






































































































































































































































































































































The following sequence of code illustrates how to define the driver's private copy of this register as a re­
cord in Pascal: 

TYPE csr_t 
TRUE 
FALSE 

[device]packed record case boolean of 
(all: integer); 
(reset : boolean; 
cmd : O .. 31; 
status: 0 .. 31; 
misc : O .. 15; 
mbz : O •• 0) ; 
end; {of esr_t} 

The definition of the copy of this register in C would be: 

typedef union { 
short all; 
struct { 

unsigned int reset :1; 
unsigned int cmd :5; 
unsigned int'status :5; 
unsigned int mise :4; 
unsigned int mbz :1; 

} fields; 
} csr_t Hattribute[device]; 

Declare 8-bit registers within the CSR page as char types. The char type ensures that the registers will be 
byte aligned. If you want to perform arithmetic or bit-manipulation operations on the register, use the ord 
function, which will return the integer value of the char data type. If you are writing your driver in C, see 
subsection C.2.3 for more information about using char types. 

Do not declare 8-bit registers within the CSR page as Pascal sets or Pascal or C enumerated types. If an 
8-bit register within the CSR page is declared as a set or an enumerated type (for example 0 ... 255), the 
compiler generates code that copies the register to a temporary variable and passes the temporary variable 
to the routine. This sequence touches the CSR and may cause a bus timeout if the controller is not re­
sponding. 

C.2 Programming in C 
This section contains several additional hints for C programmers. Before you write a device driver in C, 
refer to the DOMAIN C Language Reference and the DOMAIN C Library (CLIB) Reference for complete 
information about our version of the C language. Use the suggestions in the following subsectIOns to sup­
plement the information in those manuals. An example of a driver coded in C appears in Appendix F. 

C.2.1 Insert Files 

The GPI/O insert file for C programmers is ISYS/INS/PBU.INS.C. Include this file in your C modules by 
using the #include compiler control line (as described in the DOMAIN C Language Reference). You 
should also include the standard C include files listed in the C manual. 

C.2.2 Type int 

In C, type int is four bytes and short int is two bytes. In Pascal, type integer is two bytes. The DOMAIN C 
Language Reference contains a table of corresponding data types in the various languages. 
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C.2.3 Type char 

When you use a char type in C, you must be aware of the effects of the STD_$CALL keyword. This key­
word signals the compiler that the C program and external routines exchange data according to the Do­
main system standard, which is equivalent to that used in Pascal and FORTRAN. The DOMAIN C Lan­
guage Reference describes this keyword fully. 

In the C insert file ISYS/INS/PBU.INS.C, GPI/O-routines that take arguments of type char contain the 
appropriate STD_$CALL keyword. Because of the keyword, the compiler treats an array of char differ­
ently from the way it treats a pointer to a buffer containing char data. Suppose, for example, that you de­
clare a CSR register as an array of char: 

char csr[8l; 

When you use csr as an argument in the routines PBU_$READ_CSR and PBU_$WRITE_CSR, the com­
piler passes to the routines a pointer to the characters in the array csr. 

On the other hand, suppose you wish to use a pointer to a buffer of char data to declare the CSR register. 
As a C programmer, you might expect to use the pointer name in the invocation. Because of the effects of 
the STD_$CALL keyword on the routines that take csr as an argument, however, using the pointer name 
would make the C compiler pass a pointer to the pointer, instead of a pointer to the character or string. 
This would be incorrect. 

Because of the effects of $STD_CALL, you must precede the pointer name with C's indirection operator 
(*). The indirection operator tells the compiler to pass the address of the buffer rather than the address of 
a pointer to the buffer. For example: 

char *CP 

If you use CP instead of *CP, the compiler passes a pointer to a pointer, which is incorrect. 

In summary, if you wish to use a pointer to a buffer to declare a CSR, pass the pointer as 
"*pointer_name" rather than just -"pointer_name." The compiler then properly passes the address of the 
buffer to the routines PBU_$READ_CSR and PBU_$WRITE_CSR. 

C.2.4 Boolean Values 

Although C does not support a Boolean type, certain GPI/O routines take Boolean arguments in which the 
routine expects a value of true or false. As arguments for those routines, you must use the definitions of 
"true" and "false" available in the C include file ISYS/INS/BASE.INS.C. Remember to include this file in 
your device driver program, as described in the DOMAIN C Language Reference. 

In C, any nonzero value is defined as "true"; in Pascal, only a value of FF (hex) is "true." For "true," 
the GPI/O routines expect the Pascal value. "True" is defined in the include file as FF (hex). If you 
don't use the include file definitions, the GPI/O routines may not recognize as "true" the value the C 
compiler gives as "true." 

C.2.S Universal Pointer Type 

DOMAIN Pascal includes a predeclared data type called UNIV _PTR, which is a universal pointer. To 
create an equivalent to this type in C, use a pointer to char, as follows: 

char *ptr; 
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C.2.6 Defining Globals 

In Pascal, globals reside in the data section of the module in which they are defined. Thus, globals that 
are referenced in the interrupt side of a Pascal driver must be declared there with the DEFINE clause. 
But in C, all globals live in their own private sections. Therefore, you need not be so concerned about 
where to define a global in C, since it is unrel~ted to the module in which the definition is made. As 
shown in the sample C driver in Appendix F, the data structure BMCB is globally declared in 
bm_global.c, and wherever it is referenced elsewhere, it is declared with the EXTERN keyword. 

C.3 Considerations for Compiler Optimization 
In SRB.O and later software revisions, the compiler provides optimization (the -OPT option) by default. 
For correct optimization in device driver modules, you must identify to the compiler variables that are ac­
tually mapped into device registers. The compilers at SRB.O and later software revisions provide attributes 
you may use; this section discusses them. For more specific information about compiler switches, refer to 
the release notes shipped with the compiler software, or to the online version of compiler release notes. 
See also the Language Reference for each compiler product. 

In editions of this manual previous to SRB.O, we suggested using dummy labels to thwart compiler op­
timizations; however, in SRB.O and later software releases, this technique no longer suffices. Instead, you 
use the DEVICE attribute to inform the compiler not to perform certain optimizations in some situations. 

The DEVICE attribute is necessary because certain sequences of references to device registers may not 
generate the desired code. Programs commonly use a register for commands on output and status on in­
put. The example that follows shows the code generated by the compiler without optimization (-NOPT 
option used). 

csr := read_status_command; 
MOVEQ.B #01,D1 
MOVE.B D1,CSR(DB) 

status := csr; 
MOVE.B CSR(DB) , STATUS (DB) 

Using ordinary optimization (without using the DEVICE attribute in the device register type declaration), 
the compiler remembers the value in D 1 and never makes a second reference to the register: 

csr := read_status_command; 
MOVEQ.B #01,D1 
MOVE.B D1,CSR(DB) 

status := csr; 
MOVE.B D1,STATUS(DB) 

The code generated is incorrect because D1, not CSR(DB), is written to STATUS(DB), and the value in 
CSR(DB) (depending on the action of the controller) may not be the same as that in D1. The DEVICE 
attribute informs the compiler that the variable is part of an I/O controller and requires careful handling. 
Specifically, it ensures that the compiler does not omit assignments or use instructions that involve "hid­
den" read cycles. In modules that directly reference device registers mapped into the MUL TIBUS address 
space, use the DEVICE attribute in the declaration of the device register data structure. The compiler 
then will always generate a reference to the register on both reads and writes. 

For example, note the following segment of a type declaration. The example is from the module 
ether.pvt.pas, in the directory /DOMAIN_EXAMPLES/GPIO_EXAMPLES/THREECOM_EXAMPLE. 
(Note that declarations for ETHER_MECSR_T, ETHER_XMIT_BUF _T, and ETHER_RCV _BUF _T ap­
pear earlier in ETHER.PVT.PAS, and the declaration for ETHER_$ADR_T appears in 
ETHER.INS.PAS.) 

ether_memory_t [device] packed record case integer of 
0: (csr: ether_mecsr_t; { control & status 
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1: 
end; 

retran~timr: 
pad_to_adr_rom: 
adr_rom: 
pad_to_adr_ram: 
adr_ram: 
pad_to_tbuf: 
tbuf: 
rbuf: 

registers } 
integer16; { Retransmit timer} 
array [1 .. 16#3FC] of char; 
ether_Sadr_t { + 400 } 
array [1 .. 16#lFA] of char; 
ether_Sadr_t; { + 600 } 
array [1 .• 16#lFA] of char; 
ether_xmit_buf_t; { + 800 } 
array [0 .. 1] of 

(bytes: array 
ether_rcv_buf_t); {+ 1000, +1800 } 

[0 .. 16#lFFF] of char); 

The example that follows shows the same segment written in C. In this example, the pad arrays are called 
pad_l, pad_2, etc., instead of the names used in the Pascal example, but they perform the same functions 
as in the Pascal example. The C example also includes type declarations so that the segment will compile 
on its own. 

typedef shortether_mecsr_t; 
typedef charether_Sadr_t[6]; 
typedef charether_xmit_buf_t[Ox800]; 
typedef charether_rcv_buf_t[Ox800]; 

typedef union { 
struct { 

ether_mecsr t 
short 

/* Control status registers */ 
/* Retransmit timer */ 

csr; 
retran_timer; 
pad_1[Ox3fc] ; 
adr_rom; 
pad_2[Oxlfa] ; 
adr_ram; 
pad_3[Ox1fa] ; 
tbuf; 

char 
ether_Sadr t 
char 
ether_Sadr_t 
char 
ether_xmit_buf_t 
ether_rcv_buf_t 

} fields; 
charbytes[Ox1fff] ; 

rbuf[2] ; 

} ether_memory_t #attribute[device]; 

Use of the DEVICE attribute guarantees that 

/* + 400 */ 

/* + 600 */ 

/* + 800 */ 
/* + 1000, + 1800 */ 

e The compiler does not merge adjacent register references into larger references. For example, 
two MOVE.W instructions do not become a MOVE.L. 

• The compiler does not generate gratuitous read-modify-write references for DEVICE registers. 

• The compiler does not generate CLR or ST instructions when it writes a 0 or -1 to a location de­
fined as having the DEVICE attribute. 

Another attribute, the VOLATILE attribute, informs the compiler that memory contents may change 
without notice. Any register declared with the DEVICE attribute receives the VOLATILE attribute as 
well. 
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Appendix D 

Performance Information 

This appendix describes hardware and software performance during I/O operations. 

D.1 DMA Bandwidth 
The rate at which a controller on the bus moves data to or from system memory depends upon how long it 
has control of the bus, the bus acquisition time, and the number of words transferred per bus acquisition. 
In turn, bus acquisition time depends upon the current activity of other devices using the bus, such as the 
CPU, ring/disk board, and so on. Bus acquisition time can range from 100 nanoseconds (minimum) to 2 
microseconds (typical) to 1 millisecond (worst case; usually during a ring or disk transfer). Once the con­
troller acquires the bus, it can transfer data over the bus at a rate of 1 microsecond per 16-bit word. 

DMA controllers should not cause excessive DMA overruns. A DMA overrun occurs when a controller 
cannot transfer data to the processor as fast as it is receiving the data and so loses data. If a controller 
does cause an overrun, it must abort the rest of the transfer so that at least one DMA controller can suc­
cessfully complete a transfer when an overrun occurs. 

As a general rule, a controller should not require a long-term average of more than 20 percent of the bus 
bandwidth. No single transfer should take longer than 10 microseconds. This limit prevents a controller 
from unduly interfering with system operation. 

0.2 Interrupt Processing Overhead 
The amount of CPU time required to process a device interrupt depends upon several considerations: 

• Basic system overhead 

• The amount of processing the user-written interrupt routine performs 

• The directives (interrupt enable or eventcount advance) that the user-written interrupt routine 
sends to the System Interrupt Handler through the return_flags parameter 

Table D-1 lists the CPU times in the various stages "Of interrupt processing. All times are given in micro­
seconds. Observed times may vary up to 10 percent depending on the processor, system activity, hardware 
caching, and so on. 
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Table 0-1. CPU Times During Interrupt Processing 

Interrupt Activity CPU Time 

Interrupt request by device to first instruction of interrupt 125 
routine 

Interrupt routine variable 

Enabling the device (specifying PBU_$INTERRUPT_ENABLE 10 
on return) 

--

Exit to interrupted process with no advance of the device's 110 
eventcount 

Exit to interrupted process with advance, but no one waiting 200 
on eventcount 

Exit to interrupted process with advance, with someone waiting 265 
on eventcount 

Using Table D-1, we can determine that, for example, the total system overhead for an interrupt routine 
that awakens a waiting process is 125 + 265 = 390 microseconds. 

