIOC.Get.Unit

Other

the data read from the physical layer is an abort, the MIOC will assert the Packet.Passed indication to mark
a transmission. This indication is used by the MAC to start a transmission that may have been

s of receiving the packet. The MIOC then reads the next two
~ bytes, expeciing -of the next two characters is nota flag the MIOC terminates and
control can be p each of

2 characters is a flag the MIOC then goes on to the next
stage of receptmn (Flgure 420 IS & |

.éa
o]
® 3
Revr.Unit P
cvr. @ . /\ =) Destination
°® =Node ID?
MIOC.GeL Unit A
CRC&
Store Data

Figure 4-20. Receive a Packet (cont.)

At this point in the packet reception, the next character expected is a data character containing the
destination node of the packet. When the Revr.Unit Available indication is asserted, the MIOC reads the
data from the Physical layer. If the character is nota data character the MIOC is terminated. If the character

Architectural Investigations & Modeling - Arioso
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is data then the value is compared against the node ID and if the character does not match the node ID, the
MIOC is terminated and MAC is not notified. If the character matches, it is stored and the CRC
accumulation s started. At this point the MIOC enters a loop that continues unul the closing flag is

denected (Figure 4-21).

/Bad

No

Packet.Available

< %; Available
Revr.Unit é

$ON

.'Accumulale
CRC &
Store Data

- withagood 1esulL Ifthe CRCis bad, the MIOC terminates with a bad result. -

While the MIOC is receiving the data poruon of the packet any charactero han 4 5 will cause
the MIOC to terminate. ’
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MIOC Layer Calls

MIOC.Send.Abort () Request

Command Send an abort unit.

Return Return to Caller

Result {Success,Failed}
Result reflects either success or an unexpected status. It is expected that a failure of this
command is extraordinary.

MIOC.Send.CRC() Request
Send CRC unit.

Command
Return
Result
expected status. It is expected that a failure of this
command is extrag,

MIOC.Send.Flag() - Request
Command : Send a flag unit.
Return Return to Caller
Result {Success,Failed}

Result reflects either success or an unexpected status? a failure of this

command is extraordinary.

MIOC.Send.Sync()' Request

Send a sync unit.

Return to Caller

{Success,Failed } ' :

Result reflects either success or an unexpected status. It is expected that a failure of this
is extraordinary. ‘

Request
Command : Transfer Services layer to initiate the conversion of segments to bytes that
Return
Result

that the process ¢Giils

MIOC.Rcv.Data()

Command Call to the Data Transfer Services lay

will fill the segment buffer read by the MAC!
Return Return to Caller
Result {Success,Failed}

Result reflects the success or completion of the command.
that the process could have failed.

MIOC.Get.Unit()

Command Get a received unit from physical layer receive buffer.
Return Return to Caller
Result {Success,Failed}

Result reflects either success or an unexpected status. It is expected that a failure of this
command is extraordinary.

Architectural Investigations & Modeling - Arioso
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MIOC.Get.Rcvr.Unit.Status() Request
Command Get status of receiver unit buffer.

Return Return to Caller

Result {Empty, Full}

Result reflects the status of the receiver unit buffer in the Physical layer.
MIOC.Put.Unit () Request
Command Put out the transmit unit to the physical layer transmit buffer
Return Return to Caller
Result - {Success,Failed}

Result reflects eith

expected status. It is expected that a failure of this

Request
Command
Return
Result
status of the transmitter unit buffer in the Physical layer
MIO Reque st
Comma ‘an altemate way to pass data during a receive operation. The command is used to

transfer data from the physical layer buffers and place them in the byte FIFOs rmd:.by the
Data Transfer Services layer. This is available to simulate a FIFO paradigm for t
data. .
Return Return to Caller
Result {Success,Failed}
: Result reflects either success or an unexpected status.
command is extraordinary.

MIOC.Get.Rcv.FIFO.Status() = : Request
Command Get the status of the recelver byte FIFO '
Return Return to Caller

Result {Success,Failed}

Result reflegts either 51 s. It is expected that a failure of this

Request

n to Caller
{Success,Failed}

Result reflects either success or an unexpected status. It is expected that a failure of this
command is extraordinary.

MIOC.Get.Xmit .FIFO.Status() Request

Command Get status from the transmit byte FIFO.
Return Return to Caller
Result {Success,Failed}

Result reflects either success or an unexpected status. It is expected that a failure of this
command is extraordinary.
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Command Indication of a state change in the receiver unit buffer.

MIOC.Fill.Byte.Buffer() Request
Command Command to the Data Transfer Services layer to fill the byte buffer.

Return Return to Caller

Result {Success,Failed}

Result reflects either success or an unexpected status. It is expected that a failure of this
command is extraordinary.

MIOC.Get.Link.Status() Request
Command Get status from the I.mk.

Return ‘ Return to Caller

Result {Free, Busy}

transmitting.

Revr.Unit.Available() «

Command A physical unit is available
Return Return to Caller
Result {Available} :

Indicates that a unit is available to be

Xmit.Unit .Free() ndication

Return to Caller
{Open}
Indicates that space is available to transmit data from the Physical layer.

FO.Indication() Indication

Indication of a state change in the transmit byte FIFO. This indication can be used to
¢ratjons that utilize the FIFO paradigm to transfer data from the Data Transfer

Return
Result

Command

Data Transfer Services Ia).'ers
Return Return to Caller
Result {Command Code}

Command code to indicate the state chang

Architectural Investigations & Modeling - Arioso
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MIOC Timing Requirements

The MIOC presents the most severe timing requirements of LocalTalk. One of the complicating factors in
specilying timing constraints is the depth of FIFOs and memory structures used to buffer data. In the
specifications below, the timing requirements will be specified in units of us/byte where appropriate.

Table 2. Timing for MAC Dynamic Characteristics

Test
Symbol Parameter Min Max  Units Conditions
vt XMIT.Unit.Free to, - 3472 psiyte
MIOC.XMIT.Unit
tRev Unit Available toMIOC. 3472 ushyte

Architectural Investigations & Modeling - Arioso
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Physical Layer in Detail

The Physical layer is composed of the minimal registers and circuits that could be address by a software
implementation. That doesn’t necessarily mean that some of the functions documented earlier can’t be
implemented in hardware, rather, the Physical layer contains “hardware” that is intuitively hardware.
Therefore the best means to describe the Physical layer is with the conceptualized block diagram shown in
Figure 4-21.

