Astro External Reference Spedfication

1 System Address Map

The Astro system addressmap is own in Figure 1. The aldressmap is iown in terms of the
40-bit addressas viewed from the runway bus. The same map appli es whether the CPUs are
running in 32bit mode or 64-bit mode. Several areas of the aldressmap are only accessble
when running in 64bit mode (marked OS64). Theterms LMM IO, GMM IO, and 1/0O Port space
are borrowed from Tahoe. Inthe Astro context, LMM IO refersto PCI transadions that have an
addresslessthan 4GB (32-bits) and can therefore be isued using asingle aldresscycle (SAC).
GMMIO refersto PCI transadions with addresses greaer than 4GB and therefore require dual
addresscycles (DAC) to isaue. 1/0 port spacerefersto PCI transadionsin the 1/0 space(ie. they
use /O rea or 1/O write ammands). The PCI 1/O spaceis 64KB (16-bits of address.

1.1 32 Bit Addressing on 40 Bit Runway

Runway isa 40 [t bus, and all modues are suppased to generate and respondto 40 bt addresses.
If the modue has only 32 kit addressesinternally, these need to be extended for use on Runway.

For addresses in the 32 kit memory addressrange, 0x0000_000@o OXEFFF FFFF, the aldressis
zero extended to crede the 40 Lt address in the range 0x00_0000_0006b 0x00 EFFF FFFF
For addresses in the 32 it 1/0 addressrange, 0xF100_000Go OX-FFF_FFFF, the aldressis“f”
extended to creae the 40 kit 1/0 addresses in the range OxFF_F100_000Qo OX-F FFFF FFFE

PDC address paceisaspedal case. In 40 hit physicd addressmachines PDC is al ocated the
addressrange from OXEF_0000_000Qo OxEF FFFF FFFFfor memory accesses and from
0xFO_0000_000@o 0x-0_FFFF FFFFfor I/O space access. Current processors only use the
PDC I/0 spaceso will map the 32 Lt PDC I/O space 0xFO00_000Qo OXFOFF_FFFF, to the 40
bit addressrange, 0xFO_FO00_000Qo 0x-0_FOFF FFFF

Astro will “F’ extend pea-to-pea addresses that are generated by 32-bit PCI devices prior to
driving these aldresses onto Runway.

1.2 PCI LMMIO Space

This aceis used to initiate PCl transadions with single ¢/cle aldresses (32-bits). The lower
32-bits of the Runway addressare used for the PCl address

This aceis divided up ketween the 8 ropes with ore distributed range and 4 dreded ranges.
The distributed range is divided up ketween the 8 ropesin equal segments. The direded ranges
can be used for any singlerope. Eadc Elroy islimited to a maximum of 2 dff erent ranges
(typicdly one distributed range an ore direded range would be the maximum used for asingle
Elroy). All ranges gart at any naturaly aligned location within the LMM 1O space &ad must be a
power of 2insize. SeethelOC chapter for detail s.
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| | I/0 Space

broadcast space 256KB
OxFF_FFFC_0000
OxFF_FFFB_FFFF
Runway HPA space 256KB
O0xFF_FFF8_0000
OxFF_FFF7_FFFF 16 MB-
unused
OxFF_FF00_0000 512K
OXxFF_FEFF_FFFF
Interrupt Acknowledge 1MB
OxFF_FEFO0_0000
OxFF_FEEF_FFFF
unused 512KB
OxFF_FEES8_0000
OxFF_FEE7_FFFF
PCI 1/O Port Space 512KB
OxFF_FEEO_0000
OxFF_FEDF_FFFF
unused 768KB
O0xFF_FED4_0000
OxFF_FED3_FFFF ) )
Astro Configuration 256KB
0xFF_FEDO_0000
OxFF_FECF_FFFF
PClI LMMIO 221MB
O0xFF_F100_0000
OXxFF_FOFF_FFFF q 4GB -
unuse
0xFF_0000_0000 240MB
OXFE_FFFF_FFFF PClI GMMIO
56GB
OxF1_0000_0000 (64)
0XFO_FFFF_FFFF
unused 240MB
0xFO_F100_0000
O0xFO_FOFF_FFFF
PDC space 16MB
0xFO_F000_0000
O0xFO_EFFF_FFFF 4GB -
unused PDC space
0xF0_0000_0000 256MB
OXEF_FFFF_FFFF
cacheable PDC space 4GB
0xEF_0000_0000
OXEE_FFFF_FFFF
unused 888GB
0x11_0000_0000
0x10_FFFF_FFFF i
- - main memory spacel
Yy sP 256MB
0x10_F000_0000 (64)
0x10_EFFF_FFFF q AGB-
unuse
0x10_0000_0000 256MB
O0xOF_FFFF_FFFF main memory space?2
y sp 60GB
0x01_0000_0000 (64)
0x00_FFFF_FFFF
unused 256 MB
0x00_F000_0000
0x00_EFFF_FFFF . 0 4GB-
main memory space
y sp 256MB

0x00_0000_0000

Figure 1: Astro System AddressMap

| | Memory Space
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1.3 PCI I/O Port Space (IOP)

Write_short or read_short transadions to either of the two PCI I/O port spaces are used to initi ate
aPCI /0 Port spacetransadion onPCI. Only one of the two avail able ranges would be used at
any giventime. All IOP writeswill be posted.