If the only action of the interrupt routine is to advance the eventcount, the routine itself can be elimi­
nated. If no user interrupt routine is specified for the device, the system interrupt handler automatically 
advances the device's eventcount. This requires a total of 260 microseconds if no one is waiting on the 
eventcount, 325 microseconds if someone is waiting. 

0.3 To Copy or to Wire 
When designing a device driver for a DMA controller, you have a choice of how to set up the DMA buff­
ers. Assume that the driver has a routine called WRITE, which an application program calls with the ad­
dress and length of a buffer; WRITE must then perform the appropriate operations to send the data to a 
device. 

The first approach looks like this: 

Driver initialization routine: 
Allocate iomap for largest possible buffer. 

WRITE routine: 
Wire the buffer. (pbu2_$wire) 
Map the buffer. (pbu2_$map) 
start the I/O and wait for completion. 
Unwire the buffer. (pbu2_$unwire) 
Return to caller. 
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On a DSPBO, the total time (ignoring the I/O time) for a buffer N pages in length is 

pbu2_$wire: 
pbu2_$map: 
pbu2_$unwire: 

0.302 (SVC overhead) + 0.605N 
0.295 (SVC overhead) + 0.175N 
0.312 (SVC overhead) + 0.311N 

============================== 
0.909 (SVC overhead) + 1.091N milliseconds 

In the second approach, there is a permanently wired and mapped buffer area, and application data is 
copied into this buffer for each write operation: 

Driver initialization routine: 
Allocate iomap for largest possible buffer. 
Create (ms_$crmapl*) and wire the buffer. 
Map the buffer. 

WRITE routine: 
Copy user~s data into the buffer. 
start the I/O and wait for completion. 

The time for this approach is 

page copy: 0.000 (SVC overhead) + 0.913N milliseconds 

The point is that wiring and unwiring buffers are relatively expensive operations, and you should always 
consider the option of copying data into a permanently allocated and mapped buffer. 

Also keep in mind that the stated times do not include the overhead of any page faults required to get the 
buffer into memory. Such overhead, however, would be the same for both approaches. If data is being 
collected from several noncontiguous buffers for a single DMA operation, copying saves even more time 
because 'PBU2_$WIRE, PBU2_$MAP, and PBU2_$UNWIRE will have to be called for each separate 
buffer. For example, mapping a 5-page buffer with one call to PBU2_$MAP takes 1.561 msec; mapping 
five 1-page buffers takes 2.765 msec. You will notice that PBU2_$UNMAP is not used-refer to the de­
scription of PBU_$UNMAP and PBU2_$UNMAP in Appendix B. If an application requires very large 
buffers (for example, 512K), overall performance may suffer if a buffer is permanently wired. In such 
cases experimentation is required to determine the best approach. 

0.4 Timing Information 
Table D-2 lists the times of certain GPI/O operations for the DN400, DN560, DN3000, DSPBO, and 
DSP160 as of SR9.5. Observed times may vary up to 5 percent depending on other activity in the system. 
The times for PBU_$WIRE do not include any page faults; the pages being wired were all resident in 
physical memory. All times are given in milliseconds. 

NOTE: Using PBU_$READ_CSR or PBU_$WRITE_CSR to read or write to a CSR 
takes around 100 microseconds, depending on the node model. Doing the read/ 
write directly is typically 1-2 instructions or 3-5 microseconds, depending on the 
node model. 

*Refer to DOMAIN System Call Reference 

0-3 Performance Information 



-----_ .... 

Table 0-2. Timing for ON400, 560, 570-T, 580-T, 3000 and OSP80, 160 Workstations 

Model Operation Times 

DN400 (SR9.S) page copy 0.000 ~SVC overheadl + 1.879/page 
pbu2_Swire 0.289 SVC overhead + 0.S09/page 
pbu2 _ Sunwire 0.260 tvc overhead + 0.271/page 
pbu2_Smap 0.252 SVC overhead) + 0.lS0/page 
pbu2_Sunmap 0.383 SVC overhead) + O.OOS/page 

DNS60 (SR9.S) page copy 0.000 ~SVC overhead~ + 0.2SS/page 
pbu2_Swire 0.107 SVC overhead + 0.216/page 
pbu2_Sunwire 0.112 ~svc overhead) + 0.100/page 
pbu2_Smap 0.101 SVC overhead) + 0.056/page 
pbu2 _ Sunmap 0.146 SVC overhead) + 0.004/page 

DNS70-T (SR9.5.1) page copy 0.000 (SVC overhead) + 0.346/page 
pbu2 Swire 0.061 ~SVC overhead~ + 0.106/page 
pbu2:Sunwire 0.079 SVC overhead + 0.108/page 
pbu2_Smap Unsupported Call 
pbu2 _ Sunmap U,nsupported Call 

DNS80-T (SR9.5.1) page copy 0.000 ~SVC overhead~ + 0.328/page 
pbu2_Swire 0.067 SVC overhead + 0.077/page 
pbu2 _ Sunwire 0.073 (SVC overhead) + 0.08S/page 
pbu2_Smap Unsupported Call 
pbu2_Sunmap Unsupported Call 

DN3000 (SR9.5) page copy 0.000 (SVC overhead) + 0.296/page 
pbu2 Swire 0.120 ~SVC overhead~ + 0.136/page 
pbu2=Sunwire 0.105 SVC overhead + 1.277/page 
pbu2_Smap Unsupported Call 
pbu2 _ Sunmap Unsupported Call 

DSP80 (SR9.5) page copy 0.000 ~svc overhead! + 0.913/page 
pbu2 Swire 0.302 SVC overhead + 0.60S/page 
pbu2=Sunwire 0.312 SVC overhead + 0.311/page 
pbu2_Smap 0.295 ~SVC overhead + 0.17S/page 
pbu2 _ Sunmap 0.443 SVC overhead + 0.009/page 

DSP160 (SR9.S) page copy 0.000 tvc overhead) + 0.849/page 
pbu2 Swire 0.159 SVC overhead) + 0.2S2/page 
pbu2=Sunwire 0.239 SVC overhead) + 0.166/page 
pbu2_Smap 0.116 ~SVC overhead) + 0.098/page 
pbu2_Sunmap 0.230 SVC overhead) + 0.004/page 

',_ .... 1 
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Appendix E 

Sample Driver in Pascal 

This appendix lists the files that make up the online device driver in the subdirectory IDOMAIN_EXAM­
PLES/GPIO_EXAMPLES/BM_EXAMPLE. This version differs from the online version in two respects: 

• Whereas in the on-line version the controller commands are assigned values in the initialization 
routine (BM_$INIT), here they are declared as constants in BM.PVT.PAS. This is permissible 
because the CSR page definitions in BM.PVT.PAS have been marked with the [DEVICE] attrib­
ute. For information on the [DEVICE] attribute, refer to Appendix C, section C.3. 

• A private insert file, BM.PVT.PAS, has been added, and some of the data structures and routines 
formerly in the public insert file, BM.INS.PAS, have been moved over to this new file. This 
change does not affect the running of the driver, but it does show the format of a private insert 
file. 

Both the functional parts and the operation of this driver are fully described in Chapter 4, subsection 
4.3.3, and Figure 4-2. For additional information about the driver and the hypothetical bulk-memory 
controller it supports, refer to the header comments in BM_LIB.PAS (section E.3). An identical version 
of this driver coded in C is listed in Appendix F. 

Four files make up the BM_EXAMPLE driver: 

• Private insert file: BM.PVT.PAS 

• Public insert file: BM.INS.PAS 

• Call-side module: BM_LIB.PAS 

• Interrupt-side module: BM_INT_LIB.PAS 
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E.1 BM.PVT.PAS 
BM.PVT.PAS declares the private storage area for the interrupt and call sides of the driver. Specifically, it 
declares the controller command constants, the CSR page (BM_$CSR_PAGE_T), the control block used 
by the driver (BM_$BMCB_T), and the internal start I/O routine (BM_$SIO). 

{ BM. PVT. PAS, private definitions for bulk memory device driver} 

{ Define controller commands for loading into csr command register. } 

CONST bm_init_cmd 
bm_read_cmd 
bm_write_cmd 

.- chr(16#00); 
:= chr(16#01); 
.- chr(16#02); 

{ initialization command} 
{ read command } 
{ write command} 

{ Define the bulk memory controller's csr page. (Note: when defining the 
contents of a csr page, watch out for the compiler's rules about packing 
records. In particular, avoid using records inside the csr page record, 
since embedded records are word-aligned, even in a packed record. For 
example, we might have defined the status register to be bm_$status_t (see 
below), but then the compiler would have aligned it at offset 2 in the page 
even though bm_$status_t is only 8 bits wide.) } 

TYPE bm_$csr-page~t [DEVICE] PACKED RECORD 
command : char; { 00 one byte command register at offset 0 } 
status : char; { 01 one byte status register} 
iova : integer; { 02 io virtual address to use for transfer} 
count : integer; { 04 number of bytes to transfer } 
bm_address : bm_$bm_address_t; {06 bulk memory address 

to read/write} 
end; {of bm_$csr-page_t } 

bm_$csr-page-ptr_t = RECORD CASE INTEGER OF 
0: (c ~bm_$csr-page_t); 

l:(p pbu_$csr-page-ptr_t); 
end; {of bm_$csr-page-ptr_t } 

c 

c 

{ Define the bulk memory control block (bmcb). This area is used for l' 
communications between the call and interrupt sides of the bm driver. '-,/ 
Since it is referenced by the interrupt handler, it must be part of the 
interrupt library -- see bm_int_Iib.pas. } 

TYPE bm_$flags_t = PACKED RECORD CASE INTEGER OF { define flags field in 

0: (init : boolean; 
buffer_wired : boolean; 
busy boolean; 
done boolean; 

pad SET OF 0 .. 3); 
l:(all binteger); 

end; { of bm_$flags_t } 

bmcb } 
{ set to true when controller initialized} 
{ set when a buffer is wired } 
{ set to true when operation in progress } 
{ set by interrupt routine when transfer 

completes } 
{ fill out to byte } 

TYPE bm_$status_t = PACKED RECORD CASE INTEGER OF { define status 
register } 

0: (attention : boolean; 
status_modifier boolean; 

{ 1 => change in controller status } 
{ 1 => current status unavailable } 
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control_unit_end : boolean; 
busy : boolean; 
channel_end : boolean; 
device_end : boolean; 
unit_check : boolean; 
unit_exception: boolean); 

1: (all : char); 
end; {of bm_Sstatus_t } 

CONST bm_Sstatus_ok chr(16#OC); 
bm_Ssio_error = chr(16#FF); 

TYPE bm_Sbmcb_t = RECORD 
pbu_unit_number : pbu_Sunit_t; 
flags : bm_Sflags_t; 
pad: SET OF 0 .. 7; 
ddf-ptr pbu_Sddf-ptr_t; 
csr-ptr bm_Scsr-page-ptr_t; 
bm_iova pbu_Siova_t; 

bufaddr bm_Sboth_t; 
buflen : bm_Sbuf_Ien_t; 
bm_address : bm_Sbm_address_t; 
command : char; 

{ 1 => busy condition cleared} 
{ 1 => controller currently busy 
{ 1 => end of operation } 
{ 1 => end of operation } 
{ 1 => parity error in bm 
{ 1 => illegal bm address 

{ normal completion status } 
{ interrupt routine got error 

from bm_Ssio } 

} 
} 

{ define communications area } 
{ number of this pbu device } 
{ a byte of flags } 
{ a byte of padding } 
{ pointer to mapped ddf } 
{ pointer to mapped csr page } 
{ start of our area of i/o 

address space } 
{ address of start of buffer } 
{ total length of buffer } , 
{ address of start of bm area } 
{ current command (read or write) } 

} 

rem_len : bm_Sbuf_Ien_t; 
status : bm_Sstatus_t; 
sio_status : status_St; 

{ length remaining to read or write} 
{ status from last interrupt } 

io_addr : bm_Sboth_t; 
io_len : bm_Sbuf_Ien_t; 
end; {of bm_Sbmcb_t } 

{ status from bm_$sio called from 
int side } 

{ address of last i/o transfer } 
{ length of last i/o transfer } 

{ Define global routines not visible to the user. } 

PROCEDURE bm_Scleanup ( 
IN unit: pbu_Sunit_t; 
IN force :' boolean; 
OUT status status_St 
); EXTERN; 

{ called from pbu_$release } 
{ pbu unit number} 
{ force flag } 
{ returned status } 

PROCEDURE bm_$init ( { called from pbu_$acquire } 
IN unit : pbu_$unit_t; { pbu unit number} 
IN ddf-ptr pbu_$ddf-ptr_t; {pointer to mapped ddf } 
IN csr-ptr : pbu_$csr-page-ptr_t; {pointer to mapped 

csr page } 
OUT status status_$t { returned status } 
);' EXTERN; 

PROCEDURE bm_$sio (OUT status status_$t); EXTERN; { start i/o operation} 
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E.2 8M.INS.PAS 
BM.INS.PAS is the interface between the application and the driver: it defines error codes, buffer pa­
rameter information, and driver entry points (BM_$READ, BM_$WRITE, and BM_$WAIT). 

