Astro External Reference Spedfication

1 Astro I0C

The Astro bock will be referred to as the Runway to 10C (R2l) block. The majority of this
chapter describes the operation d the R2l block. It isasaumed that the reader is very famili ar
with Elroy. Information contained in the Elroy ERS will nat be repeaed in the Astro ERS.

1.1 Overview

The AIOC consists of two major blocks, the R2l andthe IOC. The majority of the complexity of
the AIOC residesinthe IOC. The AIOC design is centered arounda 16-line, fully associative
coherent cadhe which residesin the 10C block. The Runway side of the cade is 144-bits wide
and operates in the runway frequency domain. Dataisrouted diredly from the Runway pads to
the catie. The cabe communicaeswith 1/0 devicesviaupto 8 dfferent 1/O ropes with an
Elroy at the end. The 8 ropes can be bunded in two dfferent configurations to suppat 1/0
devices ranging in bandwidth requirements from 250MB/s (single wide rope) to 50MB/s (dual
widerope). The ropes use an Elroy chip to convert to the PCI bus. The AIOC also drives asmall
point-to-point colledion d signalsto the Dill on chip which isthe interfaceto the boa ROMs and
any other PDH devicesthat are required.

All Runway transadions with an addressthat fallsin I/O spacewill be forwarded to the AIOC
from the RBIB. The R2l will deade the aldressand send the transadionto the gopropriate
destination. Posdble destinations include the R21_regbus, I0OC_regbus, elroy_regbus, pdh, @ a
PCI bus on ore of the d@ght ropes. If the I/O addressis outside of Astro’s 1/0O address pacethe
transadion will not be forwarded.

When the AIOC has atransadion it wantsto initi ate (or complete in the case of PIO reads) it will
make arequest to the RBIB. The RBIB will arbitrate for the Runway bus on behalf of the AIOC
andinformsthe AIOC 1 cycle prior to becoming the Runway bus master. The AIOC will then
drive the request and/or the completion catadiredly to Astro’s Runway pads.

When dmadatais returned from the Runway padsto the AIOC it will be stored diredly in the
cade. Datafrom Astro’s memory cortroller is always snt to the Runway busevenif it is
destined for the IOC. Dma datawill always be full cadelines (4 data ¢gycles). The data g/cles
will always be on conseautive gycles.

A magjor fedure of the AIOC isthat the coherent cade straddles an asynchronous frequency
domain boundry in Astro. Thisallowsthe cade to be snooped at full spead in the Runway bus
frequency domain whil e returning data & full speed in the PCI frequency domain. The Astro
design target for the PCI side of the cadeis 133VIHz and the Runway side of the cateis
125VIHz.
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1.2 Rope Support

Astro will suppat amaximum of 8 ropes but only in very restricted configurations. Table 1
shows the rope bunde mnfigurationthat will be tested in the initia release of Astro. Other
configurations will li kely work but will not be tested na officially suppated in theinitial
implementation d Astro. The ropes can be mnfigured as sngle-wide ropesto suppat PCI 2x o
doulbe wide to suppat PCI 4x. Astro will only suppat ropesrunnng at 133MHz (266MT/s)
with Elroy operating at divide by 2 or 4. Thisresultsin 66ViHz and 33ViHz PCI only. Other
Configurations and frequencies may be passble but will not be tested.

Rope Number
0 1 2 3 4 5 6 7
single single doule NA doulde NA single single

Table 1. Supported Rope Configurations

1.3 Peer-to-peer Support

PCI pea-to-pea (P2P) transadions will only be suppated onPCl devices residing on the same
PCI bus. Inter-rope P2P will be suppated by the design but it will not be verified (and therefore
will li kely not work). This chapter discusses P2P related transadions asif they are supparted.

In Astro, inter-rope P2P traffic will be visible onthe Runway bus. Thisis done primarily to
simplify several aspeds of the design.

PCI devicewritesto CPU registersis sippated (transadion besed interrupts). This type of
transadionisviewed by Elroy asthe frornt end d a pea-to-pee transadion

1.4 Regbus I/F

Theregbus block is used to drive the R2I_regbus. The R2I_regbus will be routed to all blocks
that contain registersthat live in the 129V Hz frequency domain in Astro. All Astro registers are
64-bits. Theregbusisa32-bit bus D all accesses have 2 data g/clesto accessthe entire 64-bits.
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1.5 PDH I/F

The PDH I/F block will be used to communicae with the Dill on chip via a4-bit point-to-point
bus. The Dill onchip provides a mnredion to the boa ROMs and any other PDH devices that
may berequired. Astro dees hot suppat a PDH cade but instead suppats accessesto PDH via
memory space acceeswhich are catieale in the CPU. Reading PDH via memory space has
the alditional performance benefit of all owing 64-byte loads from Dill on which is much more
efficient than the 8-byte loads that occur through 1/0O space

The PDH will be accesblewith a cadeline read transadion onRunway at addresses
OxEF_0000_000Qo OxEF FFFF FFFFE The 16MB Dill on address pacewill be diased acoss
thisentire space This aceis read-only and will | oad 64-bytes of data ébout 3 times faster than
doing 8, 8byte READ_SHORT transadionsto PDH in IO space

1.6 PIO Write Coalescing

The R2I block will attempt to coalesce PIO writesinto long PCI bursts. Both 4-byte and 8hbyte
transadions will be aalesced. PIO writes will be walesced only if they arein the LMMIO or
GMMIO addressranges. Thereisahit inthe IOC_CTRL register that must be set to enable
coalescing.

The R2I block does two dff erent stages of coalescing. Thefirst isto assemble 4-byte and 8byte
datafrom Runway into 16-byte churks. The secondstage involves dedding if the 16-byte churk
is coal escable with the previous 16-byte data churk. All datathat isnot coalescable requires a
new addressto be written to the CD fifo along with the data.

Writes will be walesced oy if the aein MM IO space ad are 4 or 8 byte writes to ascending
addresses. Any noncoalescable transadionwill break the aalescing stream even if it may have
been pessbleto maintain it (eg. an R2I register accesy. Oncethe stream is broken all data will
be forwarded immediately. Write datawill be held in the R2l a maximum of 16 cycles (without
stop_io asserted) waiting for the next write transadion. After 16 cyclesthe datawill be
forwarded to the CD fifo and the malesce strean will be broken.

1.7 Interrupts

The R2I block will convert interrupt transadions from the format generated by Elroy into a PA
style interrupt transadion. The interrupt block will use the information already contained in the
interrupt vedor to creae aPA style interrupt. When an interrupt transadion shows upin the I/O
fifo, the destination ID will be used to generate the addressfor awrite short to aCPU’sO_EIR.
The "interrupt vedor” will be used as the value written to the EIR. Notethat CPUsrunningin
32-bit mode only look at the lower 5-bits of the interrupt vedor and CPUs in 64-bit mode look at
the lower 6-bits.