] Receive Buffer Status,_

Receive Data

Link

“wTransmit Data

Parallel/Serial

— Uy

Busy Detect

Busy Detect

Figure 4-21. Conceptualized Block Diagram for the Physical Layer
e three main components of the Physical layer: Serial/Parallel Converter, Parallel/Serial Converter,

ransmit buffer can be any size depending on implementation.
be used while sending a packet

sitdetect is to monitor the status of the link
e MAG:0 determine whethera

The final component is the busy detect. Thé‘pu
and provide status upon demand. This line is used:by.the Mt
collision has occurred during a transmit
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Chapter 5

been defined. Instead, the document will make references to th
specifications. : &

This will show the appearance of the modem system ifi
layers to the model.

refit or future modem code. This
document is a logical “protocol for Apple implementations. The

goal is to define eleme
- ToolBox defi

should have

Béll 103 — 300 bps modem, 300 baud
Bell 212A — 1200 bps modem, 300 baud

DATR — Data transfer. Datapump Toolbox name for modem control and data movement
calls

T30 — CCITT fax modem specification
V.21  — CCITT 300 bps full duplex modem standard, 300 baud
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V.22  — CCITT 1200 bps full duplex modem standard, 600 baud

V.22bis — CCITT 2400 bps full duplex modem standard, 600 baud

V.23  — CCITT 1200 bps half duplex modem standard, 1200 baud

V.24  — CCITT version of RS-232

V.25 — CCITT phone calling/ answering protocol

V.27ter — CCITT 4800 bps half duplex modem with adaptive equalizers, 1600 baud

V.29  — CCITT specification for 9600 baud full duplex service using two line pairs, each
half duplex

V32  — CCIIT specificationfr. 9600 baud full duplex service over standard telephone
lines. This requifes

Hayes Compatible —a modem t
Digital Communication:A

PSTN — Public Telephone Networ

About Modems

composed of a modulator (digital data to analog s:gnal transmitteryzari ]
{analog signal to digital data receiver). They represent the oldest and most common method

, many elements of the control of modems and many serial data communication
i _unique. This leads to great difficulty in both standardizing control

recommendations, whj
behavior.

the digital interface however; all modems from;
transmission for the analog symbols.

If asynchronous data is to be transmitted, it is first converted
then sent over the line. These synchronous packets are the u
aligned on the synchronous edges of the analog modem link.

In the synchronous case, the data bits are transmitted using the clock of the tfiderlying
modem link also. In this case, no asynchronous to synchronous conversion is required.

In the asynchronous case, the clocks of the two computers operate at nearly the same rate.
Using oversampling of the signal, the modem recovers the digital data from the analog
symbols.
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Modems require a clear channel to communicate. Normally this is either the telephone plant
or direct wire connections. There is an assumption that the channel between them does not
support DC signaling. Further, the channel has limited available bandwidth. Often this is the
telephone plant that only has about 4 Khz bandwidth. -

For dial up lines, the modem must handle ring processing and the generation and
recognition of calling tones. This requirement is in addition to any tone generation and
detection that is part of the modem operation.

Dialing processing has timing constraints that are beyond the ability of current Macintosh

central CPUs to process in normal gperation, requires below 10 millisecond guaranteed
timing. Normally an external mode
and thus does not have the timin llm

¥ Macintosh. Apple is considering new
e main CPU, and thus has to deal with

s the Phone line processing (called the PSTN functions
; g signaling functions (called the DATR functions) and
o the tést of the software system. Consider data transfers that do
WO modems connect, with no mtermednate telephone swntchmg,

Data MIOC . Data Mover -

r DATR functions

L PSTN functions

;_Y__J

Phone System Connect Long Haul Modem Direct Connect
Figure 5-1. Different Modem connections illustrating partitioning choice.
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At the bottom are the means of creating the direct channel. This is either the telephone

network and associated dialing systems, or a direct connection. We will consider the PSTN
functions in this Arioso description of modems.

The next level is the modem signaling itself, the operation of the modulator and
demodulator. This uses the connected channel to transmit and receive analog signals. It does
not matter whether it is a direct connect or a connection over a telephone line to the
modem. ‘

These analog signals are the physical.layer of the next level of the system. The next higher

connection of the modem level he modem signaling to send or receive bits and special
delimiters. The Data MIOC |a ps, packages, and checks the CRC of the data. It
connects to the rest of the syster by ei
data requires bytes; synchronoy
grouping of bits into bytes and the

The synchronous and asynchronous, hs from this point.

will process the frames and
respond to errors. The async data usually goes
As seen from figure 5-2, there are several possiblé clients ¢

async data, there is usually only one client.

Architectural Investigations & Modelling - Arioso
01992 €® Apple Computer Confidential - Need to Know



Modem - rev 1.0
1/29/92

Macintosh Communications Toolbox
ASDP CTB Tool Modem CTB Tool V.42 CTB Tool

ADSP

Async MIOC

Sync MIOC-

Direct Connect

Direct Connect

Telephone Sys

the Modeni*"The Macintosh 3615 user's guide describes the integration of modems and the
Magintosh.

- There are two basic types of modems — external and internal modems. External modems are

normally Hayes compatible connected to the serial ports of the Macintosh. Global Village has
a modem that connects to the ADB interface.

Internal modems are either bus based or motherboard based. Nubus modems such as Mozart

fit into the first category. In the second category, there are 3 different types. The portable
Architectural Investigations & Modelling - Arioso
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design center is using the Rockwell Datapump series of modems that include some telephone
signaling, modem signaling, clock extraction and CRC checking. The Cyclone is using the DSI
to do the same basic functions. The interface here is a set of buffers between the Mac CPU
and the DSP, and messaging using the standard DSP control definition. The RISC based
products are planning to do the above functions in the main RISC processor.

The Datapump Toolbox ERS describes the proposed common interface to these disparate
modem implementations. .

Serial Port ADB Port

Mother
Board

Tesseract
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Arioso Model of Modem

The remainder of this chapter defines the Arioso layers of the Modem system. Each layer has
an interface to the layer above it and an interface to the layer below it. The realization of a
layer is an fmnplementation.

The layers begin with the /O devices at the bottom, and continue up to the device driver
interface at the top.

As mentioned, modems can be viey
this did not fit directly into the Ario
breakdown of only a single protogol e
the data of another system,

so is a description of the layered
may involve several systems, each using

can be thought of as separate entmes voice c1rcu1ts may be a client of the phone con
just like modem signals can. °

Each I/O system involved in the modem'is relatively simple; we diyi
and MAC layers. The MIOC layer is the protocol for sending data :

show the possible conﬁguratlons The f
This is the direct wired RS:23' i
modem. The last case i

This can also be though
phone system
connection

&n the modem connection is made, and then the data

e .modem will assume the most complex model, that is one that has the
em, and the data connection.

Architectural Investigations & Modelling - Arioso
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MioC Data Access Layer

Figure 5-4. Modem layering model
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MioC Data Access Layer

MAC Modem MAC

r DATR

MIOC . Modem MIOC

Physical
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o Data Access Layer .

RS-232 connection.

PSTN MIOC layer Description

MAC layer builds upon this service to manage communication with the destination phone
device. Thus the MIOC will generate tones, recognize tones, take the handset off hook, and
put it back on hook. The generation of tones and recognition of tones is where most of the
tight timing constraints in modem implementations come from.

Architectural Investigations & Modelling - Arioso
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PSTN MAC Layer Description

The PSTN MAC layer uses the tone generation and recognition ability of the PSTN MIOC layer
to send a sequence of tones. It assigns meaning to these tone sequences. They may be a
dialing sequence, redialing sequence, or terminating if it detects busy tones. It will send and
receive tones to establish a connection between the Macintosh and the destination phone
device.

DATR MIOC layer Description

modem can use it to send another set of
these signals for initial negotiation of
information symbols, clock information, and state
a MIOC layer, the signaling does not need a

f the line.