{ BM.INS.PAS, insert file for users of bulk memory device} 

{ Error codes from bm manager calls. (We've arbitrarily picked a subsystem 
code of OF.) } 

CONST bm_$no_controller 16#OFOOOOOI 
bm_$not_init 16#OFOOOO02 

bm_$busy 16#OFOOOO03 
bm_$not_ready 16#OFOOOO04 
bm_$bad_address 16#OFOOOO05 

bm_$bad_Iength 16#OFOOOO06 
bm_$bad_bm_address 16#OFOOOO07 
bm_$transfer_not_started 16#OFOOOO08 

b,m_$timeout 16#OFOOOO09 
bm_$quit_during_wait 16#OFOOOOOA 
bm_$io_error 16#OFOOOOOB 

bm_$max_address 2147483647 

32768 ; 

131072 ; 

{ controller not present } 
{ controller not 

initialized} 
{ controller is busy } 
{ unit not ready} 
{ buffer beyond protection 

boundary } 
{ bad buffer length } 
{ bad bm address } 
{ tried to wait before 

read or write} 
{ timeout during wait 
{ quit during wait} 
{ i/o error during 

transfer } 

{ maximum bm address = 
2**31 - 1 } 

} 

{ maximum transfer per i/o 
operation = 32K } 

{ maximum amount to 
transfer per call = 128K 
N.B.: MUST be multiple of 
bm_$block_len 
(see bm_$int)! } 

TYPE bm_$buf_Ien_t = 1 .. bm_$max_Ien; {bm buffer dimension} 

TYPE bm_$buf_t = ARRAY [bm_$buf_Ien_t] OF INTEGER; 
bm_$buf-9tr_t = Abm_$buf_t; 

{ address of block in bulk memory } 

TYPE bm_$both_t = RECORD CASE INTEGER OF 
O:(p: bm_$buf_ptr_t); 

{ for handling buffer pointers } 

1: (i : integer32); 
end; {of bm_$both_t } 

{ Define the application-visible library entry points. } 

PROCEDURE bm_$read ( 
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IN bm_address : UNIV bm_$bm_address_t; {address in bulk 

OUT status 
); EXTERN; 

PROCEDURE bm_$wait ( { 
IN timeout integer; { 
OUT bm_status : bm_$status_t; 

memory } 
{ returned status } 

wait for transfer completion} 
optional timeout value (secs) } 

OUT rem len: UNIV bm_$buf_Ien_t; 
OUT status status_$t 

{ status from controller } 
{ residual count } 
{ return code } 

); EXTERN; 

PROCEDURE bm_$write ( { write record} 
IN buffer : UNIV bm_$buf_t; { data buffer} 
IN buflen :UNIV bm_$buf_Ien~t; { buffer length} 
IN bm_address : UNIV bm_$bm_address_t; {address in bulk 

memory } 
OUT status status_$t { returned status } 

); EXTERN; 

E.3 BM LIB.PAS 
BM_LIB.PAS consists of the call-side routines that perform initialization (BM_SINIT), clean-up 
(BM_SCLEANUP) , command-processing (BM_SREAD, BM_SWRITE, and BM_COMMAND), and 
wait for interrupt (BM_SWAIT). 

{ BM.PAS, device driver library for bulk memory device} 

{ This module is the device driver library for a hypothetical pbu 
(peripheral bus unit) -- a bulk memory (BM) unit. The intent of the driver 
is to show the general structure of a user-space device driver and to 
demonstrate the use of the pbu manager routines. 

The bulk memory unit is a pbu device whose controller is at address 400 
(hex) in the pbu address space. It has an 8-bit command and status 
registers at addresses 400 and 401, a 32-bit bulk memory address register 
at 402, a 16-bit count register at 406, and a 16-bit i/o virtual address 
(iova) register at 408. The controller interrupts at level 2. 

The controller is initialized by writing 16#00 to the command register. 
Read and write operations are performed by loading the address, count, and 
iova registers the then writing a 16#01 (read) or 16#02 (write;) to the 
command register. status is obtained by reading the status register. 

The bm manager (this module) supports three operations -- read from bulk 
memory, write to bulk memory, and wait for transfer complete. Up to a 128K 
can be transferred with one call, but since the pbu cannot transfer 128K in 
one i/o operation, the interrupt side of the driver (see bm_int_Iib.pas) is 
gi ven the job of blocking large transfers into chunks of size 
bm_$block_len. (Note that bm_$block_len is not the maximum possible, which 
is 64K. The reason for not allowing 64K transfers is that it would require 
we take over the entire iomap. Therefore, if another pbu device is using 
even a single page of the iomap, our call to pbu_$allocate_map would fail.) 

A typical invocation of the bm library might appear as follows: 

VAR data_buffer: ARRAY [0 .. buf_size] OF CHAR; 
status : status_$t; 
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bm_status : bm_$status_t; 
bytes_left : integer32; 

bm_$write(data_buffer,1024*10,0,status); write 10 pages to bm addr ° 
IF status.all <> ° THEN BEGIN 

error_$print(status); 
GOTO process_error; 
END; 

display error code 

bm_$wait(l,bm_status,bytes_left,status); wait 1 second for completion 

IF status.all <> ° THEN BEGIN 
error_$print(status); display error code 

. IF status.all := bm_$io_error THEN display_status_byte; 
GOTO process_error; 
END; 

MODULE bm; 

DEFINE bm_$cleanup, 
bm_$init, 
bm_$read, 
bm_$wait, 
bm_$write; 

%nolist; . 

} 

%include '/sys/ins/base.ins.pas'; 
%include '/sys/ins/vfmt.ins.pas'; 
%include '/sys/ins/error.ins.pas'; 
%include '/sys/ins/pbu.ins.pas'; 
%include '/sys/ins/pbu_acquire.ins.pas'; 
%list; 
%include 'bm.ins.pas'; 
%include 'bm.pvt.pas'; 
%eject; 

VAR bmcb : EXTERN bm_$bmcb_t; { bulk memory control block (defined 
in bm_int_lib.pas) } 

PROCEDURE unwire_buffer; INTERNAL; 

VAR st : status_$t; 
BEGIN 

{ internal routine to unwire 
a buffer } 

IF NOT bmcb.flags.buffer_wired THEN RETURN; { nothing to do } 

pbu_$unwire(bmcb.pbu_unit_number, { number of this pbu unit 
bmcb.bufaddr.p~, { buffer to unwire } 
bmcb.buflen, { length of buffer } 
bmcb.command = bm_read_cmd, { touch pages if read 

command } 
st) ; { returned status } 

} 

{ If returned status is nonzero, we may have an error on error condition. 
Since we don't want to overlay the error code from the original error, just 

·print the error message here. } 

IF st.all <> ° THEN error_$print(st); 
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bmcb.flags.buffer_wired .- false; 

END; {of unwire_buffer } 
%eject; 

{ BM_COMMAND Common internal command processing for read/write 
routines. } 

{ This routine: 

(1) finishes common argument validation; 
(2) wires down the user's buf~er; 
(3) calls the internal bm_$sio routine to start the transfer. } 

PROCEDURE bm_command ( 

IN command : char; 

IN buffer : UNIV bm_$buf_t; 
IN len : bm_$buf_Ien_t; 

IN bm_address : bm_$bm_address_t; 

VAR 

OUT status 

i, j : integer; 
temp : bm_$buf_Ien_t; 
st status_$t; 

BEGIN 

: status_$t) ; INTERNAL; 

{ command byte (read 
or write) } 

{ buffer for transfer 
{ length in bytes of 

buffer } 
{ bulk memory address 

to use } 
{ returned status } 

} 

{ Make sure the controller has been initialized, it's not busy, and that we 
have valid parameters for the transfer. } 

IF NOT bmcb.flags.init THEN BEGIN 
status.all .- bm_$not_init; 
RETURN; 
END; 

IF bmcb.flags.busy THEN BEGIN { make sure controller isn't already 
busy } 

status.all .- bm_$busy; 
RETURN; 
END; 

IF (len <= 0) OR (len> bm_$max_Ien) THEN BEGIN 
status.all .- bm_$bad_Iength; 
RETURN; 
END; 

bmcb.bufaddr:p := addr(buffer); { save address of buffer } 

IF (bmcb.bufaddr.i < 0) OR (bmcb.bufaddr.i+len > 
pbu_$max_virtual_address) THEN BEGIN 

status. all .- bm_$bad_address; 
RETURN; 
END; 

IF (bm_address < 0) OR (bm_address + len> bm_$max_address) THEN BEGIN 
status. all .- bm_$bad_bm_address; 
RETURN; 
END; 
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{ WiTe down the buffer. } 

bmcb.buflen := len; 

pbu_$wire(bmcb.pbu_unit_number, 
buffer, 
bmcb.buflen, 
status); 

IF status.all <> 0 THEN BEGIN; 
status. fail .- true; 
RETURN; 
END; 

{ 

{ 
{ 
{ 
{ 

{ 

save length of buffer } 

number of this pbu unit } 
buffer to wire } 
length to wire (in bytes) } 
returned status } 

give up if something wrong } 

bmcb.flags.buffer_wired := true; { remember we wired the buffer} 

{ Buffer is all ready. Call the sio routine to map the buffer and load the 
controller registers. (Because bm_$sio is called from the interrupt side of 
the driver, it is defined in bm_int_Iib.pas. } 

bmcb.command .- command; 
bmcb.io_addr .- bmcb.bufaddr; 
bmcb.rem_Ien .- len; 
bmcb.bm_address .- bm_address; 
bm_$sio(status); 
IF status.all <> 0 THEN BEGIN; 

status. fail := true; 
unwire_buffer; 
RETURN; 
END; 

{ command to perform } 
{ first address to transfer } 
{ length "remaining" to transfer 
{ where to start in the bm } 
{ start up the i/o operation } 

{ Enable interrupts from the bm controller. } 

pbu_$enable_device(bmcb.pbu_unit_number, { number of this pbu 
device } 

RETURN; 

END; {of BM_COMMAND } 
%eject; 

status) ; 

{ BM_$CLEANUP -- Cleanup pbu logic. } 

{ returned status } 

PROCEDURE bm_$cleanup (* { called by pbu_$release } 
IN unit : pbu_$unit_t; 
IN force : boolean; 
OUT status : status_$t 

*) ; 

VAR st : status_$t; 
bm_status : bm_$status_t; 
rem_len: bm_$buf_Ien_t; 

BEGIN 

{ If there's an operation in progress, attempt to clean up nicely. } 

IF bmcb.flags.busy THEN 

{ If user said -force, then forceably reset the controller. } 

IF force THEN bmcb.csr_ptr.cA.command .- bm_init_cmd 
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{ If user didn't say -FORCE, wait 5 seconds for operation to complete. } 

ELSE BEGIN 
bm_$wait(5,bm_status,rem_Ien,status); 
IF status.all <> 0 THEN BEGIN {probably a timeout} 

status."fail := true; { couldn't clear controller} 
RETURN; 
END; {of status <> 0 } 

END; {of ELSE } 

{ Give back our iomap space if we have any. } 

IF bmcb.bm_iova <> 1 THEN BEGIN { (1 is impossible iova--see 
bm_$init) } 

pbu_$free_map (bmcb.pbu_unit_number , {number of this pbu device} 
st); { returned status} 

IF st.all <> 0 THEN error_$print(st); 
bmcb.bm_iova .- 1; { no longer have any iomap space} 
END; 