The 40-bit addressgenerated for the Runway WRITE_SHORT transadion that is the result of an
interrupt is frown in Table 2.
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6|6|6|6|5[5|5([5(5|5|5|5|5|5|4|4(4(4|4|14|4|4|4|4[3(3[3]|3]3
3]12(1]0]9(8]|7[6]5[4]3|[2]1]|]0]|9|8[7]6[5]4]|3 1 5

& w
w
N

2(2)2]2 222222 ]2lL]2
o|lo|s|7|6|5]|4|3|2|1]|0|l9]|8|7|6]|5|4|3]|2]|1|0]|9|8|7]|6]|5[4]|3]|2]|1]0
OXF Dest EID[7:0] Dest [D[7:0] 0Xx000

Table2: PA Interrupt Address
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[N
[N
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w
N
N
N
N

Note that an I/O card can generate an interrupt in threedifferent ways. It can pul the PCI
interrupt wire provided by Elroy. Eadc wire has aunique set of registersthat contain the Dest ID,
Dest EID and VECTOR values which are used to generate the WRITE_SHORT interrupt
transadion onRunway. An interrupt can also be generated by the PCI card by mastering awrite
transadion with the addressand data shown in Table 3. Astro will extrad the relevant
information from the transadion and convert it to a PA interrupt as described above.

3322222222222 fafafalalafafa]a]2
1]ofof8|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
Address OXFEE [ Dest 1D[7:0] Dest EID[7:0] unused
Data unused (by Astro) | VECTOR[5:0]

Table3: PCI Interrupt Message

Thethird way for a PCl card to generate an interrupt is by writing the interrupt vedor diredly to
the CPU's10_EIR. If Elroy is configured properly it will reaognize the aldressas awriteto a
remote locaionin IO space ad forward the writeto Astro. Astro will F-extend the addressand
forward the transadion to the Runway bus and hence the destination CPU.

1.8 Transfer of Control (TOC)

The R2I block containsaTOC_L inpu signal. Astro will i ssue adireded CMD_RESET write
(data=0x0000000% to the monarch procesor’'s|O_COMM AND register in resporseto a
negative edge onthe TOC L signal. The TOC L signal isasynchronous and must be asserted for
> than 2 periods of the Rurnway clock (>15nS). The aldressof the monarch’s |O_COMM AND
register is gored in the TOC_MONARCH_CLIENT_ID Register. Firmware must initi ali ze the
4-hit client_id field to pant to the monarch processor. The bit definition d the
TOC_MONARCH_CLIENT _ID register isdescribed in Register 1. All other fields of the
register are read-only and will be unaffeded by writes. The upper 32-bits of the register will
aways return Os onreads and are unaffeded by writes.
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1.8.1.1.1 TOC_MONARCH_CLIENT_ID Register

" TOC _MONARCH_CLIENT_ID Register <
B (address: OXFF_ FEDO 0010) B
6|6|6|6[5[5[5|5|5|5(|5[5|5|5|4|4[4([4a|a|4]|4a]|4][4a[3[3]3]3]3[3]3]3
3|2|1]|of9f8|[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
unimplemented 1]1]1]1]1]1]1]1
Power On Initialization

oloJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo[aJafaJalalaJa]1

3222222222222 |afa|a]a]2]12 1
1]o0|9(8|7]|6]|5]|4|3[2[1|o]|9|8|7|6[5|4]|3]|2]1]0f[9|[8]|7]|6]|5][4[3[2]1]0
OxF flex=1111111110 1] dlient_id 0 r egset=000000 reg=1100 00

Power On Initialization
ifafafalafafaJalalalaJaJa]o]a]o]Jo]JoJoJoJoJoJoJoJoJoJaJa1]oJoJoJo

Size: 64-bit only
Field Access | Description
reg R register number
r egset R register set
client_id R/W | client_id
flex R flex

Register 1: TOC_MONARCH_CLIENT_ID Register

Thereisabit inthe IOC_CTRL register that is used to enable the TOC function. Thishit is
cleaed (disabled) at power-up and must be initialized by firmware. The bit isalso cleaed
anytime aTOC isisaled and must be set before alditional TOC' swill beisaued. Thishasthe
effed of de-bourcing the TOC signal.

1.9 PIO Address Decoding

The RBIB will forward all 1/0 addresses to the R2l block. The R2I block will t hen attempt to
deade the addressinto ore of several passble destinations. Table 4 shows the possble
destinations and their respedive aldressranges for PIO transadions. Transadions that do nd hit
in ore of these ranges will be discarded.

Destination Starting Address Block Description
Size
R2l_regbus OxFF_FEDO_0000 | 128B All Astro registers in the Runway frequency
domain. Thisincludesregistersinthe MC, RBIB,
and R2I blocks.
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Destination

Starting Address

Block
Size

Description

IOC_regbus

OxFF_FED2_0000

64KB

All Astro registersin the 1/O frequency domain.
These transadions will be forwarded to the d_fifo
with atypeindicaing an |OC register access

Elroy_regbus

OxFF_FED3_0000

64KB

These transadions will be forwarded to the a_fifo
with atypeindicaing an Elroy register access

PDH

0xFO_F000_0000

16MB

These transadions will be forwarded to the PDH
block in Dill on.

Interrupt
Acknowledge

OxFF_FEFO_0000

M

A real_short to any addressin this range will result
in an interrupt acdknowledge transadion. The
preferred addressto useis FF_FEFE_0000.
Interrupt adknowledge has nat been tested in Astro
andis not expeded to be used.

PCI 1/O port space
distributed range

OxFF_FEEO_0000

2K-51X

Transadionsin this addressrange will get
converted to PCI 1/0 space(10S) transadions.
Each Elroy can use amaximum of 64KB of |0S.
Thisrange dlows ftware to get to every address
onevery Elroy when set to its maximum size.
Inter-rope P2P will not work if thisrange is greaer
than 64KB. Thelower 16-bits of the Runway
addressare used as the PCl addressfor these
transadions.

PCI 1/O port space
direaed range

programmeable

2568-
64KB

Transadionsin this addressrange will get
converted to PCI 1/0 space(l0S) transadions.
Each Elroy can use amaximum of 64KB of |0S.

PClI LMMIO space
distributed range

programmeable

8-64MB

Addressesin this acewill be divided into 8equal
segments (one per rope). Transadionswill be
forwarded to the gpropriate rope andresult in a
PCI memory transadion with a 32-bit address The
lower 32-bits of the Runway addresswill be used
for the PCI address

PCI LMMIO space
direaed range0

programmeable

1-64MB

Transadionsin this address pacewill be
forwarded to the gpropriate rope andresult in a
PCI memory transadion. The lower 32-bits of the
addresswill be used for the PCI address The
destination rope is programmabl e.

PCI LMMIO space
direded rangel

programmeable

1-64MB

Transadionsin this address pacewill be
forwarded to the gppropriate rope andresult in a
PCI memory transadion. The lower 32-bits of the
addresswill be used for the PCI address The
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Destination Starting Address Block Description
Size

destination ropeis programmable.

