Astro External Reference Snedfication

1 Runway Bus Interface
Block

1.1 Overview

The Runway Bus InterfaceBlock (RBIB) in Astro isresporsible for conneding up to four
PCXW processor cades, Astro’s 1/0 controll er, and Astro’s memory controll er together in a
manner that preserves cade wherency and transadion adering. The major tasks performed by
the RBIB are:

* Route Runway transadions to the memory controll er or the 1/O controller or bath
* Route DMA and pee-to-pee 1/0 transadions from the I/O controll er to Runway
* Route red return transadions from the memory controll er to Runway

* Trad transadions that are pending in the memory controll er

e Tradk coherency status of pending coherent transadions

» Deted and resolve memory ordering conflicts for transadions pending in the memory
controll er

»  Perform system level flow control of coherency cheds, memory transadion bufers, and
I/0O transadion bufers

The foll owing documents provide useful badgroundfor understanding some of the topics
discussed in the rest of this chapter:

*  Runway Bus Specification Rev 1.3

e PA-RISC 2.0 Architecture

1.2 Runway vs. Astro Bit and Byte Ordering

The Runway Bus uses the mnvention that the most significant bit of adatafield is bit 0 andthe
most significant byte of adatafield is byte 0. (i.e. Big-endian hit ordering and kig-endian byte
ordering.) The Runway padsin Astro follow the same conventionto make it easy for board
designersto conred Astro to the Runway Bus.
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ADDR_DATA[0:63]

B |t Most Sig Bit Least Sig Bit

0 63
Bytelo | 1|2 |3[4]5]6]7

Table 1. Runway Bus Byte Ordering (Non-Turbo-Mode)

ADDR_DATA[0:63]

H H Most Sig Bit Least Sig Bit
Time | Bit | ;= 9

‘Byte01234567
Byte| 8 | 9 |10 |11 12|13 |14 | 15

Table 2: Runway Bus Byte Ordering (Turbo-M ode)

The PCI Bus, AGP Bus, Astro internal busses, and Astro registers use the anvention that the
least significant bit of adatafield isbit O and the least significant byte of adatafield is byte 0.
(i.e. Little-endian hit ordering and littl e-endian byte ordering.)

REGISTER[63:0]

B |t Most Sig Bit Least Sig Bit

63 0
Byte| 7|6 |54 [3]2[1]0

Table 3: Astro Byte Ordering (64-bit I nternal Register)

addr_data[127:0]

B |t Most Sig Bit Least Sig Bit

127 0
Byte|15[14 |13 |12 11|10 9 |8 | 7|6 [543 ]2]1]0

Table 4: Astro Byte Ordering (128-bit Internal Bus)

Astro converts the big-endian Runway busto littl e-endian at the Runway padsin an address
invariant manner. (Or in DEW terminodlogy, Bytes-is-bytes.) This means that the aldressof ead
byte is preserved. (Byte N onthe Runway busis mapped to Byte N on PCI, AGP, Astro internal
busses, and Astro internal registers.) Within any byte, bit n onRurnway is mapped to bit 7-nin
Astro. This grategy has the foll owing properties:

e If aprocesorisin hig-endian mode, then any data larger than the size of a byte (i.e. half-
word, word, a doude-word) will appea byte-swapped to alittl e-endian PCI device,
AGP device, or Astro internal register and vice-versa. For example, assume a64-bit
register in Astro contains the value 0x0123456788BCDEF. If aprocessor in bhig-endian
mode reads the register, then the processor would read OXEFCDAB8967452301The
procesor must do an 8-byte byte-swap to interpret the data wrredly.

e If aprocesor isin littl e-endian mode, then data of all sizeswill appea the sameto a
littl e-endian PCI device, AGP device or Astro internal register and vice-versa. For
example, asume a64-bit register in Astro contains the value 0x0123456788BCDEF. If
aprocesr in hig-endian mode reads the register, then the processor would read
0x0123456788BCDEF.
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This methodis also consistent with the way PCI isimplemented onHP-PA platforms with the
Dino GSC to PCI bus bridge.

Note for Astro design and verificalion engineas: Due to the aldressinvariant mapping of the
Runway pads, the 40-bit physicd addressfield and the 10-bit virtual index field that are found on

the Runway ADDR_DATA[0:63] lines during addresscycles will be mapped to the foll owing
bit positions on Astro internal busses (assume that the internal busis named addr_data[127:0]):

o Address[39:0] = addr_data[31:24,39:32,47:40,55: 48,63: 56]

e Virt_Index[9:0] = addr_data[19:18,11:8,23:20]

1.3 Basic Transaction Flow
The RBIB routes data between the foll owing threebl ocks:

* Runway Interface (which ads as an interfaceto the procesors)

e  Coherency Map (which ads as an interfaceto the memory controll er)

e 1/O controller (which ads as an interfaceto the Rope Bus and PCI host bridges)
The threemgjor blocksin the RBIB are mnneded together by two internal busses, the Runway
Inpu Bus and the Rurnway Output Bus, as $iow in Figure 1: Basic Runway Bus I nterface
Block Diagram. The Runway Inpu Bus routes in-boundRunway transadions from the Runway
interfaceto the wherency map o the 1/0O controller or bath. The Runway Output Bus routes out-

boundtransadions from the 1/O controll er to the Runway interfaceor from the wherency map to
the Runway interface

Runway Input Bus
Runway » >
Bus
Runway Coherency Memory
Interface | Runway Output Bus Map Controller
v
1/0 Controller

Figure 1: Basic Runway Bus I nterface Block Diagram
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Table5 defines al posdbletransadions that take placein the RBIB. (Note: A processor-to-
procesor cade-to-cade wpy isequivalent to aprocesor write.)

Transaction

Description

Processor Write

Processor write to memory space

Processor Non-Coherent Read

Processor non-coherent read from memory space

Processor Coherent Read

Processor coherent read from memory space

Processor Read Return

Processor memory spaceread return from memory controll er.

Processor 1/0O Write

Processor write to 1/0O space

Processor 1/0 Red

Processor read to 1/0O space

Processor 1/0 Read Return

Processor 1/0O spaceread return from 1/O controll er.

Processor Flush/Purge/Sync

Processor flush, purge, or sync transadion.

Processor Purge/Sync Done

Done transadion for a procesor purge or sync transadion.

DMA Write

1/O controll er write to memory space

DMA Coherent Read

1/O controll er coherent read from memory space

DMA Reda Return

1/O controll er memory spaceread return from memory controll er.

DMA Cade-to-Cache Copy

1/O controll er memory spacereal return from processor.

1/0O Write to Processor

1/O controll er write to 1/0O spacein procesor.

1/0 Rea from Processor

1/O controll er read from 1/O spacein procesor.

1/0 Rea Return from Processor

1/O controller 1/0 spaceread return from procesor.

Pea-to-Peea 1/0O Write

1/O controll er writeto 1/0O space

Pea-to-Pea I/0 Read

1/O controller read from I/O space

Pea-to-Pea 1/0 Read Return

1/O controller 1/0 spaceread return from 1/O controll er.

Table5: Runway Bus Interface Block Transactions

Onetransadionthat appeasto be mising from Table 5isan I/O controll er-to-procesor cade-
to-cade cpy. Thistransadionis not generated by the I/O controller. Instead, the I/O controll er
will write dl private-dirty cade linesthat are hit by a cherent read bad to memory before
sending the aherency resporse for the read.

1.3.1 Processor Write, Processor Non-coherent Read

Transaction Flow

Thistransadion starts in the procesor and goes to the Runway interfacevia the Runway bus.
The Runway interfacesends the transadion to the mherency map via the Runway Inpu Bus. The
coherency map sends the transadion to the memory corntroll er.
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Runway Input Bus

\ 2
\ 2

Runway

I% Runway Coherency Memory
Interface | Runway Output Bus Map Controller

<

A

1/0 Controller

Figure 2: Processor Write, Processor Non-coherent Read Transaction Flow

1.3.2 Processor Coherent Read Transaction Flow

Thistransadion startsin the procesor and goes the to Runway interfacevia the Runway bus.
The Runway interfacesends the transadion to the 1/0O controll er and coherency map viathe
Runway Input Bus. The I/O controller will snoopthe transadion. The coherency map sends the

transadion to the memory controll er.

Runway Input Bus

\ J
\ J

Runway

I% Runway Coherency Memory
Interface | Runway Output Bus Map Controller

<

1/0 Controller

Figure 3: Processor Coherent Read Transaction Flow

1.3.3 Processor Read Return Transaction Flow

This transadion starts in the memory controll er and goes to the aherency map. The mherency
map send the transadion to the Runway interfacevia the Runway Output Bus. The Rurnway
interfacesends the transadion to the procesor via the Runway bus.
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Runway Input Bus
Runway

% Runway Coherency Memory
Interface | Runway Output Bus Map Controller

<

v
v

A

1/0 Controller

Figure4: Processor Read Return Transaction Flow

1.3.4 Processor I/O Write, Processor I/0 Read, I/0 Read Return
from Processor Transaction Flow

Thistransadion startsin the procesor and goes the to Runway interfacevia the Runway bus.
The Runway interfacesends the transadionto the 1/0O controll er viathe Rurway Input Bus.

Runway Input Bus

Runway

I% Runway Coherency Memory
Interface | Runway Output Bus Map Controller

<

v
v

1/0 Controller

Figure5: Processor 1/0 Write, Processor 1/0 Read, 1/0 Read Return from Processor
Transaction Flow

1.3.5 Processor I/0O Read Return, I/O Write to Processor, I/O
Read from Processor Transaction Flow

Thistransadion startsin the I/O controll er and goes to the Runway interfacevia the Runway
Output Bus. The Runway interfacesends the transadion to the procesr via the Runway bus.
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Runway Input Bus

Runway > >
% Runway Coherency Memory
Interface | Runway Output Bus Map Controller

<

1/0 Controller

Figure 6: Processor 1/0 Read Return, 1/0 Write to Processor, 1/0 Read from
Processor Transaction Flow

1.3.6 Processor Flush/Purge/Sync Transaction Flow

Thistransadion starts in the procesor and goes the to Runway interfacevia the Runway bus.
The Runway interfacesends the transadion to the 1/0O controll er and coherency map viathe

Runway Input Bus. The I/O controll er will snoopthe transadion.