{ Disable the device to prevent further interrupts. } 

pbu_$disable_device(bmcb.pbu_unit_number, { number of this pbu device} 
status); { returned status} 

bmcb.flags.init := false; { no longer initialized} 

END; {BM_$CLEANUP} 
%eject; 

{ BM_$INIT -- Initialize BM library. } 

PROCEDURE bm_$init (* { called from pbu_$acquire } 
IN unit : pbu_$unit_t; { pbu unit number} 
IN ddf~tr : pbu_$ddf_ptr_t; 
IN csr~tr : pbu_$csr~age~tr_t; 
OUT status status_$t 

*) ; 

{ This routine is called from pbu_Sacquire to device-dependent 
initialization. (Note: pbu_$acquire has already checked that the device 
isn't already acquired, so we don't need to worry about it here.) } 

VAR i : integer; 

BEGIN 

{ Save the information passed by pbu_$acquire in the bmcb. } 

bmcb.pbu_unit_number := unit; 
bmcb.ddf~tr := ddf~tr; 
bmcb.csr~tr.p := csr~tr; 

{ unit number to pass pbu manager} 
{ pointer to mapped ddf } 
{ pointer to mapped controller page } 

{ Initialize the controller. We don't want to try loading the command 
register ourselves yet because if the controller doesn't exist, we'll get a 
bus-timeout fault and be unceremoniously dumped back to shell command 
level. } 

bmcb.flags.all := 0; 
bmcb.bm_iova .- 1; 

{ nothing going on yet and not initialized} 
{ this tells clean-up routine that we 

haven't gotten iomap space yet } 
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vfmt_$write2('csr page at %lh%.' ,bmcb.csr-ptr.c,O); {*** temp ***} 

pbu_$write_csr(bmcb.pbu_unit_number, 
bmcb.csr_ptr.c~.command, 

ord(bm_init_cmd), 
false, 

status); 

{ number of this pbu device } 
{ the command register } 
{ initialization command} 
{ do a byte, not word write to 

command reg } 
{ returned status } 

IF status.all <> ° THEN BEGIN { controller probably not there if 
error } 

IF status. all = pbu_$bus_timeout THEN 
status.all .- bm_$no_controller ELSE status.fail .- true; 

RETURN; 
END; 

{ Allocate an area of the iomap corresponding to the largest block we are 
going to read or write. } 

bmcb.bm_iova .- pbu_Sallocate_map( 
bmcb.pbu_unit_number, 

false, 

0, 

status) ; 

IF status.all <> 0 THEN BEGIN 
status. fail .- true; 
RETURN; 
END; 

{ number of this pbu 
device } 

{ maximum block size we'll 
use } 

{ don't need a specific 
iova } 

{ forced iova would go 
here } 

{ returned status } 

{ We could enable interrupts from the controller here, but we'll wait until 
we actually start an operation -- see bm_command above. } 

bmcb.flags.init := true; { note we're initialized} 

END; {of BM_SINIT } 
%eject; 

{ BM_SREAD -- Read from bulk memory. } 

PROCEDURE bm_Sread (* 
IN unit : bm_Sunit_t; 
IN buffer: bm_Sbuf_t; 
IN buflen : bm_Sbuf_Ien_t; 
IN bm_address : bm_Sbm_address_t; 
OUT status: status_St; *) ; 

{ This routine reads a block of memory from the bulk memory device into 
Apollo memory. } 

BEGIN 

bm_command (bm~read_cmd, { let bm_command do all the work} 
buffer , buflen , 
bm_address, 
status); 
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END; {BM_SREAD} 
%eject; 

{ BM_SWAIT -- Wait for completion of read or write operation. } 

PROCEDURE bm_Swait (* { wait for DMA completion } 

*) ; 

IN timeout : integer; 

OUT bm_status : bm_Sstatus_t 
OUT rem len: bm_Sbuf_Ien_t; 
OUT status : status_St 

{ 

{ 
{ 
{ 

optional timeout value 
(secs) } 
status from controller } 
residual count } 
return code } 

{ This routine waits for the completion of a bulk memory transfer. Note 
that for BM_SWAIT a timeout value of zero means wait forever. This is 
unlike PBU_SWAIT, for which a timeout value of zero means return 
immediately. } 

VAR 
pbu_timeout : integer32; 
st : status_St; 
index: pbu_Swait_index_t; 

BEGIN 

IF NOT bmcb.flags.init THEN BEGIN 
status.all .- bm_Snot_init; 
RETURN; 
END; 

IF NOT bmcb.flags.busy THEN BEGIN { shouldn't wait if no transfer 
started } 

status.all .- bm_Stransfer_not_started; 
RETURN; 
END; 

{ Check to see if the operation has already completed ('done' flag set). If 
it is, we don't have to bother calling pbu_Swait. Note that the done flag 
may be set AFTER we check it and BEFORE we call pbu_Swait, but this is ok 
--pbu_Swait will realize that the event we want to wait for has already 
happened and return immediately. } 

status.all := status_Sok; { assume ok for now } 

IF NOT bmcb.flags.done THEN BEGIN 

pbu_timeout .- timeout; { value in seconds } 
IF pbu_timeout = 0 THEN pbu_timeout .- 3600 * 1.000 { default to 

1 hour } 
ELSE pbu_timeout .- pbu_timeout * 1000; 

index := pbu_Swait( 
bmcb.pbu_unit_number, { number of this pbu device} 
pbu_timeout, { number of milliseconds to wait} 
true, { true means allow quits while 

waiting} 
status) ; { returned status } 

IF status. all <> 0 THEN BEGIN { pbu_Swait didn't like 
something } 

status. fail .- true; 
RETURN; 
END; 
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END {of not done } 

ELSE index := 0; 

CASE index OF 

{ transfer already complete } 

{ If index = 0, the operation completed. Get the ending status and length 
transferred for the caller. } 

0: BEGIN 
bm_status.all := bmcb.status.all; 
IF bmcb.status.all = bm_Ssio_error THEN 

status := bmcb.sio_status 
ELSE IF bmcb.status.all <> bm_Sstatus_ok THEN status.all .-

bm_Sio_error; 
rem_len := bmcb.rem_Ien; 
END; 

{ residual count } 

{ If index 

1: 

I, then the operation did not complete in time. } 

status.all := bm_Stimeout; 

{ If index = 2, the user typed CTRL/Q while we were waiting. Note: the 
standard system fault catcher will blast us directly back to shell command 
level, so we'd never get here. But just in case the fault catcher chooses 
to ignore the quit, we'll handle it. } 

2: status.all:= bm_Squit_during_wait; 

END; {of CASE} 

{ Unmap and unwire the buffer. } 

pbu_Sunmap(bmcb.pbu_unit_number, {number of this pbu unit} 
bmcb.bufaddr.pA, { the buffer} 
bmcb.io_len, { length mapped} 
bmcb.bm_iova, { where it's mapped} 
st); { returned status} 

IF st.all <> 0 THEN error_Sprint(st); 

unwire_buffer; {unwire the buffer regardless of how operation 
completed } 

bmcb.flags.busy .- false; {controller is no longer busy} 

END; {of BM_SWAIT } 
%eject; 

{ BM_SWRITE -- Write a record } 

PROCEDURE bm_Swrite (* 
IN unit : bm_Sunit_t; 
IN buffer: bm_Sbuf_t; 
IN buflen: bm_Sbuf_Ien_t; 
IN bm_address : bm_Sbm_address_t; 
OUT status: status_$t; *) ; 

{ This routine writes a block of processor memory out to the bulk memory 
device. } 

BEGIN 

bm_command(bm_write_cmd, { let bm_command do all the work} 
buffer, 
buflen, 
bm_address,status); 
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END; {BM_SWRITE} 
%eject; 

E.4 BM INT LIB.PAS 
BM_INT_LIB.PAS consists of the interrupt routine (BM_$INT) and the start I/O routine (BM_$SIO). 
Since the control block, like BM_$SIO, is referenced by the interrupt routine, it must be DEFINEd here. 

{ BM_INT_LIB.PAS, interrupt handler for bulk memory device} 

MODULE bm_int_lib; 

DEFINE bmcb, {define anything here that the interrupt routine has to 
reference } 

bm_Ssio; 

%nolist; 
%include '/sys/ins/base.ins.pas'; 
%include '/sys/ins/pbu.ins.pas'; 
%include '/sys/ins/pbu_acquire.ins.pas'; 
%include 'bm.ins.pas'; 
%list; 
%include 'bm.pvt.pas'; 
%eject; 

VAR bmcb { bulk memory control block } 

%eject; 
FUNCTION bm_Sint : pbu_Sinterrupt_return_t; 

{ We're called from the System Interrupt Handler when an interrupt is 
received from the device. (Note: we could call pbu_Sunmap here to unmap 
the last buffer, but choose not to: if another portion of the buffer needs 
to be transferred, mapping the new portion (see bm_Ssio) will effectively 
unmap the portion that was just transferred. If there is no more of the 
buffer to be transferred, we will wake up the call side of the driver and 
the bm_Swait routine will unmap the last chunk of the buffer.) } 

VAR st : status_St; 

BEGIN 

WITH bmcb.csr_ptr.c A 

: csr DO BEGIN { shorthand name for csr page } 

{ Since we only enable the controller when we've started a transfer, we're 
pretty sure this is a valid interrupt. For debugging, or if a controller is 
left enabled all the time, it might be prudent to make sure this interrupt 
is expected. Something like: 

if not bmcb.flags.busy then BEGIN 
set_bitchy_flag_for_call_side_or_cause_bus_timeout_error; 
bm_Sint := [] j no advance, no enable 
return; 
END; } 

bmcb.flags.done .- true; 
bmcb.status.all .- csr.status; 

{ transfer completed } 
{ read the status and save for 

call side } 

{ If an error occurred on last transfer, don't try to continue the 
operation. Just wake up the call side to process the bad status. } 
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IF bmcb.status.all <> bm_Sstatus_ok THEN BEGIN 
bm_Sint := [pbu_Sinterrupt_advance]; 
RETURN; 
END; 

{ advance bm's event count} 

{ Last transfer completed ok. Decrement the length remaining to be 
transferred and see if there's more to do. } 

bmcb.rem_len := bmcb.rem_len - bmcb.io_len; 

IF bmcb.rem_len = 0 THEN BEGIN 
bm_Sint .- [pbu_Sinterrupt_advance]; 

RETURN; 
END; 

{ 

{ 
{ 

decrement length 
remaining to transfer } 
we're all done } 
tell call side we're 
done } 

{ There's more to do. Calculate start of the next portion of buffer to be 
transferred and call bm_Ssio to start the transfer. } 

bmcb.io_addr.i := bmcb.io_addr.i + bmcb.io_len; { start of next 
chunk } 

bmcb.bm_address := bmcb.bm_address + bmcb.io_len; {start in bulk 
memory } 

bm_Ssio(bmcb.sio_status); { call internal sio routine to start 
up controller } 

IF bmcb.sio_status.all <> 0 THEN BEGIN {oops -- bm_Ssio had a 
problem } 

{ Note that since we're in an interrupt routine, we can' t do much about 
this error, for example, call error_Sprint. So we'll just save the bad 
status for inspection by the call side of the driver. } 

bmcb.status.all := bm_Ssio_error; 

bm_Sint := [pbu_Sinterrupt_advance]; 
END {of st <> 0 } 

{ fake i/o status to tell him 
to look at sio_status } 

{ wake him up } 

{ The transfer was started ok, so tell pbu interrupt logic to re-enable 
interrupts from the controller. } 

ELSE bm_Sint := [pbu_Sinterrupt_enable]; {want to get another 
interrupt } 

RETURN; 
END; {of WITH csr } 

END; {of BM_$INT } 
%eject; 

{ BM_SSIO -- Start I/O operation to bulk memory controller. 