PCI LMMIO space | programmable 1-64MB | Transadionsin thisaddress pacewill be
direded range? forwarded to the gpropriate rope andresult in a
PCI memory transadion. The lower 32-bits of the
addresswill be used for the PCI address The
destination ropeis programmabl e.

PCI LMMIO space | programmable 1-64MB | Transadionsin thisaddress pacewill be
direded range3 forwarded to the gppropriate rope andresult in a
PCI memory transadion. The lower 32-bits of the
addresswill be used for the PCI address The
destination rope is programmabl e.

PCI GMMI10O programmeable 4-16GB | Addresssinthis gacewill be divided into 8 equal
distributed memory segments. Thefirst 64MB of ead segment will be
space mapped dowvn to 64KB of 10S for that rope. All

other addresses will result in a PCl memory
transadion with adual addresscycle (DAC). The
entire Runway addresswill be used to generate the
PCI addresses for these transadions.

Table 4: Decoder Ranges

All programmable ranges are required to be naturally aligned and a power of 2 in size. There ae
two types of ranges, direded and dstributed. All transadions with addressesin a direded range
are forwarded to aspedfic rope. Thedistributed range isdivided into 8 equal segment with ead
segment tied to a spedfic rope. These ranges are spedfied by a set of threeregister, aBASE
register, aMASK register and aROUTE register. The BASE register contains the starting
addressfor the addressrange. The “Range Enable” bit (RE) in the BASE register is st to enable
the range registers for deading. The mask register spedfiesthe size of the range by spedfying
which hits in the base register are compared with the incoming address A “1” in the mask
register will cause the same bit positionin the base register to be mmpared with the incoming
address A “0" in the mask register will i nhibit the compare for that pasition. If the incoming
addressmatches the base register in all bit paositions that are doing compares the aldressis
considered to fall within that range. The ROUTE register spedfies the rope number for direded
ranges and the bit positions in the incoming addressto use for the rope number in distributed
ranges. Bitswhich are spedfied as“unimplemented” will aways return a0 when read and are
not affeded by writes. The unimplemented hits will not be used duing compares. Direded
ranges will always take precedence over distributed ranges. Direded ranges shoud nd overlap
with eat aher.
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1.9.1 PCI GMMIO Distributed Range Registers

The PCI GMM IO distributed range is 4GB-16GMB in size and is distributed evenly between all
8 ropes. Thefirst 64MB of ead segment of thisrangeis used for I/O port space The PCI
addressfor 1/0 port space acceeswill be {16h0000adr[25:12],adr[1:0]} where ar[39:0] isthe
addressgenerated by the CPU. 1/O port space accees are restricted to aligned 4-byte (or les9
transadions. If transadions crossa4-byte addressboundiry then orly the bytesin the lower 4
byte lanes will betransferred. Thel/O port space accees can be disabled by setting a bit in the
IOC_CTRL register. All other Runway PIO transadions to this range will result in DAC PCI
memory spacetransadions using the full Rurnway addressand dreded to the spedfied rope.

M GMMIO_DIST_BASE Reyister L
B (address OxFF FEDO 0378) B
6|6|6|6|5|5|5|5|5[5|5|5|5|5|4|4]|4|4|a|a|ala]|4a]|4]|3|3|[3[3][3]3[3]3
3/2(1]|0]|9|8|7|6[5[4]|3]|2]|2|of9[8|7|6]|5|4[3[2]|1]|0]|9|8|7[6][5]4[3]2
unimplemented 111]1]1 base adr
Power On Initialization
oloJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo[alaJaJalx[x]Ix][x
3(3[2]2]2]2|2|2[2]2]22|a|2f2fa]a]afafaf2]2
1]lo|of8|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
unimplemented RE
Power On Initialization
olofoJoJoJo[oflof[oJoJo]o|lo]lo]oJoJoJo[o[of[ofJoJoJo|lo[lof[ofJo]ofo]Jo]o

Size: 64-bit only
Field Access | Description
base adr R/W | Base addressof the range
RE R/W | Range Enable

Register 22 GMMIO_DIST_BASE Register
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mn

GMMIO _DIST _MASK Register
(address OxFF FEDO 0380)

o wnr

5(5(5|5|5|5|5|4|4(4([4(4 44144
7 1

4
6(5]413[2]1]10]9]8 6[5]4|3]|2

© w
0 w
~N w
o W
g1 w
w
w
w

unimplemented 11111 adr_mask

ojoJofofojoJofoO]

Power On Initialization
lofofofofofofoJofoJafJafafa[x|X[X][X

a1 N

1(1 I(1f(1f{1f{1(1

w N
N N

implemented

n
0
1
6[(5(4]13]2]1|0]9|8[7[6|5]4]13]2|1{0
p
n

Pow Initialization

oJoJoJoJojojoJoJofofojojoJo]

er
0
2 1
1]o0|9([8]|7
unim
er O
olofofoJoJo|lo[o]ofJoJo]o|lo]lo]o]ofo]oO

Size: 64-bit only
Field Access | Description
adr _mask R/W | Seledswhich bits of the aldressto use during the comparison
Register 3: GMMIO_DIST_MASK Register
M GMMIO_DIST _ROUTE Register L
B B

(address OxFF FEDO 0388)

6|6|6|6|5
3([2(1]0]9

5(5(5|5|5|5|5|4|4(4(4|4|4|14]|4|4]4[3(3(3]|3|3]|3(3(3
6[(5(4]3]|]2]1]0]9|8[7[6|5]4]13]2]1 5

rid_Isb unimplemented

Power On Initialization
XIx[x[x|x]x]olololo]oJoJo]o[o[o[oJo]o]o|lo[o[oJoJoJo[o[o][o]o]o]oO
3322222222222 |2|2a|2af2f2f2|2]2]2
1]o0|9[8|7]|6]|5]|4|3[2[1|0o]|9|8|7|6[5|4]|3]|2]|1|of9|8]|7]|6]|5[4[3]|2]1]0

unimplemented

Power On Initialization

olofoJoJoJo[oflof[oJoJo]o|lo|lofoJoJoJo[o[ofo]oJoJo|lo[lof[ofJo]ofo]Jo]o

Size: 64-bit only
Field Access | Description
rid Isb R/W | rope ID least significant bit

Register 4 GMMIO_DIST_ROUTE Register

Therid_lIsb field of the GMMIO_DIST_ROUTE register istherouting ID and spedfies which
bit of the incoming addressis the least significant bit of the 3-bit rope number. Legal valuesfor
rid_Isb are 29-33.
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1.9.2 PCI LMMIO Distributed Range Registers

The PCI LMMIO distributed range is 8MIB-64MB in size and is distributed evenly between all 8
ropes. Runway PIO transadions to this range will result in SAC PCI memory spacetransadion
to the spedfied rope.