Runway Input Bus
Runway > >

I% Runway Coherency Memory
Interface | Runway Output Bus Map Controller

<

1/0 Controller

Figure7: Processor Flush/Purge/Sync Transaction Flow

1.3.7 Processor Purge/Sync Done Transaction Flow

Thistransadion startsin the cmherency map and goes to the Runway interfacevia the Runway
Output Bus. The Runway interfacesends the transadion to the procesr via the Runway bus.
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Runway Input Bus

v
v

Runway

% Runway Coherency Memory
Interface | Runway Output Bus Map Controller

A

<

1/0 Controller

Figure 8: Processor Purge/Sync Done Transaction Flow

1.3.8 DMA Write Transaction Flow

Thistransadion startsin the 1/0O controll er and goes the to the Rurnway interfacevia the Runway
Output Bus. The Rurnway interfacerefleds the transadion onthe Runway bus and sendsiit to the
coherency map viathe Runway Inpu Bus. The mherency map sends the transadionto the

memory controller.

Runway Input Bus

\ J
\ J

Runway

% Runway Coherency
Interface | Runway Output Bus Map

<

Memory
Controller

1/0 Controller

Figure9: DMA Write Transaction Flow

1.3.9 DMA Coherent Read Transaction Flow

Thistransadion startsin the 1/0O controll er and goes to the Runway interfacevia the Runway
Output Bus. The Runway interfacerefleds the transadion onthe Runway bus and sendsiit to the
1/O controll er and coherency map viathe Runway Inpu Bus. The transadionisrefleded bad to
the I/O controller so it can snoopthe transadion and know when to take cade line ownership.

The mherency map sends the transadion to the memory controll er.
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Runway Input Bus

Runway

% Runway Coherency Memory
Interface | Runway Output Bus Map Controller

<

\ 2
\ 2

A

1/0 Controller

Figure 10: DM A Coherent Read Transaction Flow

1.3.10 DMA Read Return Transaction Flow

This transadion starts in the memory controll er and goes to the aherency map. The mherency
map send the transadion to the Runway interfacevia the Runway Output Bus. The Runway
interfacerefleds the transadion onthe Runway bus and sendsiit to the 1/O controller viathe
Runway Inpu Bus.

Runway Input Bus

Runway

% Runway Coherency Memory
Interface | Runway Output Bus Map Controller

< <

v
v

1/0 Controller

Figure 11: DMA Read Return Transaction Flow

1.3.11 DMA Cache-to-Cache Copy Transaction Flow

Thistransadion startsin the procesor and goes the to Runway interfacevia the Runway bus.
The Runway interfacesends the transadionto the 1/O controller asa DMA real return and to the
coherency map as awrite viathe Runway Inpu Bus. The aoherency map sends the transadion to
the memory controller.
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Runway Input Bus

Runway

I% Runway Coherency Memory
Interface | Runway Output Bus Map Controller

<

\ 2
\ 2

A

1/0 Controller

Figure 12: DM A Cache-to-Cache Copy Transaction Flow

1.3.12 Peer-to-Peer I/O Write, Peer-to-Peer 1/0 Read, Peer-to-
Peer I/0 Read Return Transaction Flow

Thistransadion startsin the 1/0O controll er and goes to the Runway interfacevia the Runway
Output Bus. The Rurnway interfacerefleds the transadion onthe Runway bus and sends it badk
to the I/O controll er viathe Runway Inpu Bus.

Runway Input Bus

Runway

% Runway Coherency Memory
Interface | Runway Output Bus Map Controller

<

v
v

1/0 Controller

Figure 13: Peer-to-Peer 1/0 Write, Peer-to-Peer 1/0O Read, Peer-to-Peer 1/0O Read
Return Transaction Flow

1.4 Preserving Memory Coherency Ordering

This sdion describes the ordering rules for memory transadions. (10 read and write
transadions are nat covered by this edion. SeeAppendix G: Memory Ordering Model in
PA-RISC 2.0 Architecture for more information.)

Astro preservesthe order of Runway memory transadions. This does not mean that the physicd
order of Runway transadionsisthe same & the physicd order of transadions to the SDRAM.
The memory system in Astro (i.e. the coherency map and memory controll er) is all owed to
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reorder Runway transadions going to memory to reduceread latency or improve memory
bandwidth provided the reordering of memory transadions does not violate any Runway ordering
rules. Aslong as nore of the Runway ordering rules are violated, then a cade agent on Runway
can na tell if the memory system reordered Rurway transadions going to SDRAM or naot.

1.4.1 Runway Transaction Ordering Rules
Runway transadions must obey the foll owing ordering rules:

1. All coherent transactions without coherency checks (e.g. WRITE_BACK, FLUSH_BACK,
and C2C_WRITE) to the same cade line ae ordered with resped to ead ather in the order
they areisaued onthe Runway bus.

2. All coherent transactions with coherency checks (e.g. READ_SHAR_OR_PRIV,
READ_CURRENT, READ_PRIV, DFLUSH, IFLUSH, DPURGE, DPURGE_ALL OC,
CACHE_SYNC, and DMA_SYNC) to the same cadte line are ordered with resped to eath
other in the order they are issued onthe Runway bus.

3. All coherent transactions without coherency checks issued onthe Runway bus before the
completion d the aherency resporse phase for a coherent transaction with coherency
checksto the same cadte line aelogicdly ordered in front of the coherent transaction with
coherency checks.

4. There ae no adering restrictions on non-coherent transactions (e.g. READ, WRITE).
Software is resporsible for managing any ordering restrictions through the use of strongly
ordered sync transadions.

Rules#1, #2,and #4are straightforward. Rule #3 can benefit from an example. Assume that two
procesors, named A and B, are ona Runway bus, andthat A issuiesa amherent read of a cade
linethat isprivate dirty in B’s cade. Assume that just before A readsthe cate line, B deddes
to move the cade line from cade badk to memory with awrite-bad transadion. Under these
condtions, one possble sequence of Runway transadionsis:

State | Master | Transaction Coh Response | Notes
0 A READ PRIV A sarts private read
1 A:OK A signs-off on READ_ PRIV in state #0
2 B WRITE BACK B starts coherent write
3 B DATAO Datafor WRITE_BACK in state #2
4 B DATA1 Datafor WRITE BACK in state #2
5 B DATA2 Datafor WRITE_BACK in state #2
6 B DATA3 Datafor WRITE BACK in state #2
7 B:OK B signs-off on READ_ PRIV in state #0
8 Host DATAO Read return for READ PRIV in state #0
9 Host DATA1L Rea return for READ PRIV in state #0
10 Host DATA2 Read return for READ PRIV in state #0
11 Host DATA3 Rea return for READ PRIV in state #0

Table 6: Runway Transaction Ordering Example

Revicion 1 2 0217/00 Pane 11cf 44




Astro External Reference Snedfication

Since B isaued the write-badk before it issued a awherency resporse to A’s coherent read, the
write-bad islogicdly ordered ahead of the wherent read. The host (memory controll er) returns
the datafrom B’'s WRITE_BACK for A’'sREAD_PRIV.

1.4.2 Simple Memory System Design

The simplest memory system design that preserves Runway logicd ordering® uses a mherency
FIFO to keep track of coherent transactions with coherency checks that have not completed the
coherency resporse phase and a memory isaue FIFO to keep tradk of transadions that are ready
to beisaied to memory. All coherent transactions with coherency checks would initially be
placel in the mherency FIFO. Oncethe aherency respornse phase completesfor atransadionin
the aherency FIFO, the transadionis either moved into the memory isue FIFO or discarded
depending onthe aherency resporse. All non-coherent transactions and coherent transactions
without coherency checks would be placed dredly in the memory isue FIFO and thus passall
coherent transactions with coherency checks that have not completed their coherency respornse
phase.

1.4.3 Memory System Performance Enhancements

The simplest memory system design dces not allow Astro to take alvantage of the foll owing
architedural freadoms to improve memory system performance

*  Coherent reads can be oppatunisticdly isued to memory before the coherency resporse
phase ampletesto reduceread latency. Extralogic is needed to throw away the read
return if the wherency resporse is COPY_OUT or reissue theread if anoncoherent
write to the same catelineisisaued before the aherency resporse phase completes.

* Realscan be promoted ahead of writesto dffering cade linesto reduceread latency.

* Rea andwrite transadionsto dffering cade lines can be reordered to improve open
page hit rates and thus improve memory bandwidth.

In Astro, al threeperformance enhancements are used. The @wherency map will oppatunisticdly
isue wherent read transadions to memory before the aherency resporse phase mwmpletes. The
coherency map will clean upcases where the read shoud na have been isuued or cases when the
read neadsto bereisaied. Both the cherency map and memory controll er work together to
promote reads aheal of writesto dffering cade lines. The memory controll er will reorder
memory read and write transadionsto dffering cade lines to improve open page hit rates.

1.4.4 Conflict Detection and Resolution

Conflicts are caes where multiple access to the same cate line occur close enough in time
that the older accessis nat completely processed by the memory system before the newer access
isiswed. In memory systems that reorder transadions to improve memory performance, corflicts

! At least it is the simplest memory controller design | could think of ...
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require some spedal case handling to adequately preserve the logicd order of transadions. In
Astro, the mherency map isresporsible for deteding conflicts and badh the mwherency map and
the memory controll er are resporsible for resolving corflicts.

The mherency map kegostradk of al transadions that are pending in the memory system. A read
is pending from the time the Rurway interfacesends the read to the coherency map urtil the read
return is complete or the read return is discarded with a COPY_OUT coherency resporse. A
write transadion is pending from the time the Runway interfacesends the write to the cherency
map urtil the memory controll er issues the write to memory.