After establishment of the physical ch:
analog signals over the conneg

actual bit transfer. This connecuon appears like an end to end bi|
a synchronous one, then clocking information is also sent acro
the data.

Data MIOC Layer

The final layer consxdered in.the mod

“the buffers are simply individual data bytes.
very channel, whether full or half-duplex.

itionally, modems have a command line interpreter that accepts Hayes
.artmodem commands (the Hayes AT command set). The CLI accepts commands that take
the phone on or off hook, for example.

In order to make the document more clear, we show the control section of the CLI as a
separate module that connects to all lower layers of the modem.

Architectural Investigations & Modelling - Arioso
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Physical Layer in Detail

The physical layer is that of the telephone system. It will not be described in this document

PSTN MIOC Layer in Detail

The Datapump Toolbox specification describes access to this and the subsequent layers. Each
section will simply show a list of the calls and which category they belong to.

RING_PARAMS()
LINE_PARAMS()
DIAL_PARAMS()
HOOK()
DIAL_MODE()
START TONE_FILTERS()
GENERATE_TONE()

PSTN MAC Layer in Detail

FD_SDIC()
HD_SDLC_TX()
HD_SDLC_RX()
FD_SYNC_TRANSP()
HD_TRANSP_TX()
HD_TRANSP_RX()
FD_ASYNC()
FD_ASYNC_NO_RES()
FD_MNP_ASYNC()
LOOPBACK()
OUTPUT_LEVEL()
SPEAKER()

Architectural Investigations & Modelling - Arioso
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DATR MAC Layer in Detail

DO_RETRAIN()
GET_EQM()
REM_WAKEUP()
GET_VERSION()
MODEM_STATE()
MODEM_CAPS()
HANDSHAKE()

DATA MIOC Layer in Detail

SET_FIFO()
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Chapter 6

Small Computer Systems Interface

into mterface layers.

The SCSI described here is a model; the actual calls and interface fur}: ons are.

Glossary

SCSI uses a number o
section. The terminolog)
subcommittee :

: fers to an addressable entity within a LUN. This was introduced as part
IF There may be up to 256 I/O processes within any LUN associated with an

m’tnator * The SCSI device that issues 2 command to another SCSI device
Target *The SCSI device the receives a command
Disconnect ¢ The SCSI target may decide to release the Bus, and still process the command

Reconnect * The SCSI target will rearbitrate for the bus, get the bus and select the Initiator
to complete the command. There is only one reconnect outstanding per SCSI target
allowed.

Architectural Investigations & Modelling - Arioso
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CAM ¢ The common access method *A programming interface to a SCSI system designed to
be common across multiple platforms.

SIM *SCSI Implementation Module * A "bus manager” for a single bus of the SCSI system
defined in the CAM. This is the same as the LLC layer of the Arioso model.

Tagged Queuing*Each device may have a queue of pending commands and requests that
need to be operated on. A disk drive can have several pending reads active at once.
These requests are placed in a queue, and the queue elements are referenced by
integers called Tags.

About SCSI

SCSI is a bidirectional parallel proto mmumcate between computer peripheral
devices. It currently uses an 8 bit bus : state identification and
handshaking. The bus supports muttip] ell as multiple slaves.
The protocol also defines addressable tnits w't

are mdepcndent addressable entities. For example, there could be fiV& disk drives, each a
Jogical unit, within a single SCSI device. Each logical unit may have a Queue of 256 elements

ges, which are small (1-3 byte) units, may bc
it:the connection. Information is

Out, Data In, and Data Out. The directionof |
point of view of the initiator. The target decid
given point in the protocol.

the host to address another target or to allow another target to get 6
reconnect at a later time by acting as a host and acquiring the bus and the; g the host
who issued the original command. The command will then be completed and' Status byte
will be sent, finishing the command sequence. The transaction completes with a final
message transfer.

The SCSI protocol is an industry standard now controlled by the ANSI X3T9 Committee. Their
current specification is for SCSI-II, which is a successor to SCSEI, often referred to as just

Architectural Investigations & Modelling - Arioso
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"SCSI". Most peripherals at this point in time are still SCSI-L Apple's current implementation
is neither SCSI-I or SCSI-II compatible.

One of the goals of the Arioso project is to identify layers that can be implemented by the
design centers instead of by system software. For the SCSI system, the most probable split is
the MIOC Framing layer. The MIOC and MIOC Framing layers are the primary parts to the
system that change with every new CPU, and they are the most hardware dependent. The
MiIOC Control and MAC layer and above remain reasonable candidates for system software to
maintain.

Implementation Tree

the New Kernel are planned. These are similar to the New SCSI Ma;
features and implementations.

The SCSI chips that have been used are the 53C80 and the 53C
in some of the newer CPU designs. In addition, the Curig.
based on a 53C94, which is substantially the sam

An implementation tree of the current :
the type of SCSI controller vetsus the

Architectural Investigations & Modelling - Arioso
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Cyclone

Architectural Investigations & Modelling - Arioso

Figure 6:3:8CSI Implementation tree
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Arioso Model of SCSI

Device Driver

Device
Characteristics

Transport

Network

Physical Layer

xx. Breakdowii of a SCSI Hard Disk device driver

Thie layers are described from the /O devices at the bottom, up to the device driver interface
at the top. As shown the system has a device driver interface at the top, which then the device
characteristics, which represents the actual device. The transport layer below that actually
routes the SCSI commands to the final destination. This is implemented as the SCSI CAM
layer.

Architectura Investigations & Modelling - Arioso
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SCSI does not use all of the layers in the model. There is no network layer in SCSI, which
would only be useful if one was bridging SCSI commands across network segments.

The lower levels control the communication between the initiator and the target. The

Memory transfer section supports segments of physically contiguous data and the byte FIFOs
that are part of the final transmission circuit.

Logical Link Control
(LLC)

Command

Media Access Contol

(MAC)

Command|

Media Input/Ouput
Control (MIOC)

ata conver
o ¢

Figure 6-2. Detailed look at the lower SCSI layers

Physical layer Description

Architectural Investigations & Modelling - Arioso
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At the bottom of the device driver, there is the physical signalling that arbitrates for the bus,
selects the target, and transfers information. This information is documented in the SCSI-II
draft specification.

MIOC layer Description

iven to the MIOC layer for transmission. Since
its h any order, they are shown as 6 parallel
Daa out, Message i in, and Message out

The set of commands, messages, a
SCSI can transmit the different in

#quivalent of the SCSIGet() and SCSISelect() calls of the old SCSI
mplemented in the MIOC frammg level. That is, it will arbltrate for

the bus;:it wnll then select a peripheral device that will be the target of the commans

If the ATN line is asserted when the selection takes place, then the target is insts

characteristics of the connection that will be observed.

The Macintosh may also addressed and selected eithe
when the Macintosh is actmg asa target mstead of a hi

layer entity.

The MIOC layer pulls
into the transmissi

wtations of SCSI, the equivalent of the MIOC framing level is
of the device driver is loaded from the driver partition on the

In SGSI Mgr 2.0, the MIOC framing layer is called the Low Level Software Interface.

fie MIOC layer is responsible for transmitting and receiving information to and from the
bus. The information content of the buffers should not be known by the MIOC layer; that is
the responsibility of the Mac layer.

