






























































































































































































































































































































































































































































































The t1% figure represents the practical onset of 
wear out, and is therefore suitable for use in what 
would normally be thought of as a worst-case ana­
lysis. The tso% figure represents "normal" or 
"average" life. It is, therefore, accurate to say that 
the average device will last "tso%". 

Battery life is defined as beginning at the date of 
manufacture. Each MK48T08 is marked with a four 
digit manufacturing date code in the form YYWW 
(example: 8625=1986, week 25). 

MK48T08 (B)-10/12/15/20 

Calculating Predicted "Storage Life of the 
Battery · 

As Figure 9 indicates, the predicted Storage Life 
on the battery in the MK48T08 is a function of tem­
perature. 

Because the ambient temperature profile is depen­
dent upon application controlled variable, only the 
user can estimate predicted Storage Life in a gi­
ven design. As long as ambient temperature is held 
reasonably constant, expected Stofage Life can be 
read directly from Figure 9. If the MK48T08 spends 
an appreciable amount of time at a variety of tem­
peratures, the following equation should be used 
to estimate Storage Life. 

Predicted Storage Life-= 1 + l((T A1 +TT)+ SL1] + [T A2 +TI)+ SL2] + ... +((TAN+ TT)+ SLN] I 

Where TA1 1 TA2, TAN,= Time at Ambient Temperature 1, 2, ect 

Tis:: Total Time= TA1 + TA2+ ... +TAN 

SL1, SL2, SLN = Predicted Storage Life at Temp. 1, Temp. 2, ect. (See Figure 9) 

Example Predicted Storage Life Calculation 30°C (86°F) or less 4672 hrs./yr.: temperatures 
greater than 25°C, but less than 40°C (104°F), for 

A cash register/terminal operates in an environment 3650 hrs./yr.; and temperatures greater than 40°C, 
where the MK48T08 is exposed to temperatures of but less than 70°C (15B 0 F), for the remaining 438 

hrs.tyr. 

Reading Predicted t 1oro values from Figure 10; SL1 • 456 yrs., SL2= 175 yrs. SL3= 11.4 yrs. 

Total Time (TT) =8760 hrs./yr. TA1 =4672 hrs./yr. TA20::3650 hrs.lyr. TA3o::438 hrs.lyr. 

Predicted Typical Storage Life 2:: 1 + ( (( 4672 + 8760) + 465] + (3650 + 8760) + 175) + [( 438 + 8760) + 11.4) J 

Predicted Typical Storage Life 2:: 126 years 

SCiS·THOMSON 
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MK48T08 (B)-10/12/15/20 

ABSOLUTE MAXIMUM RATINGS• 

Voltage On Any Pin Relative to GND ________________ -0.3 V to +7.0V 
Ambient Operating (Vee On) Temperature (TA) ------------- 0°C to + 70°C 
Ambient Storage (Vee Off, Oscillator Off) Temperature - 20°C to + 70°C 
Total Device Power Dissipation 1 Watt 
Output Current Per Pin 20 mA 

• Stresses grater than those under "Absolute Maximum Rating" may cause permanent damage to lhe device. This Is a stress rating only 
and functional operation of the device at these or any other conditions beyond those indicated In the opertional section of this specification 
is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED DC OPERA TING CONDITIONS 
(0°C :s TA :s + 70°C) 

SYMBOL PARAMETER 

Vee Supply voltage 

GND Supply Voltage 

V1H Logic "1" Voltage All Inputs 

V1L Logic "O" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C :s TA :s + 70°C) (Vee (Max) :sVccsVcc(Min)) 

SYMBOL PARAMETER 

lce1 Average Vee Power Supply Current 

lee2 TIL Standby Current (E • VrH) 

lccJ CMOS Standby Current (E•Vcc-0.2V) 

l1L Input Leakage Current (Any Input) 

loL Outpu1 Leakage Current 

VOH Outpu1 Logic "1" Voltage (lour• - 1.0 mA) 

Vol Output Logic "O" Voltage (lour• 2.1 mA) 

MIN 

4.75 

0 

2.2 

-0.3 

MIN 

-1 

-5 

2.4 

12113 ...... , SCiS·ntOMSON 
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MAX UNITS NOTES 

5.5 v 

0 v 

vec+0.3 v 

0.8 v 

MAX UNITS NOTES 

80 mA 

5 mA 

3 mA 

+1 ,,.A 

+5 ,,.A 

v 

0.4 v 
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S4-VME 
Revision 1.0 

Pin Description 

Symbol 

IU Interface 

iu_clk 
ctl1 

SBus Interface 

sb_br_ 
sb_bg_ 
sb_as_ 
sb_siz(2:0) 
sb_ack8_ 
sb_ack32_ 
sb_err_ 
sb_merr_ 
sb_rd 
sb_a(4:0) 
sb_d(31 :24) 
sb_reset_ 
b_irq(7:1)_ 
mb_irq_ 

MMU 

io_sel_ 
type(1 :0) 
B_A31_29L 
B_A28_26L 
B_A25_24L 
pa(28:20) 
pa19_16H_ 

Misc 

pur_ 
gen_por_ 
ureson_ 
uresoff_ 
sysclkxin 
sysclkxout 
slot1 

S4-VME 9121189 

Type 
110/BD - cell 

I - DRVT8 
Input- TLCHT 

cycles. 

0 - BT4 
I - TLCHN 
I - TLCHN 
BO - BD4TU 
BD - BD4TU 
BD - BD4TU 
BD - BD4TU 
I - TLCHT 
BD - BD4TU 
I - TLCHT 
BO - BD4TU 
I - TLCHN 
0 - BT10D 
0 - BT10D 

I - TLCHN 
I - TLCHT 
I - TLCHN 
I - TLCHN 
I - TLCHN 
I - TLCHT 
I - TLCHT 

I - TLCHT 
0 - BT1 
I - TLCHT 
I - TLCHT 
I - OSCIM 
0 - OSCIM 
I -TLCHN 

Description 

Integer Unit Clock.Main system clock. 
Atomic load-store indication during device 

S-bus Bus request. 
S-bus Grant. 
S-bus address strobe 
S-bus Size. 
S-bus 8-bit Acknowledge. 
S-bus 32-bit Acknowledge. 
S-bus Error. Failed transfer. 
S-bus Late Error. Failed transfer. 
S-bus read, High for Read cycles. 
S-bus Address bits 4-0. 
S-bus data. 
S-bus reset. 
S-bus interrupts = VME interrupts 
Interrupt Request for mail box interrupt. 

Non-type 0 space strobe. 
MMU type bits .. 
Decoding of P1_A{31 :29) 
Decoding of P1_A(28:26) 
Decoding of P1_A(25:24) 
Physical address bits. 
Decoding of pa(19:16)= OxF. 

Power-up reset 
Generate Power on reset. 
User reset on 
User rest off 
Xtal in, VME system clock 
Xtal out VME system clock 
Slot Indicator. 
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S4-VME 
Revision 1.0 

Master Interface: 

A full 32 bit Master Interface is provided. Complete mapping of 512 MByte is possible all the 
time, but this 512 MByte window can be moved through all 4 GByte through a VME Mapping 
register. 

A32, A24, A16 Address Modes, 032, 016, OB(EO) Data Sizes are supported. 

On Master cycles, RMW, i.e. atomic load-store cycles are implemented according to the 
VME spec. The VME data strobe will be asserted two times as the VME address strobe is 
asserted. This differs from other Sun boards, where instead the ownership of VME is kept 
while a read and a write takes place. The problem with this is that if the access is to a board 
with several devices competing for an onboard bus. there is no way this board can 
recognize the access as a RMW. For example.: a disk board with multiple on board devices 
would not be able to prevent a shared resource to be stolen in between what looks like a 
standard Read and Write even though the VMEbus is hold. 

Block mode transfers are not supported. They are only supported by the Slave interface. 

Unaligned transfers (UAT) are not supported. Accesses of this kind, i.e. 16-bit accesses to 
base addr. + 1 or addr. + 3, or 32 bit accesses to base addr. + 1, base addr. + 2 or base 
addr. + 3 will not be recognized, resulting in a Bus error time out. 

A32 Map Register 

Type 
1 

31 

Device Addr 
OxEFE00018 

30 29 

VME Master Addr 

Device 
A32 Map Reg. 

28 27 

0 0 

26 

0 

Physical Space 
1 byte 

25 24 

0 LoopB 

This register can re-map VME Address bits A[31 :29] to enable full 4 Gbyte mapping. Only 
8-bit accesses should be used, 16- or 32-bit accesses will not be acknowledged, resulting 
in a bus error time out. 

Initialization: The register will be cleared to O's on resets, thus 
mapping the 512 MByte MMU mapping to 0-512 MByte 
and disabling loopback mode. 

Bit: 
31 :29 OxO map VME Master range 

Ox1 
Ox2 
Ox3 
Ox4 
Ox5 
Ox6 
Ox7 
Not used, always read back as 0 

Ox00000000-0x1 FFFFFFF 0-512 MByte 
Ox20000000-0x3FFFFFFF 512-1 GByte 
Ox40000000-0x5FFFFFFF 1-1 . 5 
Ox60000000-0x7FFFFFFF 1.5-2 
Ox80000000-0x9FFFFFFF 2-2.5 
OxAOOOOOOO-OxBFFFFFFF 2. 5-3 
OxCOOOOOOO-OxDFFFFFFF 3-3. 5 
OxEOOOOOOO-OxFFFFFFFF 3.5-4 

28:25 
24 This bit set will enable VME loopback mode, used for diagnostics. 
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Slave Interface: 

A32, A24 address mode. 

1 MByte of memory is accessible, normally the lowest MByte on VME. but this can be 
changed to be in the 1-16 MByte range to support multi CPU board implementations. The 
address range will be incremented in 1 MByte steps. 

VME defined Read-Modify-Write cycles is guaranteed to be atomic with respect to other 
VME Masters. Atomicity between VMEbus Slave accesses and CPU/Ethernet accesses to 
main memory, however, is not guaranteed. To guarantee this, the VME Bus Locker should 
be used, see the section about the Bus Locker register. 

Unaligned accesses to the Slave Interface range will return a Bus Error back to the external 
VME Master. 

The address modifiers on VME are used to define Address mode (A32/A24/A16), privilege, 
and data/program/block-transfer access. The Slave decoder and Mail Box Interrupter will 
monitor arr address modifier bits with the exception of AM2, the access privilege bit. All 
slave accesses as a DVMA device will be set to supervisor mode, which is in accordance 
with the Sun-4 Architecture. 

The 1 MByte VME address space selected will always be mapped to the highest megabyte in 
the Virtual Address Space, again in accordance with the Sun-4 Architecture. 

Single Transfers!Block Mode Transfers 

The OMA enable bit in the System Enable Register can disable SDVMA and therefore all 
Slave cycles. If this bit is set, single slave cycle can take place. 

Block Mode transfers are enabled if the corresponding bit in the Slave Map Register is set. 
Only blocks of 4 transfers of aligned 32-bit words are supported. Longer blocks will result in 
a Bus Error from the fifth transfer and on. Accesses with other data sizes will get a Bus Error 
returned. 

Slave Map Register 

Type 
1 

31 

Device Addr 
OxEFE0001C 

30 29 

BLM 0 0 

S4-VME 9121189 

Device 
SMAP 

28 27 

Reg. 

26 

Physical Space 
1 byte 

25 24 

0 VME Slave Address base 

Page 8 
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The address space for System DVMA accesses is 1 MByte, normally the lowest Megabyte in 
accordance with the Sun-4 Architecture, but bits 28:25 can be used to re-map the SDVMA 
address space. Slave Block Mode transfers can also be enabled by setting bit 31. This 
lowest 1 MByte on VME is mapped to the highest 1 MByte within the Virtual Address space. 
During register accesses, only 8-bit accesses should be used. 16- or 32-bit accesses will 
not be acknowledged, resulting In a bus error time out. 

Initialization: The register will be reset to all O's on resets. 
Thus, the mapping will default to 0-1 MByte and block mode 
transfers will be disabled. 

Bit: 
31: This bit set will enable Block Mode Transfers. 
30:28 Not used, read back as 0 
27:24 OxO map SDVMA space to OxOOOOOOOO-OxOOOFFFFF 0-1 MByte 

Ox1 Ox00100000-0x001FFFFF 1-2 .. 
Ox2 Ox00200000-0x002FFFFF 2-3 
Ox3 .. Ox00300000-0x003FFFFF 3-4 
Ox4 Ox00400000-0x004FFFFF 4-5 
Ox5 Ox00500000-0x005FFFFF 5-6 
Ox6 Ox00600000-0x006FFFFF 6-7 
Ox7 Ox00700000-0x007FFFFF 7-8 
Ox8 Ox00800000-0x008FFFFF 8-9 
Ox9 Ox00900000-0x009FFFFF 9-10 .. 
OxA OxOOAOOOOO-OxOOAFFFFF 10-11 .. 
OxB OxOOBOOOOO-OxOOBFFFFF 11-12 .. 
OxC OxOOCOOOOO-OxOOCFFFFF 12-13 .. 
OxD OxOODOOOOO-OxOODFFFFF 13-14 .. 
OxE .. OxOOEOOOOO-OxOOEFFFFF 14-15 .. 
OxF OxOOFOOOOO-OxOOFFFFFF 15-16 .. 

S4-VME 9/21/89 Page 9 



· surf MidrosY.steffis·s4 ©fiiplset 
·············.····.···<sun SPA~CrfM)~d~J()ij::•~~t6tri ·::{·') 

Mail Box 

S4-VME 
Revision 1.0 

A Mail Box interrupt function is provided. This mail box interrupt will detect eccesses to the 
A 16 address space to a location programmed into the mail box register. No real memory is 
provided at the location, but the mail box will respond with a VME OTACK, acknowledging 
the access and generate an on board interrupt if the Enable bit is set. VME Address bits 
A(15: 14. 3: 1)) will be checked and compared to the contents of the bits in the Mail Box 
Register. This corresponds to programming the location to one of the first 16-bit words at 
one of the four 16 KByte blocks of the address range. Any VME A 16 address space. 8-bit or 
16-bit read or write to the location programmed into the Meil Box Register will generate an 
onboard interrupt on level 8 if enabled. 32-bit wide access are not allowed end will not be 
acknowledged, resulting in a Time out Bus Error for the other accessing VME Master. 

48-64 KByte 

32-48 KByte 

16-32 KByte 

0-16 KByte 

Mail Box Register 

Type 
1 

31 

Device Addr 
OxEFE00010 

30 29 

I-fig En I 0 

Fig. 6 

Device 
Mail Box Reg. 

28 27 

I Comp A(15: 14) I 
26 

15 

0 

Physical Space 
1 byte 

25 24 

Comp A(3:1) 

This register will set the VME address that will be monitored and will. if enabled, interrupt the 
IU via an on-board interrupt. Only 8-bit accesses to the register should be used. 16- or 
32-bit accesses will not be acknowledged. resulting in a bus error time out. For mail box 
cycles. the VME bus will only be monitored for A16, 08 or 016 accesses. 

Initialization: All bits will be initialized to O's. 
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Interrupt: level 1. 

Bit: Note 
31 This bit set indicates that a mailbox interrupt is pending. A read of this register will 

reset the interrupt on the trailing edge of the read pulse. A write to this bit is ignored. 
30 This bit set will enable the mail box interrupt. 
29 This bit is ignored, read back as 0 
28 To compare with VME Address bit 15 
27 
26 
25 
24 

S4-VME 9/21 /89 
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VME Bus Locker 

A Bus locker function is provided to enable the CPU to do an atomic Read-Modify-Write 
(RMW) to its onboard memory without interrupting an incoming RMW from the VME Slave 
interface. This function is only to be used when the board is running together with one or 
more external CPU boards (Multiprocessing). In these cases, message passing is done 
through shared memory locations that need to be accessed in a defined way. 

VME Bus Locker Register 

In a Non-Multiprocessing application, this register should be left alone. When used, bit 24 of 
the register should ALWAYS be SET for each update, to guarantee a consistent bus 
arbitration behavior. 

Type 
1 

31 

Device Addr 
OxEFEOOOOO 

30 29 

Owndl 0 0 

Device 
Bus Locker. Reg. 

28 27 26 

0 0 0 

Physical Space 
1 byte 

25 24 

I Req Bus I Use locker I 

Initialization: All bits will be initialized to O's. 
Thus, the VME bus locker will be inactive and not affecting the 
board's bus arbitration. 

Bit: 
31 This bit indicates that the VME Bus is owned. No external VME board can access 

memory. Bit is read only, a write to this bit will be ignored. 
30 This bit is ignored, read back as 0. 
29 
28 
27 
26 
25 This bit initiates a VME Bus request. Once owned, it will be held. 
24 This bit set will enable the Bus request function. It should only be set for multi­

processing applications. If set, it should never be changed (unless system is 
restarted). 

In multiprocessing applications, update register at system initialization time by writing Ox01 
to the register.The procedure for accessing an onboard memory location is: 
1 Disable VME Interrupts to prevent deadlock. (VME Interrupts need to acquire VME) 
2. Request VME bus locking by writing Ox3 to the register. 
3. Read register and check bit 31 to until VME bus is owned and locked. 
4. Do RMW (atomic Load-Store) to onboard memory. 
5. Unlock VME by writing Ox1 to register. 
6. Enable VME Interrupts 
Thus bit 24 is kept set. 

Note ! Note that if VME is not unlocked in time, other accesses might time out causing a 

system crash. Always unlock VME ASAP after the RMW is completed ! 
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Interrupt Handler 

The interrupt handler can selectively support all interrupt levels. These are enabled through 
the VME Interrupt/Bus Arbiter register. Note that this register is a replacement for a jumper 
and should normally be fixed depending on the VME Interrupt handler configuration. 
Run-time enabling of the interrupts are normally done with the Interrupt Enable register, see 
the System Specification. 

Single level arbitration is normally used. If some VME boards do not get enough access to 
the bus, round robin select can be used. In that case the arbiter will give equal priority to all 
four levels. See the VMEbus spec. 

Interrupt Enable/ Bus Arbiter Mode Register 

The Interrupt Enable Register can selectively enable all VME interrupt levels. 

Type Device Addr Device Physical Space 
1 OxEFE00014 VME Int. Reg. 1 byte 

31 30 29 28 27 26 25 24 

En 7 En 6 En 5 En 4 I En 3 I En 2 En 1 RRARB 

This Register enables VME interrupts to be fed to the Interrupt logic in the S-4 MMU chip. 
This register replaces 8 jumpers on the board. Only 8-bit accesses should be used, 16- or 
32-bit accesses will not be acknowledged, resulting in a bus error time out. 

Initialization: bits 31 :25 will be set and bit 24 reset. 

Bit: 

Thus, VME interrupts will be enabled end the arbiter mode will be 
SGL, single level arbitration. 