PROCEDURE bm_Ssio (* OUT status: status_St *); 

{ This routine maps (a part of) the buffer and loads the controller 
registers to start an i/o operation. Since this routine is called from both 
bm_command (in the call side of the driver) and from the interrupt handler, 
it must be loaded with the interrupt handler. } 

BEGIN 

WITH bmcb.csr~tr.cA : csr DO BEGIN 

csr.bm_address .- bmcb.bm_address; 
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{ If the buffer length is less than or equal to bm_$block_len then we can 
do the whole thing at once. Otherwise, start with a block of length 
bm_$block_len. The interrupt routine will start the next chunk. } 

IF bmcb.rem_Ien <= bm_$block_len THEN bmcb.io_len := bmcb.rem_Ien 
ELSE bmcb.io_len := bm_$block_len; 

csr.count := bmcb.io_len; { give byte count to controller } 

{ Map the buffer through the area of iomap that we 
initialization time and give the co~troller the pbu addre~s. } 

allocated at 

csr.iova := pbu_$map(bmcb.pbu_unit_number, 

bmcb.bufaddr, 

bmcb. io_len, 
bmcb.bm_iova, 

status) ; 

IF status.all <> 0 THEN RETURN; 

{ number of this 
pbu unit} 

{ virtual address of 
buffer } 

{ length of buffer } 
{ iova we got from 

pbu_$allocate_map } 
{ returned status } 

{ All set to start operation. 
register to fire up controller. } 

Set our 

{ if error, just return} 

internal flags and load command 

END; 
%eject; 

bmcb.flags.busy .- true; 

bmcb.flags.done .- false; 
csr.command := bmcb.command; 

END; {of WITH csr } 

{ of BM_$SIO } 

E-15 

{ controller will be busy after 
loading command reg } 

{ transfer hasn't completed yet} 
{ start read or write operation} 
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Appendix F 

Sample Driver in C 

This appendix contains the files that make up the online device driver in the subdirectory IDOMAIN_EX­
AMPLES/GPIO_EXAMPLES/BM_EXAMPLE.C. It differs from the Pascal version in following the C 
convention of devoting each routine to a single function. Hence, this C version consists of more files than 
does the Pascal version. The "makefile" script in section F .10 organizes the files into call and interrupt li­
braries at bind time. 

Both the functional parts and the operation of this driver are fully described in Chapter 4, subsection 
4.3.3, and Figure 4-2. For additional information about the driver and the hypothetical bulk-memory 
controller it supports, refer to section F.1. For information about writing device drivers in C, refer to Ap­
pendix C, section C.2. 

NOTE: Unlike Pascal, the C programming language is casesensitive; therefore, all system 
procedure names (such as GPI/O routines) must be lowercase, consistently with 
their appearance in the system insert files. Likewise, any global names in C that 
are accessed by GPI/O routines must be lowercase. 

The driver consists of nine files (plus the make file ) : 

• bm_ins.c 

• bm_global.c 

• bm_init.c 

• bm_command.c 

• bm_sio.c 

• bm_wait.c 

• unwire_buffer.c 

• bm_int.c 
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• make file 

F.1 bm ins.c 
The bulk memory unit is a MUL TIBUS controller at address OX400 in MUL TIBUS address space. It has 
8-bit command and status registers at addresses Ox400 and Ox401, a 32-bit bulk memory address register 
at 402, a 16-bit count register at 406, and a 16-bit MULTIBUS (iova) register at 408. The controller in­
terrupts at level 2. The device supports three operations: read from bulk memory, write to bulk memory, 
and wait for transfer complete. Up to a megabyte can be transferred with one call, but since the MULTI­
BUS can transfer only up to 64K in one 1/0 operation, the interrupt side of the driver (this routine) is 
given the job of blocking large transfers into portions of size-BM_SBLOCK_LEN. Note that 
BM_SBLOCK_LEN is not the maximum possible, which is 64K bytes. The reason for not allowing 64K­
byte transfers is that it would require taking over the entire 110 map. Therefore if another MUL TIBUS 
device is using even a single page of the 110 map, our call to PBU_SALLOCATE_MAP would fail. 

This file contains the data structures and constants for the bulk memory device. 

/* Error codes from bm manager calls. (We've arbitrarily picked a 
* subsystem code of OF.) 
*/ 

#define 
#define 

#define 
#define 
#define 

#define 
#define 
#define 

#define 
#define 
#define 

bm_$no_controller 
bm_$not_init 

bm_$busy 
bm_$not_ready 
bm_$bad_address 

bm_$bad_Iength 
bm_$bad_bm_address 
bm_$transfer_not_started 

bm_$timeout 
bm_$quit_during_wait 
bm_$io_error 

OxOFOOOO01 
OxOFOOOO02 

OxOFOOOO03 
OxOFOOOO04 
OxOFOOOO05 

OxOFOOOO06 
OxOFOOOO07 
OxOFOOOO08 

OxOFOOOO09 
OxOFOOOOOA 
OxOFOOOOOB 

/* controller not present */ 
/* controller not 
* initialized 
*/ 
/* controller is busy */ 
/* unit not ready */ 
/* buffer beyond 
* protection boundary 
*/ 
/* bad buffer length */ 
/* bad bm address */ 
/* tried to wait before 
* read or write 
*/ 
/* timeout during wait */ 
/* quit during wait */ 
/* i/o error during 
* transfer 
*/ 

2147483647 /* maximum bm address 
* 2**31 - 1 
*/ 

32768 /* maximum transfer per 
* i/o operation = 32K 
*/ 

131072 /* maximum amount to 
* transfer per call = 128K N.B.: MUST be 
* multiple of bm_$block_len (see bm_$int)! 

/* 

("" 
"'-._._./ 

c 

typedef int bm_$buf_Ien_t; /* bm buffer dimension */ 0 
typedef int bm_$buf_t [bm_$max_Ien] ; __ ) 
typedef bm_$buf_t *bm_$buf_ptr_t; 
typedef int bm_$bm_address_t; /* address of block in bulk memory */ 
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typedef union { 
bm_$bufJ>tr_t 
int 

} bm_$both_t; 

p; 
i; 

/* for handling buffer pointers */ 

/**************** ALL PRIVATE DEFINITIONS FOLLOW ******************/ 

/* commands for csr command register */ 

#define BM_INIT_CMD 
#define BM_READ_CMD 
#define BM_WRI TE_CMD 

#define bm_$status_ok 

#define bm_$sio_error 

/* 

(unsigned char)OxOO 
(unsigned char)OxOl 
(unsigned char)Ox02 

(unsigned char)OxOc 

(unsigned char)Oxff 

/* normal completion 
* status 
*/ 

/* inter~upt routine got 
* errOl from bm_$sio 
*/ 

* Define the bulk memory controller's csr page. (Note: when defining the 
* contents of a csr page, watch out for the compiler's rules about packing 
* records. In particular, avoid using records inside the csr page record, 
* since embedded records are word-aligned, even in a packed record. For 
* example, we might have defined the status register to be bm_$status_t 
* (see below), but then the compiler would have aligned it at offset 2 in 
* the page, even though bm_$status_t is only 8 bits wide. 
*/ 

typedef struct { 
unsigned char 

unsigned char 
short 

short 
bm_$bm_address t 

command; 

status; 
iova; 

count; 
bm_address; 

} bm_$csrJ>age_t #attribute[device]; 

typedef union { 
bm_$csrJ>age_t *c; 
pbu_$csrJ>ageJ>tr_t p; 

} bm_$csrJ>ageJ>tr_t; 

/* 

/* 00 one byte command register at 
* offset 0 
*/ 

/* 01 one byte status register */ 
/* 02 io virtual address to use for 

* transfer 
*/ 

/* 04 number of bytes to transfer */ 
/* 06 bulk memory address to 

* read/write 
*/ 

* Define the bulk memory control block (bmcb). This area is used for 
* communications'between the call and interrupt sides of the bm driver. 
*/ 

typedef union { 
struct { 

unsigned int 

unsigned int 

init: 1; 

buffer_wired 

F-3 

/* set to true when controller 
* initialized 
*/ 

1; /* set when a buffer is wired */ 

Sample Driver In C 



unsigned int 

unsigned int 

unsigned int 
} b; 
char all; 

} bm_$flags_t; 

busy 

done 

pad 

1; 

1; 

4' I 

/* set when an operation is in 
* progress 
*/ 

/* set by interrupt routine when 
* transfer completes 
*/ 

/* fill out to byte? */ 

/* status register definition */ 

typedef union { 
struct { 

unsigned int 

} b; 

unsigned int 

unsigned int 

unsigned int 

unsigned int 
unsigned int 
unsigned int 
unsigned int 

unsigned char 
} bm_$status_t; 

attention: 1; /* 1 => change in 
* controller status 
*/ 

status_modifier 1; /* 1 => current status 
* unavailable 
*/ 

control_unit_end 1; /* 1 => busy condition 

busy l' I 

channel_end: 1; 
device_end: 1; 
unit_check : 1; 
unit_exception 

all; 

l' I 

* cleared 
*/ 

/* 1 => controller currently 
* busy 
*/ 

/* 1 => end of operation */ 
/* 1 => end of operation */ 
/* 1 => parity error in bm */ 
/* 1 => illegal bm address */ 

/* define communications area */ 

typedef struct { 
pbu_$unit_t 

bm_$flags_t 
char 
pbu_$ddfJ>tr_t 
bm_$csrJ>ageJ>tr_t 
pbu_$iova_t 

bm_$both_t 
bm_$buf_Ien_t 
bm_$bm_address_t 
unsigned char 
bm_$buf_Ien_t 

bm_$status_t 
status_$t 

Sample Driver in C 

pbu_unit_number; /* number of this pbu (peripheral 
* bus unit) device 

fiags; 
pad; 
ddfJ>tr; 
csrJ>tr; 
bm_iova; 

bufaddr; 
buflen; 
bm_address; 
command; 
rem_len; 

status; 
sio_status; 
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/* 

/* a byte of padding */ 
/* pointer to mapped ddf */ 
/* pointer to mapped csr page */ 
/* start of our area of i/o 
* address space 
*/ 

/* address of start of buffer */ 
/* total length of buffer */ 
/* address of start of bm area */ 
/* current command (read or write) */ 
/* length remaining to read or 
* write 
*/ 

/* status from last interrupt */ 
/* status from bm_$sio called from 
* int side 
*/ 

c 

c: 

c' 

o 



o 

o 

o 

o 

o 

bm_$both_t 
bm_$buf_Ien_t 

} bm_$bmcb_t; 

F.2 bm_global.c 

io_addr; 
io_len; 

/* address of last i/o transfer */ 
/* length of last i/o transfer */ 

The bm_global.c file contains all global data for the call side of the driver. 

#include "/sys/ins/base.ins.c" 
#include "/sys/ins/pbu.ins.c"; 
#include "bm.ins.c" 

bmcb; /* The bulk memory control block is globally 
* defined in this file only. All other files 
* referencing bmcb do so using the keyword extern. 
*/ 

F.3 bm init.c 
The bm_init.c routine is called from PBU_SACQUIRE and performs device-dependent initialization. 
Since this routine is called by GPIIO software, its parameters are passed in as pointers and must therefore 
be dereferenced with the indirection operator (*). 

#include "/sys/ins/base.ins.c" 
#include "/sys/ins/pbu.ins.c" 
#include "bm.ins.c" 

/* Since this routine is called from Pascal, all parameters are passed by 
* reference. 
*/ 

void 
bm_$init(unit, ddf-ptr, csr-ptr, status) 
pbu_$unit_t 
pbu_$ddf-ptr_t 
pbu_$csr_page_ptr_t 

*unit; 
*ddf-ptr; 
*csr-ptr; 
*status; 

/* pbu unit number */ 

status_$t 
{ 

bmcb; 

printf("unit = %d\n", *unit); /* dereference unit to print the value */ 

/* Save information passed by pbu_$acquire in the bmcb. */ 

bmcb.pbu_unit_number = *unit; 
bmcb.ddf-ptr = *ddf-ptr ; 
bmcb.csr-pt1'p = *csr-ptr; 

I 

/* 

/* unit number to pass pbu manager */ 
/* pointer to mapped ddf */ 
/* pointer to mapped controller page*/ 

* Initialize the controller. We don't want to try loading the command 
* register ourselves yet because if the controller doesn't exist, 
* we'll get a bus-timeout fault and be unceremoniously dumped back to 
* shell command level. 
*/ 

bmcb.flags.all = 0; 
bmcb.bm_iova 1; 

/* nothing going on yet and not initialized */ 
/* this tells cleanup routine that we haven't 

* gotten iomap space yet 
*/ 
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printf("csr page at %X\n", bmcb.csrytr.c); 

pbu_$write_csr(bmcb.pbu_unit_number, /* number of this pbu device */ 
bmcb.csrytr.c->command, /* the command register */ 
BM_INIT_CMO, /* initialization command */ 
false, /* do a byte, not word write to 

* command reg 
*/ 

*status); /* returned status. Because status was previously 
/* declared as a pointer, it must be dereferenced. 
*/ 

if (status->all pbu_$bus_timeout) { /* controller probably not 
* there if error 

status->all = bm_$no_controller; 
return; 

} else if (status->all != 0) { 
status->s.fail = 1; 
return; 

} 

*/ 

/* Allocate an area of the iomap corresponding to the largest block we 
* are going to read or write. 
*/ 

bmcb.bm_iova pbu_$allocate_map(bmcb.pbu_unit_number, /* number of 
* this device 
*/ 

c 

c 

bm_$block_len, /* maximum block size we'll use */ C-" 
false, /* don't need a specific iova */ ./ 
0, /* forced iova would go here */ 
*status); /* returned status. */ 

if (status->all != 0) { 
status->s.fail = 1; 
return; 

} 

/* 
* We could enable interrupts from the controller here, but we'll 
* wait until we actually start an operation -- see bm_command. 
*/ 

bmcb.flags.h.init 1; /* note we're initialized */ 
} 

F.4 bm command.c 
The bm_command.c routine performs argument validation, wires down the user's buffer, and calls the in­
ternal bm_sio.c routine to start the transfer. 