Mac Layer Description

Architectural Investigations & Modelling - Arioso
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The MAC layer sends commands to attached devices, selects which device to process, manages
the data transfer, and returns status. It may also initiate messages to be transferred and
process messages that the target sends to it. For a SCSI target, the MAC layer receives
commands, manages the data transfer, and sends status. It may also initiate message transfer
and process incoming messages.

The MAC layer should not know which logical unit number within a device is being
addressed. Unfortunately, the addressed logical unit is selected with an identify message.
Normally messages are passed bctween two devices on the SCSI bus; the identify message is a
case of the LLC layer sending a message also.

The MAC layer should not know
status is. His job is to xssue
to be processed, and then re
of the status are done by a highe an :

the content of the command buffer is, or what the
nd;:generate and respond to any messages that need
nerating of the command and processing

he state of the connection
will be saved in
eé-connection and

If a disconnect occurs during a comg:

continue from there.

If the Macintosh is selected as a target by another device, the the MAG:tayer must route the

:..sommand to the correct higher level entity that will process it. If the Macintosh is reselected,

then it will restore the connection state for the target and continue.

Layere® SIM Description

¢ used interchangeably in this document. The SCSI LUN layer is
;i.-ssmg issues. There may be 8 Logical units and 8 I/O processes

per attached dev
in the MAC layer.

This layer is the one identified in the SCSI CAM committ
Implementation Module).

The LLC layer itself only does a routing function and doesn't actually pro¢
a real implementation would presumably merge the LLC layer with the MAC

Transport layer ® CAM Description

There is currently no network layer in SCSL There may however be multiple busses within a
system. Furthermore there are redundant names between these different busses (i.e., more

Architectural Investigations & Modelling - Arioso
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than one target ID 0). The transport layer performs a routing function between the device
drivers and the actual busses. Thus a single programming interface can be provided to the
device driver, and the TRANSPORT interface will direct the request to the correct bus and
logical unit queue.

The CAM layer of the CAM committee is very similar to the TRANSPORT layer defined in the
Arioso I/O model. However, there is one significant difference. The Arioso model addresses
each of the distinct logical unit queues of each bus by a logical name that is unique across
the entire set of SCSI logical unit numbers. This has the advantage that after the machine is at
operation level, there is not need for the device driver to know what target ID or what logical
unit number a particular device is n is hidden within the transport layer.

The motivation to hide this mfo the object oriented notion that unless a
formation, is should be hidden from it.

f the CAM interface, the weaker CAM method
interface for SCSL The Arioso SCSI layer is then a thin

| name to {Path ID, LUN, Target ID} translation.

The DEVICE CHARACTERISTICS layer defines the useful attributes of the device beir ‘
addressed. This layer is not specific to a particular connection media; instead it is a
representation of the attached device.

An example is a hard disk drive. The drive can be read, written,
addressed on 512 byte boundaries (at least the ones we use now;
it can have errors on any particular operation. These charact
is connected via Appletalk or SCSL

A tape drive is another example. Whi

ie lower layers of the /O system. Thus
a "read" to a hard dis ' SCSI command to read at a particular
address. This comman assed” SCSI CAM layer, and eventually a status to the

the several operating systems that Apple supports all use different calling
tfaces and conventions, while the device may be the same. For another, some parts of the
tem device driver interface do functions unrelated to the device, such as switching address
spaces, copying parameters from one place to another, and getting the icon of the device.

Device Driver Layer Description

Architectural Investigations & Modelling - Arioso
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The DEVICE DRIVER Layer will take the device driver interface from the operating system and
convert it into requests that map to the common device characteristics layer. No matter which
operating system is used, once the file system mapping is done, the requests are simply to
read or write different sections of the disk, or to get information about the disk. The task of
the DEVICE DRIVER layer is to convert the operating system specific requests to requests to
the logical device represented by the device characteristics layer. For simple devices, such as a
single hard disk, the logical device will be the same as the physical device, and the DEVICE
CHARACTERISTICS layer will be merged with the DEVICE DRIVER layer.

. each layer as
representing the devices at the lower layers. Thus it views the I/O system from the leaves to
the root, with the actual media connection being the root. For those who wish to view the
system as physical devices, the media connection is the root, and each device, LUN and
tagged queue element are leaves. The correspondence between these two views is shown in

hysical Luns

hysical Queues

Architectural Investigations & Modelling - Arioso
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Figure 6-3. Addressing structure of the SCSI [/O System

Addressing in the system is done with a mix of data lines, messages, and commands. The
primary addressing is done with the Select bus phase. After this, the identify message can
select either one of 8 LUNs or one of 8 "target routines". Finally, if a Queue Tag message is
added, the command may be addressed to one of 256 different Queues on a particular LUN.

Target Address | Host+Target

LUN Address Host+Target

Routine Address |[Host+Target

Queue Tag

Queue Address

"entify Message Queue Tag Message

Figure 64, Addressing terms of SCSI
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Command

Return

Result {Asserted,
MIOC Layer in Detail

612

The specification describes the SCSI system in three ways. First, the semantics of the main
interface calls is the description of what the call does, or what "functionality” it has. This is
described at the Operations section of each call and in the written description at the
beginning of each section. Since there is no formal method for describing this currently
accepted by the industry, this section will be described by several properties of the call. State
diagrams may be used to further illustrate the operation of a layer.

Second, the syntax of the interface:functions specifies what services can be requested and
what parameters are used to i nt the call. This is described in the call header of each
subroutine. The paramet shown in set notation to indicate that the order of the
parameters and their exact.type af€ not important to this specification. They are important to
the implementation specificatio

Third, the timing of each call is the dé
maximum, and what underlying timi

task. The first is a set of constraints that the implementation must*meet: The second is a
easure of the performance of the system.

DA.GetDreq() Request

1. MIOC Control Layer

The Media Input/Output Control Layer addresses the media an att
bytes out over the media interface, and receive them from the media inté;
of the different bus states that take place, but is unaware of the meaning of any.
command or message data bytes. To the MIOC layer, data is just some sequence of bytes of
unknown information.

For SCSI, there is only one kind of data sent out to or received from the media. These are
sequences of bytes to or from one of six buffers. The current bus phase will determine what
the interpretation will be of this kind of data it will be interpreted as. Unfortunately, while

Architectural Investigations & Modelling - Arioso
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the MIOC does not know about the contents of various messages, it must be aware of the bus
phase changes. When a bus phase change occurs, data from a new location will begin
transmitting. For example, when the SCSI phase changes from Message Out to Command
phase, the MIOC will begin transmitting from the Command area.

The SCSI transfers from a host can be broken into three parts.

First, there is the initiator sequence. The initiator on Apple supported drives will arbitrate,
select, and then send a command. This is the initiator sequence.

Second, the target controlled sequence will start. In this phase, the target will set the bus
phase and request transfers of da
transfers. Also included in this sec
completion of the SCSI seque

Fal

T

SetRety Last GelPut
Count Byte 0

of times the transactio
fiito the FIFO. It then preloads any message bytes
‘the message buffer and writing them to the FIFO.