31 This bit set will enable VME Interrupt 
30 

7 /Sun-4 level 13 to Int.logic 
61 - .. 11 

29 5/ - .. 9 
28 4/ - .. 8 
27 31 - .. 5 
26 21 - .. 3 
25 1/ - .. 2 

24 This bit set will set the bus arbiter into a RAS mode (Round Robin Select). 
This bit reset will set the bus arbiter into a SGL level bus arbiter (arbitration level 3 
only). 
Note that enabling of the bus arbiter function is done via a jumper (Slot1 jumper). 

Note! This register replaces onboard jumpers. Changes to this register should only be done 
at system initialization time not to be changed later (unless system is restarted). 
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VME IACK Cycles 

S4-VME 
Revision 1.0 

Interrupting devices out on the VMEbus require an interrupt acknowledge cycle to obtain an 
interrupt vector. A device space operation is used by the interrupt handler to run the 
acknowledge cycle and obtain the vector. The operation is Device space byte read with 
A [3-1 J set to the VMEbus interrupt level being acknowledged. This location should only be 
accessed with 8-bit reads, 16- or 32-bit accesses will not be acknowledged, resulting in a 
bus error time out. 

Note that an access to these seven addresses are not to an on chip register, but instead to 
execute a VME Interrupt Acknowledge cycle, acquiring the Interrupt Vector from the 
interrupting device. 

Type 
1 

31 

Device Addr 
OxEFEOOOOO 

30 

Device 
VME Int. Vector 

29 28 27 26 

Physical Space 
A[3:1]=VME Int. level, 
A0=1. Read, only 8-bit 
accesses should be used. 

25 24 

8-bit Interrupt Vector from interrupting VME Device Level A (3: 1) 

This translates into the following interrupt responses: 

Acknowledging VME interrupt 
1 
2 
3 
4 
5 
6 
7 

Device Address 
OxEFE00003 
OxEFE00005 
OxEFE00007 
OxEFE00009 
OxEFEOOOOB 
OxEFEOOOOD 
OxEFEOOOOF 

Initialization: Not applicable. 

IACK Daisy Chain Driver 

Active if Board is located in slot one, indicated by the Slot1 jumper. 
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Bus Requester 

The Bus requester is an ROA requester. It releases the bus when other VME 
Masters/Requesters requests the bus. 

Bus Arbiter 

Two types of arbiters are provided, a Single Level Arbiter or a Round Robin Select Arbiter. 
They are selected through the -VME Interrupt/Bus Arbiter register. Note that the arbiters will 
only be enabled if the board resides in slot 1. (Slot1 jumper) 

In arbitration mode, locked arbitration will be detected and released by the arbiter after 3.3 
ms. The Bus arbiter will then drive BBSY active for the minimum period required by the 
VMEbus spec. This is to prevent requesters that in the mean time have decided to withdraw 
their requests to be able to do so. Note that a withdrawal of a VME Request normally is in 
violation of the VME Specification. (Rule 3.11) 

Bus Time Out Period 

There are two time out parameters in a VME cycle in addition to the On Board Bus arbitration 
timer: Rerun Time Out and Abort. 

Rerun time out: If the time from the Master cycle starts until the VME slave responds with a 
DTACK exceeds 1.6 us, the cycle will be rerun by the IU so high-priority devices can get on 
the Sbus. In the mean time, the Master cycle and all output signals will be frozen, ignoring 
any DTACK coming in. When the cycle is rerun it will be reconnected again. 

Abort: Two stages of the access exists. If the bus is not owned, it has to be acquired. Then 
the actual VMEbus cycle can start. A Master cycle will time out after 300 us. That means, 
the response time from another VME slave including the time for acquiring the bus must be 
less than 300 us. 

If the VMEbus is not owned when an abort occurs, the bus requster will keep the VME Bus 
Request asserted even though the CPU cycles has been aborted. It will then assert a 
dummy Bus Busy (BBSY) when the Bus Grant is received. This is to comply with VME rule 
3.11. 

If the bus is owned when the abort takes place, a Bus Error will be generated. This Bus Error 
would normally be generated by an accessed VME slave. This is to comply with VME rule 
2.48. 

System Reset 

On power up, the CPU board will generate SYSRESET for a minimum of 200 ms. if the Slot1 
jumper indicates the boards resides in slot 1. Incoming VMEbus resets will always generate 
an on board reset. 

54-VME 9/21189 Page 15 
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Jumper 

Only one jumper is required for the VME Interface: Slot1, thereby replacing numerous other 
jumpers. These other settings will be defined be by software register settings. 

Function 
SYSTEM CLOCK 

VME IACK Daisy-chain Driver 

SYSRESET 

BUS ARBITER 

Programmable settings 

"slot 1" position 
enabled 

enabled 

sb_reset will generate 
VME SYSRESET. 

enabled (type deter­
mined by disabled 
Interrupt reg bit 0) 

"not In slot 1" 
tri-state 

VME 

IACKIN drives IACKOUT 

sb_reset will not 
generate VME SYSRESET 

disabled 

The following registers include settings otherwise often provided by jumpers. 

Slave Map Register 

VME Interrupt Handler Register 

A32 Map Register 

S4-VME 9121/89 

Defines the memory address space of the 
1 MByte on board VME Slave (System 
DVMA). 

Defines which interrupt levels to handle. 
Defines what type of VME Bus arbiter (If 
board resides in slot 1 ) 

Defines where to map the CPU Master 
Address Space of 512 MByte. 
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Performance: 

The VME Gate Array logic will be designed to meet the Sbus and VMEbus specifications at a 
20 MHz clock, correlating to a 50 ns clock cycle. 

Bus arbitration for other VMEbus masters will take place faster thanks to the Early Release 
feature. 

System DVMA can offer a higher bandwidth with the VME Block Mode transfer. 

Note that these numbers are given only as a way to describe the VME performance. Since 
the overall bandwidth depends on the other board's response time, the application code, 
amount of other tasks running concurrently, other concurrent DMA activity, cache hit/miss 
ratio etc. these figures should NOT be expected to on a running system. 

Master Cycles 

Conditions: Ideal VME slave accessed (30 ns DS to DTACK response). Bus already owned. 
No lingering DTACK or AS. 

A Master cycle will be 9 cycles, corresponding to a theoretical 9 MByte/s bandwidth for 
back-to-back cycles. 

Slave Cycles 

Conditions: Ideal VME master (0 ns OT ACK to OS response). Fast Sbus grant (two clock 
periods). 

Cycle 
Single read 
Single write 
Block read 
Block write 

S4-VME 9/21 /89 

duration (ns] 
560-630 ns 
510-580 ns 

950-1250 ns 
920-1160 ns 

theoretical bandwidth 
6.9-7.9 MByte/s 
6.3-7.2 MByte/s 
12.7-17.7 MByte/s 
13.7-17.4 MByte/s 
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Bus Arbitration 

Single level Arbiter: 
Conditions: No VME master owns the bus, Bus Locker disabled. 

VME Bus Request to VME Bus Grant: 2 Cycles 

Conditions: No VME master owns the bus, Bus Locker enabled 

VME Bus Request to VME Bus Grant: 3 Cycles 

Round Robin Arbiter: 
Conditions: No VME master owns the bus. Bus Locker disabled. 

VME Bus Request to VME Bus Grant: 2-5 Cycles 

Conditions: No VME master owns the bus, Bus Locker enabled 

VME Bus Request to VME Bus Grant: 3-6 Cycles 
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Timing Specification 

Conditions: VCC=4.75 to 5.25 V, TRA = 0 - 70 C, Output load= 130 pF 
Symbol From To (note1) Min Max unit Note 

Sbus signals 
t1 elk high elk high 50 50 ns 
t2 elk high sb_ack valid 3 33 ns 2 
t3 elk high sb_d valid 3 34 ns 
t4 elk high sb_rd valid 3 30 ns 
t5 elk high sb_siz valid 3 26 ns 
t6 elk high sb_br 3 24 ns -

IACK Daisy Chain 
t7 p1_ds(1 :0)_ ass. vme_iackout ass. 43 155 ns 3, 7 
t8 p1_as_ neg. vme_iackout neg. 15 ns 3, 7 

Requester/ Arbiter 
t9 elk high vme_bbsy_ 26 ns 
t10 elk high vme_bgout 25 ns 
t1 , elk high vme_br 25 ns 
t12 elk high b_asen - ass. 29 ns 
t13 elk high b_asen _neg. 38 ns 
t14 vme_as _neg. b_asen _neg. 12 ns 

Master 
t15 elk high vme_am 28 ns 4 
t16 elk low vme_as ass. 21 ns 
t17 elk high vme_as neg. 25 ns 
t18 elk low vme_ds ass. 23 ns 
t19 elk high vme_ds neg. 20 ns 
t20 elk high ma_aclk 24 ns 
t21 elk high ma_aen - 19 ns 

Slave cycles 
t22 elk high sl_aclk 23 ns 
t23 elk high sl_aen - 14 ns 
t24 elk low SbtP1 elk 6 19 ns 
t25 elk high PHSbclk 21 ns 
t26 elk high P1tSben 20 ns -

Slave single cycles 
t27 elk high vme_dtack 20 ns 

t28 elk high vme_berr 20 ns 
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t29 elk high SbtP1en_ 20 ns 

Slave Block Mode Reads 
t30 P1 OS ass. vme_dtack 37 719 ns 7 - - -
t31 P1 OS ass. vme_berr_ 37 719 ns 7 - -
t32 P1en ass vme_dtack ass. 28 103 ns 7 - -
t33 P1en _neg vme_dtack _neg. 30 108 ns 7 
t34 P1 DS ass. SbtP1en ass. 8 616 ns 7 - - -
t35 P1_DS _neg. SbtP1en _neg. 6 28 ns 7 
t36 P1_0S - ass. pl_sel valid 6 29 ns 7 

Slave Block Mode Writes 
t37 Pl_OS - ass. vme_dtack_ 35 659 ns 7 
t38 Pl _os - ass. vme_berr_ 35 659 ns 7 
t39 Pl_OS - ass. PltSbclk 7 37 ns 7 
t40 elk high PltSben - 5 15 ns 
t41 elk high pl_sel valid 20 ns 

misc. VME 
t42 vme_sysr_ ass. vme_sysr_ neg. 200 ms 5 

Setup time 
sbus signals, ctl1, type(1 :0) 15 ns. 6 
pa(28:20) 23 ns 
b_axx_xxl 19 ns 

Hold time for all the above signals is 0 ns except for sb_err_ which is 1 ns. 

1) If signal direction is not specified, both high and low delays ere Included. 
2) sb_ack: sb_eck8_, sb_eck32_, sb_err_, sb_merr_. 
3) IACK D.C. driver, slot1_ asserted 
4) the clock following sb_as assertion 
5) When chip is in test mode, i.e. P1_BGIN_.O = low and slot1_ = low the vme_sysr 

counter and the Bus grant counter will be preset to 32 clocks from their max value. 
6) Sbus signals: sb_as_. sb_a, sb_eck8_. sb_ack32_. sb_err_, sb_merr_sb_rd, sb_siz. 

sb_br_. 
7) This timing is not related to clock 
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Revision History 

317/89 First release. 

9/21/89 Revision 1.0 release 

sb_merr_ changed from BD-BD4n1 to 1-11.CHT (Page 2) 
Pl inputs changed from SCHMITC to SCHMITI (Page 3) 
LSI device type changed from LM~9239 to LIA5530 (Page 4) 
VDD increased from 3 pins to 4 pins (Page 4) 
VSS increased from 4 pins to 8 pins (Page 4) 

S4-VME 9/21189 
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Revision 1.0 
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Section 6 

PROGRAMMING & FIRMWARE MANUAL 

6.0 Proarammlna 

Address Spaces 
Memory Management 
Cache Control 
System Control and Error Handling 
Memory 
Onboard Peripherals 
Interrupts 
LED's 

6.1 Address Spaces 

H•dware 

The SPARC architecture defines several different address spaces. A user program can 
only access two of them: User Data and User Instruction spaces. When the processor is 
in supervisor mode additional address spaces are available (even beyond the obvious 
Supervisor Instruction and Supervisor Data) using the load and store alternate instructions. 
1be User and Supervisor Instruction and Data spaces make up Device space (for memory 
and peripherals). The other ASls make up Conttol space, intended for use by system 
functions, such as cache and MMU conttol. 

6.1.1 Control Space 

· FORCE COMPUl'ERS 

The CPU-2CE suppons System Space, Segment Map, Page Map, and various cache Flush 
spaces. 
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ASI# 

OxO 

Oxt 

Ox2 

Ox3 

Ox4 

Ox5 

Ox6 

SPARC CPU-2CE Technical Reference Manual 

Table: 6.1 Address Space Indicator Contents 

Use 

Reserved 

Reserved 

System space 

Segment Map 

Page Map 

High Speed Segment Flush 

High Speed Page Flush 

Address Space Type 

Control Space 

Control Space 

Control Space 

Control Space 

Control Space 

Control Space 

Control Space 

Where Defined 

System Control Space 

MMU Control Space 

MMU Control Space 

Main Memory Cache 
Control Space 

Main Memory Cache 
Ccntrol Space 

Ox7 High Speed Context Flush Control Space Main Memory Cache 
Control Space 

OxC Flush Cache by Segment Control Space Main Memory Cache 
Control Space 

OxD Flush Cache by Page Control Space Main Memory Cache 
Control Space 

OxE Flush Cache by Context Control Space Main Memory Cache 
Control Space 

OxF Hardware Virtual Flush Control Space Main Memory Cache 
Control Space 

6.1.2 System Space (ASI = 2) 

Paae 6-2 

System Space can only be accessed by using load and store alternate instJUctions while 
the processor is in supervisor mode. It is used to access various system control registers 
as well as for direct access to cache tags and data for diagnostic purposes. 

FORCE COMPUI'ERS 
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Table: 6.2 System Space (ASl=2) 

Address Use Comment 

0000 0000 IDPROM Not available on CPU-2CE 
3000 ()()()() Context Register 
4000 0000 System Enable Register 
6000 0000 Bus Error Register 
7000 0000 Diagnostic Register Unused; no timeout 
8000 ()()()() Cache Tags Diagnostic use 
9000 0000 Cache Data Diagnostic use 
FOOO 0000 Serial Port MMU Bypass 

ID PROM 

The ID PROM is unused on the CPU-2CE. The equivalent function is provided in the 
NVRAM, located in Device Space. 

FORCE COMPUl'ERS 

Context Register 

The Context Register is a 4-bit read/write register which controls which of 16 MMU con­
texts are in current use. Writes to this register have an immediate effect, subject to the 
nonnal pipelining imposed by the SPARC processor. The context register should be 
written and read as a byte only. The context Register is cleared on ReseL 

System Enable Register 

The System Enable register controls the cache and SBus as follows: 

Table: 6.3 System Enable Register System Enable Register: ASl=2, 
Address--OX40000000) 

BOOT/ 

Zero 

DMA_EN 

CACHE 

RESET 

0 = All Supervisor References go to EPROM (MMU bypass) 
1 = Nonnal operation (MMU Enabled) 

Always reads as zero; wiused 

1 = SBus DMA allowed. 

1 = Enables cache. (Cache tags should be cleared before enabling) 

1 = System Reset 

Pase 6-3 
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Write 
15 

Invalid 
7 
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1LBDis 1 = Micro1LB disabled. For hardware debugging only~ should be zero. 

1be System Enable register is cleared on Reset, leaving the system in Boot state with 
DMA and cache disabled. 

Synchronous Error Register 

There are six Error Registers in control space: two address and two status registers for 
Synchronous and Asynchronous errors. (In addition to these registers, the parity 
controVstatus register exists in Device space.) 

Table: 6.4 Synchronous Error Register 

Synchronous Error Register: ASl=2, Address=Ox6000 0000 WORD ACCESS ONLY: 

Zero Zero Zero Zero Zero Zero Zero 
8 

Protection Timeout SB Error MEMError Zero Zero Watchdog 
' 

0 

Table: 6.S Synchronous Error Re&fster 

Write 1 = Error occurred during a write cycle 

Invalid 1 = Valid bit was zero in a page map entry or top 3 adr 
bits differ. 

Protection 1 = Protection error; write to read-only page, or user 
access of supeIVisor-or1 •• page. 

Timeout 1 = Non-existent device was accessed. 

SB Error 1 = SBus device retur •. .:d error-ack (device-dependent). 

MEMError 1 = Memory (parity) error. (LErr on SBus) Sec parity 
register 

Watchdog 1 =Restart due to W error. (Trap while traps 
disabled.) 

In cenain circumstances the JU will be given a memory exception which it igmrcs (such 
as when an annulled instruction falls on an invalid page). In this case, the Invalid error 
bit would be set in the synchronous error register, but the JU did not take a trap. 1be 
result is that later, more than one bit may be set in the Error Register and software must 
determine which is correct from the address in the Synchronous Error Address Register. 

FORCE a>MPl1J'ERS 
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Multiple 

SB Err 

Synchronous Error Address Register 

Table: 6.6 Synchronous Error Register: ASl=2, Addreu--OX6000 0004 WORD 
ACCESS ONLY: 

Virtual Address of last synchronous error (A31 :0)) 

The Synchronous e"or registers will always hold information about the last synchronous 
e"or which occurred. 

The SEV AR is cleared on power-on or programmer-initiated reseL Synchronous error 
registers are not cleared on a watchdog reseL 

Asynchronous Error Register 

The Asynchronous Error register reports buffered write errors and SBus-Controller detect­
ed DVMA Errors.: 

Table: 6.7 Synchronous Error Register: ASl=2, Addreu--OX6000 0008 WORD 
ACCESS ONLY: 

Table: 6.8 Synchronous Error Register 

1 = More than one Async Error since AER last cleared. 

1 = JU Writing to a Slave device resulted in an Error Ack. 

DVMAErr 1 = Error during DVMA access. 

Timeout 

Pro terr 

Invalid 

Size(l:O] 

FORCE OOMPUI'ERS 

1 = SB_AS_ asserted for more than 256 clocks, or DVMA illegal 
adrs. 

1 = DVMA attempted write to read-only page. 

1 = MMU Valid bit not set for DVMA access. 

Copy of IU Sii.e bits for failing writeback operation. 

Error Acknowledges during DVMA are not reported to the JU. It is the responsibility of 
the DVMA master to repon errors to the JU. 

Reading the Asynchronous Error register clears iL SB _Reset_ clears iL Any asynchronous 
error freei.es both Async error registers until read (with the exception of the Multiple bit). 

Asynchronous Error Address Register 

(Word access only) 
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Table: 6.9 Asynchronous Error Register : ASI=2, Address=Ox6000 0008 WORD ACCESS ONLY: 

Size 1 

9 

Bits 3 

Size 0 Invalid Protm Timeout DVMAErr Zero Zero SBEn Multiple 

7 0 

: IO are reaa-oruy zeros. 

Asynchronous Error Data Registers 

Data from the first asynchronous write error since the AER was last cleared is stored at 
ASI=2, Address Ox6000 0010 and Ox6000 0014. Word accesses only, please. These regis­
ters are cleared on reset The data 81 Ox6000 0014 is only valid if 1he Size code is 11, 
indicating a doubleword store was taking place. Oeared to uroes on power-on reset, 
software-reset, and watchdog reset. 