1.4.4.1 Write / Write Conflict

A write/write conflict occurs when two writesto the same cade line ae pending in Astro. The
writes must make it to memory in the same order they were isaied onthe Runway bus.

A FIFO cdl ed the write queue (WQ) prevents writes from passng writes in the aherency map.
The mherency map will i ssue writes to the memory controll er in the order they were receved
from the Runway bus.

The memory controll er will never reorder two writes to the same aldress

Under these condtions, awrite can never passanother write to the same cade line.

1.4.4.2 Read / Read Conflict

A read/read conflict occurs when two reads to the same cate line ae pending in Astro. Since
the state of memory is the same for both reads, the reads can complete in any order.

1.4.4.3 Write / Read Conflict

A write/read conflict occurs when awrite and read to the same cade line ae pending in Astro.
(The write was before the read onthe Runway bus.) The write must make it to memory before
theread. (Theread can na passthewritein Astro.)

When aread is nt from the Runway interfaceto the aherency map, the read is entered into the
RQ andthe CRQ. (Note: In certain cases, the read may be issued immediately to the memory
controller without it being entered the RQ, bu it is always entered into the CRQ.) The
coherency map cheds the read addressagainst all pending write transadions in the memory
system. If thereisa wnflict, the conflict isrearded in the cherency map entries for bath the
read and the write.

Aslong asthe mherency map has a pending write transadion with its read conflict bit set, the
coherency map will aswert the marked_read_fence signal. When the marked_read_fenceis
aserted, the memory controller will not iswue any reads that are “marked” to memory. A marked
read isareal that has a @nflict with awrite.

Oncetherea reatesthe top d the RQ, the mherency map is cheded to seeif the read conflicts
with awrite. If so, writes are unloaded from the WQ urtil al conflicting writes are isaued to the
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memory cortroller. Then the read at the top d the RQ isisaued to the memory controller as a
marked read. Oncethe memory controller has retired all writes that have areal corfflict, the
coherency map will deassert the marked_read fence signal. The memory controller is now free
to isaue the marked read to memory.

Under these condtions areal can never passawrite to the same cade line.

1.4.4.4 Read / Write Conflict

A rea/write cnflict occurs when aread and write to the same cade line ae pending in Astro.
(The read was before the write onthe Runway bus.) The write must make it to memory before
theread. (Thewrite must passtheread in Astro.) SeeRule#3in Section 1.4.1 Runway
Transaction Ordering Rulesfor more information.

When awriteis snt from the Runway interfaceto the mherency map, the write is entered into
the WQ. The aherency map chedks the write addressagainst al pending read transadionsin the
memory system. If thereisa ariflict, it isrearded in the cherency map entries for both the read
and the write.

Aslong asthe mherency map has a pending write transadionwith its read conflict bit set, the
coherency map will asert the marked_read_fence signal to the memory controll er to tell it not
toisale ay readsthat are “marked” to memory. A marked read isarea that has a conflict with
awrite.

Oncethe mherency resporse for the read reates the top d the CRQ, the aoherency map entry
for thereal is chedked to seeif the read has been sent to the memory controller and whether a
write conflicted with the read after it had been sent to the memory controller. If thisisthe cae,
and the aherency resporseis not COPY _OUT, then writes are unloaded from the WQ until all
conflicting writes are issued to the memory controller. Then the read at the top d the CRQ is
reisaued to the memory controll er as a marked read. Once the memory controller has retired all
writes that have aread conflict, the coherency map will deassert the marked_read_fence signal.
The memory controll er is now freeto isale the marked read to memory.

Under these condtions awrite will always passareal to the same cate line.
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Figure 14: Runway Bus Interface Block Diagram

The mmplete RBIB block diagramis show in Figure 14: Runway Bus I nterface Block

Diagram. The RBIB bregs down into the foll owing blocks:

Runway Interface Blocks

* Runway Slave Interface(RSl)

*  Rurnway Master Interface(RMI)

*  Runway Arbiter (RA)
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Coherency Map Blocks
* Write DataRAM (WDR)
e Write Queue (WQ)
* Reda Queue (RQ)
*  Coherency Resporse Queue (CRQ)
*  Coherency Map Cortroller (CMC)
* Red Return Queue (RRQ)

* Rea Return DataRAM (RRDR)
1.6 Block Descriptions
1.6.1 Runway Interface Blocks

1.6.1.1 Runway Slave Interface
The RSl performs the foll owing functions:
* Recévesal Runway in-boundtransadions.

» Demdes addressrange for Runway transadionsto determine if they are to memory or
1/0 space

* Routesin-boundtransadionsto the mherency map, the 1/O controller, or bath viathe
Runway Inpu Bus.

* Recéaves Runway coherency resporses and forwards them to the amherency map.
» Detedsandlogs Runway parity errors onthe Runway control, address and data busses.

» Detedsandlogs addressout-of-range erors for Runway transadions.

1.6.1.2 Runway Master Interface
The RMI performs the foll owing functions:
* Mastersall Runway out-boundtransadions.

* Recéaves DMA transadions from the I/O controll er viathe Runway Output Bus and
forwards them to the Runway bus.
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* Recevesred return transadions from the mherency map viathe Runway Output Bus
and forwards them to the Runway bus.
* Performs arbitration control for the Runway Output Bus.

e Usesthe CLIENT_OP busto implement system wide flow control for Astro and the
procesors on the Runway bus.

e Usesthe CLIENT_OP busto arbitrate for the Runway bus for memory read returns.

e UsesthelOA arbitration ou signal to arbitrate for the Runway bus for the 1/0 controll er.
1.6.2 Coherency Map Interface Blocks

1.6.2.1 Write Data RAM
The WDR performs the foll owing function:
» Buffers Runway write data for the memory controll er.
The WDR buffers 16 cade lines of write data from Rurway to be isaied to the memory

controller. Datais written into the WDR by the Runway interface ad read from the WDR by the
memory controller.

1.6.2.2 Write Queue
The WQ performs the foll owing functions:

* Buffersthe CMI for all write transadions that have been recaved from the Runway
interfacebut have not been isaued to the memory controll er.

* Kegswritetransadionsin the order they were issied onRunway.
The CMC will | oad anew CMI (seeSection 1.6.2.5 Coherency Map Controller for definition

of CMI) into the WQ when the Runway interfacesends awrite to the mherency map. The CMC
will unload the WQ when it isaues the write to the memory controller.

1.6.2.3 Read Queue
The RQ performs the foll owing functions:

* Buffersthe CMI for all read transadions that have been receved from the Runway
interfacebut have not been isaued to the memory controll er.

* Keegsred transadionsin the order they were issued onRunway.
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The CMC will | oad anew CMI (seeSection 1.6.2.5 Coherency Map Controller for definition
of CMI) into the RQ when the Runway interfacesends aread to the mherency map. The CMC
will unload the RQ when it isaues the read to the memory controll er. Coherent reads at the head
of the RQ may be issued to the memory controll er before the amherency resporse and read/write
conflict chedking phases are cwmplete. In the cae where areal uses the medium RQ bypasspath
to go to the memory controller, noCMI isloaded into the RQ.

1.6.2.4 Coherency Response Queue
The CRQ performs the foll owing functions:

* Buffersthe CMI for all coherent transadions that have been recaved from the Runway
interfacebut have not completed the cherency response phase.

* Buffersthe mherency resporses from all processors on Runway.
* Buffersthe mherency resporse from the I/O controller.

» Kegyscoherency resporsesin the order that the coherent transadions were issued on
Runway.

The CMC loads a CMI (seeSection 1.6.2.5 Coherency Map Controller for definition d CMI)
into the CRQ when the Runway interfacesends a wherent transadion to the wherency map. The
Runway interfacel oads coherency resporses from all procesorsinto the CRQ. The I/O
controller also loads its coherency resporse into the CRQ. (Note: All dataisloaded into the CRQ
in the order that the mherent transadionwasisuied onRunway.) Oncethe mherent transadion
at the head of the CRQ has a mherency resporse from al cading agents, the CMC will update
the mherency resporse for the transadionin the read coherency map. If there is no read/write
corflict, then the CRQ isunloaded. Elsg, if thereis areal/write wnflict, then the CRQ is
unloaded orcetherea isreisaied to the memory controller by the aherency map.

1.6.2.5 Coherency Map Controller
The CMC performs the foll owing functions:
* Tradksall transadions that are pending in the memory system.

* Tradksthe mherency resporse for al coherent transadionsthat are pending in the
memory system.

« Loadsthe CMI for writes, reads, and coherent transadions into the WQ, RQ, and CRQ
respedively.

 Detedswrite/read and read/write oorflicts.

* Isaueswritesto the memory controller from the WQ.
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* Resolveswrite/real corflicts, if any, before isauing reads to the memory controll er from
the RQ.

* Resolvesread/write ariflicts, if any, before reisaling reals from the CRQ, if necessary.
*  Generatesrea return transadions to the Runway interface

*  Generates completion resporses for sync and puge dlocae transadions to the Runway
interface

The CMC hasa 16 entry read coherency map and a 16 entry write amherency map that keep track
of all memory transadions from the time they are receved from Runway urtil they are complete.
(A transadionis complete when awrite isissied to memory or areal returns data to the Runway
interface) Every transadionin the read and write coherency mapsis referenced by a 4-bit
coherency map index (CMI). SeeSection 1.7 Read/Write Coherency Map Definition for more
information.

1.6.2.6 Read Return Queue

The RRQ performs the foll owing functions:

* Buffersthe CMI for all read transadions that are ready to be returned (i.e. read return
dataisin the RRDR, the mherency response phase is complete, and the cherency
resporseis not COPY _OUT) but have not been isaued to either the Runway interfaceor
the 1/O controll er.

The RRQ isloaded by the CMC when ore of the foll owing condti ons are met:

*  Thememory controll er isues read return data to the RRDR for aread that has completed
its coherency resporse phase and the wherency resporseis not COPY _OUT.