S€lect, and message and command transfers. The Macintosh must wait for some
status to return from the chip, which is shown by the block of execution thread symbol.
ifferent implementations may either busy wait, or block, or check other devices during this
me. Eventually the 53C96 will respond with either a command successful, in which case the
thread moves forward to either the disconnect or the the good state, or an error takes place.
Some errors will result in the command being retried again; others will result in a failure
being returned to the caller; others may result in the abandonment of this request and a
reset of all SCSI devices.
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MIOC.DoTargetCtl Good
@ AV 4
Get Data Xfer Setup Xfer
setup Count
N @
N d | Polled Xfer v

| DMA Xfer

by the target.
While the target technically controlled the identify message and the command transmission,
since they are always done at the start they are considered part of théinitiator controlled
ection. This call primarily supports data transfer, since any messages that are sent must be
‘orwarded to the Mac layer for processing.

This:command begins by setting up the data transfer, since this is the most likely thing to take
2]t must set both the pointers to where the data goes and the count of how many

nge to another phase, such as Message In to send a
this case, the data transfer is suspended and
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MIOC.DolnttiatoriMessagein Good

Signal Message Available

Setup Xfer

Got Message | | Mossage Acpt @ > Copy to
Message Area

MIOC.DolnitiatorMessageOut

Mossage Rej

s programming the 53C96 to accept thc data.
10| "53C96 to actually acquire the message. The
his takes place Once the message has been recelved if

returns failure. Otherwxse it tries again.

Get/Put
Message Bytes

Fail

zAfter the MIOC observes that a message is ready to send, it retrieves it from the Message

Queue and writes it to the FIFO. It then issues a send message command to the 53C96 to
actually send the message. The code blocks again at this point. If the message is rejected,
then it is resent. If it is accepted, then control returns to the caller.
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Good
Request Message Out
® v
Set ATN
figure 6-9. Request Message Out graph
In the SCSI protocol, only the target may control information transfers. Thus if a host wants
to send a message to a target; she niust request that the target enter Message Out phase. This
is done by asserting thé*ATN li jus, and that is all that this function does.
DoCommanaCompiets | | Getsessage Go0d
? tssue C Pul Slaks and Message _@_T
i Complele n Copy 1o
Bufter Area Massage Aea

:53C96 has received the Status and Message bytes. If
ut into their respective buffers, and the MAC

message buffer. The execution then blocks again wamng
When that occurs, a response of good is sent to the caller.

If the message is rejected, it is retried 2 finite number of times, and if stil
failure is sent to the caller.
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L Fail
MIOC.DolnitiatorLinkedCommand Disconnect
Set Retry =0? Gel/Put l '
Count l\/ Command Bytes Issue Command

figure 6-11. DolnitiatorLinkedCommand graph

the target does not go to bus free at the
next:command. It is required that the target
the:final message of the previous command,

th the new command, data, status and message

end of the command. Rather, it will
issue a Linked command complege:m

: 1and bytes are copied to the 53C96 FIFO. The transfer
en issued to the 53C96, and the execution is blocked If the 63C96

MlOC.DoReseIect
o Signal Incomiiig. CDB

Get/Put Get/Put Message
ID Bytes

figu

compléte 2 command, it will be notified

If the Macintosh is reselected:by a ta
the ID and the message from the

via an interrupt. This ¢
53C96 FIFO and place

MIOC.DoTarget Good

Signal Incoming CDB

L

Get/Put
Command Bytes

figure 6-13. Do Target graph

if the Mac is acting as a target this call will be made to retrieve the information from the
53C96 FIFO. An interrupt signalled the fact that a selection was made and the Macintosh was

the target.

Architectural Investigations & Modelling - Arioso
©1992 §® Apple Computer Confidential - Need to Know 617



SCSI-rev 1.0

2/4/92
The command will get the ID, the message bytes, and the command bytes, and copy them to
the associated buffers. The MAC layer is signalled with an incoming CDB, and then a return
of good is made.
MIOC.DolnitiatorCt Good

Get Data Xfer Setup Xfer
setup Count

Polled Xfer

This function will control the data transfer portion of the target seqtierice. It is essentially the
same as the corresponding operation as an Initiator. The difference is that in this command,

§

Last Co|
| Copyto
Byte Message Area

me as the Dolnitiator
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MIOC.DoTargetMessagsin Good
o /
Get/Put ‘
Message Bytes Send Message In
Fail
/
. B6"Marget Message In graph
This function wi the host. It is essentially the same as the Dolnitiator

“is the Mac that controls the data transfers.
MIOC.DoTerminate

[¢]

Get/Put Status and
Message in
Buffer Area

5. rrgétiis ready to complete the transaction. It
r linked command completed message in
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MIOC.DoDisconnect

620

When the Mac acting as a target is
command, this function is called. A
buffer.

If the message is not available, the command
fail will be be reported back to the caller. If one is avanlable it-wi retrieved from the
message buffer and put in the 53C96 FIFO. The send message comniand is then issued, and
he execution blocks.

" If the message is accepted, the Mac then goes to the bus free state. If it is rejected, then the

message is tried again.

.IC; ontrol Layer Calls

Request

MIOC.DoTarget([CMD

Command Get the comma2

Request

Retum Return to Caller .

Result {Success, Fail}. There is either

MIOC.AbortCommand() Request

Command Stop the execution of the current command

Return Return to Caller

Result {Success}. The current command is stopped.

MIOC.UnexpectedPhaseChange() Indication

Indication An unexpected phase change has occurred that requires attention (normally Message In
or Message Out after Command phase).

MIOC.GetSCSIPhase([ID]) Request

Command get the current bus phase.

Return Return to Caller
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Result {BUS-FREE, ARBITRATION, SELECTION, RESELECTION, COMMAND, DATA, STATUS,
MESSAGE, UNKNOWN, TRANSITIONAL}.

The bus can be either in one of the SCSI committee approved states, in an unknown state
(since estimating the current state relies on a history of past events), or in an area between
states. The SCSI specification does not precisely specify when one state ends and another
begins for some of the states, so it is possible to be in between two states.

MIOC.AddMessage([Ptr]): Request

Command This will add the message to the message queue. As long as there are messages in the
queue for the target the ATN line will be asserted.

Retum Return to Caller

Result {Complete,Error,

The message may take place, a Timeout may occur.
MIOC.RequestMessageO Request
Command i - message be sent out to the connected device. Attention will be set.

After a2 message has been received, the bytes can be extracted with the GetMess:
command.
Return to Caller

Result The message bytes.

MIOC.Reselect()

Indication This Macintosh has been reselected in order to c n}pfe :
MIOC.GetTargetAddress() ‘
Command Get the address of the:tz

Retumn Return to Caller -

calls and sequences from the MIOC layer and convert
he MIOC has decided which elements will be done, and

Device dependenties affect the interfaces at this layer. In particular, the 53C80 has separate
fid'select commands; the 53C9x family does this as one atomic operation.