" LMMIO _DIST_BASE Register <
B (address OxFF FEDO 0360) B
6|6|6|6[5|[5[5(5|5|5(|5(5|5|5|4|4[4[4aa|a|a]a]|4][4a[3[3|[3]3]|3][3]|3[3
3[2|1])o]9o|8|7[6|5]|4]|3]|2|1|of9|8]|7]|6|5[4[3|2|1]o]|9|8|[7|6]|5]4[3]2
unimplemented 1)]1)1]1]1]1)1|1
Power On Initialization
oloJoJoJoJoJoJoJoJoJoJloJoJoJoJoJoJoJoJoJoJoJoJo[alafaJaJafa]Ja]1
3322222222222 fafa|a]a]a]afala]2
1]o|9(8|7|6|5]|4|3[2[1|o]|9]|8|7|6[5|4|3]|2]|1]|0|9f[8|7]|6]|5]4[3[2]1]|0
11111 base adr unimplemented RE
Power On Initialization
1fJafafaxIxIxIx]Ix]JoJoJoJoJoJo]Jo]JoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]o

Size: 64-bit only
Field Access | Description
base adr R/W | Base addressof the range
RE R/W | Range Enable

Register 5: LMMIO_DIST_BASE Register

M LMMIO_DIST_MASK Register L
B (address OxFF_FEDO 0368) B
6|6|6(6[5|5|5|5|5|5(5(5|5|5|4|4|4(4(4|4|14|4|4[4(3[3|3]3|3[3|3]3
3[2|1[0f9[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

unimplemented 1)]1]1]1]1]21]1]1

Power On Initialization
lofofoJofJofoJofofoJoJofoJoJofoJoJofoJsfJafafafafafa]1

0
2(2(2|12|2|12|2|1f(1f(1f(1(1|1)1j1|1]1
6
1

51413|2|1[(0]9)|8|7|6|5[4[3]2])]12]0]9|8|[7|6]|5]4]|3[2]1]0
adr_mask unimplemented

[l M) | (=)
RO W]]o
RO N]o

0|0
212
817
11

Power On Initialization
1lafafafafax]x]|x]oflololoJoJo|lo|loflofoJoJoJo[o][of[oJo]o]o[o]Jo[o]oO

Size: 64-bit only
Field Access | Description
adr _mask R/W | Seledswhich hits of the aldressto use during the comparison

Register 6: LMMIO_DIST_MASK Register
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LMMIO_DIST _ROUTE Register
(address OxFF FEDO 0370)

mn
W wnr

6|6|6|6|5[5|5|5|5|5|5|5|5|5|4|4(|4|a|a|a|4]|4]|4]a][3|[3]|3]3]3]3]3]3
3[2|1]o]|9|8|7[6|5]|4]|3|2|1|/0of9|8]|7|6|5[4[3]|2]|1]0|9[8[7|6]|5]4[3]|2
rid_Isb unimplemented
Power On Initialization
XIx[x[x|x|x]olololo]oJoJo]o[o[o[oJo]o]o[o[o[oJoJo]o[o[o][o|ofo]oO
3|13|2]2[2|2|2]2]2]2 222222 fafaf2]2]2
1]o0|9[8|7]|6]|5]|4|3[2[1|o]|9|8|7|6[5|4]|3]|2]|1]of9|8]|7]|6]|5[4[3]|2]1]0
unimplemented
Power On Initialization
olofoJoJoJo[oflof[ofJoJo]o|lo|lofoJoJoJo[o[of[ofJoJoJo|lo[ofofJo]ofo]Jo]o

Size: 64-bit only
Field Access | Description
rid Isb R/W | rope ID least significant bit

Register 7: LMMIO_DIST_ROUTE Register

Therid_Isbfield of the LMMIO_DIST _ROUTE register isthe routing ID and spedfies which hit
of the incoming addressis the least significant bit of the 3-bit rope number. Legal valuesfor
rid_Isb are 20-23.

1.9.3 PCI LMMIO Directed Range Registers

Astro suppats 4 dreded ranges for PCI transadions. The PCI LMMIO direded ranges are
8MB-64MB in size and are direded to asingle rope. If pee-to-pee is suppated then ead rope
isrestricted to using a maximum of two LMM IO ranges. These two ranges could come from the
distributed range and ore direded range or from two direded ranges (if the distributed range is
never used for that rope). Runway PIO transadionsto this range will result in SAC PCl memory
spacetransadion to the spedfied rope. The PCl addresswill be the lower 32-bits of the Rurnway
address

Astro hasfour copies of eat of the LMM 10O range registers which are described in Register 8,
Register 9 and Register 10. Table 5 givesthe addressand rame for eat o the 12 registers.

Register Name Address
LMMIO_DIRECTO BASE OxFF_FEDO_0300
LMMIO_DIRECTO_MASK OxFF_FEDO_0308
LMMIO_DIRECTO_ROUTE OxFF_FEDO_0310
LMMIO_DIRECT1_BASE OxFF_FEDO_0318
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LMMI0O_DIRECT1_MASK OXFF_FEDO_0310
LMMIO_DIRECT1_ROUTE OXFF_FEDO_0328
LMMIO_DIRECT2_BASE OXFF_FEDO_0330
LMMIO_DIRECT2_MASK OXFF_FEDO_0338
LMMI0O_DIRECT2_ROUTE OXFF_FEDO_0340
LMMIO_DIRECT3 BASE OXFF_FEDO_0348
LMMIO_DIRECT3_MASK OXFF_FEDO_0350
LMMI0O_DIRECT3_ROUTE OXFF_FEDO_0358

Table5: LMMIO_DIRECT Register Addresses

M LMMIO_DIRECT_BASE Register L
B B
6|6|6|6[5[5[5(5|5|5(5[5|5|5|4|4[4[aa|a|a]a]|4][4a[3[3|[3]3]|3][3]|3][3
3|2|1]of9f8|7|6]|5]|4|3[2|1]|o|9|8|7[6[5|4]|3]|2]|1]|0f[9|8]|7|6]|5[4]|3][2
unimplemented 1)]1)1]1]1]21)]1(1
Power On Initialization
olofoJoJoJo[oflofloJo]olo|lo|lofoJoJoJofloflofofJoJoJolalafafJalafa]af1
3[3[2]2]2]2[2[22]2 2la|afajafafafafa]a]a
1]o|9f8|7]|6]|5]|4|3[2[1|o]|9|8|7|6|[5|4|3]|2]|1]0|9f8|7]|6]|5]4[3[2]1]0
11111 base adr unimplemented RE
Power On Initialization
1JaJafax]x]xIx[x]oJo]oJoJoJoJo]Jo]oJoJoJoJoJo]JoJoJoJoJo]JoJoJo]o

Size: 64-bit only
Field Access | Description
base adr R/W | Base addressof the range
RE R/W | Range Enable