-OR -

* The CRQ isaesa mherency resporse that is not COPY_OUT for areal that hasread
return datain the RRDR.

The CMC will unload the RRQ when it isaues the read return to the Runway Output Bus.

1.6.2.7 Read Return Data RAM
The RRDR performs the foll owing function:
* Buffers Runway read return data for the memory controll er.
The RRDR buffersupto 16cadie lines of read return data yet to be issued to the Runway

interface Datais written into the RRDR by the memory controll er and read from the RRDR by
the aherency map. Data can be unloaded from the RRDR in a diff erent order than it was loaded.
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1.7 Read/Write Coherency Map Definition

The CMC block contains a 16 entry write aoherency map that trads the status of write
transadions and a 16 entry read coherency map that trads the status of read transadions. Each
entry in ead coherency map is referenced by a 4-bit coherency map index (cmi[3:0]). Below isa
definition o the fieldsin write and read coherency map entries.

Write Coherency Map Fields

Eacdh write mherency map entry contains the foll owing fields:

wcm_pending wcm_addr[35:6] wcm_in_wdq wcm_read_conf

0 - No write pending | Physical Address 0 - Write not in WQ 0 - No read conflict

1- Write Pending 1 - Write in WQ 1 - Read conflict

Table7: Write Coherency Map Fields

The "wem” at the beginning of ead field stands for “write mherency map.” The wem_pending
field keeps tradk of whether the write is pending in the MC or not. Thisbit isused asavalid hit
for the entire write aherency map entry. The wem_addr field keeps tradk of the 36-bit physicd
address (Sincethe MC will only do 64byte cate line transadions, the 6 L SBs of the physicd
addressare dways 6'b000000) Thewcm_in_wq field kegps tradk of whether the CMI for the
writeisin the WQ or not. The mem_read_conf field kegps track of whether thiswrite
transadion confli cts with aread transadion that is pending in the read coherency map. The
cmc_marked_read_fence signal is asserted whenever thereis one or more lines in the write
coherency map that have wem_pending andwem_read_conf bath asserted. The
cmc_marked read fenceisusedto tell the MC to na allow aread with cmc_marked_read
aserted to beiswued to memory.

Read Coherency Map Fields

Each read coherency map entry contains the foll owing fields:

rcm_pending rcm_addr[35:6] | rcm_master_id[2:0] | rcm_trans_id[5:0]
0 - No read pending Physical Runway master ID Runway
Address transaction 1D
1- Read Pending

rcm_bs rcm_0_length rcm_type[1:0] rcm_coh_resp[1:0]
0 — No byte swap 0 — Not 0 length 00 - READ 00 - OK
1 — Byte swap 1 -0 length 01 - PURGE_ALLOC 01 - SHARED
10 - SYNC 10 - COPY_OUT
11 - NOP 11 - NO_RESPONSE
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rcm_in_rq rcm_rr_count[1:0] rcm_write_conf rcm_late_write_conf rcm_error
0 - Read not in RQ A count of the 0 - No write 0 - No late write 0 — No error
number of read conflict conflict
1 - Read in RQ returns pending in 1 - Error
the MC. 1 - Write conflict 1 — Late write conflict

Table 8: Read Coherency Map Fields

The “rcm” at the beginning of ead field stands for “read coherency map.” Thercm_pending
field is asserted when a transadion enters the read coherency map entry andis deaserted when
the transadionisretired from the read coherency map entry. This bit isused asavalid hit for the
entire read coherency map entry. Thercm_addr field kegos tradk of the 36-bit physicd address
(Sincethe MC will only do 64byte cade line transadions, the 6 LSBs of the physicd address
are dways 6'b000000) Thercm_master_id andrcm_trans _id fields keep tradk of the Runway
master and transadion IDs respedively. Thercm_bsfield is asserted for Runway read
transadions that require byte swapping of the read return data. Thercm_0_length field is st for
Runway rea transadions that do nd require read return data. (Thisfeaureisonly possblefor
read transadions that started in the 1/O controller.) The rcm_type field keeps trad of the
transadiontype. The values of READ, PURGE_ALL OC, SYNC, and NOP represent coherent or
noncoherent read, puge dlocae, sync, and coherent transadions that require no operationto be
performed in the mherency map respedively. (Flush and puge transadions are examples of
transadions that would have an rcm_type of NOP.) Thercm_coh_resp field kegpstradk of the
coherency resporse status for coherent reads. Thisfield isinitially set to OK for non-coherent
reads and NO_RESPONSE for all other transadions. Thercm_in_rq field kegps tradk of
whether the CMI for theread isin the RQ or not. Thercm_rr_count field kegos trad of the
number of read returns pending in the MC. Thisfield isincremented ead time the read isisaued
to the MC and deaemented ead time the MC returns data for the read in the RRDR. The
rcm_write_conf field is asserted when aread transadion confli cts with awrite transadion that
is pending in the write cherency map. (The cmc_marked_read bit is asserted whenever aread
isisaued to the MC with thercm_write_conf bit asserted.) Thercm_late write_conf fieldis
asserted when alater write transadion conflicts with aread transadion. When this condtion
occurs, the CMC will re-isaue the read to the memory controller at the end d the coherency
resporse phase. Thercm_error field isasserted when an error is deteded for the transadion. If
thercm_error field is asserted, then the RBIB will not doaread return for read transadions, a
SYNC_DONE for sync transadions, or aDPURGE_ALLOC_DONE for purge dl ocae
transadions.

1.8 Runway Bus Interface Block Registers

The foll owing registers are implemented in the Runway Bus InterfaceBlock. All registers must
be accesed with 64bit 1/0 load/store instructions.

FROM A FIRMWARE AND SOFTWARE POINT-OF-VIEW: All “reserved” register fields
must be written with “0”sand will read as“X"s. This all ows future revisions of Astro to add
cortrol bitsin reserved fields to control unsightly bug fixes without breaking firmware or
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software. Thisisdifferent than the “unimplemented” register fields used elsewhere in Astro.
Unimplemented fields may be written with “X”sand will read as“0’s.
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1.8.1 Runway Slave Interface Registers

1.8.1.1 Memory Size Register

Astro External Reference Snedfication

M MEM _SIZE Register L
B (address. OxFF FEDO 8000) B
6|6|6|6|5|5|5|5|5|5|5|5[5|5[4|4a|ala|ala|ala]a]l3]|3]3]3][3]3[3]3
3|2|1]|o|9|8|7|6|5|4|3|2]|1|0]|9|8|7|6|5|4|3|2]|1|0]9|8|7|6]|5|4a]|3]|2
unimplemented Size[38:32]
Power On Initialization
oloJoJofloflofloloJoJof[o[lo]lolo]JoflofloloJoJofloflololo]oflofolx|[x]|x]x]X
3[3{2|2f22]2|2]2|2]2|2]a|aafaafa]afa]a]2
1|o|9|8|7|6|5]|4]|3|2|1]|0|9|8|7|6|5]|4]|3|2|1]|0|9|8|7|6|5][4|3]|2]|1]0
size[31:26] unimplemented re
Power On Initialization
xIx]Ix[x][xIx]JoJo]loJoJoJoJoJoJoJoJoJo]JoJoloJoloJoloJoJoJo]loJoJo]Jo

Size: 64-bit only
Field Access | Description
size R/W | Size of Astro memory. Size[38:37] is hardwired to 2 b0O.
re R/W | Range Enable. Set to “1” to enable Astro memory.

Register 1: MEM_SIZE Register

The MEM_SIZE register spedfies how much memory isinstall ed (and mapped) in Astro,
including any memory that is remapped because of the memory hole & addresses
0x00_FO00_000ao 0x00 FFFF FFFFE

Memory size is defined as foll ows:

Mem Size = {size[38:26], 26 b0}

Note that this register spedfiesthe anourt of memory, so the valueis 1 larger than the highest
(unrelocated) memory location.

The MEM_SIZE register and MEM_HOLE_RELOC Register are aurrently defined to suppat up
to 64 GBytes of memory, which correspondsto 1 GBit SDRAMSs in by-four padkaging.
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1.8.1.2 Memory Hole Relocation Register

" MEM_ HOLE_RELOC Register
B (address. OxFF FEDO 8008)

6|6|6|6|[5|5|5|5|5|[5|5|5|5|5|4[4|4|4]|4]|4|a|a]la]|4]|3[3[3]|3]3]3][3]3
3[2)1]o|9|8|7|6]|5]|4|3[2]1]o]9|8|7|6]|5]|4|3]|2[1|0]|9|8|7[6]|5]|4]|3]|2
unimplemented distance[38:32]
Power On Initialization
oloJoJofloflo|lo|loJo]Jof[o[lo]lolo]Jo|lo][olo]lo]oloflolo]lo]ofloflol1]o]o]o]o0
3(2|2]2]2]2 2|2 2(afalajajafafafa]a]2
1]0|9(8|7]|6]|5]|4[3|2]|1]|0o]|9[8|[7|6]|5]|4[3[2|1]|0]|9|8[7|6]|5]|4|3[2[1]0
unimplemented re
Power On Initialization

oJoJoJoJoJoJo]oJoJoJoJoJoJoJoJoJo]lo]Jo]ofJo]oJo]oJoJoJo]JoJo]oJo]o

Size: 64-bit only
Field Access | Description
distance R Relocdion dstancefor LMM 1O memory hole. Distance38:32]
is harawired to 7 b0010000.
re R/W | Range Enable. Set to “1” to enable relocation range.

Register 22 MEM_HOLE_RELOC Register

The MEM_HOLE_RELOC register spedfies where the memory normally at the aldress
0x00_FO00_000ao 0x00 FFFF FFFFgets remapped.