Cache Tags and Data 

The Cache Tags are located in ASI 2 with the most significant four bits of the virtual ad­
dress 8. Tags are unique every 32 bytes for 64K bytes (in other words, there is a 64 K 
Cache, which uses a 32-byte linesize; there are 2K tags). Each tag is 32 bits wide and 
should be accessed only as a full word. Tags are formatted as follows: 

Table: 6.10 Cache Tags 

Tag ID 

Cache Data is located in ASI 2 with the most significant four bits of the virtual address 
= Ox9. It is significant for 64K Bytes. 

Serial Port Bypass 

The Serial Port 81 ASI = 2, Address OxFOOO 0000 is intended as an MMU bypass to allow 
the boot PROM to give messages even though the MMU and DRAM are not functioning 
or verified. 

Segment Map 

ASI = 3 gives access to the MMU segment map. Only bits 18 through 29 of the address 
are significant in this address space. See the MMU section for details. 

Page Map 

ASI = 4 gives access to the MMU page map. Only bits 12 through 29 are significant in 
this address space (bits 18 through 29 are mapped through the segment map). See the 
MMU section for details. 

FORCE COMPUTERS 
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Flush Cache Segment 

A write to an address in ASI = OxC will cause the cache line COJTCSPOnding to that 
address to be flushed (maiked invalid) if: 

•Cache Tag address (29:18) matches virtual address (29:18) and 

•[that page is marked supervisor-only or the cache tag context matches the current con­
text id] 

Flush Cache Page 

A write to an address in ASI -= OxD will cause the cache line corresponding to that 
address to be flushed (maiked invalid) if: 

• Cache Tag address (29: 16) matches virtual address (29: 16) 

and 

•[that page is maiked supervisor-only or the cache tag context matches the current con­
text id] 

Add Hardware Cache Flushes!! 
Flush Cache Context 

A write to an address in ASI = OxE will cause the cache line corresponding to that 
address to be flushed (maiked invalid) if: 

The cache tag context matches the CUJTCnt context and the supervisor-only bit for that 
cache tag is not set Cache context flushes will not invalidate supervisor-only pages. (All 
supervisor-only pages are assumed to be mapped througlx>ut all contexts.) 

6.1.3 Device Space 

FORCE COMPUTERS 

Device Space corresponds to memory and peripherals. Jn general, memory is located in 
Type Zero space, on board and SBus IO devices are located in Type 1 space, and VME 
devices are located in type 2 or 3 space, (this space indicator is part of the MMU page 
table entry, and could be thought of as just an extension to the physical address). 

Type Zero Space 

The CPU-2CE supports up to 64 MBytes of DRAM on-board, and up to 128 MBytes with 
the optional SRX board. 

Type One Space 

Type 1 Space contains on-board IO devices and SBus slots. It is distinguished from Type 
Zero space by the MMU Page Table Entry. By convention all addresses have the MS-
Address bits are set to 1 (PA28-31.) ' 
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Table: 6.11 Type One Space 

Address Device 
FOOO 0000 Keyboard and Mouse serial ports 
FlOO 0000 TIYA and B serial pons 
F200 0000 TOD Oock and NVRAM 
F300 0000 Counter-Timer Registers 
F400 0000 Memory Enor Register (Parity) (On-board memory) 
F400 0004 Memory Control Register (On-board memory) 
F400 0008 Memory Enor Register (Parity) (Off-board memory) 
F400 OOOC Memory Control Register (Off-board memory) 
FSOO 0000 Intenupt Control Register 
F600 0000 EPROM 
F720 0000 Floppy Controller 
F720 1000 ISON/Audio chip 
F740 0000 Auxiliary IO register 
F800 0000 SBus Slot Z.Cro (Onboard)• 
FAOO 0000 SBus Slot One• 
FCOO 0000 SBus Slot Two• 
FEOO 0000 SBus Slot Three• 
• All Sbus Slots occupy 25 bits of Address Space. 

Serial Ports 

The serial port controller used for both the Keyboard/Mouse and the general-purpose TTY 
serial ports is the Zilog 85C30 Serial Communications Controller. For further information 
see the Zilog datasheet The sub-addresses for the secs are: 

FOOO 0000 
FOOO 0002 
FOOO 0004 
FOOO 0006 
FlOO 0000 
FlOO 0002 
FlOO 0004 
FlOO 0006 

Mouse Control Pon 
Mouse Data Pon 
Keyboard Control Pon 
Keyboard Data Pon 
TTY B Control Pon 
TTY B Data Pon 
TIY A Control Pon 
TIY A Data Pun 

• Interrupts occur at level 12. 

•The serial pons use a 4.915 MHz clock as a base for baud rate generation. 

•There is no need for software to provide timing loops between accesses to the serial 
ports. Hardware will guarantee the required recovery time of the SCCs. 

R>RCE COMPUI'ERS 
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FORCE COMPUTERS 

TOD/NVRAM 

The Time-of-Day clock and Non-Volatile RAM is implemented in a 1bomson Mostek 
MK48T08 RAM with the following address map: 

Note: To insure proper SunOS bootup FORCE uses only 2 Kbytes of the 8 Kbyte chip. 
Through an invertor in a pal, FORCE modifies the base address to be the last 2 Kbytes 
of the NVRAM. A12:13 are inverted on the TOD. 

Table: 6.12 TOD/NVRAM 

F200 ()()()() -NVRAM 

F200 07F7 Reserved, do not 
use 

F200 07F8 TOD Control 

F200 07F9 Seconds (00-59) 

F200 07FA Minutes (00-59) 

F200 07FB Hour (00-23) 

F200 07FC Day (01-07) 

F200 07FD Date (00-31) 

F200 07FE Month (01-12) 

F200 07FF Year (00-99) 

Counter· Timer Registers 

Two 21-bit microsecond resolution counters can provide interrupts at levels 10 and 14. 
They are at the following addresses: 

Table: 6.13 Counters timers 

F300 ()()()() Counter o· 

F300 0004 Limit 0 Interrupt Level 10 

F300 0008 Counter 1 

F300 oooc Limit 1 Interrupt Level 14. 
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• Interrupts are enabled or disabled in the Interrupt Control Register. 

• Each counter starts at a value of "one microsecond" (Ox400) 

• When a counter reaches the value in its corresponding Limit register the Limit bit is set 
(L) and an interrupt (if enabled) is generated. 

• 1be Limit registers initialize on reset to zero. 

• Reading the Limit Register clears its L bit Reading the Counter does not 

• Read counters as a word to guarantee that they do mt increment during the read. 

Memory Error Registers 

The Parity ControVStatus register for the bottom 64 MBytes of DRAM is at F400 0000 
in Type 1 space. The Parity ControVStatus register for the top 64 MBytes of DRAM is 
at F400 0008 in Type 1 space: 

Table: 6.14 PError 

Perror Set on any parity error 

2nd.Error Set when parity error occurs and PError=l 

PTest Set to invert parity for testing. 1 

PEnable Set to enable checking 

Perr[24-0] Set to indicate which byte failed. 

The bits that indicate errors (Perror, 2ndError, Perm) are cleared when the register is read. 
All bits are cleared on reset. 

The Perrn bits have the same meaning as on older hardware (note that early older 
documentation was incorrect). 

In word-parity mode, all four Perr bits will be set on any parity em>r. 

Memory Control Reaister 

The RAM+ control register is at OxF4000004 in Type 1 space for the on-board DRAM 
and at OxF400 OOOC in Type 1 space for off-board DRAM: 

FORCE COMPUl'ERS 
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FORCE COMPUTERS 

Table: 6.15 Type 1 Space for off Board DRAM 

Dis Ref when set will stop refresh. This is for manufacturing test only. 

Parity when set will use word-wide parity. It should remain cleared on CPU-2CE. 

The Memory Control Register is cleared on Reset 

Interrupt Control Register 

The Interrupt Control Register is at FSOO 0000: 

Table: 6.16 Interrupt Control Register 

Enx Enable Interrupt Level x. 

SWix Force interrupt at Level x 

Master Enable Set to allow any interrupts. 

Clear bit 0, the Master Enable bit, to reset level 15 interrupts. 

Floppy Controller 

The Intel 82072 Floppy Disk Controller is at F720 0000. It should be accessed in byte 
mode only. See the Intel data.sheet for details of the register bits. 

F720 ()()()() 
F720 0001 

ISDN/Audio 

MSR (reads), DRS (writes) 
FIFO (reads and writes) 

The AMO 79C30 ISON/Audio chip is at F720 1000. See the AMO datasheet for details. 
The ISON portions of this chip are not utilized on CPU-2CE hardware or software. 

Aux VO Re&ister 

The Auxiliary 1/0 register is at F740 0003 as a byte-only device. It has eight bits which 
may be used as inputs or outputs. Only six of these bits are used on the CPU-2CE. To 
use a bit as an input, it should be written as a "l" (it will read back as whatever value is 
driven onto it). This register is set to all l's on reset 
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Table: 6.17 Aux 110 Register 

LED 
Eject 

TC 

DriveSel 
Disk Chg 

Density 

1 = Front-panel LED On 
Transition from 0 to l to 0 ejects floppy. DriveSel must be set for eject 
to take place. 
1 = Terminal Count Must be driven for specific amount of time, 
dependent upon floppy data rate. (See 82072 Users Manual for timing 
constraints.) 
1 = Select Floppy Drive. 
(Input) Reads as one if drive is selected and no disk is present in the 
drive. · 
(Input) Reads as one if floppy drive detects high-density floppy insened. 
(Current floppy drives do not suppon this signal; software must determine 
density by trial and error.) 

6.2 Memory Management 

.,_ 
cld[3:0 

va[29:18 

J 

r 

va[17:12 r 
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The CPU-2CE provides a standard two-level MMU, identical to older designs except for 
sizes and performance. 

• 16 MMU contexts (up from 8 on older) 

• 30 Virtual Address bits in 

• 32 Physical Address bits out to VME (28 bits to SBus and onboard devices) 

• 256 Page Map Entry Groups (up from 128 on older) 

• 4K Byte Page Size 

• 256K Byte Segment Size 

Figure: 6.1 Illustration Memory Management 

Segment Map 
..... A D PME0[7:0J... 

Page Map -...... 64Kx8 

16k x 24 
"' 

_..... 
-..... 

paf27:12] 
vafad 
writeable 
super-only 
dontcache 
type1 
typeO 
accessed 
modified 
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6.2.1 Address Translation 

As long as the system is not in Boot state (system enable register bit 7 not zero), all 
virtual addresses put out by the CPU in Supervisor and User Instruction and Data spaces 
are translated through the MMU. The upper 12 significant virnlal address lines, along 
with the current context number, select one of 256 Page Map Entty Groups. This value, 
along with the lower 6 significant virtual address lines, selects a Page Map Entry which 
returns a Physical Address and the permission and statistics bits for the 4.KByte page. 

Exception: The lower address bits of EPROM accesses are not translated. The EPROM 
should always be mapped into contiguous virtual memory locati.ons on a EPROM-sized 
boundary. 

6.2.2 Modifying the MMU 

In order to store a new value into the Segment map, simply write a byte to ASl=3. Only 
virtual address bits [29:18] along with the current context ID [3:0] are significant for this 
operation. PMEG values may be read as well. Use only byte loads and stores for 
segment map operations. 

In order to store a new value into the Page map, the segment map must first have been 
initialized for the high-order address bits to choose a Page Map Entty Group in the 
current context. Then a word may be stored to ASI=4 to set the page map value: 

Changing the MMU for a virtual address which was marlced cacheable requires that the 
cache be flushed of that address range. 

6.2.3 MMU Protection Criteria 

FORCE COMPUI"ERS 

All Device Space accesses (when the system is not in Boot mode) are subject to address 
translation (with the exception of the EPROM, as listed above), and are subject to MMU 
protection checks. These checks basically validate whether a given access is allowed for 
the current user. Using the bits in the Page Map entry given above, access is allowed if: 

•The V bit is set and 
• The S bit is cleared or the CPU is in Supervisor state and 
• The W bit is set or this is a read operation (not a store and not a ldst). 

• The X bit in the Page Map cntty is set to cause this page to not be cached. 

• The Type bits are effectively extensions to the physical address; only values of O and 
1 are used on the CPU-2CE. 

0- Onboard memory 1- Onboard IJO 
2- VME 016 3- VME 032 

• The A bit is set if this page has been accessed. The bit is cleared by software and used 
in least-recently-used algorithms. 
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• 1be M bit is set if this page has been modified. 

In addition, the most significant three vinual address bits must all be one or all be i.ero, 
or an error will be reported in the AER as a DVMA Timeout, when accessing Type 0 or 
1 Space. 

The statistics bits are not modified in the event of any protection or illegal address viola­
tions. Accesses which result in Error Ack or timeouts from the SBus will have modified 
their MMU entries as if the access had been successful. 

All DVMA activity takes place in Context Zero as Supervisor. 

6.3 Programming LED's 

Table: 6.18 LED/SW3 Register (Longword access only) 

Bit# RO WO 

31 SW3 bit 3 Lll 

30 SW2 bit 2 LIO 

29 SWl bit 1 L21 

28 SWO bit 0 L20 

27 VME Sysfail• from S4VME RIS• 
asic 

26 Pl_Sysfail• (from pl) lnit Enable 
Sysfail and Abort SWl 

25 abon MAR Enable for 32 Bit Mode 

24 N/C (undefined) 

Table is from page 17 of the schematics. L is LED 
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6.3.1 SPARC CPU-2CE LED Programming Example 

Programming examples for CPU-2CE front panel LED•s 

tinclude <asm linkage.h> 
tinclude <cpu:addrs.h> 
tinclude <mmu.h> 
tinclude <scc.h> 
finclude <map.h> 
tinclude <misc.h> 
tinclude <ce_misc.h>(SEE BELOW FOR EXAMPLE OF THIS FILE) 

extern 
extern 

map memory() ; 
unmi'p_memory () ; 

Hardware 

static byte ahadow_reg; /* hold current value of ledsw */ 

/* 
* 
*/ 

Set and leave LEDs continuously on. 

set leds(pattern) 
byte pattern; 
{ 

/* 

byte *ledsw - (byte*)LEDSW LOC; 
byte temp; -

map memory(ledsw, LEDSW PADDR, VWl ATTRIBUTES, PSIZE); 
shadow_reg &• LEDMASK; -,. clear LED field */ 
shadow reg I• pattern; 
shadow-reg &• -RUNMODE; /* enable LED function */ 
ledsw[OJ • shadow reg; 
unmap_memory(ledsw, PSIZE); 

* Set Run-Mode 
*/ 

set runmode () 
{ -

I* 
* 
*/ 

byte *ledsw • (byte*)LEDSW LOC; 
byte temp; -

map_memory(ledsw, LEDSW_PADDR, VWl_ATTRIBUTES, PSIZE); 
shadow reg I• RUNMODE; 
ledsw[OJ • shadow reg; 
unmap_memory(ledsw, PSIZE); 

Read the rotary switch. 

byte read_sw () 
{ 

FORCE COMPUI'ERS 

byte *ledsw • (byte*)LEDSW LOC; 
byte temp; -

map memory (ledsw, LEDSW PADDR, 
temP • -(ledsw[OJ >> 4)T 
urunap memory(ledsw, PSIZE); 
return (temp & Oxf); 

VWl_ATTRIBUTES, PSIZE); 
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6.3.l.l Example of the ce-misc.h file 

I* 
* file: ce misc.h 
*I -

/* CPU-2CE front panel LED definitions */ 

fdefine LEDSW LOC OxlfaOOOOO 
tdefine LEDSW=PADDR OxffOOOOOO /* Slot 3, offset +OxlOOOOOO */ 

fdefine LEDMASK 
fdefine INTENABLE 
tdefine RUNMODE 
fdef ine DIAGMODE 

Ox Of 
Ox02 
OxOS 
OxOO 

/* LED field mask */ 
/* Interrupt enable: Set/Clear IL15 */ 
/* Run-mode: enable LEDS */ 
/* Diagnostic mode: disable LEDS */ 

6.4 Additional Forth Ccmn•nda for LZI>s/Bazavitch and (Optional reature rlash 
Uprom) 

These are added to the CPU-2CE OBP: 

1. LEDS/HXSW: 

a. set-diagmode ( -- ) 
Let user changes mode to DIAGNOSTIC MODE or turn off RUN MODE. 

b. set-runrnode ( -- ) 
Let user changes mode to RUN MODE. 

c •. hexswitch ( -- value ) 
Display value of on board hexswitch. 

d. leds! ( value -- ) 
Set color combination for front panel LEDs. Bit combination 
for LEDS is as follows (in Hex) : 

00 : Red 01 : Green 10 : Yellow 11 

Example: 

Value • LED2 LEDl 
00 00 --> OxO --> RED RED 

00 
01 
11 

01 --> Oxl 
01 --> OxS 
11 --> OxF 

e. .leds ( -- value ) 

--> RED GREEN 
--> GREEN GREEN 
--> BLANK BLANK 

Display value of front panel LEDS. 

f. p2led-on 
Turn on P2 LED. 

g. p2led-off ( -- ) 
Turn off P2 LED. 

Blank 

( will generate sysfail 
) 

2. FLASH EEPROM: 

Paae 6-16 

j. erase-flash ( -- ) 
Erase Flash EEPROM. 

k. burn-flash ( bvadr size -- ) 
Given the virtual address of the buffer and the size in-byte of the 
user program, this command will burn that program into the Flash 
EEPROM. 
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Section 7 

VME 

7 .O VMEbus Interface 

7.1 Features of the SPARC CPU-lCE VMEbus Interface 

The features of the SPARC CPU-2CE VMEbus interface are listed below: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

A32/A24/Al6 Master (Sun-4 VME Device) and A24/A32 Slave DVMA device as SBus 
DMA device 

Single-level and round-robin arbitration with bus arbiter timer 

VME Interrupt Handler with IACK Daisy Chain Driver 

Clock driver 

System resener 

Full 4-gigabyte VME addressing with mapping register 

Simple user-setup provided, only one jumper is required (slot one). All other options are 
selected through register settings, stored in EEPROM. 

A special loopback cycle is provided to enable stand-alone testing of the interface. 

Watchdog Timer for VME System Bus which issues a VMEbus error . 

Fair Requester option provides all VME Masters along the bus grant daisy chain with 
equal access to the VMEbus, independent of the Master's slot location. 

Programmable Mailbox Interrupt Level 

Adjustable Rerun Counter allows for longer rerun intervals during VME access 

VME Interrupt Monitor Register provides ability to monitor VME Interrupt lines in real 
time 

Multiprocessing support with Mail Box Interrupts, programmable slave base address 
ranges, ttue Read Modify Write (RMW) to local memory and to shared VME resource 
with the use of the VME Bus Lock.er 

VME DVMA can be disabled via the DVMA Disable Bit This can be done without 
affecting the SPARC CPU-2CE's Ethernet or SCSI ports. 