#include "/sys/ins/base.ins.c" 
#include "/sys/ins/pbu.ins.c" 
#include "bm. ins. c"· 

void 
bm_command (command , buffer, len, bm_address, status) 
unsigned char command; /* read or write */ 
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bm_$buf_t 
bm_$buf_len_t 
bm_$bm_address_t 
status_$t 

*buffer; 
len; 
bm_address; 
*status; 

/* buffer for transfer */ 
/* length in bytes of buffer */ 
/* bulk memory address to use */ 

{ 
extern bm_$bmcb_t 

/* 

bmcb; 

* Make sure the controller has been initialized, it's not busy, 
* and that we have valid parameters for the transfer. 
*/ 

if (!bmcb.flags.b.init) { 
status->all = bm_$not_init; 
return; 

} 

if (bmcb.flags.b.busy) { /* make sure it isn't already busy */ 
status->all = bm_$busy; 
return; 

} 

if «len <= 0) I I (len> bm_$max_Ien» { 
status->all = bm_$bad_Iength; 
return; 

} 

if «bmcb.bufaddr.i < 0) I I (bmcb.bufaddr.i+len> 
pbu_$max_virtual_address» { 

status->all bm_$bad_address; 
return; 

} 

if «bm_address < 0) I I (bm_address + len> bm_$max_address» { 
status->all = bm_$bad_bm_address; 
return; 

} 

/* Wire down the buffer. */ 

bmcb.bufaddr.p = buffer; 
bmcb.buflen = len; 

/* save address of buffer */ 
/* save length of buffer */ 

pbu_$wire(bmcb.pbu_unit_number, buffer, bmcb.buflen, status); 

if (status->all != 0) { 
status->s.fail = 1; 
return; 

} 

bmcb.flags.buffer_wired = 1; /* remember we wired the buffer */ 

/* 
* Buffer is all ready. Call the internal sio routine to map the 
* buffer and load the controller registers. 
*/ 

bmcb.command 
bmcb. io_addr 

command; 
bmcb.bufaddr; 

bmcb.rem_Ien len; 
bmcb.bm_address = bm_address; 

bm_$sio(status); 
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/* command to perform */ 
/* first address to transfer */ 
/* length "remaining" to transfer */ 
/* where to start in the bm */ 

/* start up the op~ration */ 
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if (status->all != 0) { 
status->fail = 1; 
unwire_buffer(); 

} 

/* Enable interrupts from the bm controller. */ 

} 

/* These next two routines should probably be macros for maximum 
* performance. 
*/ 

/* This routine reads a block of memory from the bulk memory device into 
* processor memory. 
*/ 

void 
bm_Sread(buffer, buflen, bm_addr, s) 
bm_Sbuf_t buffer; 
bm_Sbuf_Ien_t buflen; 
bm_Sbm_address_t bm_addr; 
status_St *s; 
{ 

} 

/* This routine writes a block of processor memory out to the bulk memory 
* device. 
*/ 

void 
bm_Swrite(buffer, 
bm_Sbuf_t 
bm_Sbuf_Ien_t 
bm_Sbm_address_t 
status_St 
{ 

} 

F.S bm sio.c 

buflen, bm_addr, s) 
buffer; 
buflen; 
bm_addr; 
*s; 

The bm_sio.c routine starts the I/O operations for the bulk memory device. It maps (a part of) the buffer 
and loads the controller registers to start an I/O operation. 

#include "/sys/ins/base.ins.c" 
#include "/sys/ins/pbu.ins.c" 
#include "bm.ins.c" 

void 
bm_Ssio(status) 
status_St *status; 
{ 

bmcb; 

bmcb.csr-ptr.c->bm_address = bmcb.bm_address; /* tell controller 

Sample Driver in C F-8 

* where to start in 
* bulk memory 
*/ 

C I 

c 

c' 



o 

o 

o 

o 

o 

} 

/* 
* If the buffer length is less than or equal to bm_$block_len then we 
* can do the whole thing at once. Otherwise, start with a block of 
* length bm_$block_len. The interrupt routine will start the next 
* chunk. 
*/ 

bmcb.io_len = (bmcb.rem_len <= bm_$block_len) ? bmcb.rem_len : 
bm_$block_len; 

bmcb.csr-ptr.c->count = bmcb.io_len; /* give byte count to 
* controller 
*/ 

/* 
* Map the buffer through the area of iomap that we allocated at 
* initialization time and give the controller the pbu address. 
*/ 

bmcb.csr_ptr.c->iova 

bmcb.bufaddr, 
bmcb. io_len, 
bmcb.bm_iova, 
status); 

if (status->all != 0) 
return; 

/* 

/* number of 
* device 
*/ 

/* virtual address of buffer */ 
/* length of buffer */ 
/* iova we-got from pbu_$allocate_map */ 
/* returned status */ 

* All set to start operation. Set our internal flags and load 
* command register to fire up controller. 
*/ 

bmcb.flags.b.busy 1; /* controller will be busy after loading 
* command reg 
*/ 

bmcb.flags.b.done = 0; /* transfer hasn't completed yet */ 
bmcb.csr-ptr.c->command = bmcb.command; /* start read or write 

* operation 
*/ 

F.6 bm wait.c 
The bm_wait.c routine waits for the completion of a read or write operation. Note that for bm_wait.c a 
time-out value of 0 means wait forever. This is unlike PBU_SWAIT, for which a time-out value of 0 
means return immediately. 

#include "/sys/ins/base.ins.c" 
#include "/sys/ins/pbu.ins.c" 
#include "bm.ins.c" 

void 
bm_$wait (timeout , bm_status, rem_len, status) 
short 
bm_$status_t 
bm_$buf_len_t 
status_$t 

timeout; 
*bm_status; 
*rem len' - , 
*status; 

/* controller status */ 
/* residual count */ 
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{ 
extern bm_$bmcb_t 

int 
pbu_$wait_index_t 
status_$t 

bmcb; 

pbu_timeout; 
index; 
st; 

/* If there's an operation in progress, attempt to clean up nicely. */ 

if (!bmcb.flags.b.init) { 
status->all = bm_$not_init; 
return; 

} 

if (!bmcb.flags.b.busy) { /* don't wait if no transfer started */ 
status->all = bm_$transfer_not_started; 
return; 

} 

/* 
* Check to see if the operation has already completed ('done' flag 
* set). If it is, we don't have to bother calling pbu_$wait. Note 
* that the done flag may be set AFTER we check it and BEFORE we call 
* pbu_$wait, but this is ok -- pbu_$wait will realize that the event 
* we want to wait for has already happened and return immediately. 
*/ 

status->all = status_$ok; /* assume o.k. */ 

if (!bmcb.flags.done) { 
pbu_timeout timeout; /* value in seconds */ 
pbu_timeout = (pbu_timeout == 0) ? (3600 * 1000) 

index = pbu_$wait(bmcb.pbu_unit_number, 

(pbu_timeout * 
1000) ; 

pbu_timeout, /* number of milliseconds to wait */ 
true, /* true means allow quits while waiting */ 
*status); 

if (status->all != 0) { 
status->fail 1; 
return; 

} 
} else 

/* he didn't like something */ 

index = 0; /* transfer already complete */ 

switch (index) { 
case 0: 

/* the operation completed. Get ending status and length 
* transferred for caller. 
*/ 

bm_status->all = bmcb.status.all; 
if (bmcb.status.all == bm_$sio_error) 

*status = bmcb.sio_status; . 
else if (bmcb.status.all != bm_$status_ok) 

status->all = bm_$io_error; 
*rem_len = bmcb.rem_len; /* residual count */ 
break; 

case 1: 
/* operation did not complete in time. */ 
status->all = bm_$timeout; 
break; 
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} 

case 2: 
/* 

* user typed control-q while we were waiting. Note: the standard 
* system fault catcher will blast us directly back to shell 
* command level, so we'd never get here. But just in case the 
* fault catcher chooses to ignore the quit, we'll handle it. 
*/ 
status->all = bm_$quit_during_wait; 
break; 

default: 

} 

printf("Invalid index value %d\n", index); 
break; 

/* Unmap and unwire the buffer. */ 

pbu_$unmap(bmcb.pbu_unit_number, 
*bmcb.bufaddr.p, /* the buffer */. 
bmcb.io_len, /* length mapped */ 
bmcb.bm_iova, /* where it's mapped */ 
st); /* returned status */ 

if (st.all != 0) 
error_$print(st); 

unwire_buffer(); /* unwire the buffer regardless of how operation 
* completed 
*/ 

bmcb.flags.busy 0; /* controller is no longer busy */ 

o F.7 unwire buffer.c 

o 

o 

Th unwire_buffer.c routine unwires a buffer. 

#include "/sys/ins/base.ins.c" 
#include "/sys/ins/error.ins.c" 
#include "/sys/ins/pbu.ins.c" 
#include "bm.ins.c" 

void 
unwire_buffer() 
{ 

extern bm_$bmcb_t 
status_$t 

bmcb; 
st; 

if (!bmcb.flags.b.buffer_wired) 
return; /* nothing to do */ 

pbu_$unwire(bmcb.pbu_unit_number, 
*bmcb.bufaddr.p, 
bmcb.buflen, 
bmcb.command BM_READ_CMD, /* touch pages if read command */ 
st); 

/* 
* If returned status is non-zero, we may have an error on error 
* condition. Since we don't want to overlay the error code from 
* the original error, just print the error message here. 
*/ 
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} 

if (st.all != 0) 
error_$print(st); 

bmcb.flags.b.buffer_wired 0; 

F.8 bm int.c 
Th bffi_int.c routine handles interrupts is the driver's interrupt routine. 

#include "/sys/ins/base.ins.c" 
#include "/sys/ins/pbu.ins.c" 
#include "bm.ins.c" 

pbu_$interrupt_return_t 
bm_$int () 
{ 

extern bm_$bmcb_t 
extern bm_$bmcb_t 

bmcb; 
bm_$sioO; 

/* 
* We're called from the internal pbu interrupt handler when an 
* interrupt is received from the device. (Note: we could call 
* pbu_$unmap here to unmap the last buffer, but choose not to: if 
* another portion of the buffer needs to be transferred, mapping the 
* new portion (see bm_$sio) will effectively unmap the portion that 
* was just transferred. If there is no more of the buffer to be 
* transferred, we will wake up the call side of the driver and the 
* bm_$wait routine will unmap the last portion of the buffer. 