Memory relocation dstanceis defined as foll ows:
Mem_Reloc = {distance[38:32], 32 b0}

Thelocation d the relocated memory is defined as foll ows:

if (Mem_Size > OxFFFF_FFFF) {

Hole Base = Mem_Reloc + LMMIO_Base;
Hole_Top = Mem_Reloc + OXFFFF_FFFF;

} else if (Mem_Size + LMMIO_Size > OxFFFF_FFFF) {
Hole Base = Mem_Reloc + LMMIO_Base;
Hole_Top = Mem_Reloc + Mem_Size — 1,

}else {

/* No memory relocation is needed */

}
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1.8.2 Coherency Map Controller Registers

1.8.2.1 Runway Bus Interface Block Control Register

" RBIB_CTRL Register <
B (address. OxFF FEDO CO000) B

6|6|6|6|5|5|5|5|5|5|5|5|5|5[4|4a]ala|ala|ala]a]3]|3][3]3][3]3[3]3
3|2|1]|o|9|8|7|6|5|4|3|2]|1|0]|9|8|7|6|5|4|3|2]|1|0]9|8|7|6]|5|4]|3]|2
reserved
Power On Initialization
XUXIXIX X IX XXX DX DX X DX X X X X DX X X DX X I I X I I x I x I x I x [ x [ x| x

a[sf2T2]2l2]2]2]2]2] 22 e e [ae]aaa]e]2]2
1lojo|sf7]|e|5]|4a|3]|2)1]o0|9[8|7|6|5|4[3]|2[1]|0|9|8|7[6]|5[4]3[2]1]0
8|
5 a g =) =] =) =) =
! S < &, ek o, s, &,
L = I - B E E E E E
§ o g [ g [ | o o [ o
= gl o Qo st = = “
g <) g |2 < < El El e El
£ g g g g g g 5
£

Power On Initialization
x| x| xlolxIxJo[x[1]o]loloJo[1]o]o]1loflolo]o]alolof[1]o]o]oflof[1]0]0

Size: 64-bit only

Field Access | Description

throttle rr_en R/W | Enable read return throttling on Runway.

med read bypass en | R/W | Enable medium read bypasslogic.

wqg_hp hw R/W | Write queue high priority high water mark.

wqg_hp lw R/W | Write queue high priority low water mark.

wcm_fc hw R/W | Write aherency map flow control high water mark.
wcm_fc lw R/W | Write aoherency map flow control low water mark.
rcm fc hw R/W | Real coherency map flow control high water mark.
rcm fc lw R/W | Real coherency map flow control low water mark.

Register 3: RBIB_CTRL Register

The RBIB_CTRL register controls performancetuning and flow control for the RBIB. The
RBIB_CTRL register can only be written when there ae noreals or writes to memory pending

in Astro. PDC firmware shoud program the RBIB_CTRL register before it enables the memory
controller.

Note: Thersi_error_enablefield in bit position 31was removed for Astro 2.0. The
rsi_error_enable bit wasametal fix used in Astro 1.0to dsable ay error detedionin the RBIB
in case afasely deteded error would prevent the system from operating. For Astro 2.0and
beyond,the aror signaling bitsin the ERROR_ENABL E register will t ake over this task.
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When thethrottle rr_en field is 1, then read returns from memory will be throttled badk when
either a proces=or or the /0O controll er is arbitrating for the Runway bus. Thisfeaure helps kegp
the memory pipeline from filli ng and draining as often.

When the med_read_bypass en field is 1, then memory read requests are dlowed to bypassthe
RQ andisae diredly to memory in ore state. Thisfeadure shoud be &leto trim 1 state off of
read latency.

Thewq_hp_hw andwqg_hp_Iw fields control how far the WQ can get baded up lefore the
CMC prioritizes writes ahead dof reads. When the number of entriesin the WQ is greater than
wq_hp_hw, then writes are treaed as high priority. Writeswill continueto be high priority urtil
the number of entriesin the WQ islessthan or equal towqg_hp_lw.

Thewcm_fc_hw andwem_fc_lw fields control how far the write amherency map can get badked
up kefore the CMC flow controls the Rurway bus to the NONE_ALL OWED state. (Inthe
NONE_ALL OWED state, notransadions are dlowed.) When the number of entriesin the write
coherency map is greater than wem_fc_hw, then Runway will be flow controlled. Rurnway will
continue to be flow controlled urtil the number of entriesin the write mherency map is less than
or equal towem_fc_lw.

Thercm_fc_hw andrcm_fc_lw fields control how far the read coherency map can get badked
up kefore the CMC flow controls the Rurway busto the RET_ONLY state. (Inthe RET_ONLY
state, oy memory write badks, memory flush badks, cace-to-cade writes, sync dore
transadions, data purge dlocae dore transadions, error transadions, memory read returns and
I/O read returns are dlowed.) When the number of entriesin the read coherency map is greater
than recm_fc_hw, then Runway will be flow controlled. Runway will continue to be flow
controlled urtil the number of entriesin the read coherency map islessthan or equal to
recm_fc_Iw.
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Ml WCM_DIAG_READ 0to WCM_DIAG_READ_15 Register L
B (address. OxFF_ FEDO C100to OxFF_FEDOQO C178) B
6|6|6|6|5|5|5|5|5|5|5|5|5|5[4|4a|a|la|a|a|ala|s|3]|3][3]|3]3 3|3
3|2|1]|o|9|8|7|6|5|4|3|2]|1|0]|9|8|7|6|5|4|3|2]|1|0]9|8|7|6]|5|4a]|3]|2
£gl8
he]
reserved g Sl 8
al €l =
E [&] E
[&] ; 5
= s
Power On Initialization

XUXIXIXIX XXX IX X DX X X X X X XX DX X I X Ix Ix I x I xIx]IxIx{x[o]x]x

3[3{2|2f22]2|2]2|2]2|2]a|aafaafa]afa]a]2
1/{o|9|8|7|6]|5]|4]|3|2|1|0|9|8|7|6|5]|4]|3|2|1]|0|9|8|7|6|5][4|3]|2|1]0

reserved

wem_addr[35:6]

Power On Initialization

XIXTIXIXIXIXIXIXIX X IXIX X X IX X X IX X IX X X X IX X IXX X IxIx]x]x]x

Size: 64-bit only

Field Access | Description

wcm_pending R Entry in WCM is pending.

wcm_in wq R Entry in WCM isin the WQ.

wcm_read conf R Entry in WCM coriflictswith aread in the RCM.
wcm_addr R Addressof transadion.

Register 4 WCM_DIAG_READ _0to 15 Register

The WCM Diagnostic Real Registers are 16 real-only registers that all ow diagnaostic codeto
real the state of any line in the write aherency map. These registers are used to help debug
Astro. Firmware does nat need to accessthese registers. SeeSection 1.7 Read/Write
Coherency Map Definition for information onwrite aherency map field definitions.
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1.8.2.3 Read Coherency Map Diagnostic Read Registers

M RCM_DIAG_READ 0toRCM_DIAG_READ 15 Register L
B (address. OxFF FEDO C180to OxFF_FEDO C1F8) B
6|6|6|6|5|5|5|5|5|5|5|5[5|5[4]4la|ala]alalala]a]3]|3][3]3][3]3[3]3
3|2|1]|o|9|8|7|6|5]|4|3|2]|1|0]|9|8|7|6]|5|4]|3|2]|1|0]|9|8|7|6]|5|4a]|3]|2
g ) s |.|5
o 8 £l © 2l 2|84
= = — = o
S| T o |s|E S| BT E |9
reserved S 7 rcm_trans id[5:0] g o: Z] %I E' 2' g i'
£ = | e e o & = | s
2 ' 21 ¢ El = El o et
5 - 5 1|6
Power On Initialization
XIXIXIXIXIXTIXIXIXIXTOIXTIXIXIXIXIXTIXTIXIXIXIXIXTIXIX XX X]IXIXxIXx]X
3|3|2]2|2]2|2]2|2]2|2]2a]afafafafafa]afa]2
1/o|9o|8|7|6]|5]|4]|3|2|1]|o|9|8|7|6|5]|4|3]|2|a]|o|l9|8|7|6|5]|4|3]|2]|1]0

rcm_addr[35:6]

reserved

Power On Initialization
XUXIXIXIX XXX IX X IX X DX X X X DX DX DX X X DX I I X I x I x I x I x I x [ x [ x| x

Size: 64-bit only

Field Access | Description

rcm_pending R Entry in RCM is pending.

rcm_master id R Master ID of transadion.

rcm trans id R Transadion ID of transadion.

rcm bs R Byte swap read return.

rcm 0O length R TransadionisaO0 length read request.

rcm_type R Type of transadion.

rcm_coh resp R Coherency resporse.

rcm_in_rq R Entry in RCM isin the RQ.

rcm_rr_count R Number of reads outstanding in the memory controll er for this
entry in the RCM.

rcm write conf R Entry in RCM corflicts with awrite in the WCM.

rcm_late write_conf R Entry in RCM conflicts with awrite in the WCM after the
read was issued to memory.

rcm addr R Addressof transadion.

Register 5: RCM_DIAG_READ 0to 15 Register

The RCM Diagnostic Read Registersis a mlledion d 16 read-only registers that all ow
diagnostic code to read the state of any linein the read coherency map. These registers are used
to help debug Astro. Firmware does not need to accessthese registers. SeeSection 1.7
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Read/Write Coherency Map Definition for information onread coherency map field

definiti ons.

1.9 Internal Bus Definitions

Below are the definitions of the signals onthe Runway Inpu Bus and the Runway Output Bus.
Thefirst field in asignal name identifies the block that drives the signal. The only exceptionto
thisruleisfor signals onthe Runway Output Bus that are driven by more than ore block. These
signals will begin with ‘rob’ to identify them as Runway Output Bus sgnals.

1.9.1 Runway Input Bus

Signal

Description

rwp_addr_data[127:0]

Multiplexed addressand data bus. Addresses are mapped to
rwp_addr_data[31:24,39:32,47:40,55:48,63:56]. Data use
the entirerwp_addr_data bus.

rsi_byte enable[15:0]

Byte enablesfor I/O data (nat address na memory data) on
therwp_addr_data bus. Byte enables are valid with the
addressfor an I/0O write or I/O read transadion. (i.e. Byte
enables are valid when either rsi_io read or rsi_io_writeare
aserted.)

rwp_master_id[2:0]

Master ID for addressand data onthe rwp_addr_data bus.

rwp_trans id[5:0]

Transadion ID for addressand dataontherwp_addr_data
bus.

rsi_pdh_read64

PDH cadelinerea strobe. Asserted when amemory read to
PDH memory address paceis onthe Runway Inpu Bus.