Bus Locker provides the ability to perform Read-Modify-Write (RMW) cycles on the 
VMEbus. 
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All of the features listed above (except Watchdog Timer) require SunOS 4.1.1 (or newer). Each of the 
features is optional in that each can be enabled or disabled. 

The Watchdog Timer feature works with any SPARC CPU-2CE-compatible release of SunOS and is 
enabled when the CPU is configured as a Slot 1 Controller. 

The VME Chip includes all VME logic on a 7000 gate CMOS LMA9K 1.5 m-second Gate Array. 
Address and data paths are external, using 29FCT521, 29FCT52, 29821 and 29FCT821 registers. 
Decoding of VME address A(3 l :24) is done externally using AS27 gates. Decoding of Physical address 
PA(19:16) is done externally using an F20. All VMEbus outputs are driven through bipolar drivers using 
A~641, LS04 and F125. 
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7 .2 VMEbus Basics - An Introduction 

The VMEbus is an asynchronous 32 bit bus, with multi master, multi level arbitration specifying Single 
Cycles, Block Mode Cycles and Read-Modify-Write Cycles. Table 7.1 defines cenain conceptual logical 
units. 

Table: 7.1 VME Concept Dermitions 

Concept Definition 

Master accesses Slaves. 

Slave responds with [DTACK/BERR] to Master. 

BUS Requester Requests and keeps the bus on 
order from a Master. 

BUS ARBITERS Grants bus to Requesters through [BG] daisy 
chain. Must be in slot 1. 

Interrupter Interrupts bus, responds to Interrupt handlers 
with [DTACK/BERR] and supplies an Interrupt 
Vector. 

IACK. DAISY CHAIN Drive Drives [IACKIN/IACKOUT] chain when 
[IACK] and [DS(l:O)] are asserted. Must be in 
slot 1. 

SYS Oock Driver Drives [SYSCLK]. Must be in slot 1. 

Sysfail is generated by writing red red to the Assens Sysfail 
LED port. See the LED programming example. 

An on card Voltage Supervisor assens Assens fSYSRESET]. 
SYSRESET for a minimum of 200 ms after 
+5V DC has reached 4.5 Volts, if the slot I 
jumper is inserted. The ACFAILL is not driven 
or monitored. Incoming SYSRESET generates 
an on-card reset. 

7.3 VME Performance 

The timing for the VMEbus interface is as follows: 

8 Bit Transfers 1.6 MB per second 

16 Bit Transfers 3.2 MB per second 

32 Bit Transfers 6.4 MB per second 

The VME Gate Airay logic meets the Sbus and VMEbus specifications at a 20 MHz clock. correlating 
to a 50 ns clock cycle. 

Bus arbitration for other VMEbus masters takes place faster by using the Early Release feature. 
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NOTE: These numbers are given only as a way to describe the SPARC CPU-2CE CPU perfonnance. 
The overall bandwidth depends on the other card's response time, the application code, amount of other 
tasks running concurrently, other concurrent DMA activity, cache hit/miss ratio, etc. These figures should 
NOT be expected in a real world system. 

7.4 VME Addresses 

Two Address Modifier bits (AM[5:4]) define three address spaces. 

Table 7 .2 shows how these address spaces are defined. 

Table: 7.2 VME Addresses 

Concept Definition Address Modifier Bits 5:4 

A16 16 address bits are needed. I 10 
Can address 64 KB . 

....... 

A24 24 address bits are needed. 11 . 
Can address 16 MB. 

A32 32 address bits are needed. 00 
Can address 4 GB. 

nuee Address modifier bits (AM[2:0]) indicate privilege and type of access: Supervisor, Non-Privileged, 
Program Data or Block Transfer access. Data transfers can be D32/D16/D8 (quad-byte, double-byte or 
single-byte size). Unaligned transfer means that a quad-byte or a double-byte transfer takes place on a 
non-even boundary. Unaligned transfers are not supported by the SPARC CPU-2CE cant. 
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Table 7 .3 lists the supported VME address spaces. 

Table: 7.3 VME Addrea Spaces 

Addresses Comments 

A16 Master accesses are possible. 

A24 Master accesses are possible. 

A32 Master accesses are possible. 

016 Master accesses are possible. 

032 Master accesses are possible. 

A16 Mailbox cycles are monitored 
and can generate the interrupt. 

08 (only) Mailbox cycles are monitored 
and can generate the interrupt. 

A24 Slave cycles are supported. 

A32 Slave cycles are supported. 

08 Slave cycles are supported. 

016 Slave cycles are supponed. 

032 Slave cycles are supported. 

7.5 VME Implementation 

The VME lnterf ace adheres to the VMEbus Specification Rev C.1. A later version of the specification, 
released by ANSI, the ANSI/IEEE 1014-1987, has changed some optional features to mandatory. The new 
rules are: 2.61-68 and 4.49. The SPARC CPU-2CE VME Interface follows all these new rules except for 
2.67 requiring ALL 032 slaves to include Unaligned Transfer capability. 1be following VMEbus features 
are implemented: 

• 

• 

• 

• 

A 300 micro-second VMEbus timer. Master cycles time out after 300 micro-second 
generating a Bus Error on VMEbus. This is with onboard master setup in slot 1. 

Single-level VMEbus albitration (SGL) and round-robin arbitration (RRS) . 

Read-Modify-Write accesses to local and VME memory are supported via the bus locker . 

Unaligned transfers are not implemented nor supported. Unaligned accesses get a Bus 
error returned. Unaligned transfers are 32-bit accesses not to address (1 :0)=00 and 16-bit 
accesses not to address (0)=0. See the ANSI/IEEE change described above. 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Address only cycles are not decoded, an active data strobe is required for the start of any 
DVMA access. 

The VME Interface allow Address pipe-lining during Slave accesses, but do not utilize 
the function on VME Master cycles. 

Early release of bus is possible. Other masters can arbitrate getting bus mastership while 
VME Master access is finishing (Address Strobe still asserted). The VME Interface is 
also prepared for other cards early release of the bus, by awaiting the negation of the 
Address Strobe. 

The VME Interface requests VME mastership on bus level 3 as an ROR (Release On 
Request). 

Bus Oear is not monitored . 

An Interrupt handler that can serve any of the seven interrupts is available. A selection 
of which levels to serve is done by programming a SW register. 1be Interrupt handler 
is a 008(0), handling only 8-bit interrupt vectors. 

No Interrupter function is provided. Signaling between CPU cards in multiprocessor 
configurations is done through the Mail Box Interrupt 

An IACK Daisy Chain function is provided when the card is in slot one . 

A System Oock Driver is active, if the card is in slot one . 

No Serial Oock Driver is implemented . 

An on card Voltage Supervisor asserts SYSRESET for a minimum of 200 ms after +5V 
DC has reached 4.5 Volts, if the slot 1 jumper is inserted. The ACFAil..L is not driven 
or monitored. Incoming SYSRESET generates an on-card reset 

Sysfail is generated on the bus by writing red red to LEDs . 

7.6 Major VME Register Groups 

This section lists the major groups of VME registers. The registers can be divided into the following 
groups: 

1. Registers set on system initialization, replacing card jumpers: 

Interrupt Enable Register. 

Interrupts ~dled. 

Arbitration mode. 
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2. Registers used for multi-processing or co-processing: 

Interrupt Monitor Register 

Mailbox Interrupt Register 

Rerun/Mailbox Level Register 

Slave Map Register (also replacing jumper). 

3. Others: 

A32 VME Address mapping. 

Move 512 MB window. 

Enable diagnostic loop back. 

Slave Map register bitO. 

Enable Block Mode transfers. 

Table 7.4 lists the VME registers, their physical base, and size. 

Table: 7 .4 VME Registers 

Name Type Physical Size 
Base 

VME Bus Locker 1 OxEFECXXX)() byte 

VME IACK cycle 1 OxEFEOOOOl byte A[3:1], AO=l 

Mail Box Register 1 OxEFEOOOlO byte 

VME Interrupt Enable Register 1 OxEFE00014 byte 

A32MAP Register 1 OxEFE00018 byte 

Slave Map Register 1 OxEFEOOOtC byte 

Rerun/Mailbox Level Register 1 OxEFE00008 byte 

Interrupt Monitor Register 1 OxEFECXX>04 byte 

7.6.1 Acce~s To Byte Registers 

A byte access to a register involves a data transaction on the eight most significant data lines (0[31:24]). 
The information on the rest of the data lines (0[23:0]) is ignored. This applies to all byte register accesses 
listed in this chapter. 
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7.7 Master Interface 

In compatibility mode a full 32-bit Master Interface is provided. Complete mapping of 512 MB is 
possible all the time, but this 512 MB window can be moved through all 4 GB through a VME Mapping 
register. 

In enhanced mode the additional MMU address bits are supplied to the VMEbus allowing complete access 
to any addresses on the VMEbus. No window limitations exist 

Al2, A24, A16 Address Modes, D32, Dl6, D8(EO) Data Sizes are supported. 

Master Cycles (RMW) Atomic load-store 

On Master cycles atomic load-store cycles are implemented according to the VME spec. The VME data 
strobe asserts two times as the VME address strobe is held assened. Tilis differs from other Sun cards, 
where instead the ownership of VME is kept while a read and a write takes place. The problem with this 
is that if the access is to a card with several devices competing for an on-card bus, there is no way this 
card can recognize the access as a RMW. For example: a disk card with multiple on card devices would 
not be able to prevent a shared resource to be stolen in between what looks like a standard Read and Write 
even though the VMEbus is locked. 

Block Mode Transfers 
Bfock mode transfers are not supponed. (They are only supponed by the Slave interface.) 

Unaligned Transfers 
Unaligned transfers (UA T) are not supponed. The following access types are not supponed and result 
in a bus error timeout: 

. ~- 16-bit access to base address plus one or three 

• 24-bit access 

32-bit access to base address plus one, two, or three 

• 32-bit access to type two space 

The CPU-2CE can directly map 4 GB with software switch enabled. 

7.7.1 A32 Map Register Base Location 

This register can re-map VME Address bits A[31:29] to enable accesses to any 512 MByte range ofVME 
addresses. Only 8-bit accesses should be used; 16- or 32-bit accesses are not acknowledged, resulting in 
a bus error time out This register is only needed when operating the CPU-2CE in compatibility mode. 

7.7.2 A32 Map Register Initialli.ation 

The register is cleared to zeroes on reset, thus mapping the 512 MB MMU mapping to 0-512 MB and 
disabling loopback mode. 
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Table 7.5 provides a breakdown of the A32 Map register. Table 7.6 provides a breakdown of the A32 
Map register bits. Table 7.7 defines the functions of various bit values. 

Table: 7.5 A32 Map Register 

Type Device Address Device Physical Space 

1 OxEFE00018 A32 Map Register 1 byte 

Table: 7.6 A32 Map Register Address Bits 

31 l 30 l 29 28 27 26 25 24 

VME Master Address 0 0 0 0 LoopB 

Table: 7.7 A32 Map Register Bit Definitions 

Bit Range Value Range Range 
Start End 

31:29 OxO Maps VME Master Range to: OxOOOOOOOO-Ox 1 OMB 512 MB 
FFFFFFF 

31:29 Oxl Maps VME Master Range to: Ox20000000-0x3 S12MB 1 MB 
FFFFFrr 

31:29 Ox2 Maps VME Master Range to: Ox40000000-0x5 1 GB 1.5 GB 
FFFFFFF 

31:29 Ox3 Maps VME Master Range to: Ox6CXXX>OOO-Ox7 1.5 GB 2GB 
FFFFFFF 

31:29 Ox4 Maps VME Master Range to: Ox80000000-0x9 2GB 2.5 GB 
FFFFFFF 

31:29 OxS Maps VME Master Range to: OxAOOOOOOO-OxB 2.5 GB 3 GB 
FFFFFFF 

31:29 Ox6 Maps VME Master Range to: OxCOOOOOOO-OxD 3GB 3.5 GB 
FFFFFFF 

31:29 Ox7 Maps VME Master Range to: Ox'EOOOOOOO-OxF 3.5 GB 4GB 
FFFFFFF 

28:25 These bits are not used. and always read back as 0. 

24 This bit enables the VME loopback mode (LoopB), used for diagnostics only. 
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7.7.3 VME Registers Programming Example 

The following code fragment shows how to handle a V.ME intenupt. The system intenupt handler, when 
it determines that an intenupt originates on an IU level which corresponds to a VME intenupt, calls one 
of the entry points defined below (_vm.elevell-7). We then attempt to obtain the actual VME vector by 
reading the VME IACK register appropriate to our VME intenupt level. If the vector obtained is a valid 
VME vector, we use the vector as an index into the table "vm.e_vector." "Vme_vector" is a table of 
pointers to intenupt handlers for various VME devices. 
/* 
* Handle the 
* 

7 levels of VME interrupts: 

* 
Read the VME !ACK register appropriate to 
the VME level. This will: 

* 
* 
* 
*I 

(1) Perform an interrupt acknowledge cycle 
(2) Get the VME vector of the interrupting 

device. 

.globl vmelevell, vmelevel2, vmelevel3 

.globl -vmelevel4, =vmelevel5, -vmelevel6 

.globl =vmelevel 7 

_vmelevell: 
set VME_IACKl, 'gl 'gl • address of !ACK register 
b -vme - read_vector go read the VME vector 
nop 

_vmelevel2: 
set VME_IACK2, 'gl 'gl • address of !ACK register 
b -vme - read vector go read the VME vector 
nop 

_vmelevel3: 
set VME IACK3, 'gl tgl • address of !ACK register 
b -vme_read_vector go read the VME vector 
nop 

_vmelevel4: 
set VME IACK4, 'gl 'gl • address of !ACK register 
b vme_read_vector go read the VME vector -nop 

_vmeleve15: 
set VME_IACK5, tgl tgl • address of !ACK register 
b vme - read_ vector go read the VME vector 
nop 

_vmeleve17: 
set VME IACK7, 'gl tgl • address of !ACK register 
b _vme_read_vector go read the VME vector 
nop 

I* 
* This entry is called directly from interrupt. 
*I 

_vmelevel6: 

I* 

set 
b 
nop 

VME IACK6, tgl 
_vme_read_vector 

* VME interrupt. Do vectoring. 

tgl • address of !ACK register 
go read the VME vector 

* The VME vector is read off the VME bus. If this fails (data fault), 
: _trap will check the PC of the fault and jump to _spurious. 

* The vmelevelf code sets up 'gl to contain the address of the 
* appropriate VME !ACK register before it branches here. 
*I 

tdefine 
fdefine 

.global 

VEC MAX 
VEC=HIN 

_vme_read_vector: 
ldub 
cmp 
bg 
sub cc 
bl 

_vme_read_vector 

[tgl) I '16 
'16, VEC MAX 
spurious-vme 

255 
64 

,16, VEC-HIN, tg3 
spurious=vme 

read vector t, acknowledge int. 
check vector limits 

normalize vector 
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.. 

dl 
dl 
aet 
ld 
aet 
inc 
at 
ld 
add 
ld 
call 
ld 

•g3, 2, •g5 
•93, 3, •g3 
intrcnt, •g4 

1•95 + •g4], •gl 
vme~ctor, •g2 

lgl 
•gl, C•g5 + •g4J 
C•g2 + •g3J, •gl 
•92, 4, •92 
C•g2 + •g3J, •oo 
•gl 
C•oOJ, •oo 

b, a int rtt 

acale for internipt counting 
acale vector 
per-device interrupt counts table 
interrupt count 
table of interrupt vectors 
count interrupt 
and atore result 
vet handler addreaa 
venerate addreaa of arg ptr 
delay alot, vet arv ptr 
call handler 
read arg ptr 

I* end vme_read_vector *T 
restore previous stack pointer 

I* 
* Vine vectors are compatible with the aun3 family in which 
* there were possible valid vector• from 64 to 255 inclusive. 
* Thia requires 192 vectors, each vector ia two words long 
* the first word being the interrupt routine address and the 
* second word is the arg. 
* * Vectors OxCB-OxFF (200-255) are reserved for customer uae. 
*I 

I* * The vme vectoring uses the following table of routines 
* and arguments. The values for the vectors in the following 
* table are loaded by autoconf at boot time. 
*/ 

ldefine ERRV .word _spurious, 0 

_Yme_vector: 

.aeg •data• 

.align 4 

.global 

ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; !RRV; 
ERRV; ERRV; 
ERRV; !RRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 
ERRV; ERRV; 

vme vector 
T vector numbers 

ERRV; ERRV Ox40 Ox43 
ERRV; ERRV Ox44 - Ox47 
ERRV; ERRV Ox48 - Ox4B 
ERRV; ERRV Ox4C - Ox4F 
ERRV; ERRV Ox50 - Ox53 
ERRV; ERRV Ox54 - Ox57 
ERRV; ERRV OxSB - Ox5B 
ERRV; ERRV OxSC - OxSF 
ERRV; ERRV Ox60 - Ox63 
ERRV; ERRV Ox64 - Ox67 
ERRV; ERRV Ox68 - Ox6B 
ERRV; ERRV Ox6C - Ox6F 
ERRV; ERRV Ox70 - Ox73 
ERRV; ERRV Ox74 - Ox77 
ERRV; ERRV Ox78 - Ox7B 
ERRV; ERRV Ox7C - Ox7F 
ERRV; ERRV OxBO - Ox83 
ERRV; !RRV Ox84 - Ox87 
ERRV; ERRV Ox88 - OxBB 
ERRV; ERRV OxBC - OxBF 
ERRV; ERl\V Ox90 - Ox93 
ERRV; ERRV Ox94 - Ox97 
ERRV; ERRV Ox98 - Ox9B 
ERRV; ERRV Ox9C - Ox9F 
ERRV; ERRV OxAO - OxA3 
ERRV; ERRV OxA4 - OxA7 
ERRV; ERRV OxAB - OxA.B 
ERRV; ERRV OxAC - OxAF 
ERRV; ERRV OxBO - OxB3 
ERRV; ERRV OxB4 - OxB7 
ERRV; ERRV OxB8 - OxBB 
ERRV; ERRV OxBC - OxBF 
ERRV; !RRV OxCO - OxC3 
ERRV; ERRV OxC4 - OxC7 
ERRV; ERRV OxC8 - OxCB 
ERRV; !RRV OxCC - OxCF 
ERRV; ERRV OxDO - Ox03 
ERRV; ERRV Ox04 - Ox07 
ERRV; ERRV Ox08 - OxDB 
ERRV; ERRV OxDC - OxDF 
ERRV; ERRV OxEO - OxE3 
ERRV; ERRV OxE4 - OxE7 
ERRV; ERRV OxE8 - OxEB 
ERRV; ERRV OxEC - OxEF 
ERRV; !RRV OxFO - OxF3 
ERRV; ERRV OxF4 - OxF7 
ERRV; ERRV OxFB - OxFB 
ERRV; ERRV OxPC - O.xFF 

acO ac? 
xdcO xdcl 
xycO I xycl 
future disk 
future disk 
future disk 
future disk 
future disk 
tmO I tml 
xtcO I xtcl 
future tape 
future tape 
ec? 