MIOC Framing Layer Calls

MIOC.F.BusFree([ID]) Request

Command Release all control signals that are currently being driven on the bus. This may resultin a
protocol violation occurring.
Architectural Investigations & Modelling - Arioso
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Return Return to Caller
Result Void
Operation This command will set the following SCSI signals to false: BSY, ACK, ATN, RST, SEL. It then
returns. The completion routine happens at the same time as the return.
MIOC.F.ResetBus([ID]) : Request
Command Initiate the SCSI Reset sequence
Return Return to Caller
Result Void
Operation This command will drxve the SCSI reset slgnal for a minimum of 25 usec. All signals on the
, bus will go to idriven state at the end of this.

MIOC.F.GetSCSIPhase([ID]) Request
Command get th

Return

Result {BUS FREE % ON, RESELECTION, COMMAND, DATA, STATUS,
Operation The bus can be ei ed states, in an unknown state

t events), or in an area between
hen one state ends and another

states. The SCSI specnﬁi'ntlan do
begms for some of the states, sa;

Indication
dication This indication shows that a state change has occurred. The Mac layer will presumably call
MIOC GetSCSIPhase() to find out what the new state is.

»F Dol nitiatorMessageOut([Ptr])/SCSIMsgOut() Request

send.a message to the target
C

MIOC.F.DolnitiatorLinked

Command send a command t6 t

Retumn Return to Caller

Result Result interrupt {COMP, ) '

Operation The command bytes are written into. ion. This call is different
for a 53C9x and a 53C80. For the 53C9x, the ; mmand, and thena
NonDMA information transfer command is give byan
interrupt, caused either by a phase change or the o

MIOC.F.DolnitiatorMessageIn([Ptr])//SCSIMsgIn() Request

Command get a message to the target using the FIFO

Retum Return to Caller

Result Result interrupt {COMPLETE, TARGET PHASE CHANGE}

Operation Message bytes are received one at a time until the message in phase changes. The

command completes when the phase changes to something else. The Information phase
is checked between each message byte.If it changes, the next byte is not read.

After all of the message bytes have been received, the Message accepted command is
issued, and the 53C9x acknowledges the transfer.

Architectural Investigations & Modelling - Arioso
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MIOC.F.DoCommandComplete([Ptr]) Request
Command send a command to the target using the FIFO
Retumn Return to Caller
Result Result interrupt
Operation get the status byte and message bytes.
MIOC.F.InitiatorWriteData([Ptr]) /SCSIWrite()/SCSIWBlind() Request
Command send a data to the target using the FIFO
Return Return to Caller
Result Result interrupt

Send the data cu in the data.buffer to the target. There are several implementations
pifers, the SCSIWBlind procedure is used. In this, after
essor.will write each data byte with the transfers
fthe:SCSI chip. Interrupts are enabled during this time,
f thie‘transfer loop, and return to it afier the interrupt.

v if the time between successive REQs is too long, a bus error

‘will stop the transfer. When control returns to the transfer loop, the

Operation

/S€SIRead()/SCSIRBlind() Request

data from the target using the FIFO
tiirn to Caller

Result interrupt

Send the data currently in the data buffer to the target. There are several im
of this call; for the highest speed transfers, the SCSIRBlind procedure is used. In
the first REQ is detected, the processor will read each data byte wi
synchronized by the DREQ line of the SCSI chip. Interrupts &
so it is possible to break out of the transfer loop, and refurn
If the device is too slow, a bus error will be generated
control returns to the transfer loop, the transfer will

MIOC.F.TargetReadData([Ptr]) Request
Command read data from the h

Return Return to Caller

Result errL ,

Operation Recei i the host. All bytes will be transferred.
MIOC.F.TargetWriteD. Request
Command

Retumn

currently in the data buffer to the target. Since the Target controls the
transfer, all of the bytes will be transmitted

Indication

Request
Set the ATN line to indicate the desire to send a message
Return to Caller
Void
MIOC.F.ResetATN() Request
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Command Reset the ATN line

Return Return to Caller

Resuit Void

MIOC.F.ArbAndSelect([ID]) Request
Command This command will go through the arbitration and then selection procedure to attempt

to address another device. If the message buffer is non empty, the ATN line will be set
during selection to force the target to go to message in phase after the selection.

Return Return to Caller
Result {Successful, ArbSuccessful-Selection fail, ArbFail, Timeout}. The arbitration and selection
- either passes, fails,:r the attempt times out.

MIOC.F.GetMsgInFI

Request

Command
Return
Result s
MIOC.F.GetMsgOutFIFOStatus() Request
Command This command wili ¢
Return Return to Caller
Result {Full, Empty, NotFullNotEmpty
MIOC.F.GetDatalnFIFOStatus() Request

This command will check the state of the Data in FIFO

Return to Caller

{Full, Empty, NotFullNotEmpty}
:MIOC.F.GetDataOutFIFOStatus() Request

) This command will check the state of the Data out FIFO
Request

Command
Retum
Result :
MIOC.F.GetStatusFIFOStatus() Request
Command This command will ch
Return Return to Caller
Result {Full, Empty, NotFullNotEmpty
MIOC.F.GetChipFIFOStatus() ‘Request
Command This command will check the state of the chip FIFO
Retum Return to Caller
Result {Full, Empty, NotFullNotEmpty}
MIOC.F.PutMsgInFIFO() Request
Command This command will put the Message Bytes into the FIFO
Return Return to Caller
Result
MIOC.F.GetMsgOutFIFO() Request
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Command This command will get message bytes from the FIFO
Return Return to Caller
Result Void
MIOC.F.PutDatalnFIFO() _ Request
Command This command will put data into the FIFO
Retum Return to Caller
Result Void
MIOC.F.GetDataOutFIFO() Request
Command This command will get data from the FIFO
Retumn Return to Caller
Result Void
MIOC.F.GetCommandFIFO() Request
Command This commeat cimimand from the FIFO

Request

MIOC F.GetChipFIFO()

Command This command will check the state of the chip FIFO
Retumn Return to Caller

Result Void

MIOC.F.PutChipFIFO()

Command This command will check the state of the.ch
Return Return to Caller

Result Void

MIOC Timing Requi

Dynamic Charact

Min |Max | Units| Test
Conditions
Release*Btis“max interrupts - 0 us
disabled
tAASAID and Select /w ATN max - - us
interrupts disabled
tABF Last Ack to Bus Free 280 Jus 1 Mac SE only
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T The Mac SE start manager requires a disk drive to return to the bus free state in at most 280
us. If not, the boot code will reject the device and not allow the machine to recognize the
device [Harlan Andrews].

MAC Layer in Detail
1. MAC Control Layer

This layer is half of the Data t, and is used in the same sense as the OSI protocols.

there
maintained by the MAC layer. Thus the SCSI d

possible 8 attached devices (including the Macintosh itse

Another way of stating this is to say th

e far each of the

Each of these connections looks like a distinct entity to the upper Iayéi$ of the model. In the
SCSI example, there appear to be a maximum of 8 different devices to the upper layers of the
model. In a sense, the attached peripherals are represented to the upper layers by the

rations of the MAC layer. The only characteristics that are represented are those required
ntam a connectlon and transfcr data. The difference between a scanner and a printer,

Is; thus the LLC layer must decide what order
or each logical unit. For each LUN that is associated

with a target address, thefe ifiithe LLC layer. Requests for each LUN associated

with a particular target are

Command Do the command packet. The comim:
status, but does not have any messages:3¥i
" layer. The request is to direct the message to
Retum Return to Caller
Result {Complete,Error,NoResponse,InvalidID}. The co
NoResponse means There was no response from the Devicé:
are handled by the MAC layer. Invalid address means that the reqti¢

of the viable range of 0-7.
MAC.GetStatus([TargetID]) Request
Command Get the current status of the target address
Return Return to Caller
Result {Waiting, Disconnected,Running,Stopped} The command can be in any one of the states
shown.
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MAC.Indication([TargetID]) Indication

Indication New Status is available for the given address.