Note: No memory addressin-range or parity chedks are
performed for thistransadion. Thersi_error signa will
assert onthe next state if an error occurred.

rsi_mem_read

Memory read strobe. Asserted when a memory read addressis
onthe Runway Inpu Bus. Not asserted when a PDH cade
lineread or a0 length read isonthe Runway Inpu Bus. See
rsi_pdh_read64 andrsi_0_length for more information.

Note: No memory addressin-range or parity chedks are
performed for thistransadion. Thersi_error signa will
assert onthe next state if an error occurred.

rsi_mem_write

Memory write strobe. Asserted when amemory write aldress
isonthe Runway Inpu Bus. No memory in-range or parity
chedks are performed for this transadion.

Note: No memory addressin-range or parity chedks are
performed for thistransadion. Thersi_error signa will
assert onthe next state if an error occurred.
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Signal Description
rsi_io_read I/O read strobe. As=rted when an /O read addressis on the
Runway Inpu Bus.
Note: No I/O addressin-range or parity cheds are performed
for thistransadion. Thersi_error signal will assert onthe
next state if an error occurred.
rsi_io_write I/0O write strobe. Asserted when an I/O write aldressis onthe

Runway Inpu Bus.

Note: No I/O addressin-range or parity cheds are performed
for thistransadion. Thersi_error signal will assrt onthe
next state if an error occurred.

rsi_ioc_c2c write

I/O controll er cache-to-cache write strobe. Asserted when a
cade-to-cache write addresswith the 1/0 controll er master ID
isonthe Runway Inpu Bus.

Note: No memory addressin-range or parity chedks are
performed for thistransadion. Thersi_error signal will
assert onthe next state if an error occurred.

rs_ioc rr_data valid

I/O controller read return datavalid. Asserted when read
return datafor the 1/O controller is onthe Runway Inpu Bus.
Used for read returns from memory, cade-to-cade aopies
and 1/O red returns.

NOTE: Thersi_ioc_rr_data valid signal will assert for
Runway path errors (when bah ADDR_VALID and
DATA_VALID are as%rted). Thers_byte parity[15:0]
signal will be used to ndify the 1/O controll er that a path error
occurred.

rs_flush

Flush strobe. Asserted when amemory flush addressis onthe
Runway Inpu Bus.

Note: No memory addressin-range or parity chedks are
performed for thistransadion. Thersi_error signal will
assert onthe next state if an error occurred.

rsi_purge

Purge strobe. Asserted when amemory purge addressison
the Runway Inpu Bus.

Note: No memory addressin-range or parity chedks are
performed for thistransadion. Thersi_error signal will
assert onthe next state if an error occurred.

rsi_purge alloc

Purge dl ocde strobe. Assrted when a memory purge dl ocate
addressis onthe Runway Input Bus.

Note: No memory addressin-range or parity chedks are
performed for thistransadion. Thersi_error signal will
assert onthe next state if an error occurred.
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Signal

Description

rsi_sync

Sync strobe. Aserted when a sync transadionis onthe
Runway Inpu Bus.

Note: No perity chedks are performed for this transadion.
Thers_error signa will assrt onthe next state if an error
occurred.

rsi_coherent

Coherent transadion strobe. Asserted when a wherent
transadionis onthe Runway Inpu Bus. (i.e. Asserted when
ADDR_VALID isassrted, DATA_VALID isdeassrted, and
TTYPE[2] isas®rted.)

Note: No memory addressin-range or parity chedks are
performed for thistransadion. Thersi_error signal will
assert onthe next state if an error occurred.

rsi_byte swap

Byte swap transadion strobe. Assrted when a byte swapped
read addressis onthe Runway Inpu Bus.

Note: No memory addressin-range or parity chedks are
performed for thistransadion. Thersi_error signal will
assert onthe next state if an error occurred.

rsi_0_length

Zero length read strobe. Asserted when a0 length read
addressis onthe Runway Input Bus.

Note: No memory addressin-range or parity chedks are
performed for thistransadion. Thersi_error signal will
assert onthe next state if an error occurred.

rsi_private

Private read strobe. Asserted when a private read addressis on
the Runway Inpu Bus.

Note: No memory addressin-range or parity chedks are
performed for thistransadion. Thersi_error signal will
assert onthe next state if an error occurred.

rs_ioc_mastered

I/O controll er mastered transadion. Asrted when am
addressthat was mastered by the 1/O controller isonthe
Runway Input Bus. The I/O controll er will only sample this
signal whenrsi_coherent isaso asserted. Thistellsthe I/O
controller it mastered the aoherent transadion.

rs_error

Error strobe. As<erted when the previous Runway Inpu Bus
transadion was either a broadcast error, or an ou-of-range
memory transadion, a an ou of range I/O transadion, a a
transadion with an addressparity error, or atransadionwith
a oontrol parity error. SeeSection 1.9.1.1:Runway I nput Bus
Error Strategy for more information.

rsi_memory_oor

Memory out-of-range strobe. Asserted when the previous
Runway Input Bus transadion contained a memory address
that was out-of-range. When aserted, rsi_error must also be
asserted.
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Signal

Description

rsi_parity_error[1:0]

Uncorredable data parity error. A data parity error occurred
onrwp_addr_data[127:64] whenrsi_parity_error[1] is
as®erted and a data parity error occurred on
rwp_addr_data[63:0] whenrsi_parity_error[0] isassrted.
All bitsof rai_parity_error[1:0] will assrt for a Runway
path error (when bah ADDR_VALID and DATA_VALID
are as%erted). SeeSection 1.9.1.1:Runway Input BusError
Strategy for more information.

rsi_byte parity[15:0]

Byte parity for data (not addresg ontherwp_addr_data bus.
Parity is even. (There will always be an even number of 1's
for data and parity combined.) Byte parity is poisoned for
Runway parity errors at 4-byte granularity. All bits of
rsi_byte parity[15:0] will assert for a Runway path error
(when bah ADDR_VALID and DATA_VALID are as<rted).
SeeSection 1.9.1.1:Runway Input BusError Strategy for
more information.

rwp_cohQ[1:0]
rwp_coh1[1:0]
rwp_coh2[1:0]
rwp_coh3[1:0]

Runway Coherency response from processors. Each
procesor is mapped to an aligned two-bit field. Coherency
resporses are:

e 2b00 OK

e 2b0X COPYOUT

* 2bl10 SHARED

e 2'b11 NO RESPONSE

ioc_cohi[1:0] I/O cathe mherency resporse. Uses the same awherency
respornse encoding asrwp_cohO.

cmc_rg_cmi Next avail able read coherency map index for transadions
entered into the RQ or CRQ.

cmc_wg_cmi Next avail able write cherency map index for transadions

entered into the WQ.

Table 9: Runway Input Bus Signal Definitions
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Runway
Transaction Type

rs_pdh_read64

gth

rs ioc c2c write

rs_mem_read
rs_mem_write
rs_io_read
rs_io_write
rsi_flush
rs_purge
rsi_purge alloc
rs_sync
rsi_coherent
rs_byte swap
rs_0 len
rsi_private

READ (PDH)

X

READ (Memory)

X

READ_BS (PDH)

X

READ_BS (Memory)

XX

READ SHAR OR PRIV

READ_CURRENT

READ_PRIV

XXX [X

READ PRIV (0 length hint)

CLEAR_PRIV

XX XXX

X

WRITE

WRITE_BACK

FLUSH_BACK

C2C WRITE (not to 10C)

C2C_WRITE (to 10C)

XX XXX

READ SHORT

WRITE_SHORT

DFLUSH

DFLUSH_WR

DFLUSH_RD

DFLUSH RD WR

IFLUSH

XXX X [X

DPURGE

DPURGE_ALLOC

CACHE_SYNC

DMA_SYNC

XXX XX XXX X

Other with TTYPE[2] =0

Other with TTYPE[2] = 1

X

Table 10: Runway Input Bus Transaction Decoding

1.9.1.1 Runway Input Bus Error Strategy

Runway Input Bus transadions that have aldressparity errors, addresscontrol parity errors, and
addressout-of-range arors are signaled by asserting rsi_error one state dter the transadionis
issued onthe Runway Inpu Bus. Table 11: Runway I nput Bus Error Responses define how
Rurnway Inpu Bus transadions are resolved if rsi_error isaserted.

RIB Transaction

Error Response

READ (PDH)
READ BS (PDH)

The PDH cadelinerea transadionisignored by the I/O
controller. The read will never be isaued to Dill on.
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RIB Transaction

Error Response

READ (Memory)
READ_BS(Memory)
READ_SHAR_OR_PRIV
READ_CURRENT

If the memory read transadion’s addressis out-of-range, then
the read will be sent to the MBAT andthe MBAT will i gnore
the transadion. Therewill be noread issued to memory, there
will be noread return to the RRDR.

C2C WRITE (not to 1OC)

READ_PRIV Otherwise, the transadionwill be sent to memory, the read
READ—PRI V (Olength return will go to the RRDR, and the CMC will never issue a
hint) read return

CLEAR PRIV '

WRITE The memory write transadionisignored by the CMC. The
WRITE_BACK write will never make it to memory.

C2C_WRITE (to 10C)

The memory write transadionisignored by the CMC. The
write will never make it to memory.

The I/O controll er cache-to-cade write transadion will
complete a normal in the I/O controller. (The I/O controll er
does nat care dou the addressphase of a cate-to-cathe
write, it only cares abou the data associated with the master
andtransadion|D.)

READ_SHORT

Thel/O rea transadionisignored by the 1/O controller.
There will be no /O read issued to the Rope Bus.