* 
* Since we only enable the controller when we've started a transfer, 
* we're pretty sure this is a valid interrupt. For debugging, or if a 
* controller is left enabled all the time, it might be prudent to make 
* sure this interrupt is expected. 
*/ 

bmcb.flags.b.done = 1; /* transfer: completed */ 
/* read status and save 
* for call side 

bmcb.status.all = bmcb.csr~tr.c->status; 

*/ 

/* 
* If an error occurred on last transfer, don't try to continue the 
* operation. Just wake up the call side to process the bad status. 
*/ 

if (bmcb.status.all != bm_$status_ok) 
return(pbu_$interrupt_advance); 

/* 

/* advance bm's event count */ 

* Last transfer completed ok. Decrement the length remaining to be 
* transferred and see if there's more to do. 
*/ 

bmcb.rem_len - bmcb.io_len; /* decrement length 
* remaining to transfer 
*/ 

if (bmcb.rem_len == 0) /* we're all done */ 
return(pbu_$interrupt_advance); /* tell call side we're done */ 
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} 

/* 
* There~s more to do. Calculate start of the next chunk of buffer to be 
* transferred and call bm_$sio to start the transfer. 
*/ 

bmcb.io_addr.i = bmcb.io_addr.i + bmcb.io_len; /* start of next chunk */ 
bmcb.bm_address bmcb.bm_address + bmcb.io_len; /* start in bulk 

* memory 
*/ 

/* call internal sio routine to start up 
* controller 
*/ 

if (bmcb.sio_status.all != 0) { /* oops -- bm_$sio had a problem */ 

} 

/* 
* Note that since we're on in an interrupt routine, we can't do 
* much about this error, for example, call error_Sprint. So we'll 
* just save the bad status for inspection by the call side of the 
* driver. 
*/ 

bmcb.status.all = bm_$sio_error; 
return(pbu_$interrupt_advance); /* wake him up */ 

/* 
* The transfer was started ok, so tell the pbu interrupt logic to 
* re-enable interrupts from the controller. 
*/ 

return(pbu_$interrupt_enable); /* want to get another interrupt */ 

F.9 bm_cleanup.c 
The bm_cleanup.c routine is called by PBU_$RELEASE when the user issues the RLDEV command. 
Since this routine is called by GPIIO software, its parameters are passed in as pointers and must therefore 
be dereferenced with the indirection operator (*). 

#include "/sys/ins/base.ins.c" 
#include "/sys/ins/pbu.ins.c" 
#include "bm.ins.c" 

void 
bm_$cleanup 
pbu_$unit_t 
char 
status_$t 

(unit, force, status) 
*unit; 

{ 

*force; 
*status; 

extern bm_$bmcb_t 

status_$t 
bm_$status_t 
bm_$buf_Ien_t 

/* 

bmcb; 

st; 
bm_status; 
rem_len; 

* If there's an operation in progress, attempt to clean up nicely. 
*/ 
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if (bmcb.flags.b.busy) { 

/* If user said -force, then forceably reset the controller. */ 
if (force) 

bmcb.csr-ptr.c->command = BM_INIT_CMD; 
else { 

bm_$wait(S, &bm_status, &rem_Ien, status); 
if (status->all != 0) { /* probably a timeout */ 

status->fail = 1; /* couldn't clear controller */ 
return; 

} 
} 

} 

/* Give back our iomap space if we have any. */ 

if (bmcb.bm_iova != 1) { /* (1 is impossible iova -- see bm_$init) */ 
pbu_$free_map (bmcb.pbu_unit_number , st); 
if (st.all != 0) 

error_$print(st); 
bmcb.bm_iova = 1; /* no longer have any iomap space */ 

} 

/* Disable the device to prevent further interrupts. */ 

pbu_$disable_device(bmcb.pbu_unit_number, *status); 
bmcb.flags.init = 0; /* no longer initialized */ 

F.10 makefile 
The makefile script organizes the files that make up the driver into the call and interrupt libraries when 
the driver is bound. 

all: bm_call.lib bm_int.lib 
bm_call.lib: bm_init.bin bm_cleanup.bin bm_command.bin 

bind -allmark bm_init.bin bm_cleanup.bin bm_command.bin 
-b bm_call.lib -map -sys 

bm_int.lib: bm_sio.bin bm_int.bin bm_global.bin 
bind -allmark bm_sio. bin bm_int. bin bm_global. bin /lib/pbu_int_Iib 

-b bm_int.lib -map -sys 
bm_cleanup.bin: bm_cleanup.c bm.ins.c 

/com/cc bm_cleanup.c -ndb 
bm_command.bin: bm_command.c bm.ins.c 

/com/cc bm_command.c -ndb 
bm_read.bin: bm_read.c bm.ins.c 

/com/cc bm_read.c -ndb 
bm_write.bin: bm_write.c bm.ins.c 

/com/cc bm_write.c -ndb 
bm_sio.bin: bm_sio.c bm.ins.c 

/com/cc bm_sio.c -ndb 
bm_int.bin: bm_int.c bm.ins.c 

/com/cc bm_int.c -ndb 
bm_global.bin: bm_int.c bm.ins.c 

/com/cc bm_global.c -ndb 

listing: 
pr -e bm.ins.c bm_global.c bm_int.c bm_sio.c I prf -s //goliath 
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Glossary 

acquire a device 

address translation unit 

asynchronous fault 

bus 

bus master 

bus slave 

byte swapping 

call side 

clean-up routine 

control and status register 
(CSR) 

CSR 

CSR page 

data structure 

DDF 

demand-DMA 

To reserve a particular device for exclusive use. Application programs 
can acquire a device only when that device is not acquired by any other 
programs. 

A hardware function that handles virtual-memory address translation op­
erations in DOMAIN system nodes. See also memory management 
unit. 

A fault that is unrelated to program or hardware action. Asynchronous 
faults include the quit fault, which is generated when you type CTRL/Q to 
exit from a program, and the process stop fault, generated when you log 
out. See also fault. 

A network of signal routes through which device controllers and the proc­
essor address one another and pass data; one of the buses that we cur­
rently support (MUL TIBUS, VMEbus, and AT-compatible bus). 

The hardware component that currently controls the bus. When a con­
troller acquires the bus, it becomes bus master. 

The hardware component that decodes addresses and acts on commands 
from the bus master. 

Rearranging the left and right bytes of a word to compensate for the dif­
ference between the way our processor orders bytes and the way a con­
troller does. 

The set of routines and procedures within a device driver that programs 
actively call to perform operations. A device driver's call side is bound 
separately from its interrupt side. See also interrupt side. 

The device driver routine called during device release to ensure that no 
I/O is in progress and that the device will not generate further interrupts. 
The clean-up routine is a call-side routine. 

A control and status register for a device or controller. Control and status 
registers are located in bus 1/0 space. 

See control and status register. 

A page of bus I/O space that contains the control/status registers for a 
particular device or controller. A device or controller's CSR page is 
loaded into user-process address space when the device is acquired. 

Any table, list, queue, or array whose format and access conventions are 
well defined for reference by one or more programs. 

'See device descriptor file. 

The capability of certain AT-compatible devices to request external bus 
mastership. Such devices have on-board DMA hardware. 

Glossary-1 



-----------------

device One drive and its controlling logic (for example, a storage module de­
vice). In this document, the terms device and controller are synonymous. 

device descriptor file (DDF) A data structure that describes the device to the system. Each device has 
one associated DDF. 

device driver 

device interrupt 

The set of user-written routines and procedures that handle I/O opera­
tions to and from a peripheral device. The device driver is composed of a 
call side and an interrupt side, bound in separate modules. 

A signal sent to the processor by a peripheral device through an interrupt 
request line. 

direct memory access (DMA) A type of I/O transfer where a device transfers data directly to processor 
memory. 

DMA 

DMA controller 

DMA overrun 

eventcount 

fault 

fault handler 

See direct memory access. 

A controller that performs direct memory access I/O transfers. 

A condition in which a device cannot transfer data to the processor as 
fast as it is receiving it, and so loses data. 

A 32-bit integer that processes establish to count the occurrence of an 
event or events. The eventcount is the primary method of interprocess 
synchronization. 

A fatal error from which a program cannot recover. 

The routine that performs clean-up services after a fault occurs and be­
fore the program exits. Both application programs and device drivers can 
contain fault handling routines. 

general purpose input/output The set of routines and commands that application programs and device 
(GPIIO) software drivers use to perform I/O operations on a peripheral device. 

hard-wired memory 

initialization routine 

interrupt 

interrupt mask register 

interrupt request line 

interrupt routine 

interrupt side 

interrupt stack 

Device data structures or CSRs that are located at preset, fixed addresses. 

The device driver routine that readies a device for I/O operations. The 
initialization routine is a call-side routine. 

See device interrupt. 

A register that determines whether or not the processor will receive an in­
terrupt from a given device. Each bit within the register corresponds to 
an interrupt line. When clear, the proces's can receive interrupt requests 
on the line; when set, the processor does not receive the request. See 
also interrupt request line. 

Lines that devices use to generate interrupt requests to the processor. 

The device driver routine that performs device-specific interrupt process­
ing. The interrupt routine is part of the driver's interrupt side. 

The part of a device driver that is called by the System Interrupt Handler 
in response to an interrupt condition. The interrupt side is composed of 
one or more user-written interrupt routines and data. 

Wired memory that contains scratch storage, saved registers, and subrou­
tine addresses used by a device driver. The default interrupt stack size is 
1024 bytes (one page). 
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interrupt vector 

1/0 map 

110 space 

iova 

mapping an 1/0 buffer 

memory management unit 
(MMU) 

The address generated that identifies an interrupting device to the proc­
essor. 

A data structure used to map MUL TIBUS memory to processor memory. 
Each entry within the I/O map maps one page of MUL TIBUS memory to 
processor memory. 

The region of the bus address space that contains device CSRs. 

A virtual address that is mapped into the physical address space of any of 
the buses that we support. 

The process by which a device driver establishes an association between 
pages of MUL TIBUS memory and the pages of a buffer within process 
address space. 

The hardware component that handles virtual memory translation opera­
tions within DOMAIN system nodes. Also called the Address Transla­
tion Unit. 

memory-mapped controller A controller that contains on-board memory in which it stores data from 
external devices. 

memory-mapped 110 

memory space 

Data transfers to and from the local memory of memory-mapped con­
trollers. Device drivers must map the local memory to virtual address 
space before they can read and write to it. 

The region of the bus address space that contains memory locations. 

MMU See memory management unit. 

non-bus-vectored interrupt A type of interrupt where the device raises its interrupt request line but 
does not send an interrupt vector over the bus. See also interrupt 
vector. 

offset 

page 

paging 

PHU 

PHU Manager 

peripheral interrupt 
controller (PIC) 

PIC 

processor memory 

programmed 1/0 

scatter-gather 

serial priority resolution 

A fixed displacement from the beginning of a data structure. 

1024 bytes; the unit of measure in our system. 

Moving pages of virtual memory to and from physical memory. The 
MMU controls paging operations. 

Peripheral bus unit, synonymous with MULTIBUS device. 

The collection of routines that are internal to the operating system and 
manage GPI/O resources. 

The hardware component that arbitrates interrupt requests sent by 
devices along their interrupt request lines. 

See peripheral interrupt controller. 

The main memory of a DOMAIN node. 

Data transfers of single words or bytes through CSRs. 

Contiguous disk transfer to andlor from discontiguous pages of memory. 

A method of bus arbitration where position in the card cage determines a 
controller's bus request arbitration priority level. 
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synchronous fault 

System Interrupt Handler 

A fault that occurs as a result of program or hardware errors, such as 
floating-point overflow or disk errors. See also asynchronous fault, 
fault. 

The part of the operating system that processes device interrupts. 

user-process address space The area of virtual address space in which a process executes. When a 
device is acquired, its device driver, CSR page, and other I/O data struc­
tures are loaded into user-process address space. 

virtual address The 32-bit integer that identifies a "location" in virtual address space. 
The MMU translates virtual addresses to physical addresses. 

virtual address space The set of all possible virtual addresses that a program executing within a 
process can use to identify the location of an instruction or data. 

wired memory One or more pages of virtual address space that are made permanently 
resident in processor memory and therefore cannot be paged out by the 
MMU. 

wiring a buffer Making the pages of a buffer ineligible for virtual memory paging opera­
tions. Device drivers must wire the pages of an I/O buffer before initiating 
a DMA transfer. 
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The letter I means "and the following page"; the letters II mean "and the following pages". Entries 
beginning with numbers are listed first. 