I xdc2 I xdc3 
I xyc? 
controllers 
controllers 
controller• 
controllers 
controllers 
I tm? 
I xtc? 
controllers 
controllers 

ieO I iel I ie? 
future ethernet devices 
future ethernet devices 
vpcO I vpcl I vpc? 
vp? 
mtiO I mtil I mt12 I mti3 
SunLink SCP (Systech DCP-8804) 
Sun-3 zsO (8 even vectors) 
Sun-3 zal (8 odd vectors) 
Sun-3 zaO (8 even vectors) 
Sun-3 zsl (8 odd vectors) 
future aerial 
pcO I pcl I pc2 I pc3 
cv2 I future frame buffers 
CJPl I future 9raphica proceaaora 
ale.yo I ? 
SunLink I channel attach 
(token bus) tbiO I tbil I ? 
Reserved for Sun 
Reserved for Sun 
Reserved for Sun 
Reserved for Uaer 
Reserved for Uaer 
Reserved for User 
Reserved for Uaer 
Reserved for Uaer 
Reserved for User 
Reserved for Uaer 
Reserved for Uaer 
Reserved for User 
Reserved for User 
Reserved for User 
Reserved for User 
Reserved for User 
Reserved for User 
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7.8 Slave Interface 

1be slave interfaces operate in A32 and A24 address mode. 

l MB of memory is accessible, normally the lowest MB on VME, but this can be changed to be in the 
I-16MB range to support multi-CPU card implementations. The address range is adjustable in lMB steps. 

Unaligned accesses to the Slave Interface range returns a Bus Error back to the external VME Master. 

The address modifiers on VME are used to define Address mode (A32/A24/A16), privilege, and 
data/program/block-transfer access. The Slave decoder and Mail Box lntenuptcr monitors all address 
modifier bits with the exception of AM2, the access privilege bit. 

All slave accesses as a DVMA device are set to supervisor mode, which is in accordance with the Sun-4 
Architecture. 

The 1 MB VME address space selected is always mapped onboard to lhe highest megabyte in the Virtual 
Address Space, again in accordance with the Sun-4 Architecture. 

7.8.1 Slave Transfer Control 

A 'bit in the cache System Enable Register can disable SDVMA and therefore all Slave cycles. If this bit 
is set, slave cycle can take place. 

7.8.2 Slave Map Register 

1be address space for System DVMA accesses is 1 MB, normally the lowest Megabyte in accordance with 
the Sun-4 Architecture, but bits 27:24 can be used to re-map the SDVMA address space. The 1 MB 
address space on VME is mapped to the highest 1 MB within the Virtual Address space. During register 
accesses, only 8-bit accesses should be used. 16- or 32-bit accesses are not acknowledged, resulting in 
a bus error time ouL 

If a slave access occurs to a page within 1 MByte address space that does not have physical memory 
mapped to it then the VME BERR signal will be assened. Therefore to properly utilize the slave feature, 
the programmer must insure that the slave map • .;.gistcr is properly set to the correct 1 MByte VME 
address range, and that the physical memory pages are mapped into the DVMA space where Slave 
accesses are expected. 

NOTE: Enabling Slave accesses from VME gives any VMEbus Master access to the entire DVMA vinual 
address range. It is possible that erroneous accesses to this space will affect the operation of the SCSI 
and/or ethemet controllers since their buffers are kept within the DVMA space. 
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7.8.2.1 Slave Map Register Initialization 

The register is reset to all zeroes on resets. Thus, the mapping defaults to 0- lMB and block mode 
transfers are disabled. 

Tables 7.8 and 7.9 provide more information about the Slave Map Register and bit assignments. 
Table 7 .10 defines the bit configurations. 

Table: 7.8 Slave Map Register Address 

Type Device Address Device Physical Space 

1 OxEFEOOOlC Slave Map Register 1 byte 

Table: 7 .9 Slave Map Register Address Bits 

31 30 29 28 27 1 26 l 25 l 24 

0 DVMA 0 0 VME Slave Address base 

NOTE: The VME-4 gate array uses bit 30 of the Slave Map Register for DVMA. Bit 30, when set, 
disables any access to the local DVMA by other VME Masters and disables mailbox interrupts. 

7 .8.3 CPU-2CE Slave Memory Example 

This example requires a CPU-2CE as a slave board and another VMEbus master that can generate an 
extended address modifier code. To setup a slave window on the CPU-2CE type the following lines of 
code. 

30 ffjOOOOO 100000 map-segmenrs <er> 
0 obmem ffjDOOOO 100000 map-pages <er> 
0 map-slave <er> 

The description of the above two lines is as follows: 

<Segment Number> <Virtual Address> <Length> <Map Seg1pents> 
I 

<Physical Address> <obmem> <Virtual Address> <Length> <Map Page&> 

Once these lines are typed in, it is possible to use the slave memory from a master at location O using an 
extended address modifier code. 

To verify that the CPU-2CE received the correct data type the following on the slave. 

ffjDOOOO 100 dump <er> 
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Table: 7.10 Slave Master Register Bit Definitions 

Bit Description VMEbus Address Range Range 
Start End 

31 This bit is not used and must be 0. 

30 This bit when set disables VME slave accesses 

29:28 This bit is not used and is read back as 0. 

27:24 OxO Maps System DVMA Space to: Ox.00000000-0xOOOFFFFF OMB 1 MB 

27:24 Oxl Maps System DVMA Space to: OxOO 1 OOCXX}-Qx.001 FFFFF 1 MB 2MB 

27:24 Ox2 Maps System DVMA Space to: 0x00200CXX}-0x002FFFFF 2MB 3MB 

27:24 Ox3 Maps System DVMA Space to: Ox00300CXX}-0x003FFFFF 3MB 4MB 

27:24 Ox4 Maps System DVMA Space to: 0x00400CXX}-0x004FFFFF 4MB 5MB 

'27:24 Ox5 Maps System DVMA Space to: Ox005000CX>-Ox005FFFFF 5MB 6MB 

27:24 Ox6 Maps System DVMA Space to: Ox00600000-0x006FFFFF 6MB 7MB 

27:24 Ox7 Maps System DVMA Space to: Ox007000CX>-Ox007FFFFF 7MB SMB 

27:24 Ox.8 Maps System DVMA Space to: Ox008000CX>-Ox008FFFFF 8MB 9MB 

27:24 Ox9 Maps System DVMA Space to: Ox.00900000-0xOOCJFFFFF 9MB lOMB 

27:24 OxA Maps System DVMA Space to: OxOOAOOOOO-OxOOAFFFFF lOMB 11 MB 

27:24 OxB Maps System DVMA Space to: OxOOBOOOOO-OxOOBFFFFF 11 MB 12MB 

27:24 OxC Maps System DVMA Space to: OxOOCOOOOO-OxOOCFFFFF 12MB 13MB 

27:24 Ox.D Maps System DVMA Space to: OxOODOOOOO-OxOODFFFFF 13 MB 14 MB 

27:24 OxE Maps System DVMA Space to: OxOOEOOOOO-OxOOEFFFFF 14MB 15 MB 

27:24 OxF Maps System DVMA Space to: OxOOFOOOOO-OxOOFFFFFF 15 MB 16MB 

73 Mail Box 

A Mail Box intenupt function is provided to allow other devices to intenupt the SPARC CPU-2CE. This 
mail box detects accesses to the A16 address space to a location programmed in the mail box register. 

No real memory is provided at this location. but the mail box responds with a VME DT ACK, 
acknowledging the access and generate an on card intenupt Level' 13 if the Enable bit is set. VME 
Address bits A(l5:14, 3:1) are in the Mail Box Register. This corresponds to programming the location 
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~· 

... 

to one of the eight 16-bit words in one of the four 16K blocks of the address range. Any VME A16 
address space, 8-bit or 16-bit read or write to the location programmed into the Mail Box Register 
generates an on-card interrupt on level 13 if enabled. 32-bit wide accesses are not allowed and will not 
be acknowledged, resulting in a Bus Error Time out to the accessing VME Master. 

Since the address mapping of the location monitor compares only the address bits A15, A 14 and A3, A2, 
Al (Bits A13 up to A4 are NOT compared at all), the location monitor address is mirrored 1023 times 
in the selected 16K range. The user is advised to use addresses with address bits A13 to A4 set to zero. 

7.9.1 Mail Box Register Base Location 

This register is used to program the VME address to be monitored and, if enabled, mailbox interrupts the 
IU via an on-card interrupt. Only 8-bit accesses to the register should be used, 16- or 32-bit accesses are 
not acknowledged, resulting in a bus error time out. For mail box cycles, the VME bus is only monitored 
for Al6, D8 or 016 accesses. 

7 .9.1.1 Mail Box Register Initiali7.ation 

All bits are initialized to zeroes. 

Tables 7 .11, 7 .12, and 7 .13 provide more information about the meaning of the Mail Box Register and 
its bits. 

Table: 7 .11 Mail Box Register Address 

Type Device Address Space Device Physical Space 

1 OxEFEOOOlO Mail Box Register 1 byte 

Table: 7 .12 Mail Box Register Address Bits 

31 30 29 28 l 27 26 1 25 1 24 

I-fig En I 0 Comp Address (15:14) Comp Address (3:1) 

7.9.1.2 Mail Box Register Interrupt Level 

SPARC CPU-2CEs have programmable interrupt levels of 2, 3, 5, 8, 9, 11, and 13. 
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Table: 7 .13 Mail Box Register Bit Definitions 

Bit Description 

31 This bit set indicates that a mailbox intenupt is pending. 
A read of this register resets the intenupt on the ttailing edge of the read pulse. 
A write to this bit is ignored. 

30 This bit set enables the mail box intenupt. 

29 This bit is ignored, and is read back as 0. 

28 Compared with VME Address Bit IS. 

27 Compared with VME Address Bit 14. 

26 Compared with VME Address Bit 3. 

25 Compared with V.ME Address Bit 2. 

24 Compared with VME Address Bit 1. 

7.10 Mailbox Interrupt Level· Rerun Length Register 

This register sets the intenupt level that a mailbox intenupts on. A default Intenupt level uses pin 
MB_IRQ (level 13 on SBus), but any of the VME intenupt lines, pins B_IRQn, could be used instead by 
setting the appropriate level. Only 8-bit accesses to the register should be used. Accesses of 16 or 32 
bits are not acknowledged, resulting in a bus error time ouL 

By default, the Mailbox Intenupt level is set to level 13. On SPARC CPU-2CEs the Mailbox Intenupt 
register (bits 29:31) is used to set the interrupt level associated to the Mailbox interrupt Then the user can 
program which Processor Intenupt will be generated when a Mailbox Intenupt is initiated. 

31 30 29 28 27 26 2S 24 

MB2 MB 1 MBO Rer4 i Rer3 Rer2 Rer 1 RerO 

Long VME Master cycles (more than 16 clocks) are normally intenupted and froi.en. They will be run 
at a later time, letting other SBus masters access the bus. By increasing the value of the rerun counter, 
longer cycles are possible, increasing the chance of getting a VME slave Acknowledgement avoiding the 
delay of a rerun cycle. 

On SPARC CPU-2CEs the VME gate array can be tuned to increase the VME system throughput using 
the Mailbox Interrupt level Rerun Register bits [28:24]. By increasiµg the rerun interval, you can 
reduce the number of reruns the IU has to perform before an acknowledge is generated by a VME slave, 
increasing VME system throughput. 
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By default. the rerun inteival is set to 16 clocks. For example, it takes 18 clocks to get an acknowledge 
from a slave. If the rerun register is set to 3 (rerun inteival. is 19 clocks), the IU can finish a VME 
transfer with just one cycle. However, if the default setting is used (16 clocks), it may take at least 20 
to 21 clock cycles (requiring two rerun cycles) to finish the transaction. 

Initialization: All bits are initialized to zero. 

"Bits Note" 

Bits 31:29 = 0 Mail box interrupt on pin MB_IRQ_ or _int13 
Bits 31:29 = 1 Mail box interrupt on pin B_IRQl_ or _int2 
Bits 31 :29 = 2 Mail box interrupt on pin B_IRQ2_ or _int3 
Bits 31 :29 = 3 Mail box interrupt on pin B_IRQ3_ or _int5 
Bits 31 :29 = 4 Mail box interrupt on pin B_IRQ4_ or _int8 
Bits 31:29 = S Mail box interrupt on pin B_IRQS_ or _int9 
Bits 31 :29 = 6 Mail box interrupt on pin B_IRQ6_ or _int 11 
Bits 31:29 = 7 Mail box interrupt on pin B_IRQ7_ or _int13 

Bits 28:24 = 0 Default rerun, cycle 16 states 
Bits 28:24 = 1 cycle 17 states 
Bits 28:24 = 2 cycle 18 states 
Bits 28:24 = 3 cycle 19 states 
Bits 28:24 = 4 cycle 20 states 

Bits 28:24 = 31 cycle 47 states 

7.11 Bus Locker 

A bus lock function provides a way to enable the CPU to do an atomic Read-Modify-Write (RMW) to 
its on-board memory without being interrupted by an incoming RMW from another VME Master. This 
function is only used when the card is running together. with one or more external CPU cards 
(multiprocessing). In these cases, message passing is done through shared memory locations that need to 
be accessed in a defined way. 

The bus locker is used to lock the VMEbus before a VME RMW cycle is executed to prevent a deadlock 
situation between two VME Masters. A deadlock situation can occur when two VME Masters want to 
perfonn RMW cycles at the same time. 

7.11.1 VME Bus Locker Register 

In a non-multiprocessing application, this register should be left alone. When used, bit 24 of the register 
should ALWAYS be SET for each update, to guarantee a consistent bus arbitration behavior. 
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7 .11.2 Initialization 

All bits are initialized to O's. Thus, the VME bus locker is inactive and does not affect the card's bus 
arbitration. 

Table: 7.14 Bus Locker Register Bit Dermitions 

Bit Description 

·31 This bit indicates the VMEbus is owned. 
No external VME card can access memory. 
Bit is read only, a write to this bit is ignored. 

30 This bit is ignored, and is read back as 0. 

29 This bit is ignored, and is read back as 0. 

28 This bit is ignored, and is read back as 0. 

27 This bit is ignored, and is read back as 0. 

"'26 This bit is ignored, and is read back as 0. 

25 This bit initiates a VMEbus request. 
Once owned, it is held. 

24 This bit enables the Bus request function. 
It should only be set for multiprocessing applications. 
If set, it should never be changed (unless system is restarted). 

~iinultiprocessing applications, update the register at the system initialization time by writing OxOI to the 
register. The procedure for accessing an on-card memory location is: 

1. Disable all interrupts. (VME JACK cycles need to acquire control of VME.) 

2. Request VMEbus locking by writing Ox3 to the register. 

3. Read register and check bit 31 to until VMEbus is owned and locked. 

4. Do Read-Modify-Write (RMW) (atomic Load-Store) to on-card memory. 

s. Unlock VME by writing Oxl to register. 

6. Enable all interrupts. 

NOTE: If the VME is not unlocked in time, other accesses might time out causing a system crash. 
Always unlock VME as soon as possible after the RMW is completed! 

NOTE: VME interrupts must be disabled during the bus locking procedure to prevent potential deadlock, 
since VME IACK cycles requires access to VME. Interrupts could otherwise cause a deadlock situation 
if it happens while the bus is locked. 
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7 .12 Interrupt Handler 

The interrupt handler can selectively support all interrupt levels. These are enabled through the VME 
Interrupt/Bus Arbiter register. Note that this register is a replacement for a jumper and should normally 
be fixed depending on the VME Interrupt handler configuration. Run-time enabling of the interrupts are 
normally done with the Interrupt Enable register, see the System Specification. 

7 .12.1 Interrupt Enable/Bus Arbiter Mode Register 

This register enables VME interrupts to be fed to the Interrupt logic in the S-4 MMU chip. Only 8-bit 
accesses should be used, 16- or 32-bit accesses are not acknowledged, resulting in a bus error time out. 
The Interrupt Enable Register can selectively enable all VME interrupt levels. 

7.12.1.1 Interrupt Enable Register Initialization 

At initialization of the Interrupt Enable register, bits 31 :25 are set and bit 24 is reset, enabling VMEbus 
interrupts and setting arbiter mode to single level arbitration (SGL). Tables 7-15, 7-16, and 7-17 provide 
more detailed information about the Interrupt Enable register. 

NOTE: This register replaces on-card jumpers. Changes to this register should only be done at system 
initialization time, and should not be changed at a later time unless the system is restarted. 

Table: 7 .15 Interrupt Enable Register Address 

Type Device Address Device Physical 
Space 

1 OxEFE00014 VME Interrupt Enable Register 1 byte 

Table: 7 .16 Interrupt Enable Register Bit Definitions 

Bit Description 

31 This bit enables VME Interrupt 7/Sun-4 level 13 to Internal Logic. 

30 This bit enables VME Intenupt 6/Sun-4 level 11 to Internal Logic. 

29 This bit enables VME Intenupt 5/Sun-4 level 9 to Internal Logic. 

28 This bit enables VME Intenupt 4/Sun-4 level 8 to Internal Logic. 

27 This bit enables VME Interrupt 3/Sun-4 level 5 to Internal Logic. 

26 This bit enables VME Interrupt 2/Sun-4 lcv.cl 3 to Internal Logic. 

25 This bit enables VME Interrupt 1/Sun-4 level 2 to Internal Logic. 

24 This bit enables FAIR Arbitration. 
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NOTE: If VME interrupt level 7 or 6 is needed with VME there is a c:Onflict of the floppy and audio 
pons interrupts. Either the audio or floppy driver must be commented out of the GENERIC.VME and 
GENERIC_SMALL.VME to disable one. Remember to copy the files before modifying them. Search 
the GENERIC.VME and the GENERIC_SMALL.VME files in the .conf directory for audioamd. Use the 
"#" pound symbol at the head of the line to comment out either the audio or fd line. Then rebuild the 
kernel. See the read.me file in the .conf directory for further details. 

NOTE: Enabling the bus arbiter function is done via a jumper (Slot 1 jumper). 

7.13 Bus Requester 

The Bus requester is an ROR requester. It releases the bus when other VME Masters/Requesters requests 
the bus. The SPARC CPU-2CE can only request on Bus Request level 3. 

7.13.1 Bus Arbiter 

A Single Level Arbiter (level 3) and a FAIR Arbiter are provided. Note that the arbiter should be enabled 
only if the card resides in slot 1. (Slotl jumper.) 

In arbitration mode, locked arbitration is detected and released by the arbiter after 3.3 ms. The Bus arbiter 
then drives BBSY active for the minimum period required by the VMEbus spec. This is to prevent 
requesters that in the mean time have decided to withdraw their requests to be able to do so. Note that 
a withdrawal of a VME Request normally is in violation of the VME Specification. (Rule 3.11). 