Register 8: LMMIO_DIRECT_BASE Register
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M PCI_LMMIO_DIRECT_MASK Register L
B B
6|6|6|6[5[5[5(5|5|5(|5(5(5|5[4|4|4[4aa|a|4]|4]|4]4[3[3[3]|3]|3[3][3(3
3[2|1]o]|9|8|7[6|5]|4]|3|2|1f[of9|8]|7]|6|5[4[3|2|1]0]|9|8|7|6]|5]4[3]2
unimplemented 1)]1)1]1]1]1]1]1
Power On Initialization
olofoJoJoJo[oflof[oJo]o|lo[o|lofoJoJoJoflofofofJo]JoJolaf[afafJaJafa]a]1
3|13|2]2[2|2|2]2]2]2 222222 fafaf2]2]2
1/o|9f8|7|6|5]|4|3[2[1|o]|9|8|7|6[5|4]|3]|2]|1]of9f8]|7]|6]5]4[3|[2]1]0
1]1]1f{2[1]1]|adr mask unimplemented
Power On Initialization
1lalafafaf1ax]x]|x]oflo[oloJo]Jo]lo|lof[oloJoJoJo[o][of[oJo]o]o[o]Jo[o]oO

Size: 64-bit only
Field Access | Description
adr _mask R/W | Seledswhich bits of the aldressto use during the comparison

Register 9: LMMIO_DIRECT_MASK Register

LMMIO_DIRECT_ROUTE Register

wollwn
Nwllmn e

6(6(6|5|5|5|5|5|5|5|5(5|5|4|4|4|4|4|4(4(4(4|1413|3|3[3[3[3]3
2(12(0]9]|8|7]|6|5|4[3[2[1]0]9|8|7|6[5[4]3 110]19|8|7|6[5[4]3
unimplemented
Power On Initialization
[oJofoJoJofofoJofoJoJofofoJoJofoJoJoJofo

2lafafafafafafa|a]a]a

ofo|s8|7|6|5[4[3|2]|1]o]|9|8[7|6]|5]4]|3][2]1]0
unimplemented rope _num
Power On Initialization

oloJoJoJoJoJoJoJoJoJoJloJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo[x]x[x

o
B
B
B
B
B
B
B
B
B

Size: 64-bit only
Field Access | Description
rope num R/W | Destination rope number for this addressrange

Register 10: LMMIO_DIRECT_ROUTE Register

Therope_numfield spedfies the rope number that will be the target of transadions with
addressesin the direded range.

1.9.4 PCI I/O Port Space Distributed Range Registers

The PCI 10P distributed range is 2KB-512KB in size andis distributed evenly between all 8
ropes. Runway PIO transadionsto this range will result in a PCI I/O spacetransadionto the
spedfied rope. The smallest range size (2KB) all ows 256 kytes per rope. The largest size
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(512K B) dlowsthe entire 64KB 1/0 ports gpacefor ead ropeto be fully accessble by software.
Note that this aceresides at a fixed location and therefore only the RE bit in the base register
can be modified. It shodd also be noted that inter-rope P2P is not passble if this range is made

larger than 64KB.
M |OS DIST_BASE Reyister L
B (address OxFF FEDO 0390) B
6|6|6|6|5[5|5|5|5|5|5|5|5|5|4|4|4|a|ala|a|4]|4]4a][3]|3|3]|3]|3]3]|3]3
3[2|1]|o]|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
unimplemented 1j1f(1]1)1]1f1f1
Power On Initialization
olofoJoJoJof[of[ofoJo]o|lo[o|lofJoJo]oJoflofofoJoJoloflafafalalafa]a]1
3322222222222 |2a|2a2af2f2f2|2]2]2
1]o0|9(8|7|6|5]|4|3[2[1|o]|9|8|7|6[5|4|3]|2]|1]0f9f8|7]|6]|5]4[3[2]1]0
l1j1j1f21f1f1f1joj1}j1]1]0]O0 unimplemented RE

Power On Initialization
1]afafaf2]2]a]o]a|2]21]o]o]o|o|lofofo]o]o]o|of[ofo]o]o]o|o|lO]O|O]O

Size: 64-bit only
Field Access | Description
RE R/W | Range Enable

Register 11: 10S DIST_BASE Register

M |OS DIST_MASK Register L
B (address OXFF_ FEDO 0398) B
6|6|6|6[5[5[5(5|5|5(|5(5|5|5[4|4|4[4aa|a|4]|4]|4]4[3[3[3]|3]|3[3][3(3
3[2|1]o]9|8|7[6|5]|4]|3|2|1f[of9|8]|7]|6|5[4[3|2|1]0]|9|8|7|6]|5]4[3]2
unimplemented 1)]1)1]1]1]1]1]1

Power On Initialization
olofoJoJoJo[ofofoJo]o|lo[o|lofo]JoJoJoflofofofJo]JoJolafafafjalafa]af1
3322222222222 |2|2a|af2f2f2|2]2]2
1/o0|9f8|7|6|5|4|3[2[1|0o]|9|8|7|6[5]4]|3]|]2]|1|of9f8]|7]6]5]4[3]2]1]0
lj1j1fafaf1f2j1])1)j1]1]1f|1 adr_mask unimplemented

Power On Initialization
dfafafafaJafafafalaala]axIx[x]Ix][x]x]xIx]oJoJoJoJoJoJo]JoJoJoJo

Size: 64-bit only
Field Access | Description
adr _mask R/W | Seledswhich hits of the aldressto use during the comparison

Register 12: 10S DIST_MASK Register
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|OS DIST_ROUTE Register
(address OxFF FEDO 03A0)

mn
W wnr

6|6|6|6|5[5|5|5|5|5|5|5|5|5|4|4(|4|a|a|a|4]|4]|4]a][3|[3]|3]3]3]3]3]3
3[2|1]o]|9|8|7[6|5]|4]|3|2|1|/0of9|8]|7|6|5[4[3]|2]|1]0|9[8[7|6]|5]4[3]|2
rid_Isb unimplemented
Power On Initialization
XIx[x[x|x|x]olololo]oJoJo]o[o[o[oJo]o]o[o[o[oJoJo]o[o[o][o|ofo]oO
3|13|2]2[2|2|2]2]2]2 222222 fafaf2]2]2
1]o0|9[8|7]|6]|5]|4|3[2[1|o]|9|8|7|6[5|4]|3]|2]|1]of9|8]|7]|6]|5[4[3]|2]1]0
unimplemented
Power On Initialization
olofoJoJoJo[oflof[ofJoJo]o|lo|lofoJoJoJo[o[of[ofJoJoJo|lo[ofofJo]ofo]Jo]o

Size: 64-bit only
Field Access | Description
rid Isb R/W | Routing ID least significant bit

Register 13: 10S DIST_ROUTE Register

Therid_lIsb field of the PCI_IOP_DIST_ROUTE register istherouting ID and spedfies which hit
of the incoming addressis the least significant bit of the 3-bit rope number. Legal valuesfor
rid_Isb are 8-16.

1.9.5 PCI I/O Port Space Directed Range Registers

The PCI 0P direded rangeis 2KB-64KB. Runway PIO transadions to this range will result ina
PCI 1/0 spacetransadionto the rope spedfied by the PCI_IOP_DIRECT_ROUTE register. The
small est range size (2K B) allows 256 hytes per rope. The largest size (64K B) all owsthe entire
64K B 1/0 port to be direded to any single rope. Note that thisrange can be used to emulate the
Dino /O registers by setting the PCI_IOP_DIRECT_ROUTE register for every accessto 10P.