2. MAC Framing Layer

The protocol framing and verification layer is responsible for taking the tasks that the MAC
layer wants to do, and actually implementing the functions. Since messages may be
exchanged between the initiator and target, there is a command to send and receive a
message, independent of the usual identify and final message in of the normal command
processing.

MAC.F.SendMessage([Mtype]):
Command

Request

:b¢ sent out to the connected device. The message request
which is then expanded into the full number of bytes
The message will be actually sent when the target goes to

{(fbmplete,Error,'ﬁmeout,StateChange}
The message may be sent, an error may take place, a Timeout may occur, or t
may go to another state.

MAC.F.SendCommandPacket([CMDPtr]):

Command This will request that a command packet be sent out
of an identify message, a command, data, status, and
as a unit to be transmitted and received on the
Return Return to Caller

Result {Comoplete, Ermr,'l‘imeout UnexpectedPh
sending the identify me
there may, be an unex ynchronous message may have been
essage out when none are available. It may
MAC.F.GetMessage([ Request
Command
Retum

sult : ¥ message types that are supported for incoming messages are {Identify, Msg-

Indication
C.F.ProtocolError(): Indication
Indication The Attached Device has stepped through an invalid sequence of states
MAC.F.Reselection() Indication
Indication A device on the bus has reselected the Macintosh to complete a transaction.

Architectural Investigations & Modelling - Arioso
©1992 € ® Apple Computer Confidential - Need to Know 627



SCSI-rev 1.0
2/4/92

MAC.F.Selected() Indication
Indication A device on the bus has Selected the Macintosh as a target

Logical Link Control layer in Detail
1. LLC Control Layer

Each SCSI address can have assocjated with it up to 8 Logical unit numbers (LUNs). These

address a peripheral within, i =t space. The current SCSI manager does could use this
addressing, but it is not:fjprma ed. The oot code for the Macintosh always uses LUN 0
when trying to find bootable

The LLC layer maintains support for ez ‘ one mlght try to address. This
layer only supports an addressing fu
layer, with the LUN addressing added:

The LUNs that are associated with a particular“targ ependently from the
LUNs that are associated with any other target address. The LLC ages ordering of
requests for any particular target address. The different target addresses can run
independently of each other.

This layer is essentially the same as the SCSI Interface Module (SIM) that is specified by the
CGommon Access Method.

oCémmandPacket([Lun],[Address], [CMDPtr}]) Request

nd packet. The command packet here is cbmposed of the command, data,
not have any messages. There messages are entirely handled by the MAC
er The request is to direct the message to a particular target and logical unit number

Result

LLC.GetStatus([Lun],[Address])

Command Get the current status of the targ

Return Return to Caller

Result {Wamng,stconnected,Runmng,Stopped} Theigom e states
shown.

LLC.Indication([Lun],[Address])

Indication New Status is available for the given address.

Transport Layer / SCSI Manager v2.0 // in detail
1. Transport Control Layer
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A subsystem may have multiple physical links that implement a class of I/O; there may be two
or more SCSI busses. They each possibly have logical unit numbers and device addresses that
may be redundant. The transport layer provides an addressing umbrella that gives some type
of logical naming to each of the active devices to maintain uniqueness to the Computer. This
layer also routes requests between the upper layer software and the destination bus by
selecting the correct bus for the destination of the request.

This layer is often responsible for guaranteed end to end delivery of information. All error
recovery ends at this layer, and the attempt at communication is deemed either Bad or Good.

Note that this layer is essentially the:sai the:New SCSI Manager interface. See the SCSI

Request

TRANSPORT.LostDevice([Lun])

Indication The Lun is unable to be reached. ;
TRANSPORT.Open(DevNum,BusNumber, Device Number, LunNi mber) Req
Command Try to open a connection to the device at the Bus r

Return to Caller

{Complete, NumAl ssful or this number is already used.

Request

Request

uring operation to poll the attached devices and try to read data from them. This
information can then be used for a set of Open calls to connect to the devices.
Return to Caller

{DevTable}. This is a table that has SCSI ID number and Logical Unit Number of all
attached devices.

TRANSPORT.AbortIO([DevNum]) Request
Command Abort the I/O process taking place with the current DevNum.
Return Return to Caller
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TRANSPORT.GetSenseData([DevNum }) Request
Command Get the sense data in the buffer for the attached DevNum. Note that this information is

automatically retrieved by the Transport layer whenever a check condition returns.
Return Return to Caller

2. Transport Framing Layer

This layer only supports one command. This is the Request Sense command. Rather than
have the peripheral driver each have to request sense data whenever a check condition
occurs, it shall be the responsxbll f the Transport layer to request this information
whenever a check condition for a command.

buffer for each attached device.

TRANSPORT.RequestSenseData({L,

Command Get the sense data in the buffer

Request

e that this information is

automatically retrieved by the Feins

call fills out the command and sends it to the
Return Return to Caller
Result {[SenseData]} The device specific sense data.

one module that will determine the type
command to classify each device and ret
use the services of the Device Characteristics
currently exist.

This may be independent of the boot code, in which the opera
one of the lower layers to issue a read command to the first bloc
if it has the correct contents for booting.

This section will focus hard disk drives. The Device characteristics level will take device
specific commands and will compute geometries and partitions. It will then issue a SCSI
command to the logical address of the device, which the transport layer will map to a
physical bus, a logical unit number and a device number, and then issue the command.
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Partitions are a fiction created by this layer in which multiple interfaces are presented to the
next layer, but they all translate into the same device number.

If a disk array was being created that used SCSI as the connection method, this is the section
that would have to change to support it. Note that disk array support at this position would
allow disks to exist on multiple busses and yet be part of the same disk array.

If a disk used an alternate connection method, such as ethernet or ESDI, there are two
possibilities. The first is that a new implementation of this level is done in which the
altemate connection commands are cmltted from the module.