WRITE_SHORT

The l/O writetransadionisignored by the I/O controll er.
There will be no I/O writeisaied to the Rope Bus.

DFLUSH The CMC will tradk the aherency resporse to kegp the CRQ
DFLUSH WR up-to-date.

BE::B?:—EB WR The 1/O controll er will i gnore the transadion, bu give an OK
IFLUSH ~ coherency resporse.

DPURGE The CMC will tradk the aherency resporsesto kegp the CRQ

up-to-date.

The 1/O controll er will i gnore the transadion, bu give an OK
coherency resporse.

DPURGE_ALLOC

The CMC will tradk the aoherency resporses to keep the CRQ
up-to-date. The CMC will nat issue a
DPURGE_ALLOC_DONE to Runway.

The 1/O controll er will i gnore the transadion, bu give an OK
coherency resporse.

CACHE_SYNC
DMA_SYNC

The CMC will tradk the aoherency resporses to keep the CRQ
up-to-date. The CMC will not issue aSYNC_DONE to
Runway.

The 1/O controll er will i gnore the transadion, bu give an OK
coherency resporse.

Other with TTYPE[2] =0

The transadionwill beignored.
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RIB Transaction

Error Response

Other with TTYPE[2] = 1

The CMC will tradk the aoherency resporses to keep the CRQ

up-to-date.

The 1/O controll er will i gnore the transadion, bu give an OK

coherency resporse.

Table11:

Runway Input Bus Error Responses

Data parity errors, data control parity errors, and cata path errors (when bah ADDR_VALID and
DATA_VALID are as%rted) are signaled by poisoning rsi_byte parity[15:0] and asserting

rs_parity_error[1:0].
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1.9.2 Runway Output Bus

Signal Description
rob_addr_data[127:0] Multi plexed addressand dhta bus. Adadresses are mapped to
rob_addr_data[31:24,39:32,47:40,55:48,63:56]. Virtual
indexes are mapped to rob_addr_data[19:18,11:8,23:20].
Datausethe entirerob_addr_data bus. Note: Due to the
addition d the ROB multi plexer, there is a memory controll er
and |/O controll er version d this bus.
rob_byte parity[15:0] Byte parity for data (not addresg ontherob_addr_data bus.
Parity is even. (There will always be a even number of 1's
for data and parity combined.) Byte parity is poisoned for 1/0
controller parity errors and memory uncorredable ECC errors.
Note: Due to the aldition d the ROB multi plexer, thereis a
memory controller and I/O controll er version d this bus.
rob_master_id[2:0] Master ID for addressand cetaontherob_addr_data bus.
Note: Due to the aldition d the ROB multi plexer, thereis a
memory controller and I/O controll er version d this bus.
rob_trans id[5:0] Transadion ID for addressand cetaontherob_addr_data
bus. Note: Dueto the aldition o the ROB mullti plexer, there
isamemory controller and 1/O controller version d thisbus.
rob_ctl_parity Parity for rob_master_id androb_trans_id. Parity iseven.
(Therewill always be an even number of 1'sfor data and
parity combined.) Note: Due to the aldition d the ROB
multi plexer, there is amemory controller and 1/O controll er
version d thisbus.

rmi_cmc_gnt CMC Runway Output Bus Grant. When as<erted, the
CMC/RRDR drives the tri-state Runway Output Busss.
ioc_pdh_rr_req I/O controller PDH memory read return request. Aserted

when there isa PDH memory read return transadion ready for
the Runway bus. Held as<erted urtil rmi_pdh_rr_gnt is
as®rted and there ae no more PDH memory read return
transadions ready for the Runway bus.

rmi_pdh_rr_gnt 1/O controller PDH memory read return grant. A PDH
memory read return begins onthe first state when bah
ioc_pdh_rr_reqandrmi_pdh_rr_gnt are as%rted. The
transadionrequires four data states (one cade line) with no
embedded idle gycles.

ioc_stop_pdh I/O controll er stop PDH memory reads. As<erted to flow
control the Runway busto prevent any memory read
transadions. (CLIENT_OP shoud changeto RET_ONLY.)
cmc_mem_rr_req Memory read return request. Asserted when thereisa
memory read return transadion ready for the Rurnway bus.
Held asserted urtil rmi_mem_rr_gnt is asserted and there ae
no more memory read return transadions ready for the
Runway bus.
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Signal

Description

rmi_mem_rr_gnt

Memory read return grant. A Runway memory read return
begins onthefirst state when bah cmc_mem_rr_req and
rmi_mem_rr_gnt are as%rted. The transadion requires four
data states (one cadte line) with noembedded idle gy/cles.

cmc_0_length_rr

I/O controller zero length read return strobe. Aserted with
cmc_0_length_trans id toindicate a0 length read return to
the I/O controll er.

cmc_0 length trans id[3:0]

1/O controll er zero length read return transadion ID.

cmc_shared

Shared read return flag. Aserted withcmc_mem_rr_req to
indicate ashared return.

ioc_mem_read_req

I/O controll er memory read request. Assrted when thereisa
memory real transadion realy for the Runway bus. Held
aserted urtil rmi_mem_read_gnt is aserted and there ae
no more memory read transadions ready for the Runway bus.

rmi_mem_read_gnt

I/O controll er memory read grant. An 1/O cortroll er memory
read begins onthefirst state when bahioc_mem_read_req
andrmi_mem_read_gnt are as%rted. The transadion
requires one aldress sate.

ioc_0_length

I/O controller zero length read hint. Asserted with
ioc_mem_read_req to hint that if the read isnot COPYOUT,
then the memory controll er does nat need to return data with
the memory read return.

ioc_mem_write req

I/O controll er memory write request. Asserted when thereisa
memory write transadion ready for the Rurway bus. Held
aserted urtil rmi_mem_write_gnt is asserted andthere ae
no more memory write transadions ready for the Runway bus.

rmi_mem_write_gnt

I/O controll er memory write grant. An I/O controll er memory
write begins onthe first state when bah ioc_mem_write req
andrmi_mem_write_gnt are asserted. The transadion
requires one aldress $ate and four data states (one cate line)
with noembedded idle gycles.

ioc_io_read_req

I/O controller I/O read request. Asserted when thereisan 1/0
read transadion ready for the Runway bus. Held asserted urtil
rmi_io_read_gnt is asserted and there ae nomore 1/0O read
transadions realy for the Runway bus.

rmi_io_read_gnt

I/O controller I/O read grant. An /O cortroller I/0 read
begins onthefirst state when bahioc_io_read_req and
rmi_io_read_gnt are as%erted. The transadion requires one
address sate.

ioc_io_rr_req

I/O controller 1/O read return request. Asserted when thereis
an 1/O rea return transadion ready for the Runway bus. Held
aserted urtil rmi_io_rr_gnt is asserted and there ae no more
I/O read return transadions ready for the Runway bus.

rmi_io_rr_gnt

I/O controller I/O read return grant. An 1/O controller 1/0 read
return begins onthefirst state when bahioc_io rr_req and
rmi_io_rr_gnt are ssserted. The transadion requires one data
state (8-bytes).
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Signal

Description

ioc_io_write req

I/O controller I/O write request. Asserted when thereisan I/O
write transadion realy for the Runway bus. Held as<erted
until rmi_io_write_gnt isas%rted and there ae nomore 1/O
write transadions ready for the Runway bus.

rmi_io_write _gnt

I/O controller I/O write grant. An 1/O controller 1/0 write
begins onthefirst state when bahioc_io_write req and
rmi_io_write_gnt are as<erted. The transadion requires one
address $ate and ore data states (8-bytes) with noembedded
idle gycles.

cmc_sync_done _req

Sync dore request. Asserted when thereisa sync dore
transadion realy for the Runway bus. Held asserted urtil
rmi_sync_done _gnt is asserted and there ae no more sync
dore transadions ready for the Runway bus.

rmi_sync_done_gnt

Sync dore grant. A sync dore begins onthe first state when
both cmc_sync_done req andrmi_sync_done_gnt are
as®rted. The transadion requires one state.

cmc_purge _alloc_done req

Purge dl ocae dore request. Asserted when thereisa purge
alocae dore transadion ready for the Rurway bus. Held
aserted urtil rmi_purge _alloc_done_gnt is aserted and
there ae no more purge dl ocae dore transadions ready for
the Runway bus.

rmi_purge alloc_done gnt

Purge dlocae dore grant. A purge dl ocate dore begins onthe
first state when bah cmc_purge_alloc_done req and
rmi_purge alloc_done _gnt are as%rted. The transadion
requires one state.

rsi_broad_error_req

Broadcast error request. Asserted when there is a broadcast
error to sendto the Runway bus. Held asserted urtil
rmi_broad_error_gnt isaserted and there ae no more
broadcast error transadions realy for the Runway bus.

rmi_broad_error_gnt

Broadcast error grant. A broadcast error begins on the first
state when bah rsi_broad_error_req and
rmi_broad_error_gnt are as%rted. The transadion requires
one state.

ioc_stop_io

Stop I/O transadions. Asserted to prevent 1/0O readsand 1/0
writes from being issuied onthe Runway bus. Assauming that
the RMI block obeys the Rurway meta-protocol and only
isaies one I/O transadion every two Runway states, then there
could be upto two I/O transadions receved onthe Runway
Inpu Bus onceioc_stop_io isasserted onthe Runway Output
Bus.

ioc_cmd_reset

Commandreset. Assrted for 1 state by the I/O controll er
after abroadcast reset command (WRITE_SHORT) is ®en on
the Runway Inpu Bus.