The IOP range from OxFF_FEEO_0000to OXFF FEEF FFFFisused when CPUsarerunningina
32-bit mode. Thisrange antains one distributed range and ore direded range. The distributed
range can be expanded all the way upto 51 KB which alowsdired accessto all IOP locations
onall ropes. Inter-rope P2P will not work if thisrange is made larger the 64KB and is therefore
strongly discouraged. The direded rangeis provided to suppat busses that need alarge anourt
of 10P space(such as expander boxes).

The 1/O port spacerange from OxF8_0000_000@o 0x+8_03FF FFFFis avail able when running
with a64-bit OS. It iscontains asingle distributed range.

1.4 PCI GMMIO Space

This gaceis used to initiate PCI transadions with dual cycle aldresses (64-bits). All 40-bits of
the Runway addressare used for the PCl address

The GMMI0O spaceis only accessble when the CPU isrunning in 64bit mode. It contains a
single distributed range with afixed base and size.

1.5 PDC I/O Space

Astro's PDC addressrange goes from 0xFO_FO00_000Qo 0xF0_FOFF FFFFE This gacein used
for the boat ROMs and PDH. Astro will deted the presence of Dill on ke sampling the sense of
the "ready" signal onthe PDH bus at the end d reset. If Dill onis present, transadionsin this
range will be forwarded to Dill on. If Dill onis not present, addressesin this range will forwarded
torope0. PDC addresses which are forwarded to rope0 (rope0_adr[31:0]) will be cdculated from
the Runway address(rw_adr) using the foll owing algorithm.

rope0_adr[15:0]=rw_adr[15:0];
rope0_adr[31:24]=8'h00

If (rw_adr[23:16]==8'nh00) rope0_adr[23:16]=8'h0F;
elserop0_adr[23:16]=rw_adr[23:16];

1.6 Memory Space

Main memory can livein 3 dfferent locaionsin the aldressmap as shown in Figure 1. Memory
always garts at location 0x00_0000_000h memory space. It isadded in a mntiguous fashion
urtil spaced isfull andthen jumpsto locaion 0x10 FOO0_0000n spacel. When space) and
spacel are full, memory is added at locaion 0x01_0000_000 space?. Notethat only spacéis
accesgble when the CPU isrunning in 32bit mode. The memory hae from 0x00_FO00_000Qo
0x00_FFFF FFFFis necessary to al ow rope-to-rope pea-to-pea transadions with 32bit PCI

Revision 1.2 0217/00 Page3 of 4




Astro External Reference Spedfication

devices. Elroy will recognizethis gace &1/0 space ad doan /O transadion. Astro will "F"-
extend the addressbeforeit reates Runway so addresses in this range will never be seen on
Runway. If memory was all owed in this aceit would nd be avail able for DMA by devices that
do nd usethe TLB (Note: The only devicesthat are not required to usethe TLB for DMA are
ones that encode the virtual index into the upper bits of their address.

1.7 Astro Configuration Space

The Astro configuration space(nat to be confused with PCI configuration space is used to access
registersin Astro. Elroy istreaed as part of Astro from a programming model point of view.
Their registers are therefore accesed viathe Astro configuration space awell. All Astro
registers are assgned to fixed addresses. The Astro configuration spaceis divided into two
halves. One half of the addresses are used for registersin the Runway frequency domain
(125MHZ) and the other half are used for addressesin the 10 frequency domain (133VIHZ).
Addresssin the 10 frequency domain are split equally between Elroy registers and registers
adually residing onthe Astro chip. Registersin the Runway frequency domain are split equally
between the AIOC, the MC, the RBIB, and unwsed. Seethe Astro register map chapter for more
detail s.

1.8 Interrupt Acknowledge

Rea_short transadionsto locaionsin the interrupt acdknowledge spacewill result in the AIOC
performing an INT_ACK transadion. The recommended locaionfor this operationis
OxFF_FEFF_0000.

1.9 Cacheable PDC Space

Astro's PDC can be accesed through memory space awell as1/O space The advantage of the
memory spaceis that it uses 64-byte cateline acceses which are more dficient with Dill on and
that the CPU can store the informationinit'slocd instruction cache. This Paceisrestricted to
noncoherent read accessonly.
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