Another approach is to replace a 16
interpreter and redirector. This will
commands for the alternate cos

e lower part of the layers with an
I command, determine an equivalent set of
tresthem to the connection. This is more of a

Request

{Complete, Error}. Either this was successful or not

DC.Ré:‘ad(DevNum,Address,sze)

Command Read a portion of the drive

Return Return to Caller

Result {Complete, Error}. Either this was successful or not
DC.Write(DevNum,Address,Size)

Command Read a portion of the drive

Return Return to Caller

Result
Request
Request
: capacity of the attached device
Return to Caller
: [DoubleLong] Size of the device in bytes using a 64 bit integer
DC.MediaRemoved([Lun]) Indication
udicauon The media has been removed from the SCSI device.
DC.Medialnserted([Lun]) Indication
Indication The media has been removed from the SCSI device.
DC.UnexpectedDeviceLoss([Lun]) Indication
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Indication The device has unexpectedly become unable to reach
DC.UnexpectedDeviceAvailable([Lun]) Indication
Indication The device has unexpectedly become available

2. Device Characteristics Framing

The device characteristics leve
commands. The Device characte,
bytes required to be transrhitted;:and the
instance, if 2 new format of a
affected.

i‘ianslate the calls to it to 2 medium dependent set of
ing level will convert these commands to the actual
call the transport layer to send them. So, for

DC.F.Inquiry([DevNum])

Command

Request

Issue an inquiry
Return to Caller
Void

odeSense([DevNumy}) Request
Request
Command
Return
Result
DC.F.Read(6)([DevNum]}) Request
Command
Return Return to Caller
Result Void
DC.F.Read(10)([DevNum]) equest
Command
Return Return to Caller
Result Void
DC.F.ReadCapacity([DevNum]) Request
Command
Return Return to Caller
Result Void
DC.F.Release([DevNumy}) Request
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Command
Return Return to Caller
Result Void
DC.F.RequestSense([DevNum]) Request
Command
Retumn Return to Caller
Result Void
DC.F.Reserve([DevNum]) Request
Command
Return Return to Caller
Result Void
DC.F.SendDiagnostic([DevNum}; Request
Command

Request

)] t6 Caller
Void

DC.F.Write(6)([DevNum])
Command

Return Return to Caller
Result Void

DC.F.Write(10)([DevNum])

Command
Return Return to Caller
Result Void

Device Driver in De

\ta not SCSI-II compatible. It is mostly SCSI-I compatible, but
e other than device 0 that supports the Unit Attention Condition . If
it attention condition, it will only correctly respond to a INQUIRY or

SE command. Other commands are rejected and returned with a check-
condition"status.

r a bus reset, devices that support Unit Attention Condition will go into this mode. The
ROMs on all of Apple's current machines will issue 2 READ command for the first access. If
this fails (which it will for any device in unit attention), the ROMs will skip the device and go
to the next one.

The Startup manager will retest a drive if it is SCSI device 0 (the internal drive).
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Chapter 7 Sound Out

Scott Sarnikowski

About This Chapter

portion of the Sound manager. Unlike the
¥ hlgh -level orgamzmg structure for several

with sound and video devices.

DSP — Digital Signal Processor. Special type of co-processor that is
mathematical operations need in signal processing.

LocalTalk — Low cost networking protocoks

PDS — Processor Direct Slo Ing 1t be directly integrated into the system on the
system bus.

QuickTime — System 7 €
video and audlio tracks;

Sound Manag :

es used by applications to generate sound in the Mac.
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About Sound Out

Unlike other subsystems discussed by Arioso, Sound Out represents a class of functions. As suchany

implementation of Sound Out may also represent a class of devices. Figure 7-1 shows the new architecture
of Sound Out.

1 Sample Buffer

|

i - Signal Processing

T Optional)

|

|

|

Sound Manager
Interface

Rate Conversion

/

N

D/A Conversion Speaker

re" Interface

e ‘stuff’ between the
' “monolithic and very
Hfunctions: Optional

difficult to maintain. The new implementation has partitioned thi
Signal Processing, Decompression, Rate Conversion, and Mixing.

The Optional Signal Processing module is defined to provide general manipulation 6§t
Some examples could be reverberation and other special effects. The next stage is -
stage is used to decompress the data and could use any of a number of algorithms. After decompression,
the rate conversion function matches the data sample rate with the output hardware sample rate. The final
stage, Mixing, combines multiple channels to create a single output channel. After mixing, the data passes
to the hardware section where it is finally heard by the user.

The biggest advantage of this architecture is that any of the functions can be replaced with new software
modules or hardware. The implementation provides a versatile and modular approach similar to the
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Component Manager of QuickTime. Following the QuickTime model, each module, hardware or software
must have a minimal set of capabilities to support administrative functions such as registering its functions
with a central source. Each module then has the same interface to ease integration.

Arioso Model of Sound Out

The strengths of the new Architecture discussed in the previous section require that the Arioso model be
significantly extended. The Arioso description of an I/O system makes three basic assumptions. The first
assumption is that the I/O system contains only a single device type. Although, the network and transport
layers provide for addressmg many pote tial devices; thieJower levels interface with only a smgle device.

between super- and sub-ordinates. Fi
represents a “point of no retum
LocalTalk, once the da
Sound Out, taken

pﬁon of Arioso is that the final or physical layer
e physncal layeritis lost. In the case of

devices. Output hardware is responsnble for actually getting data to the speake
different, requiring that any model accommodate two types of devices, reptesenti
different functions.

izdtion of the four

Sound Out violates the second assumption of Arioso by the no '
' ifig in that the four

functions and the output functions. The data path shown

functions of optional signal processing, d mixing do not really represent
a hierarchy in terms of addressi e movement of data through the
four functions represents a set

same references.

The final assumptio

floppy and LocalTal

Giygn the nature of Sound Out, there are two possible approaches to documenting it with Arioso. the first
alternative would be to extend the Arioso model to incorporate the dynamics of the architecture in hyers
below the Device Driver layer. The advantage of this approach is that the model would capture the entire
architecture. But, because of the characteristics mentioned above, consistency would suffer, significantly
complicating the description with only marginal payback. Its much better to approach Sound Out as shown
in figure 7-2.
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Applications

Sound Manager

Sound Device Manager

Output Device

~
Processing Devices

Figure 7-2. Arioso Model for Sound Out

that at the Device Driver level for each device, they
within the Arioso model is best addressed with

separate chapters that cover devices su¢
output.

Device Driver Description

The description of the this layer in the Arioso model for a Sound device is modeled after the ,,fjonent
manager of QuickTime. The main calls implement and maintained at this level are the
Register.Component, Get.Component Info, Open.Sound.Device, Close.Sound.Device, and

Call.Component.Function calls. The combination of these calls provide the functionality needed to control
and move data through the devices.

Architectural Investigations & Modeling - Arioso
©1991 € ® Apple Computer Confidential - Need to Know 74



Sound Out
Rev 1.0 — 1/30/92

Device Driver Layer in Detail

Device Driver Layer Calls

Register.Component Request

Command Registers the functions of the sound device so that they can be called by
applications.

Return

Result - {Success, Failed}

Result reflects eitl
this command is

yunexpected status. It is expected thata failure of

Get .Component.:

Request

orent information.

reflects either success oran unexpected status. It is expected that a failure of
thlsconunand is extraordinary.

Open. Sound.Device

Command Opens the specified sound device.

Return

Result {Success, Failed}
Result reflects either success or an unexpected s
this command s extraordinary.

Close.Sound.Device() Request

Command
Return

Result
sacceSs oran unexpected status. It is expected that a failure of

Request

nvokes the specified component function. The functions were determined when
the component was registered or found with the Get.Component.Info command.

{Success, Failed }

Result reflects either success or an unexpected status. It is expected that a failure of
this command is extraordinary.
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Device Driver Timing Requirements

Because of the high-level description, necessitated by the nature of Sound Out, there are no timing
requirement specified for this layer. All timing requirements must be tailored to the individual devices.
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