Table 12: Runway Output Bus Signal Definitions
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HOST_CONTROL Rea Return X
HOST_CONTROL Rea Return X
SHAR_RTN Rea Return X X
(O length read return to |OC) X
READ_SHAR _OR_PRIV X
READ_CURRENT X
READ_PRIV X
READ_PRIV (0 length hint) X X
WRITE_BACK X
READ_SHORT X
(1/O red return from 1OC) X
WRITE_SHORT X
SYNC_DONE X
DPURGE_ALLOC DONE X
BROAD ERROR X

Table 13: Runway Output Bus Transaction Encoding

1.10 Runway Transaction Summary

Table 14 summarizes the Runway transadions that Astro suppats. Astro dees partial TTY PE
deading in compliancewith Appendix B of the Runway Spedficaion (Rev 1.3). The
TTYPE[O0:7] field isthe Runway transadiontype. The Master field is marked with “I” or “M”

if the I/O controller or the memory controll er can master the transadion respedively. The
Receivefield is marked with “1”, “M”, or “B” if the I/O controll er, memory controller, or bath
can recave the transadion respedively. The Coherent field is chedked for coherent transadions.
The # Cyclesfield identifies the minimum number of cycles the transadion requires including
data gscles. Astro daes not generate any imbedded idle o/clesin Runway transadions. Astro is
tolerant of Runway devicesthat do generate imbedded idle g/clesin Runway transadions.

2|86 |8

7825

. o] c | O

Runway Transaction | TTYpPE[j0:7] | = | X | O | =
DIR_ERROR 0x08 1
ITLB_PURGE _DONE 0x10 1
DTLB_PURGE_DONE 0x14 1
SYNC DONE 0x18 M 1
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| 28]

71825

. o c | O

Runway Transaction | TTYpE[j0:7] | = | X | O | =
WRITE_SHORT DONE Ox1A 1
DPURGE_ALLOC DONE 0x1C M 1
BROAD_ ERROR 0x48 M I 1
ITLB_PURGE 0x50 1
DTLB PURGE 0x54 1
HOST_CMD 0x58 1
HOST _CMD 0x59 1
UPDATE_DUP_TAGS 0x5C 1
CACHE_SYNC 0x60 | v 1
DMA_SYNC 0x64 I v 1
IFLUSH 0x68 I v 1
IFLUSH_ENTRY 0x69 v 1
CLEAR WORD 0x70 v 2
CLEAR DBL 0x72 v 2
DFLUSH 0x74 I v 1
DFLUSH_WR 0x75 I v 1
DFLUSH _RD 0x76 I v 1
DFLUSH_RD_WR 0x77 I v 1
DPURGE 0x7C I v 1
DPURGE_ALLOC OX7E I v 1
WRITE BURST 0x80 5
WRITE_SHORT (Memory) 0x81 2
WRITE_SHORT (1/0) 0x81 I I 2
WRITE 0x90 M 5
WRITE16 0x92 3
C2C_WRITE 0x94 B 5
WRITE_BACK 0x98 I M 5
FLUSH_BACK 0x9C M 5
WRITE_P_UPD 0xB8 v 5
WRITE16 P UPD OxBA v 3
WRITE_PURGE 0xBC v 5
WRITE16_PURGE OxBE v 3
READ BURST 0xCO v 1
READ_SHORT (Memory) 0xC1 v
READ_SHORT (1/0) 0xC1 I I v 2
FETCH_AND_DEC 0xC5 v 1
FETCH_AND INC 0xC7 v 1
READ 0xDO M 1
READ BS 0xD4 M 1
READ (PDH Memory Space 0xDO I 1
READ BS (PDH Memory Space 0xD4 I 1
READ_CURRENT 0xFO | B v 1
READ SHAR OR PRIV OxF4 I B v 1
READ_ PRIV 0xF8 | B v 1
CLEAR PRIV OxFC B v 1
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Runway Transaction | TTYpE[j0:7] | = | X | O | =
HOST CONTROL Real Return N/A M | 4
SHAR RTN Rea Return N/A M | 4
READ_ SHORT (1/0O) Read Return N/A | | 1

Table 14: Runway Transaction Summary

1.11 Transaction Examples

This edionwalks through some transadion flow examples to develop some high level
understanding for Astro’s Runway Bus Interface

1.11.1 Processor Initiated Write Transactions

Proces=or initi ated writes are receved from the Runway bus by the RSI. The RSI forwards write
addressand dhta to the CMC and WDR respedively onthe Runway Inpu Bus. If the writeisa
cade-to-cahe copy with the |OC’s master ID, then the write is aso sent to the I/O cortroll er.
The CMC dl ocaes a CMI in the write aherency map to keep tradck of the write urtil it i sissued
to memory. The CMC places a CMI for the write in the WQ. When the CMI for the write reades
the top d the WQ, the CMC will popthe CMI off the WQ and isaue the write aldressto the MC.
The MC will pul the write data from the WDR and tell the CM C when the write is completed to
memory. The CMC will freethe write coherency map entry for the write.

1.11.2 Processor Initiated Non-Coherent Read Transactions

Proces=or initiated noncoherent reals are receved from the Runway bus by the RSI. The RS
forwards the read addressto the CMC on the Rurnway Inpu Bus. The CMC allocatesa CMI in
the read coherency map to keep tradk of the read urtil the read return phase is complete. If there
isnathing in the RQ, then a medium RQ bypasspath is enabled to isae the read addressdiredly
to the MC with 1state of delay. Otherwise, the CMC placesthe CMI for the read in the RQ
where it will take aminimum of 2 states to issue to the MC.

When the CMI for the read reades the top d the RQ, the CMC will chedk the read coherency
map for read/write arflicts. If thereis a wnflict, then the CMC will i saue writes to the MC (if
necessry) to clea the aonflict. Oncethe write corflict iscleaed, the CMC will popthe CMI for
thereal off the RQ andisaue the read addressto the MC.

The MC will read datafrom memory and dacethe read return datain the RRDR. The MC will
give the CMI for the read return to the CMC ealy so the CMC can arbitrate for the Runway bus
and nd waste any statesin returning the read data. The CMC will placethe CMI for the read
return in the RRQ.

Oncethe CMI for the read return reaties the top d the RRQ, the CMC will popthe CMI for the
read return off the RRQ andisale the read return from the RRDR to the RMI block viathe
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Runway Output Bus. The RMI block will i saue the read return onthe Runway bus. The CMC
will freethe read coherency map entry for the read.

1.11.3 Processor Initiated Coherent Read Transactions

Proces=or initi ated coherent reads are receved from the Rurnway bus by the RSI. The RS
forwards the read addressto the CM C on the Runway Input Bus. The RSI also forwards the read
addressto the I/O controller to be snooped in the I/0 cade. The CMC allocates a CMI in the
read coherency map to keep tradk of the read urtil the read return phase or coherency resporse
phase is complete. The CMC places the CMI for the read in the CRQ. If thereis nothing in the
RQ, then amedium RQ bypasspath is enabled to isae the read addressdiredly to the MC with 1
state of delay. Otherwise, the CMC placesthe CMI for the read in the RQ whereit will take a
minimum of 2 states to iswue to the MC.

When the CMI for the read reades the top d the RQ, the CMC will chedk the read coherency
map for read/write corflicts. If thereisa aonflict, then the CMC will i saue writes to the MC (if
necessry) to clea the aonflict. Oncethe write corflict iscleaed, the CMC will popthe CMI for
thereal off the RQ andisaue the read addressto the MC.

When the CMI for the read reades the top d the CRQ and all coherency resporses are
completed, then the CMC will record the mherency resporse in the read coherency map and
ched for read/write wriflicts. If thereisa cnflict, then the CMC will send writes from the WQ
to the MC urtil the corflict iscleaed, wait (if necessary) for the read to reat the top d the RQ,
popthe CMI for the read off the CRQ, and iswue the read addressto the MC. Otherwise, the
CMC will popthe CMI for theread dff the CRQ withou isaling the read to the MC. (If thereis
not aread/write cnflict at the end d the mherency resporse phase, then there will never be one.
We ae ceatain that the RQ has snt, or will send, the read to the MC, so the CRQ does nat have
to doit.) If theread return datafor the read is already in the RRDR and the cwoherency resporse
is COPYOUT, then the CMC will freethe read coherency map entry for theread. If theread
return datafor thereal is arealy in the RRDR and the amherency resporse is OK or SHARED,
then the CMC will placethe CMI for the read in the RRQ to schedule areal return. Otherwise,
the read return will be scheduled orcethe read return datais avail able.

Note: It isposdgble for the RQ to issue aread to the MC, later have aread/write corflict, deted
the aonflict at the end o the mherency resporse phase and have the CRQ reisaue the read to the
MC. In this case, the MC must never let the two reads passead aher. The only timethe MC
will alow two conflicting reads to passead ather iswhen the first read is marked, the second
read is not marked, and the marked read fenceis assrted. Thiscan nd happen since ay read
reissued from the CRQ will be marked.

The MC will read datafrom memory and dacethe read return datain the RRDR. The MC will
give the CMI for the read return to the CMC ealy so the CMC can arbitrate for the Runway bus
and nd waste any statesin returning the read data. If the amherency resporse phase is complete,
the CMC will placethe CMI for the read return in the RRQ to schedule aread return.

Oncethe CMI for the read return reaties the top d the RRQ, the CMC will popthe CMI for the
read return off the RRQ andisaue the read return from the RRDR to the RMI block viathe
Runway Output Bus. The RMI block will i saue the read return onthe Runway bus. The CMC
will freethe read coherency map entry for the read.
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1.11.4 1/O Controller Initiated Write Transactions

1/0O Controller initi ated writes are sent to the Runway Output Bus ontherob_addr_data bus.
The RMI masters the write on Runway to be refleded badk into Astro by the RSI. From this
point on, the IOC initiated write looks like aRunway initi ated write.

1.11.5 1/O Controller Initiated Coherent Read Transactions

1/0O Cortroller initi ated coherent reads are sent to the RMI ontherob_addr_data bus. The RMI
masters the read onRunway to be snooped by al processors and refleded badk into Astro by the
RSI. Themiddle part of an 1/O controller initi ated coherent read looks identicd to a procesor
initi ated coherent read described in Section 1.11.3. After the read return data hits the Runway
bus, it isrefleded orto the Runway Inpu Bus by the RSI block and sent to the I/O controll er.
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