7.14 Bus Time Out Period 

There are two time out parameters in a VME cycle in addition to the On Board Bus arbitration timer: 
Rerun Time Out and Abon. 

7.14.1 Rerun Time Out 

If the time from the onboard Master cycle starts until the VME slave responds with a DT ACK exceeds 
1.6 us, the cycle is rerun by the IU so high-priority devices can get on the Sbus. In the mean time, the 
Master cycle and all output signals is frozen, ignoring any DT ACK coming in. When the cycle is rerun, 
it is reconnected again. 

7.14.2 Abort 

With the onboard master setup in slot I, two stages of the access exists. If the bus is not owned, it has 
to be acquired. Then the actual VMEbus cycle can stan. A onboard or offix>ard Master cycle times out 
after 300 us. That means, the response time from another VME slave including the time for acquiring the 
bus must be less than 300 us. 

If the VMEbus is not owned when an abon occurs, the bus requester keeps the VMEbus Request uscned 
even though the CPU cycles has been aborted. It then asserts a dummy Bus Busy (BBSY) when the 
Bus Grant is received. This is to comply with VME rule 3.11. 

If the bus is owned when the abort takes place, a Bus Error is generated. This Bus Error would normally 
be generated by an accessed VME slave. This is to comply with VME rule 2.48. 
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7.15 VMEbus Watchdog Timer 

The SPARC CPU-2CE has a VMEbus watchdog timer to monitor the operation of the VMEbus. This 
function prevents the VMEbus from being locked when a Master accesses a nonexisting VME slave and 
when the master doesn't have its own bus time-out circuit. A VMEbus error occurs if a DT ACK is not 
generated within 300 microseconds (fixed) after a Data Strobe is asserted on the VMEbus. 'Ibis is only 
active if Slot 1 function is enabled. 

7.16 System Reset and the Reset Switch 

On power up, the CPU card generates SYSRESET for a minimum of 200 ms, if the Slotl jumper indicates 
the card resides in slot 1. Incoming VMEbus resets always generate an on-card reset 

7.16.1 Sources for a System Reset 

The sources of a system reset are listed below: 

•Power-on Reset. 

•Watchdog Reset. 

• Software Reset 

NOTE: When the SPARC CPU-2CE is reset, the "daisy-chained" VME signals are not passed on 
for the duration of the reset cycle, regardless of the SP ARC CPU -2CE's configuration (Slot 1 or 
non-Slotl device). 

"The Power-On Reset" 

On power-up, the SP ARC CPU-2CE Board generates a sysreset on the VMEbus for a minimum of 200 
ms if it is configured as the slot 1 (VMEbus system controller) CPU. All SPARC CPU-2CEs on the 
VMEbus are reset in a system reset. 

"The Reset Switch" 

The Reset is located on the front panel of the card, labeled Reset The switch rests in a null position. 
When it is activated, a reset procedure is activated that is perfonned by the VME Gate Array. lfthe board 
is configured as the slot 1 CPU, a VMEbus reset will be generated to reset all other non-slot 1 SPARC 
CPU-2CEs. For additional infonnation, see the chapter VMEbus Interface in this manual. 

"The Watchdog Reset" 

The watchdog error is the result of a double bus error as detected by the SBus Controller on a SPARC 
CPU-2CE. If this occurs, an on-board reset is generated, and if the SPARC CPU-2CE is configured as 
the slot 1 controller, a VMEbus reset will be generated to reset all other non-slot 1 devices on the 
VMEbus. 
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"The Software Reset" 

As the name implies, this reset is generated by a SPARC CPU-2CE through a software trap which 
generates an on-board reset. If the board is configured as the slot 1 CPU, a VMEbus sysrest signal will 
be generated to reset all other non-slot 1 SPARC CPU-2CEs. 

7.17 Jumper 

A'jumper is used to set the VME Interface for slot 1. The default sets the board as a VME slot 1 card. 
If jumpered, the SPARC CPU-2CE operates as the VME system arbiter and slot 1 card. 

Table 7.17 lists the function of the various jumper settings. 

Table: 7 .17 Slot 1 Jumper & Functions 

Function Slot 1 Position Not in Slot 1 

V.ME System Oock Enabled. Tri-state. 

VME IACK Daisy-chain Driver Enabled. IACKIN drives IACKOUT. 

SYSRESET Generates VME SYSRESET. Does not generate VME 
SYSRESET. 

7.18 Programmable Register Settings 

Table: 7.18 Programmable Register Settings 

Register Setting Definition 

VME Interrupt Handler Defines which interrupt levels to handle. 
Register 

Defines what type of VME B~ arbiter (only if the card resides 
in slot 1). 

A32 Map Register Defines where to map the CPU Master Address Space of S12 
MB. 

7 .19 VME Interrupt Monitor Register 

SPARC CPU-2CE features a VMEbus Interrupt Monitor Register which provides a quick way to determine 
the source of the interrupt on the IU. The Monitor register is a direct status of the VME interrupt lines. 
Only byte reads to this register are permitted. The VMEbus Interrupt status is contained in bits 31:2.5. 
Other operations to this register result in a bus error time-out 

Tables 7-19 and 7-20 list more detailed information about the Interrupt Monitor register. 
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Table: 7 .19 VME Interrupt Monitor Register Address 

Type Device Address Device Physical Space 

1 OxEFE00004 VME Interrupt Monitor 1 byte 

is reset zero . 

Table: 7.20 Interrupt Monitor Register Address Definitions 

31 30 29 28 27 26 25 24 

IRQ 7 IRQ 6 IRQ S IRQ4 IRQ 3 IRQ2 IRQ 1 FAIR 

NOTE: Bit 24 set to a one sets the requestor to Fair Mode. A bit set among bits 31:25 indicates a 
pending interrupt. 

7.19.l Fair Mode Requester 

The SPARC CPU-2CE includes an optional fair mode requester bit (Bit 24 of the Interrupt Monitor 
register) to allow Bus Fairness operations when the CPU is used in a multiprocessor environment This 
allows VMEbus masters in the system to have equal access to the VMEbus. 

With the Fair bit set, the Y.ME interface controller asserts a VME request only when no other bus request 
is pending. Resetting bit 24 of the Monitor register disables this feature. 

7.20 VME IACK Cycles 

When the SPARC CPU-2CE is set up to respond to vectored VME interrupt requests, it drives the IACK 
line to acquire the interrupt vector from interrupting devices though software routines. A device space 
operation is used by the Interrupt handler to generate an Interrupt Acknowledge cycle. The operation is 
done only by doing a Device Space byte read at location OxEFEOOOOX with Address bits 3 to 1 set to the 
VMEbus interrupt level being acknowledged. A 16- or 32-bit access is not acknowledged and results in 
a bus error time-out. By doing this, an acknowledge process is started by first acquiring the bus, then by 
driving the IACK signal at the same time as with other control lines such as AS•, DS•, Al-3, etc. 

NOTE: An access to these seven addresses are not to an on chip register, but instead to execute a VME 
Interrupt Acknowledge cycle, acquiring the Interrupt Vector from the interrupting device. 
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Tables 7-21, 7-22, and 7-23 provide more detailed information about the VME mail box register, IACK 
cycles registers, and responses. 

Table: 7.21 Mail Box Register Address 

Type Device Address Device Physical Space 

1 OxEFEOOOO VME Int Vector 1 
A[3:1]=VME Int level. 
AO= 1, Read, only 8-bit 
access should be used. 

Table: 7.22 VME IACK Cycles Register Address Bits 

31 l 30 I 29 I 28 I 21 I 26 I 2s I 24 

8-bit Interrupt Vector from interrupting VME Device Level A(3:1) 

This translates into the following interrupt responses: 

Table: 7.23 VME IACK Cycles Interrupt Responses 

Acknowledging VME Interrupt Device Address 
-i 

1 OxEFE00003 
2 OxEFE00005 
3 OxEFE00007 
4 OxEFE00009 
5 OxEFEOOOOB 
6 OxEFEOOOOD 
7 OxEFEOOOOF 

7.20.1 Daisy Chain IACK Driver 

Since the SPARC CPU-2CE does not have the capability to interrupt the VMEbus through the VME . 
interrupt request lines, it docs not provide intenupt vectors at all. Thus, it drives the daisy chain 
IACKOUT when an IACKIN is active. When set up as a slot 1 card, it drives the IACKOUT as soon as 
the non-daisy chain IACK signal is active. 
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7 .20.2 Master Cycles 

Ideal VME slave accessed (30 ns DS to DTACK response). Bus already owned. No lingering DTACK 
or AS. A Master cycle is 9 cycles, corresponding to a theoretical 9 MB/s bandwidth for back-to-back 
cycles. 

7.20.3 Slave Cycles 

Ideal VME master (0 ns DTACK to DS response). Fast Sbus grant (two clock periods). 

Table 7.24 provides more information about the duration of slave cycles and the theoretical bandwidth. 

Table: 7.24 Slave Cycles Duration and Theoretical Bandwidth 

Cycle Duration (ns) Theoretical 
Bandwidth 

Single Read 560-630 ns 6.9 to 7.9 MB 

Single Write 510-580 ns 6.3 to 7.2 MB 

7.21 Bus Arbitration 

Table 7 .25 lists the characteristics for single-level and Fair arbitration. 

Table: 7.25 Bus Arbitration 

Arbiter Conditions 

Single Level Arbiter No VME master owns the bus, Bus Locker disabled. 
VME Bus Request to VME Bus Grant: 2 Cycles. 

No VME master owns the bus, Bus Locker enabled. 
VME Bus Request to YME Bus Grant: 3 Cycles. 

Round-Robin Arbiter No VME master owns the bus, Bus Locker disabled. 
VME Bus Request to VME Bus Grant: 2-5 Cycles. 

No VME master owns the bus, Bus Locker enabled. 
VME Bus Request to VME Bus Grant: 3-6 Cycles. 
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7.22 Interrupts 

Table 7-26 defines the interrupt sources and their levels: 

Table: 7.26 VME Interrupt Levels and Sources 

Level Source Additional Source 

15 Abort 

15 SYSFAil.. 

15 Memory: Parity Error ECC Uncorrectable Error 

14 Counter/fimer 1 

13 VME Level 7 Audio 
VME Mailbox interrupt 

12 Serial Ports 

11 VME Level 6 Floppy Disk 

10 Counter/fimer 0 

9 VME Level 5 SBUS 7 

8 VME Level 4 SBUS 6 (Video) 

7 SBUS 5 

6 SW IRQ6 

5 VME Level 3 Ethernet, SBUS 4 

4 SCSI 
SWIRQ4 

3 VME Level 2 SBUS 3 

2 VME Level 1 SBUS 2 

1 SW IRQl 
SBUS 1 

All type 1 devices defined in the architecture, including the serial pprts, use autovectored interrupts. 

The interrupt register in . device space enables all interrupts, causes software interrupts, and enables 
specified interrupts. It is described in the chapter Device Space. The memory error registers in system 
space, provide information about any memory errors that occur. They are described in the chapter System 
Space. 
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7.23 Example of a VME System 

Figure 7-1 is a diagram of a sample VME system with two SPARC CPU-2CE cards, a third-party Ethernet 
card, and a third-party SCSI carcl. The text below describes how this system configuration should be 
defined and implemented. This example is generic and is provided only as a guide for understanding the 
SPARC CPU-2CE VMEbus. 

Figure: 7.1 Sample VME System Diagram 
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Board A in slot 1 is a SPARC CPU-2CE with the slot 1 functions enabled (Arbiter, IACK Daisy Chain 
driver, SYS Oock Driver). It is an Interrupt Handler for level 1-3. Board Bis also a SPARC CPU-2CE 
with the slot 1 functions disabled. It is an Interrupt Handler for level 4-7. Board C is an Ethernet card 
with a Slave and an Interrupter. Board Dis a SCSI card with DMA capabilities. It has a Master, a Slave 
and an Interrupter. 

Board A needs to start a disk transfer by writing to command registers in card D. But first he has to 
acquire the bus. His Master orders the on card Requester to get the bus. The Requester asserts [BR). 
Ifno one owns the bus, indicated by an inactive [BBSY], the arbiter grants the bus with [BG]. Board A's 
Requester receives this, assen [BBSY] and allow his Master to stan a bus cycle. 

If another card 's Requester was requesting the bus at the same time with a [BR], card A would still get 
it since the bus grant from the arbiter in slot 1 is passed from card to card via a Daisy Chain 
[BOIN ,BGOUT] and card A is the first card in the Oiain. 

Board A's Master asserts addresses, data and then strobe [AS] and [DS(l:O)]. 

Next, card D's Slave detects that the cycle is aimed at him and resJX>nd with a [DT ACK] once the data 
has been captured (the write to the command register). The SCSI card starts the disk access and when 
he has filled his buffer with data, activate his Master. The Master requests the bus via it's on-card 
Requester. 

FORCE COMPUTERS 



Hardware SPARC CPU-2CE Technical Reference Manual 

The SPARC CPU-2CE requester is of Release On Request type, so he keeps the bus with [BBSY] until 
someone else asks for it. When Board D's Requester requests the bus, Board A's Requester drops 
[BBSY]. Now the Arbiter can grant the bus to card D with a [BG]. 

Board D acquires the bus asserting [BBSY] and the Master can start a OMA transfer to card A's on card 
memory via A's Slave. the Slave responds with a DT ACK for every cycle. Once the whole transfer is 
complete, card D asserts interrupt 3 via his interrupter signaling he's finished 

Board A's interrupt handler is activated and does an Interrupt Acknowledge cycle. This cycle is almost 
identical to a Master read, but instead of reading data, the interrupt vector is read. [IACK] is asserted to 
signal an IACK cycles, and address bits 1-3 indicates what level the IACK cycle is responding to. 

[IACK] from any interrupt handler is passed to slotl, where the back plane directly connects it to the start 
of the [IACKIN/IACKOUT] daisy-chain. This is done to enable interrupt handlers to be spread out on 
different cards if needed. The IACK Daisy Chain Driver in slot 1 drives the chain. Board B is not an 
interrupter and therefore always passes [IACKIN] to [IACKOUT]. 

Board C passes the incoming [IACKIN] to its [IACKOUT], unless he is interrupting on the same level 
at the same time. If so, he does not pass the [IACKIN] signal, but. instead respond to the IACK cycle 
with a DTACK and his vector, different from card D's. In the mean time, card D would not see any 
[IACKIN] and the ref ore just keep his interrupt asserted until card C passes it on. 

Board D's interrupter responds to an IACK cycle with the corresponding bits set to the level he is 
interrupting on. Board A jumps to the disk card interrupt routine, with the understanding that the disk 
transfer has finished and now is ready and stored in the DVMA buffer. The transfer is complete. 

7.24 VMEbus Device Driver 

7.24.1 VMEbus Device Driver System Calls 

The VMEbus Device Driver supports the "usual" system calls: open (), cl.ose (), read (), write (), 
ioctl<> and mmap < >. Consult your SunOS documentation for detailed information regarding the general 
use of these functions. 

When making calls to these functions (m reference to the memory/devices managed by the VMEbus 
Device Driver) the following points are of interest: 

• 

Page 7-21 

open < > verifies that the minor device number, of the file you are opening, is one of the 
following: 

VME16D16 
VME24Dl6 
VME32D16 

VME16D32 
VME24D32 
VME32D32 

These constants are defined in the header file vme.h. 
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• 

• 

read () and write () will not attempt to read past ihe end of the valid space defined by 
the minor number of the "file" you are attempting to read. In other words, attempts to 
read() or write() past the address Oxffff when using a file handle opened in A16 
space will not be attempted by the VMEbus Device Driver. Likewise, read<> and 
write < > will not read past the address Oxffffff in A24 space. 

The following operations are defined for an ioctl<) call: 

VME_SET_REG 

VME_GET_REG 

VME_RDSWITCH 

VME_WRLEDS 

VME_ENA_DIS_ VME32 

VME_GET_PHYS 

Write to a VME interface specific register. 

Read from a VME interface specific register. 

Read the current state of the HEX switch. 

Write to the front-panel LED's. 

Enable full 32-bit address access or place the VME 
interface into CPU-IE compatibility mode. 

Translate a DVMA address into its corresponding VME 
physical address. 

The labels described above are defined in vme.h supplied with the VMEbus Device 
Driver. A sample application, called v _rw.c, that uses each of these ioctl<> calls is also 
supplied with the VMEbus Device Driver. Please refer to these files for detailed 
information. 

The S4-VME interface device has limitations when used to access the A32 space which 
must be taken into account when assigning addresses to VME peripheral devices on the 
VMEbus. These limitations are associated with hardware and cannot be fixed by software 
(either the VMEbus Device Driver or the application software). 

The VMEbus interface chip on the CPU-2CE directly decodes only 29 address bits 
resulting in what can be described as decoding a series of eight 512 megabyte "windows" 
(there is additional hardware to assist in distinguishing which "window" is being used). 
The VMEbus interface chip always interprets the upper 16 megabytes of each of these 
"windows" as A24 and A16 space. Thus, one cannot map the following VMEbus 
addresses into A32 space: 
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Table 7.27 A16 ·Only Access 

Start Address End Address 

Ox lFFF.0000 Ox lFFF.FFFF 

Ox3FFF.OOOO Ox3FFF.FFFF 

OxSFFF.0000 Ox5FFF.FFFF 

Ox7FFF.OOOO Ox7FFF.FFFF 

Ox9FFF.OOOO Ox9FFF.FFFF 

OxBFFF.0000 OxBFFF.FFFF 

OxDFFF.0000 OxDFFF .FFFF 

OxFFFF.0000 OxFFFF.FFFF 

Table 7.28 A24 - Access 

Start Address End Address 

Ox 1 F00.0000 OxlFFE.FFFF 

Ox3FOO.OOOO Ox3FFE.FFFF 

OxSF00.0000 Ox5FFE.FFFF 

Ox7FOO.OOOO Ox7FFE.FFFF 

Ox9FOO.OOOO Ox9FFE.FFFF 

OxBF00.0000 OxBFFE.FFFF 

OxDF00.0000 OxDFFE.FFFF 

OxFF00.0000 OxFFFE.FFFF 

7.24.2 VMEbus Address Modifiers 

Program/Data/Block Transfer Address Modifiers 

The CPU-2CE will generate only the Data Address Modifier Code. The Program and Block Tramfer 
Address Modifier Codes are not supported. 
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Supervisory/Non-Privileged Address Modifiers 

The CPU-2CE can generate either the Supervisory or the Non-Privileged Address Modifier Codes. This 
is controlled by the Integer Unit's (IU) Processor Stat Register (PSR). 

Typically a user's application will operate at a "non-privileged" level resulting in the assertion of the User 
Address Modifier Code when the users's application access VMEbus addresses that have been allocated 
by the mmap < > system call. If the user's application is a driver that operates at the same privilege level 
as the kernel the Supervisor Address Modifier Code will be asserted when that driver accesses VMEbus 
addresses. 