Revision 1.2 0217/00 Page 15 d 27




Astro External Reference Spedfication

M |OS DIRECT_BASE Register L

B (address OxFF FEDO 03CO0) B

6|6|6|6|5|5[5|5[5|5|5|5|5|5|4|4|4|4|4a|a|ala|4a][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

unimplemented 1j]1(1]1)1]1f1]1

Power On Initialization

olofoJoJoJo[oflofofoJo]o|lo|lof[ofJoJolo|loflofofoJoJoJalafafafafafa]1

3322222222222 ]2a]2|a]2fa]afa]2]2

1|o|lo|8|7|6|[5]|4[3]|2[1]|0of9|8|7|6|5|4]|3|2]|1|0]9[8]|7[6]|5[4]|3]2]1]0

l1j1j1faf1f1f1joj1j1j1fofofof0]O base adr unimplemented RE
Power On Initialization

1lafafafafa]a]ofalafa]o]o]ofofol[x|[x]|x]|x]|x|[x|[x][x]o]o]Jo|lo|[o]ofofO
Size: 64-bit only

Field Access | Description

base adr R/W | Base addressof the range

RE R/W | Range Enable

Register 14: 10S_DIRECT_BASE Register

" |OS DIRECT_MASK Register <
B (address OxFF FEDO 03C8) B
6|6|6|6[5|5|5|5|5|5|5|5|5|5[4[4]4[a]4ala]a]a|a]a|3]3[3]3[3]3][3]3
3|2[1]of9|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 1)]1)1]1]1]21]1]1
Power On Initialization
oloJoJoJoJoJoJoJoJoJoJloJoJoJoJoJoJoJoJoJoJoJoJo[alafaJaJaJa]Ja]1
3|3|2|2]2|2]2|2]2|2]2|2]a|a|a]a|a]a|a]a|a]n
1lo|o|8|7|6|5]|4[3]|2[1]of9|8|7|6|5]|4]|3|2]|1|o]9f8]|7[6]|5[4]|3[2]1]0
lj1j2fafaf2f21j1)j1j2j1fafaf1f1]1 adr_mask unimplemented
Power On Initialization
pfafafalafalalalalalafafalalalaIxIxIxIx]Ix]IxIx[xJoJoJolo]JoJoJoJo
Size: 64-bit only
Field Access | Description
adr _mask R/W | Seledswhich hits of the aldressto use during the comparison

Register 15: 10S DIRECT_MASK Register
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|OS DIRECT_ROUTE Register
(address OxFF FEDO 03DO0)

6|6|6|6|5[5|5|5|5|5|5|5|5|5|4|4(|4|a|a|a|4]|4]|4]a][3|[3]|3]3]3]3]3]3
3[2|1]o]|9|8|7[6|5]|4]|3|2[1|0of9]|8]|7]|6|5[4]3]|2]1 5
unimplemented
Power On Initialization
olofoJoJoJo[oflof[ofJoJo]o|lo|lofoJoJo]o[o[of[o]oJoJo|lo[lof[ofJo]ofo]Jo]o
222222 fafaf2]2]2
1]o|9f8|[7|6]|5]|4]|3|2[21|o|9]|8|7[6[5]4]|3]2[1]0
unimplemented rope
Power On Initialization
olofoJoJoJo[oflof[oJo]o|lo[o|lofoJoJoJofloflofofJoJoJo|loflofo]Jo]Jo[x]|x][x

mn
W wnr

o w
© N
o N
~ N
o N
[LEN
w N
N N

Size: 64-bit only
Field Access | Description
rope num R/W | Destination rope number for this addressrange

Register 16: 10S_DIRECT_ROUTE Register

Theropefield of the IOS_DIRECT_ROUTE register the 3-bit rope number for this range.

1.10 Transaction ID Encodings

The R2I block encodes information in the Runway transadion ID’ s it uses when mastering a
Runway transadion. Table 6 definesthe TID encodings.

TID Description
00XXXX DMA read data— The XXXX spedfiesthe
cadeline entry where the returning data
shoud be stored.
010XXX P2P rea - Theresult of a PCl initiated read.

XXX spedfies the destination rope number.
Thisisnot atested operations.

10XXXX TLB missdata from the IOPDIR - XXXX
spedfiesthelocaionin the TC to store the
data.

110000 Used for PCI initiated writes. Thisis
suppated ony for writes to CPU registers
(Interrupts).

Table6:10C TID Encodings
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1.11 Coherency Control

The R2I block isresporsible for the cade herency chedks required to keep the 1/0 cade
coherent. When a mherent transadionis deteded onRunway the R2l block will cause the
CTAG to compare the aldressonthe busto any valid lines that may be stored at thetime. The
results of the compare will be written to the CC_FIFO. The CC_FIFO is 9 hitswide (hit,
hit_ced3:0], coh_adr_type[2:0], ioc_trans) and 16entries degp. The Runway protocol will
prevent the CC_FIFO from ever overflowing.

Anather state machinein the R2l block (CC_CTRL) will unload the CC_FIFO and dive the
results of the wherency chedk to the RBIB using the IOC_COH [1:0] signals. Table 7 oulines
the posgble conditions and the resulting adion that must be taken when ur oading the CC_FIFO.
Ownership of the lineis asaumed (the own hit is t) once aresporse has been given onthe
IOC_COH signalsto theinitial transadion that requested the data. Astro 2.0and later made a
change that prevents DMA data from being used by the |IOC urtil Astro has ownership o theline.
Thisisnat required by the Runway specbut avoids many nasty coherency related corner cases.

1.11.1 Sync Transactions

If thereisa cade_sync or dma_sync transadion onRunway, the IOC will mark all thelinesin
the cade that are queued to be flushed. Oncethose lines have dl been flushed the R2I block is
freeto sign-off onthe original sync transadion. Note that the sync transadion daes not flush the
entire catie. Asaresult the sync transadionwill only have the desired results when ddng
inboundDMA with full cadelines or with the aggresgve flush hint set.

If there ae no sync transadionsin progressthe sync operation will be started immediately
following the transadion. If thereis aready a pending sync, the sync will not be initi ated urtil
the sync transadion reades the head of the CC_FIFO.

hit 10C type line Action Required
trans status
NA 1 NA NA Indicate OK

NA NA init_sync NA Wait for the sync_complete signal to be asserted
by the cade and then indicate OK

NA NA sync NA Assrt the dma_sync signal and then wait for
the sync_completed signal to be asserted. Then
indicae OK.

1 0 shared shared | Indicate shared
1 0 shared or priv0 | As=rt theinvalidate signal. Wait for invalid
flush resporse. If still priv0 then indicate OK

immediately, else queue the line for awritebad,
indicate OK when the writebadk is complete.
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hit 10C type line Action Required
trans status
1 0 shared or priv Queue the line for awritebadk, indicae OK
flush when the writebadk is compl ete.
1 0 shared or | unowned | Indicae OK
flush

Table 7: Actionsrequired in response to coher ency checks.