Accesses to the VMEbus made within the kernel operate at a "privileged" level and will result in assenion 
of the Supervisor Address Modifier Code. This is the case when one uses the read O and write() 
system calls to access a VMEbus device. H the user uses the mmap call to create a pointer the VME AM 
code issued will reflect the current privilege level of the calling program. 

Extended/Standard/Short Address Modifiers 

The CPU-2CE may generate the Extended, Standard or Short Address Modifier Codes with the following 
restrictions: 

Table: 7.29 Address Modifier Codes 

Address Modifier Value Description 

Extended (A32) Ox.09, Ox.OD No Unaligned transfers are allowed 

Standard (A24) Ox39, Ox3D No Unaligned transfers are allowed 

Short (A16) Ox29, Ox2D No Unaligned transfers are allowed 

7.24.3 VMEbus Device Driver Limitations 

Floppy and Audio Interrupt Conflicts 

VMEbus IRQ6 and the standard SunOS floppy disk device driver cannot be used simultaneously. 
Likewise, VMEbus IRQ7 and the standard SunOS audio device driver cannot be used simultaneously. 

The floppy and audio device drivers will not share their respective intenupts with other device drivers 
because they use Programmed UO to complete their tasks, rather than DMA. Programmed IJQ is relatively 
slow, therefore, these device drivers reserve their corresponding intenupt levels for exclusive use. Thus, 
if either of these devices is configured as part of the kernel their respective VMEbus IRQ cannot be used. 
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Potential for SunOS Patches to Conflict 

Because several of the files supplied as a pan of the VM.Ebus Device Driver are modifications of standard 
SunOS files there is a potential for SunOS patches to conflict with the VM.Ebus Device Driver. In 
general, it is best to consult FORCE COMPUI'ERS' Technical Suppon to verify if a patch can be made 
to the SunOS kernel without interfering with the VM.Ebus Device Driver. 

If FORCE COMPUTERS has incorporated a specific SunOS patch there will be additional files supplied 
with the VMEbus Device Driver that should be used instead of the SunOS patch files. Using the FORCE 
COMPUTERS supplied files will insure that the patch is installed in a way that is compatible with the 
VM.Ebus Device Driver. The standard files supplied with the VM.Ebus Device Driver are based on the 
original, unpatched SunOS sources and do not incorporate any SunOS patches that have occurred since 
the specific release on which the VM.Ebus Device Driver is based. 

GENERIC.VME versus GENERIC_SMALL.VME 

Two kernel configurations are supplied with the VM.Ebus Device Driver. The GENERIC.VME 
configuration assumes all devices will be configured (including the floppy and audio device drivers) except 
for the ONCNME Device Driver (see Section 8). 

When installing or configuring the VM.Ebus device driver using the GENERIC.VME configuration file 
you must ALWAYS ensure the file /etc/hostname.vmO is created and contains the name of the VME node. 
nus_ is similar to adding a second ethernet card. 

7.25 VME Programming Examples 

Two code examples are presented below, one written in FORTH, and the other written in C. These 
examples provide an indication to you on how to program for the VMEbus. 

Additional reference material required for a complete definition of the FORTII and C words used in the 
following code examples: SBUS Developer's Kit, Sun Pan No. 825-1219-xx, (Sun SBUS Infonnation). 

7.25.1 FORTH Programming Examples 

Map the VMEbus to a Virtual Address 

The first FORTH example illustrates how to gain access to a known range of physical addresses on the 
VMEbus by mapping the desired VME address-range to a virtual address-range allocated from the Virtual 
Address Pool. 

The routine memmap maps a range of physical addresses within the specified "space" to a range of virtual 
addresses allocated from the Virtual Pool and returns the base virtual address which was allocated. 
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The "space" parameter can refer to On-Board Memory, On-Board UO, or any combination of VME-Bus 
Data-widths and Address-widths from among the following: 016 or D32, and Al6, A24, or A32 

\ Initialization and constants. 
hex \ Set the numeric base for subsequent interpretation 

100.0000 constant my-vrne-phys-addr 
2.0000 constant my-size 

\ Base-address of the desired VME range 
\ Size of the desired VME address-range 

0 value my-virt \ Place-holder for the virtual address 

\ Now map the address-range: 

my-vrne-phys-addr \ First parameter for memmap is the base-address 
\ (physical address) of the desired address-range 

vmed32a32 \ Second parameter for memmap is the "space". For 
\ this example, we are choosing 32-bit-wide data 
\ and 32-bit-wide addressing. The other valid 
\ options for this parameter, in this example, 
\ could be: vmed32a24 vmed32al6 
\ vrnedl6a32 vmedl6a24 vrnedl6al6 

my-size \ Third parameter for memmap is the size of the 
\ desired address-ran~e. 

memmap \ The allocated virtual address is now on the stack. 

is my-virt \ Save it in the place-holder. 

\ You can now read from and write to any address in your specified 
\ range on the VMEbus, simply by reading from or writing to the 
\ corresponding virtual address. 

\ When you are done with the range, unmap the VMEbus address-range 
\ and return the virtual address-range to the Allocation Pool: 

my-virt my-size free-virtual 

Map Local Memory to the VMEbus 

The next FORTH example illustrates how to map a range of your local memory to the VME slave port, 
allowing other VMEbus masters to obtain read/write access to your local memory in a DMA mode. This 
operation is normally undertaken by a device-driver under the NME device-node, and, in fact requires 
the services of certain words which are methods within that'node, so this example will also illustrate 
various ways to arrange the required set-up for different situations. 

\ Common part of the set-up: Setting this CPU2CE's slave-port. There is a 
\ configuration-variable called vrne-slavemap whose value is O to 
\ (decimal) 15 (or Of hex) which identifies the slave-port number of 
\ the CPU2CE. If there is more than one CPU2CE, or other device capable 
\ of acting as a VME-slave, on the VME-bus, then each one must have a 
\ different and unique value for its slave-port number. If your board 
\ already has its vrne-slavemap configuration-variable set to the proper 
\ value, then you will not need to repeat this sequence. We will assume 
\ that we are settiny this CPU2CE's slave-port number to 2. 

setenv vrne-slavemap 2 \ Set the configuration-variable 
\ to the proper value. 

vme-slavemap vrne-slavemap! \ Load the slave-port register with the 
\ value in the configuration-variable. 
\ Normally, this is done at startup time. 
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\ Set-up example 1: A device-driver under the /VME device-node, whose 
\ base-address is at Oc0.0000 and which operates with 16-bit data-width 
\ and 24-bit address-width 

0 0 n vmedl6a24,0c0.0000" n /vme" begin-package 

\ The above begins the definition of a new device-driver package 
\ under the /VME device-node. It would normally precede the 
\ instructions which lead to the interpretation of the FCode 
\ for the device-driver in question. It supplies the essential 
\ information about the address and space at which the device 
\ is configured. The interpretation of the device-driver FCode 
\ would then be followed by the end-package command; however, 
\ those considerations are beyond the scope of this example. 

\ We will skip over such preliminaries as supplying the device's 
\ name or specifying the structure of its control registers. 

\ Since the present device is an offspring of the /VME node, it 
\ does not automatically have access to the required /VME 
\ methods. For convenience, we will define them here, as calls 
\ to the methods of the same name in the parent's node -- i.e., 
\ in the /VME node: 

map-in ( phys space size -- virt 
map-out ( virt size -- ) 
dma-alloc ( n -- vaddr ) 
dma-free ( vaddr n -- ) 

" map-in" 
n map-out" 
" dma-alloc" 
" dma-free" 

$call-parent 
$call-parent 
$call-parent 
$call-parent 
$call-parent 
$call-parent 

dma-map-in ( vaddr n cache? -- devaddr ) 
dma-map-out ( vaddr devaddr n -- ) 

" dma-map-in" 
n dma-map-out" 

my-address \ This will be the second value given in the second 
\ string parameter to begin-package prior to 
\ probing; in this example Oc0.0000 

constant dev-address \ Make it a constant, to be consistent with 
\ the second set-up example 

my-space \ This will be the first value given in the second 
\ string parameter to begin-package prior to 
\ probing; in this example, vmedl6a24 

constant dev-space \ Make it a constant, to be consistent with 
\ the second set-up example 

\ Set-up example 2: The operator is doing some on-the-fly experimentation 
\ and merely wants to have the /VME device-node's methods available: 

cd /vme \ Make the /VME device-node the top of the vocabulary 
\ context, and also the current vocabulary where 
\ definitions will be placed. The latter is not 
\ desirable, because words defined here will become 
\ methods of the /VME device-node, and OpenBoot 
\ does not permit you to forget a device's methods. 
\ Since you are experimenting, you will likely want 
\ to forget and re-define your definitions as your 
\ experimentation progresses. 

also forth definitions \ This will leave the /VME device-node in 
\ your vocabulary search-order, but put 
\ the forth vocabulary back as the top 
\ of the context and as the current 
\ vocabulary for definitions. 

\ When you are finished, you can restore the normal search-
\ order with the command-sequence: 
\ only forth also definitions 
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\ Again, we skip over preliminaries such as specifying the structure 
\ of the device's control registers. 

Oc0.0000 constant 
vrnedl6a24 constant 

dev-address 
dev-space 

\ The body of the example follows: 

0 value dev-reg-base \ Place-holder for the allocated virtual base-address 
\ of the device's control registers structure. 

0 value my-DMA-addr \ Place-holder for the virtual address we will use to 
\ access our slave port memory. 

0 value dev-DMA-addr \ Place-holder for the address that the device, acting 
\ as Bus-Master, will use to access our slave 
\ port memory in DMA mode. 

\ Map-in the device's control registers 

dev-address dev-space \ First two parameters for map-in 

reg-size \ Hypothetical constant specifying the size of 
\ the device's control registers structure. 

map-in \ The allocated virtual address is now on the stack. 

is dev-reg-base \ Save it in the place-holder. 

\ Now we will allocate and map some memory for our slave port, 
\ Ron the fly". 

dev-DMA-size \ Hypothetical constant specifying the size of our slave 
\ port memory. 

dma-alloc \ Allocate the memory; virtual address is now on the stack. 

is my-DMA-addr 

my-DMA-addr \ 
\ 

dev-DMA-size \ 
\ 

false \ 
\ 

dma-map-in \ 
\ 
\ 

is dev-DMA-addr 

\ Save it in the place-holder. 

First parameter for dma-map-in is the virtual 
address which was allocated by dma-alloc 

Second parameter for dma-map-in is the size of 
the range to map to the VME slave port 

The third parameter for dma-map-in specifies 
whether caching should be enabled, if available 

The address that the device, acting as Bus-Master, 
will use to access our slave port memory, 
is now on the stack 

\ Save it in the place-holder. 

\ Load the address that the device, acting as Bus-Master, will use 
\ to access our slave port memory, into its appropriate control 
\ register. 

dev-DMA-addr 

dev-reg-base 

>dev-addr 

\ Address the device should use ••• 

\ Base-address of the device's control registers 

\ Hypothetical word to adjust the base address to 
\ the offset for the Device-Address Register. 

\ Store the address in the Device-Address Register 

Hardware 
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\ The device can now read from and write to the VME-bus address held in 
\ dev-DMA-addr (and copied to its Device-Address Register) to access 
\ the CPU2CE's slave port memory. The CPU2CE can access the same memory 
\ by using the virtual address held in my-DMA-addr When you are done 
\ with this device's access to the VME slave port, unmap things and 
\ return the virtual address-range to the Allocation Pool: 

my-DMA-addr dev-DMA-addr dev-DMA-size dma-map-out 

my-DMA-addr dev-DMA-size dma-free 

\ Map-out the device's control registers, now that you're done 

dev-reg-base reg-size map-out 
0 is dev-reg-base 

Map an SBUS Address to a Virtual Address 

The third FORTH example illustrates how to gain access to a known range of physical addresses within 
the SBUS (actually, an known offset from the start of the SBUS) by mapping the desired address-range 
to a virtual address-range allocated from the Virtual Address Pool. 

0010.0000 constant my-SBUS-offset 
0000.4000 constant my-SBUS-size 

\ Base-address of the desired SBUS range 
\ Size of the desired SBUS address-range 

0 value my-virt \ Place-holder for the virtual address 

my-SBUS-off set sbus my-SBUS-size memmap is my-virt 

\ memmap can also be used with the following non-VME spaces: 
\ obmem obio 

\ You can now read from and write to any address in your specified 
\ range on the SBUS, simply by reading from or writing to the 
\ corresponding virtual address. 

\ When you are done with the range, unmap the SBUS address-range 
\ and return the virtual address-range to the Allocation Pool: 

my-virt my-SBUS-size free-virtual 

7.25.2 C Programming Example 

The C example below shows how to open a VME space and obtain a virtual pointer so that the VME 
space can be read/written to. 

In the Unix environment several options are available to the programmer. The VME-bus suppons 16, 24, 
and 32 bit addressing, along with 8, 16, and 32 bit data transfers. In /dev several special files are 
provided that allow for the different configurations. For example, vme24d32 provides a 24 bit address 
with 32 bit data transfers. These special files can be opened and seeks performed. (See MEM in section 
4S of the manual pages) However it is usually more efficient to use pointers. A pointer to an opened 
special VME file can be obtained using mmap(). (See MMAP in section 2 of the manual pages) 

tinclude <stdio.h> 
tinclude <fcntl.h> 
tinclude <sys/types.h> 
tinclude <sys/mman.h> 
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tinclude <vme.h> 

main(argn, argv) 
int argn ; 
char uargv 
( 

int fd, i, len, off 
off t addr ; 
cador t ptr ;/ 
unsigned short •p ; 
unsigned short pat 

if (argn < 3) { 

/• important VME driver definitions 

printf("usage: \s addr len [pat]\n", argv[O]) ; 
return ; 

pat "' Oxaaaa /• assign a default pattern to be used 

/• 
• Get "addr" from the argument list. Convert that address to a 32k aligned 
* base address plus an offset ("addr" and "off"). 
*/ 

•/ 

•/ 

addr = (int)strtol(argv[l], (char **)NULL, 0) ; /*get addr from argv */ 
off = (addr & Ox7fff) >> l /* extract offset */ 
addr &= OxffffBOOO ; /* align base address */ 

len = (int)strtol(argv[2], (char **)NULL, 0); /*get length of trnsfr */ 

if (argn == 4) 
pat= (short)strtol(argv(3], 

/• get data pattern 
(char **)NULL, 0) 

•/ 

printf("addr 
printf("off 
printf("len 
pr int f ("pat 

Ox\x\n", addr) ; 
Ox%x\n", off*sizeof(pat)) 
%d\n", len) ; 

/* display the values */ 
/• we are going to use •/ 

Ox%x\n", pat) ; 

1• 
• Now open VME space as address 24 data 16 (VME24Dl6). 
*/ 

/* 

if((fd = open("/dev/vme24dl6",0 RDWR)) s= -1) { 
printf("error opening vme bus\n") ; 
return ; 

* Use mmap to obtain a virtual pointer to VME space. Then, convert the 
* pointer to an unsigned short for 16 bit reads and writes. 
•/ 

/* 

if((ptr = mmap(O, len, (PROT READIPROT WRITE), 
MAP SHARED, fo, addr)) ~= (caddr_t)-1) 

printf("mmap failed\n"l 
return ; 

} 

p .. (unsigned short *)ptr 

* Write VME memory with the specified data pattern. Then, read the data 
* back and compare to the specified data pattern. 
*/ 

for (i=O ; i<len/2 ; 1++) 
*(p+i+off) =pat 

/* write •pat• to the VME space */ 

for (i=O ; i<len/2 ; i++) { /* read VME space, look for "pat" */ 
if (* (p+i+off) != pat) { 

printf("fail location \x read \x exp \x\n", p+i+off, 
*(p+i+off), pat) 

break ; I* break out of read loop 

FORCE COMPUTERS 

*/ 

Hardware 

Page 7.37 



Hardware SPARC CPU-2CE Technical Rererence Manual 

Page 7-38 FORCE COMPUTERS 



SPARC CPU-2CE Technical Reference Manual Hardware 

Section 8 

ONCNME 

The VMEbus provides facilities for data sharing between multiple processors on the same backplane, but 
custom programming is usually required to make use for those facilities. None of the standard commands 
for inter-processor communication (e.g. rlogin) are of any help without a separate network connection. 

ONCNME corrects that problem by defining a way in which two or more machines on the same VME 
backplane can use the backplane as if it were an IP network interface. All of the standard TCP/IP 
networking facilities, including NFS, can then be used by any of the machines on that backplane without 
an Ethernet or other secondary interconnection between hosts. Any facilities specific to a particular sort 
of network (for instance, the UNIX etherfind utility) will not operate on an ONCNME interface. 

ONCNME allows you to connect multiple processors residing in the same cardcage without having to use 
the usual network equipment such as thick-wire Ethernet or a multiplexing device. 

ONCNME uses the VME backplane as the network device. The processors share memory across the bus. 
A host leaves an internet protocol (IP) packet in a known location in a processor's memory, then signals 
the destination host that a packet is waiting. 

The processors must be able to export a section of local memory to an art>itrary VME address that is 
megabyte-aligned. Efficiency of the protocol is maximized if the processors are able to send and receive 
VME mailbox interrupts. 

8.1 Capabilities 

ONCNME supports most TCP/IP applications. These include: 

•remote programs such as rsh, rep, rlogin 

•telnet 

• ftp 

•spray 

• nfs 

8.2 Using ONC/VME 

Once the configuration has been completed and the ONC backplane driver (vmO) is active, you can use 
this device as you would an Ethernet interface. Section 8.3 describes the steps required to set up and 
boot one or more client SPARC CPU-2CEs over the VMEbus backplane. Section 8.4 describes the steps 
required for two or more SP ARC CPU-2CEs to communicate over the VMEbus. 
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8.3 Booting Over the VMEbus Backplane 

This section describes the steps required to set up and boot one or more client SPARC CPU-2CE's over 
the VMEbus backplane. It also describes the required configurations for hardware, software, and the 
PROM/NVRAM. 

CAUTION If ypbind ls desired, add the server and client CPU's hostname to the Master YP 
Map or disable ypbind by entering: 

kill -9 <PID> 

You can find out the <PID> by entering: 

P• -azj f grep YP 

In the latter case, ypbind must be disabled because the server and the client CPUs are not known over 
the NIS Master database and when add_client (8) is run, the ethemet address of the client(s) will not 
be used correctly. 

8.3.1 Installation Example 

This installation example lists the variables that must be setup prior to server and client ONC/VME 
operation. 

• 

• 

Each SPARC CPU-2CE must be assigned an Internet address for vmlJ and a corresponding 
hostname. This is a different address than that of etherMt leO. 

Each SPARC CPU-2CE must be assigned a unique slave map address space in the range 
of 0-15 (vme-slavemap). 

Table 8.1 lists the names, values, and variables for ti,e server CPU. Table 8.2 lists the names, values, and 
variables for the client CPU. 