1.12 Non-Coherent Mode

Due to the complexity of cadhe mherency, Astro added a non-coherent mode to work around
patential bugs with theinitial silicon. When in this mode dl 1OC initi ated transadions will be
issued as READ transadions (instead of READ PRIV or READ_SHAR OR_PRIV). The
IOC_TRANS bit will be set for al entriesin the CC_FIFO which resultsin aquick OK resporse
from the 10C for all transadions withou acually looking in the cate. For full cadeline writes
there would be noreads required prior to writing the data to memory.

It isimportant in norrcoherent mode that cadhelines not be dlowed to remain in the cade.
Unused cadelines will beame stale and may be used by the next 1/0 deviceto doDMA to that
address The problem is most easily avoided turning off all prefetching andturning onaggressve
flushing. A carefully written driver can still prefetch aslong as al prefetched cadelines are
eventually consumed. Thisisacomplished by always gopping the DMA burst at a “block
boundry”. Block boundiries can be set to naturally aligned 512, K, 2K, or 4K address
boundiries by seleding the gpropriate DMA hint.

Non-coherent mode was used for the initial turn-on d Asto 1.0 oty until the software was
cgpable of suppating coherent mode. This mode has not been tested since

1.13 Mastering a Runway Transaction

The AIOC has sveral sources of transadions which need to be mastered onRunway. All the
requests the AIOC is cgpable of generating are listed in Table 8. Note that all requests are passed
diredly to the Runway bus. The AIOC has sparate request/grant lines for all types of requests.
The RBIB determines the relative prioriti es by the way it isaues the grant signals.

Type Description

10 rea return Thisisthe result of aPIO read from a CPU or a pea-to-pee read
between ropes (could be MM IO or IOP). The MID and TID from the
original transadionwill be used. The maximum datasizeis 8 bytes.
The byte enables will be set to refled the side of the bus that contains
the data.

Revision 1.2 0217/00

Page 19 d 27




Astro External Reference Spedfication

10 read request

An 1O rea request is usually the result of a pea-to-pea transadion
athough it could be aPCl devicerealing aregister in a CPU or an
Astro register. All read requests will be “F’ extended prior to isaling
them on Runway. TID[5] will always be set to refled the fad that this
isan 1/O generated request (probably pee-to-pee). TID[2:0] will be
set to the requesting rope number. A maximum of 8 bytes will be
requested. Thistransadiontypeis not suppated.

10 write request

Usually the result of a P2P transadion a aPCl interrupt. Causes a
write_short on Runway. The request will be “F’ extended prior to
isaing it on Runway.

Memory read request

Requests can be shared, private or private0. They are dways afull
cadelinein size. Requests can be generated by either the cade or the
TLB. TID[4] is %t toindicae aTLB generated request. TID[3:0] are
used to identify the cate or TLB entry to store the datawhenit is
returned. If the request is marked as private0, no @taisrequired to
succesgully complete the transadion. The AIOC will always attempt
to isaue badk-to-badk requests to maximize Runway bandwidth.

Memory write

Memory writes are dways afull cateline. They areisaued asthe
result of flushing algorithmsin the cade or because of a dirty-hit
during a @herency ched.

Table 8:AIOC Generated Requests

1.14 Other R2l Registers

All registersin the R2I block are 64-hitsregisters. Bitsthat are defined as unimplemented will
return O swhen read and shoud be written with 0's during write transadions.

1.14.1 Revision ID Register

The RevisionID register (RID) isaread-only register used by software to identify the Revision
number of Astro. The Astro RID isdefined in Register 17.
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M ; L
" RID Register L
B (address OxFF FEDO 0000) B
6|6|6|6|5[5|5|5|5|5|5|5|5|5|4|4[4|4a|a|4]|4]|4]a|[3|3]|3]3]3]3]3]3
3[2|1]o]|9|8|7[6|5]|4]|3|2|1]/0of9|8]|7|6|5[4[3]|2]|1]0|9[8[7|6]|5]4[3]|2
unimplemented
Power On Initialization

olofoJoJoJo[oflof[ofJoJo]o|lo|lofoJoJo]o[o[of[o]oJoJo|lo[lof[ofJo]ofo]Jo]o
3|3|2]2[2f2|2|2]2]2(2f2|2|2|2a|af2f2f2|2]2]2

1]o0|9[8|7]|6]|5]|4|3[2[1|0o]|9|8|7|6[5|4]|3]|2]|1|of9|8]|7]|6]5]4[3]|2]1]0

unimplemented rev_id

Power On Initialization

olofoJoJoJo[oflof[ofJoJo]o|lo|lofoJoJoJo[o[of[ofJoJoJo|lo[ofofJo]ofo]Jo]o

Size: 64-bit only
Field Access | Description
rev id[2:0] R (rev_id[2:0] + 1) isthe major revision nunber of this Astro
rev idf4:3] R rev_id[4:3] isthe minor revision number of this Astro
Register 17: Revision ID Register
For example:

rev_id[4:0] = 5'b00000=> Astro 1.0

rev_id[4:0] = 5'b01001=> Astro 2.1

rev_id[4:0] = 5'b00010=> Astro 3.0

1.14.2 1/O Control Register

The 1/O Control register (IOC_CTRL) isdefined in Register 18. The definition d ead hit
positionisgivenin Table9. ThelOC_CTRL powers up with values believed to be the normal
mode of operation. Most bits are provided as ameansto ded with urexpeded feaures (bugs)
discovered after tape-release. One exceptionisthe TE bit which needsto be set to re-enable

TOC' sfollowingaTOC.
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e |OC_CTRL Register S
B (address OxFF FEDO 0008) B
6[(6|6|16[5|5(5|5|5|5|5|5|5|5|4(4|4|4(4|4|4(4|4|[4|3|3(3[3]3[3]3]3
3|12|1(0]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

unimplemented

Power On Initialization

olofofJoJoJo|loflofoJoJo]o|lo|lof[o]JoJo]o|lo[of[o]Jo]Jofo]o]o

211(1)1f(1j1(1}|1|1f(1]|1
110]9(8]|7[6[5]4]3)]2]1]0]|]9|8|[7|6|5]4]3]2|1(0

reserved DC|DD|CC|D4[ID INCIRM|LO|RC| IS |OS| IE |DE|CE [TE

Power On Initialization

O[X XX XXX X[X[X[X]|X]|X]0]J]Oo]Jo|of1f1fo)jOo|1(f?f1fO0

Size: 64-bit only
Field Access | Description
TE R/W | TOC Enable
CE R/W | CoalesceEnable
DE R/W | DillonEnable
IE R/W | IOS Enable
0S R/W | OutboundSynchronous
IS R/W | InboundSynchronows
RC R/W | Real Current Enable
LO R/W | O-length read Enable
RM R/W | Red Mode
NC R/W | Non-coherent Mode
ID R/W | Interrupt Disable
D4 R/W | Disable 4-byte malescing
CC R/W | Increase Coalescing courter valueto 32(from 17)
DD R/W | Disable distributed range malescing (LMMIO only)
DC R/W | Disable the malescing cournter
Register 18: I0C_CTRL
Symbol Bit Description
Position

TE 0 TOC Enable - When TE is %t, a pasitive alge onthe TOC signal will
cause Astro to generate awrite_short which will resultinaTOC. The TE
bit will be deaed by hardware when the TOC isisaued. The TOC signal
will beignored when the TE bit is cleared.

CE 1 CoadesceEnable - When CE is st, contiguous write_short transadions to
the same rope will be malesced into a single PCI transadion (provided the
data comesin fast enowgh to kegp upwith PCl). When CE is cleaed no
coalescing will happen.

DE 2 DillonEnable - This bit is %t by hardware & reset when aDillonchipis
present. When the bit is cleared the R2I will forward PDH transadionsto
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Symbol

Bit
Position

Description

rope0. The DE bit can be written by software.

IOS Enable - This hit is used to enable the I/O port spacethat is avail able
through the first 64MB of eat segment of the GMM IO distributed address
space When thisbit iscleaed transadions to this entire spacewill result
in PCl memory transadions.

oS

OutboundSynchronots - This it is st by software if the synchronizers
can be bypassed in the outbound dredion.

InboundSynchronois - Thisbit is st by software if the synchronizers can
be bypassed in the inbound dredion.

RC

Rea Current Enable - This bit enables Astro to issue area current
transadion. When cleaed it will i ssue a

READ SHARED OR PRIVATE instead. Note that read currents will
only beissued if they are enabled in Elroy's hint registers.

LO

O-length read enable - This bit allowstheioc 0 length hint to be set when
aDMA write updates an entire line.

RM

Red Mode - This bit forces the virtual index to be the same & addresshits
19:12. Thisallows DMA withou the use of an IOPDIR when the CPU is
running in red mode. The TLB range enable bit shoud be deaed when
running in this mode.

NC

Non-Coherent mode — This bit inhibits Astro from maintaining the
coherency of the IOC cade. Seethe sedion onNon-coherent mode for
more detail s

10

Interrupt Disable - This bit was intended to force Astro to generate
interrupts using 8-byte writes.

D4

11

Disable 4-byte walescing —When set, coalescing will only be atempted if
the Runway transadionis an 8byte transadion.

Note: Thisfeaure doesn’t work in all casesin Astro 2.1. In some caesit
can send Elroy a 12-byte write which can result in a 0-byte enable write on
PCI (w/ Elroy 3.0 a ealier). Thisisnat aviolation d the PCI specbut
several known PCI devices have aproblem with it.

CcC

12

Coalescing counter increase — When set, the aalescing time-out courter
will court to 32instead of 17 kefore breaking the aalescing stream.

DD

13

Disable distributed range coalescing — When set, coalescing will not be
attempted if the addressis deaded by the Immio dstributed range.
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Symbol Bit Description
Position
DC 14 Disable amalesce murter — When set, the aalescing courter will not run

which means that the only way to bre& the aalescestreanin Astrois
with anoncoaescable PIO transadion. Note that when thisbit is %t a
single write will remain in Astro urtil flushed ou by a noncoalescable
transadion.

Table9: IOC_CTRL Register Bit Definition

1.14.3 Scratch Registers

Astroinitially added 4 registers which were intended to be used for graphics flow control. These
registers are till i nthe design bu thereisno danned use for them. They have not been tested!
These registers implement the lower 8-bits and ead ore lives onits own 4K page. They are
general purpose read/write registers.

SCRATCH_REG<n>

wolltn
N Wl wn

6(6|6|5|5[5([5(5|5|5|5|5(5(|4|4|4|4|a[4[4]|4]|4|4[3[3[3]3]3
2|1]0]9|8|7[6[5]4]|3]|2|1|0of9|8|7]|6]|5]4[3[2]1

unimplemented

Power On Initialization
ololoJo|lofloflolo|lo]o|loJo|lo]Jo|lolo|lolo|loJo|lolo|loJo|lolofloJo[o|o]o]o
3322222222222 faalalala|2]a]a]a
1]/o|l9of8|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

unimplemented data[7:0]

Power On Initialization

oloJoJoJofoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo[X[X][X]IXx]xIx]Ix[x

Size: 64-bit only
Field Access | Description
data R/W | General purpose read/write bits
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Register 19: Scratch Registers

The aldresss of the four Scratch registers are given in Table 10.

Register Name

Address

SCRATCH_REGO

OXFF_FEDO_4200

SCRATCH_REG1

OXFF_FEDO_5200

SCRATCH_REG2

OxFF_FEDO_6200

SCRATCH_REG3S

OxFF_FEDO_7200

Table 10: Scratch Register Addresses

1.15 CD_FIFO Interface

All PIO and pee-to-pee transadions are forwarded to the 10C viathe CD_FIFO. The CD_FIFO
is Plit between addressand data. The aldress $de is only written when starting a new
transadion. The aldress $deis 8 entries degy and the data side is 32 entries degp. When there
are more than 4(?) entriesin the aldress $de or more than 16entriesin the data side the
STOP_IO signal will be assrted. The aldress $de has a 4-hit type field that identifies the type of
transadion and a 2-bit length field that identifies amourt of data transferred with write
transadion. Table 11 definesthe type field and Table 12 defines the length field. All types nat

listed in the table ae undefined.

TYPE[3:0]

Description

0

I1OC register transadion

1

PIO MM IO transadion

PIO non-paosted 10OP transadion

Interrupt acdknowledge

Pea-to-peea rea return data

Pea-to-pea MM 10O transadion

Pea-to-pea nonposted IOP transadion

Elroy register transadion

Posted |OP transadion
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Table11: CD_FIFO Type Field Definition

LEN[3:0] Description
0 8 bytes
1 16 bytes
2 32 hytes (nat suppated)
3 64 bytes (nat suppated)

Table12: CD_FIFO Length Field Description

When aread transadionis written to the aldress $de of the CD_FIFO a mrrespondng “dummy”
data entry must be written to the datafifo if the previous transadion was awrite. If the previous
transadion was areal then the dummy datais nat required.

Write walescing is donre by writing 16 byte values into the data fifo withou writing a new entry
into the aldressfifo. Thereisnolimit to the number of bytesthat can be malesced in thisway or
the anourt of time between writes

1.16 10_FIFO Interface

ThelO_FIFOisused to passtransadions and data returns from the 10C to the R2l block. The
I0_FIFO has a 5-bit type field which identifies the type of datain ead fifo entry. Table 13
definesthe |IO_FIFO typefield.

TYPE[4:0] Description

0001 PIO MM IO read data, PIO register read
data, or PIO IOP rea data

0010 Interrupt address

0011 Interrupt data

0100 P2P MM IO write aldress

0101 P2P MM 10O write data

0110 P2P IOP write address

0111 P2P |OP write data

1000 P2P MM IO read address
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TYPE[4:0] Description

1001 P2P MM 10 rea dataor IOP real data or
IOP write completion respornse

1010 P2P |OP read address

1100 Hard fail (PIO real deta)

1101 Hard fail (P2P read return/write
completion)

Table 13: 10_FIFO Type Field Definition
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