Table: 8.1 Example Server Configuration 

Hostname: server-vm 

Internet Address: 199.9.9.1 

Server vme-slavemap: 0 
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Table: 8.2 Example Client Configuration 

Hostname: client-vm 

Imemet Address: 199.9.9.2 

Client vme-slavemap: 1 

Client Ethernet Address: 8:0:50:1:0:3 

8.3.2 Hardware Configuration 

Install two or more SP ARC CPU-2CE cards into a VMEbus card cage. Make sure no CPU is plugged 
into a slot reserved for the Pl extended bus of another CPU (i.e. VSB). 

8.3.3 Software Configuration 

The SPARC CPU-2CE designated as the server must have server software installed when SunOS/Solaris 
software was loaded. 

Power cycle the system and put each SPARC CPU-2CE at the OK prompt 

8.3.4 PROM/NVRAM Configuration 

The CPU-2CE must contain version 2.3.6 or higher ROM to work properly with ONC\ VME. To determin 
your ROM's version number do the following: 

• enter the forthmon monitor 

• type .version at the ok prompt 

Several variables in the PROM/NVRAM must be set up in order to boot over the VME backplane. The 
(server CPU) must set vme-slavemap. 

Each client CPU must set the following NVRAM variables: 

• boot-device 

• vm-server-slavemap 

• vm-server-addr 

• vm-ip-addr 

The sections that follow list the PROM/NVRAM variables and show examples of how to set them. See 
section 2 for more detailed information about these parameters. 
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8.3.4.1 vme-slavemap 

Each SPARC CPU-2CE must be assigned a unique slave map address space (vme-slavemap) in the range 
of 0-15. 

Set the server's NVRAM vme-slavemap variable to zero. as shown below: 

OK ••tenv 'VIDe-elavemap 0 

Set the client's NVR.AM vme-slavemap variable to a value between 1 and 15. Tile example below shows 
how to set the example client's vme-slavemap: 

OK ••tenv 'Vm&-alavemap 1 

8.3.4.2 boot-device 

Set the client's NVRAM boot-device variable to vmnet. 

OK •etenv boot-device "l'mnet 

8.3.4.3 vm-server-slavemap 

Set the client's NVRAM vm-server-slavemap variable to zero, as shown below: 

-. OK •etenv "Vm-aerver-alavemap 0 

8.3.4.4 vm-server-addr 

Set the client's NVR.AM vm-server-addr variable to the Internet address of the client's server. 

The Internet address is made up of four hexadecimal numbers expressed in decimal form. For example, 
the Internet address 199.9.9.1 converts to the hexadecimal value Oxc7090901. 

OK •etenv "Vm-aerver-addr Ozc7090901 

8.3.4.5 vm-ip-addr 

Set the client's NVR.AM vm-ip-addr variable to the Internet address of the client. This entry also requires 
a hexadecimal form. 

OK aetenv "Vm-ip-addr Ozc7090902 
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8.3.S . Initializing the System 

Reboot the system. The clients will be in a loop requesting a rarp address, is a normal condition prior 
to installation completion. 

8.3.6 Files To Edit on the Server 

When the server is booted and running vmunix, edit or create the following files. You must become 
root to make these changes. The following changes assume you have installed the VMEIONC driver 
onto your system according to the insulation instructions provided with the driver. 

8.3.6.1 /sys/sun4c/conf/G ENERIC. VME 

Edit the /sys/sun4c/conf/GENERIC.VME file and uncomment the entry for the ONC/VME driver, as 
follows: 

device vmO 

Uncommenting this line in the GENERIC.VME file causes the ONC/VME driver to be included in the 
kernel. The kernel must be reconfigured for this change to have effect 

8.3.6.2 /etc/hosts 

Edit the /etc/hosts file and add the Internet address. This should be the same address set into NVRAM 
vm-server-addr (0xc7090901 in our example below). 

120.40.35.3 
199.9.9.1 
199.9.9.2 

server loghost 
server-vrn 
client-vrn 

<-- add thia line 
<-- add thia line 

Use the banner word at the prompt to determine your ethemet address. 

8.3.6.3 /etc/ethers 

Edit the /etc/ethers file and add an entry for the client's ethemet address (8:0:50:1:0:3 in our example 
below). 

8:0:50:1:0:3 client-vm <-- add tbia line 
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8.3.6.4 ONC Driver Interrupt Conflict with the Audio and Floppy Divers 

The ONCNME driver uses the VME Mailbox interrupt as part of the communication protocol. The VME 
Mailbox interrupt level, by default, is set to level 13 and may conflict with the Audio driver. 

The ONCNME driver is not automatically configured in the GENERIC.V:ME or 
GENERIC_SMALL.VME files. If you wish to use the ONCNME driver you must uncommente it from 
the GENERIC.VME or GENERIC_SMALL.VME files. Then you must to run the config utility using 
either GENERIC.VME or GENERIC_SMALL.VME to rebuild the kernel. 

If the ONCNME driver is configured to include the floppy or the Audio device drivers, then the Open 
Boot vme-rerun variable needs to be set. The VME Mailbox interrupt must be set at an IPL, Interrupt 
Process Level, level other than level 11 or 13. Interrupt levels 11 and 13 are reserved exclusively for the 
floppy and Audio drivers. 

For example, to set the VME/ONC driver to use IPL level 9 type the following in Open Boot. 

setenv vme-rerun OxaO 

8.3.7 Adding a Client 

The next step requires you to run add_client and answer the questions. Refer to the Networking and 
Communications Administration section for more detailed information. Enter the following: 

> /usr/etc/install/add_client -i 

Once the clients have been added, edit the following files on the server. 

8.3.7.1 /etc/hostname.vmO 

Edit or create the file /etc/hostnarne. vmO. 

server-vm <-- add thie line 

8.3. 7.2 /etc/bootparams 

Edit the file /etc/bootpararns and substitute the server mount points with the conect server name (the 
one used in hostnarne. vrnO). In each line of this file, change server to server-vm. 

client-vm 
client-vrn 
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root•server:/export/root/client-vm <-- Change thi• line 
root•server-vrn:/export/root/client-vm <-- To this 
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8.3.7.3 /export/root/client-vm/etc/fstab 

Edit the file /export/root/client-vm/etc/fstab and substitute server-vm for each occurrence of 
server. 

server:/export/root/client-vrn I nfs rw 0 0 <--Change this line 
server-vm:/export/root/client-vm I nfs rw 0 0 <-- To this 

8.3.7.4 /export/root/client-vm/etc/hosts 

Create the file hosts in the directory /export/root/client-vm/etc and add the Internet addresses 
of the server and client(s). 

199.9.9.2 
199.9.9.1 

client-vm 
server-vm 

<-- Add this line 
<-- Add this line 

8.3. 7.5 /export/root/client-vm/etc/hostname. vmO 

Create the file hostname. vmO in the directory /export/root/client-vm/etc and add the line shown 
in the example below: 

client-vm <-- Add thi• line 

Delete the file /etc/hostname. leO. 

cp /vmunix /export/roOt/client-vm/vmunix 

8.3.8 System Start-Up 

After perfonning all of the configuration and setup tasks, it is time to stan up the system. 

• fasthalt the server 

• When the server displays the OK prompt. enter reset, and reboot the system. 

The server should boot, and when it stans the network daemons, the slave CPUs should boot over the 
VME backplane. 

8.4 Activating ONCNME 

This section describes the steps required to activate ONCNME for communicating between two or more 
SPARC CPU-2CEs sharing the same VMEbus backplane. 

Refer to Section 7, for detailed information on configuring multiple CPUs in the same VMEbus backplane. 
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8.4.1 Setting Up a Private Network 

This section shows the steps necessary to set up a private network that allows two SP ARC CPU-2CEs to 
communicate using ONCNME. For our example, the host:l CPU shall be called ravel and the host:2 
CPU shall be called pink. 

Each SPARC CPU-2CE must be assigned a unique slave map address space (vme-slavemap) in the range 
of 0-15. Set the NVRAM variable vme-slavemap for each CPU. Set ravel's vme-slavemap to zero and 
pink's to one. At the OK prompt of ravel (host:l), enter the following: 

OK aetenv '91118-alavemap 0 

At the OK prompt of pink (host:2), enter the following: 

OK aetenv '91118-alavemap 1 

1. If ypbind is desired, add each host to the Master YP map or disable ypbind by entering 

kill -9 <P ID> 

You can find out the <PID>, by entering: 

pa -axj lgrep yp 

In the latter case, ypbind must be disabled because the private network is not known over the NIS master 
database, only locally. 

2. Edit the /etc/hosts files on ravel and pink to include the following: 

199.9.9.1 
199.9.9.2 

ravel vmip 
pink_'Vmip 

<-- un~que hoatname 
<-- for each CPU 

3. Edit or create the letclhostname.vmO file on ravel to have the following line: 

ravel_vmip 

And on pink edit or create the letclhostname.vmO file to have the following line: 

pink_vmip 

4. Activate vmO, VME-/P' service, on ravel and pink by entering the following: 

ifconf ig "Vm0 ravel-'Vmip 
ifconfig "Vm0 pink·vntip 

Pagel-I 

execute this line on a ravel 
execute this line on a pink 
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Verify that vmO is active by entering ifconfig 'Vm0 on each of the SPARC CPU-2CEs. 

Now that vmO is active, functions such as spray, rlogin, ftp, rsh, and rep can be performed as if on an 
ethemet network interface. 

8.5 Theory of Operation 

The heart of the ONC/VME protocol is a region of memory, exported by a processor to a well-known 
address in VME space. Other hosts may examine and modify this memory region, which is in a 
predefined format. Packets are transmitted by copying them into the source host's ONC/VME region, then 
notifying the destination host that a packet is ready. The destination host copies the packet into its own 
local memory (not its ONCNME region) and acknowledges receipt of the packet. 

Whenever a host modifies another host's ONC/VME region, it sends a VME mailbox intenupt to that host 
to signal that the host should examine its region and act on the changes. 

The ONC/VME protocol is defined for IP (Internet Protocol) packets only. No other protocols (ARP, 
XNS, LocalTalk, etc.) may transmit packets over an ONC/VME network interface. 

An ONC/VME network, from a high-level point of view, looks like any other network interface, with the 
exception of the protocol restriction above. Broadcast packets are transmitted by sending them 
individually to all other active hosts on the backplane. 

8.6 Memory Usage 

The following subsections detail the layout and addressing of the data structures defined by the ONCNME 
protocol. 

8.6.1 Addressing Scheme 

ONC/VME memory regions are accessible in VME 32-bit data, 24-bit address space. Each host is 
assumed to occupy 1 megabyte in this space. The first three-quarters of that megabyte are unused by 
ONC/VME, and can be used by individual systems for their own purposes. The ONC/VME memory 
region starts at the last quarter-megabyte (i.e., at offset $COOOO) of each megabyte in VME A24032 space. 
Since A24032 space contains 16 megabytes, a maximum of 16 hosts are allowed in an ONC/VME 
network. 

Each host has a host number, unrelated to its IP address. A host number determines which megabyte 
contains that host's ONCNME region. The host number also determines the host's VME mailbox 
address. VME mailboxes occupy VME A 16016 space. The first 16 bytes of that space contain the first 
8 mailboxes, at 2-byte inteivals starting at location 0. The other 8 mailboxes are at location $8000 in the 
Al6016 space, also at 2-byte inteivals. Hosts numbered 0 through 7 use the first set of mailboxes 
(multiplying their host numbers by 2 to get the address is A 16016 space,) while hosts numbered 8 through 
16 use the second set of addresses, multiplying the lower three bits of their host number by 2 and adding 
to $8000 to obtain the mailbox address. 
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8.6.2 ONC/VME Region Layout 

Table 8.3 shows the layout of the ONCNME memory region (also called VMIP space, for historical 
reasons). Brief descriptions of the fields follow. 

Table: 8.3 ONC/VME Region Layout 

Off set Size Contents 

0 2 Magic nwnber ($3026) 

2 2 Reserved 

4 4 Packet-ready flag from host 0 

8 4 Packet-ready flag from host 1 

... . .. 
64 4 Packet-ready flag from host 15 

68 4 State of host 0 

72 4 State of host 1 

... . .. 
128 4 State of host 15 

132 4 IP address of host 0 

136 4 IP address of host 1 • 

... . .. I 
192 4 IP address of host 15 

196 4 Valid-host flag for host 0 

200 4 Valid-host flag for host 1 

... . .. 
256 4 Valid-host flag for host 15 

260 4 Length of packet from host 0 

264 4 Length of packet from host 1 

... . .. 
320 4 Length of packet from host 15 

324 1152 Contents of packet for host 0 

1476 1152 Contents of packet for host 1 

... . .. 
17604 1152 Contents of packet for host 15 
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8.6.2.1 Magic Number 

The magic number must be placed at the beginning of a host's ONCNME memory region, so that other 
hosts can probe to determine whether or not ONCNME is active. The magic number also serves to 
identify the revision of the ONCNME protocol. $3026 is the magic number for version 1 of the protocol. 

8.6.2.2 Packet-Ready Flags 

When a source host is ready to send a packet, it sets a packet-ready flag in the destination host's region. 
A packet-ready flag is set if it's nonzero. 

8.6.2.3 Host States 

A local host's notion of a remote host's state can have one of three values. State 0 means that the local 
host has sent a packet to the remote, but the remote hasn't yet processed the packet. State 1 is set by the 
remote when it's done copying the packet from the local host's region. State 2 indicates that the local 
host knows that the remote has finished processing the most recent packet. and is ready to receive another. 
The host state is in network byte order. 

8.6.2.4 IP Addresses 

ONCNME uses standard four-byte IP addresses. 

8.6.2.S Valid-Host Flags 

The valid-host flags are provided as sholtCUts for source hosts. 1bey allow a host to quickly determine 
which of its peers are running the ONCNME protocol. 

8.6.2.6 Packet Lengths 

When a source host has detennined the length of the packet it wishes to transmit, it sets the destination 
host's packet-length field to the size, including headers, of the packet. The packet-length fields are in 
network byte order. 

8.6.2.7 Packet Contents 

There is one packet buffer for each of the 16 hosts allowed by the protocol. The packet data, including 
headers, are copied into one of these buffers for transmission. 

8. 7 Protocol Operation 

The following sections describe the operation of the ONC/VME protocol. 
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8. 7.1 Initialization 

ONCNME initialization occurs in three stages. 

8.7 .1.1 Initializing the Hardware 

First. any hardware-specific initialization, such as memory allocation and mapping, is performed. This 
usually includes allocating memory for the ONCNME region and performing whatever MMU-specific 
ftmctions are necessary to expon the region to the appropriate location in VME space. Mailboxes should 
also be allocated, if necessary. 

8.7.1.l Initializing the Local Region 

Once memory has been allocated for the local ONCNME memory region, the region must be initialized. 
The packet-ready, state, valid-host, and length fields are zeroed out. The IP address of the local host is 
placed in the appropriate place in the region (appropriate meaning the IP address field whose number 
equals the local host number, host number S would set IP address number S.) The host sets its own 
valid-host flag, in the same way. 

At- this point, the region is ready to be accessed by other hosts, so the magic number is set. The magic 
number should not be set until the IP address field is initialized. 

8.7.1.3 Probing for Remote Hosts 

For each of the other IS possible hosts, the local host tries to read the stan of the remote's ONCNML 
region. If the magic number is present, the local host copies the remote host's IP address to the 
appropriate slot in its own region, and sets the remote host's valid-host flag in the local region. The local 
host sets its notion of the remote 's state (i.e., the "state" entry in the local host's region whose number 
corresponds to the remote's host number) to two. The local host also places its own IP address into its 
slot in the remote host's region, and sets its valid-host flag in the remote region. 

8. 7.2 Sending a Packet 

When a host has a packet to send, it looks through its list of valid hosts. For each host marked as valid, 
the local host checks the remote host's IP address against the packet's destination address. If no addresses 
match, the local host should indicate to the process sending the packet that the destination host doesn't 
exist. 

Assuming a match is found, the following steps are taken. Assume that "X" is the host number of the 
remote host. 

1. 

2. 
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If the remote's state (according to its state entry in the local region) is zero, queue the 
packet up for later transmission or discard it. 

Set the remote 's state to zero. 
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3. 

4. 

s. 

Copy the packet, including IP headers, into the local packet buffer corresponding to the 
remote 's host number. If there is non-IP header material at the beginning of the packet, 
it is not copied; only IP packets are placed in the packet buffers. 

Set the local length entry corresponding to the remote's host number to the size of the 
packet. 

Set the packet-ready flag corresponding to the local host number in the remote's 
ONCNME region. 

Send a VME mailbox interrupt to the remote host. The contents of the mailbox are 
ignored. 

At_ this point, the first stage of packet transmission is finished. It is usual to exit the 
network driver, though the protocol allows for synchronous operation if desired. 

Assuming the protocol is running asynchronously, when a mailbox interrupt is received by the local host, 
it does the following: 

1. 

2. 

Check its local packet-ready flags. If any are set, a remote host has a packet for the local 
host. See "Receiving a Packet," below. 

Check the states in its local region. If a state is l, set it to 2, and send the next queued 
packet, if any, for the appropriate remote host. 

8.7.2.1 Broadcast Packets 

If a packet's destination address indicates that it should be broadcast to the entire ONCNME network, 
simply send the packet separately to each host marked as valid in the local region. 

8. 7.3 Receiving a Packet 

Packet receipt is initiated by the mailbox interrupt When a mailbox interrupt is received, the local host 
does the following: 

1. 

2. 

3. 

4. 

s. 

Check its local packet-ready flags. If none are set, the mailbox interrupt is an 
acknowledgement of packet receipt; see the previous section. 

For each packet-ready flag, copy the packet from the local host's packet buffer in the 
remote ONC/VME region. The length of the packet is, of course, detennined by reading 
the local host's packet length entry from the remote's memory. 

Set the local host's state in the remote region to 1, meaning that the local host has 
received the packet and will no longer examine the remote' s region. 

Send a mailbox interrupt to the remote. 

Process the packet appropriately for the local operating system. 
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Note that with the exception of setting the packet-ready flag, the sending side does not access the 
receiving side's ONCNME memory region. The receiver performs almost all the VME memory accesses. 

It is convenient, though not required, to set the remote's valid-host flag in the local region whenever a 
packet is received, in case the remote was marked invalid temporarily (see "Error Handling" and "Shutting 
Down" below.) 

8.7.3.1 Shutting Down 

To remove a host from a ONCNME netwoit., set its valid-host entry in all remote hosts' regions to zero. 
Set the local magic number to an invalid value. 

8.7.3.2 Error Handling 

If a host is removed from the network, remote systems will not be able to access its memory properly. 
This will usually result in a data access exception such as a timeout The local operating system should 
handle such exceptions, noting when they occur during the processing of an ONCNME packet. When 
an exception occurs during ONCNME processing, set the valid-host flag of the offending lx>st to zero, 
so that no funher packets can be sent to that host. 
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