Numbers 

32-bit mathematics 10-3 
8-bit register C-2 

A 

Access Control List (ACL) 11-3 
acquiring device 12-H, Glossary-l 

AQDEV 12-2 
device acquisition program 12-2 

address translation unit Glossary-l 
application program 4-1, 12-H 
AQDEV command 1-5, 7-10, 8-2, 

10-4, 11-1, 12-H, A-2 
DB option 8-5, A-2 
error messages A-2 
example A-3 

asynchronous fault Glossary-1 
AT-compatible bus 3-1ff, A-9, 

B-20ff, B-39, B-44, B-46 
bus mastership 3-7 
bus timeout 3-5 
byte swapping 3-5ff 
Control and Status Register 3-Hf 
converting addresses A-9 
CRDDF 3-7 
CSR page 3-2, A-5 
DDF 3-7, 11-4f 
demand-DMA 3-6f, 7-6f 
DMA 3-6f 
DMA channel 3-7 
DMA lines 3-5 
DMA transfers 7-6ff, 7-13 
Domain system-supplied devices 

3-2 
floating IRQ and DMA lines 3-4 
GPI/O calls 3-3, 3-5ff 
interrupt request (IRQ) lines 3-4 f 
I/O address space 3-1 
I/O address space allocation 3-2 

mapping CSRs 3-2f 
memory space 3-3 
memory space allocation 3-4 
memory-mapped controller 3-2 
memory-mapped I/O 3-3 
programmed I/O 3-6 
referencing controller memory 

7-11 
scatter-gather 3-7 
testing for controller presence 

3-5 
unit numbers 3-4, 3-7 

AT_EXAMPLE 4-4 
DMA transfer 7-9 
interrupt handling 8-3f 
page aligning buffers 10-2 
testing for device presence 6-4 

autoinitialize B-20 

8 

BIND command 10-2 
ALIGN option 10-2 
SYS option 8-2, 10-3 

binding 4-5, 10-Hf 
system globals 10-3 
unresolved globals 10-3 

BM_EXAMPLE 4-4££ 
allocating address space 7-2 
building a DDF 11-2 

Index-1 

C version F -1 ff 
cleanup 4-7 
command processing 4-6, 6-5f 
control block 5 - 2 
GPI/O calls 4-5ff 
initialization 4-5, 6-2f 
insert files 5-2££ 
interrupt handling 4-7, 8-3 
listing E-l ff 
Pascal version E-l ff 
SIO routine 8-6 
testing for device presence 6-3 
wait routine 6-6f 



wiring 7-2f 
BM_EXAMPLE.C 4-4 

listing F -1ff 
buffer 

double 7-9 
mapping Glossary-3 
permanently wired 7-4 
wiring 7-2ff, D-3, Glossary-4 

bus 1-1, Glossary-l 
bus acquisition time D-l 
bus master Glossary-l 
bus slave Glossary-l 
bus timeout 5-3, 7-10, C-2 

MUL TIBUS 6-3 
byte swapping l-l1ff, 3-5ff, 

Glossary-l 
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C programming 6-1f, 10-4, C-2ff 
Booleans C-3 
char C-3 
clean-up routine 6-9 
enumerated type C-2 
globals C-4 
indirection operator (*) 6-2, C-3 
initialization routine 6-2 
insert file C-2 
int C-2 
pointer C-3 
STD_SCALL C-3 
struct C-l 
union C-l 

call side 4-5, 6-1ff, Glossary-l 
binding 10-1 
debugging 10-4f 
example in Pascal E-5ff 

CHANNEL_IN_USE message 7-7 
char data type 5-2, C-1f 
clean-up routine 4-4, 7-10, 
Gloss~ry-l 

driver entry point 6-8, 11-1, 
11-3, 12-2 

example in C F-1f 
example in Pascal E-8f 
format 6-8f 
functions 6-8 

checklist 4-8 
command processing 6-5 

example in C F-6ff 
example in Pascal E-7ff 

compiler considerations C-2, C-4 

._ ... _. __ .... _._ .. _._---

Control and Status Register 1-3, 
1-5, Glossary-l 

control block 5-3, 6-3f, 7-3, 8-2 
hard-wired 6-4 
page-aligned 6-5 

copying I/O buffers D-3 
CPU times D-1f 
CRDDF command 4-5, 9-1, ll-lff, 

A-4ff 
AT option 3-7, A-4 
CSR_OFFSET option 11-3 
MULTIPLE option 9-4 
other options 11-2ff, A-4 
VME option 2-4, A-7 

CSR page 5-f, 11-1, A-2, A-9, 
C-l, Glossary-l 

examples 5-3, C-2 
CSR (see Control and Status 

Register) 
CTRL/Q 6-6, 10-3, B-36 
CTRL/Z 4-7, 12-2, A-2, A-11 
CVT_AT command 3:-3, A-9f 

D 

data structure Glossary-1 
data transfers 7 -1ff 
DDF 4-5, 9-4, 10-Hf, 11-lff, 

A-2ff, Glossary-l 
building a DDF 11-2ff 
functions 11-1 
options 11-2 
Version 1 11-2ff 
Version 2 11-2ff 
Version 3 11-2, 11-4ff 

DEBUG command 10-3ff 
PROC option 10-4 

debugging 10-3ff 
DEFINE clause 5-3, 6-3, 7-3, 

8-1f, C-4 
demand-DMA 3-6f, B-20, B-39, 

Glossary-1 
IDEV directory 11-1, A-2, A-4 
IDEV/GLOBAL_DEVICES 9-3f, 

10.:..4 
device Glossary-2 
device acquisition program 10-2, 

12-2 
DEVICE attribute 5-2, C-4f 
Device Descriptor File (see DDF) 
device driver 4-3, Glossary-2 
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components 4-4. 4-8 
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entry points 4-5, 11-3, 12-1 
functions 4-3 
online examples 4-4 

device interrupt (see interrupt) 
device timeout 6-6f 
10EV ISIO 9-4 

direct memory access (see DMA) 
disabling device interrupts 8-2f 
discontiguous buffers 7-5 f 
DMA 3-6f, Glossary-2 

bandwidth 0-1 
controller Glossary-2 
overrun Glossary-2, 0-1 
transfers 7 -Hf 

Domain/ComController 1-8 
double buffering 7-9 

E 

EC2_$EVENTCOUNT 8-3 
EC2_PTR_T 9-2 
EC2_$WAIT 6-7, B-25 
EC_$PTR_T 6-8 
enabling device interrupts 8-2f 
EOF mark 4-7, 12-2, A-2, A-11 
ERROR calls 5-1 
ETHERNET Interlan controller 1-8 
eventcount 6-6f, 8-3, B-14f, B-25, 

B-32, Glossary-2 
EXTERN clause 5-4, 10-3, C-4 

F 

fault Glossary-2 
fault handler Glossary-2 
fault handling 6-1 

by driver 7-10 
FSO-500 1-8 
FST command 8-5 

G 

global memory 9-1, 9-3 
globals 8-2, 10-3, C-4 
GPI/O calls B-1Hf 
GPI/O commands A-Hf 
GPI/O datatypes B-Hf 
GPI/O error messages B-49ff 
GPIO software 4-Hf, Glossary-2 

H 

hard-wired memory Glossary-2 

IMAGEN printer 1-8 
initialization routine 4-4, Glossary-2 

called by PBU_$ACQUIRE 12-1 
driver entry point 11-1, 11-3 
example in C F-5f 
example in Pascal E-9f 
format 6-2 
functions 6-1 

insert file 
device-specific 5 - 2 
example in C F-2ff 
example in Pascal E-2ff 
general 5-1 
private 5-1 
public 5-4 
system 5-1 

integer data type (Pascal) C-1 
INTERLAN_EXAMPLE 4-4 
internal storage 6-3 
interrupt Glossary-2 

enabling 8-2f 
disabling 8-2f 
mask bit 8-2 
mask register 8-2, Glossary-2 
processing overhead 0-1f 
request line 11-1, Glossary-2 
side 4-5, 5-3, 8-1ff, Glossary-2 

binding 10-2 
debugging 10-3 
example in Pascal E-13ff 
maximum size of 8-2 

stack Glossary-2 
re-enabling 8-3 
routine 4-4, 11-1, Glossary-2 

example in C F-1f 
faults in 8-4 
format 8-~ 
functions 8-2, 8-4 
GPI/O calls 8-1 
mapping buffers 8-5 
processing interrupts 8-4 
return flags 8-2 
wiring 8-1 

vector Glossary-3 
waiting for 6-6ff 

I/O map (see under MULTIBUS) 
I/O requests 6-5 
I/O software 4-1 
I/O space 1-5ff, 3-Hf, Glossary-3 
I/O virtual address (see iova) 
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iova 1-6, A-9, Glossary-3 

K 

KGT (see known global table) 
known global table 9-3 

L 

ILIB directory 11-2f 
ILIB/PBU_INT_LIB 10-2 
loading 

private driver 12-if 
shared driver 9-4 

magtape 1-S 
make file (in C) F-14 
mapping 1-5 

M 

buffers in interrupt routine 8-5 
controller memory 7-11 
CSR page 12-1 
DDF 12-1 
I/O buffer Glossary-3 

M$ARITH.BIN 10-3 
memory 

hard-wired Glossary-2 
processor Glossary-3 
wiring 7-2ff, 7-6 

memory management unit 
Glossary-3 

paging operations 7-2 
memory space Glossary-3 
memory-mapped controller 7-10ff, 

B-29, Glossary-3 
memory-mapped I/O 1-6, 3-3, 

7-10, Glossary-3 
MMU (see memory management 

unit) 
MULTIBUS l-iff 

address space 1-6, 6-5 
address translation 1-4f 
allocating address space 7-2 
bus control 1-3 
bus master 1-3 
bus request arbitration 1-4 
bus slave 1-3 
bus timeout 6-3 
byte swapping l-1iff 
compliance levels 1-2f 
configuring address lines 1-9, 

1-11 

configuring controller memory 
1-9, 1-11 

configuring controllers 1-7 f 
Control and Status Register 1-3, 

1-5 
controller 

S-bit l-Sff, 11-3f 
16-bit 1-4, l-Sff, 7-if, 7-lif 
20-bit 1-4, 1-10f, 7-if, 7-lif 

CSR addresses 1-7, 1-9 
CSR page 1-6, A-5 
data bus 1-12 
data lines 1-12 
data path 1-3 
DDF 11-2f 
de allocating 1/0 map 7-10 
DMA transfers 1-6, 7-iff 
Domain system-supplied devices 

1-S 
dynamic resource allocation 7-4f 
implementations 1-2 
interrupt request lines 1-4, 1-10 
I/O address path 1-4 
I/O map 1-6, 7-2, 7-4, 7-11, 

7-13, Glossary-3 
I/O space 1-3, 1-5 
mapping I/O buffer 7-1 
memory address p~th 1-3 
memory space 1-5, 1-9 
memory-mapped controllers 1-10 
memory-mapped I/O 1-6, 7-1if 
parallel resolution 1-4 
pre allocating I/O resources 7-4 
processor address space 

allocation 1-4 
programmed I/O 1-5 
referencing controller memory 

7-11 
scatter-gather 7-5 
serial resolution 1-4' 
unit numbers A-6 
unmapping buffer 7-10 
wiring I/O buffer 7-2ff 

MULTIBUS,data bus 1-12 
multiple-device drivers 9-4 
MUTEX_$LOCK 9-2 
MUTEX_$UNLOCK 9-2 

N 

node ID 11-1 
non-bus-vectored interrupt 
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offset Glossary-3 
online sample drivers 4-4 
ord function (Pascal) C-2 

packed record C-1 
page Glossary-3 

alignment 6-5, 10-2 
boundary 1-9 
fault 8-1 

paging Glossary-3 
parallel resolution 1-4 
passing parameters 6-2 
PBU Glossary-3 

p 

PBU Manager 4-5, Glossary-3 
PBU2_$ calls 7-H 
PBU2_$ALLOCATE_MAP 7-2, 

7-4f, B-41 
PBU2_$FREE_MAP B-42 
PBU2_$MAP 7-4f, 8-5, B-43, D-3 
PBU2_$MAP_CONTROLLER 3-3, 

7-1lff, B-44 
errors B-44 

PBU2_$UNMAP 7-9, 8-5, B-45, 
D-3 

PBU2_$UNMAP _CONTROLLER 
3-3, 7-11, 7-13, B-46 

errors B-46 
PBU2_$UNWIRE 3-7, 7-9, B-47, 

D-3 
PBU2_$WIRE 3-7, 7-3f, 8-5, 

B-48, D-3 
PBU_$ACQUIRE 1-5, 3-2, 6-1ff, 

7-10, 8-2, 8-5, 9-4, 10-1, 10-3f, 
11-1, A-2, B-13, B-37 

functions 12-1 
steps in acquiring device B-13 

PBU_$ADVANCE_EC 9-2, B-14 
PBU_$ALLOCATE_EC 9-2, B-15 
PBU_$ALLOCATE_MAP 6-4, 7-2, 

7-4f, B-16 
PBU_$CONTROL 1-12, B-17 

byte swapping options B-17 
PBU_$DDf_T 11-1 
PBU_$DEVICE_INTERRUPTING 

B-18 
PBU_$DISABLE_DEVICE 3-5" 

8-2f, B-19 
PBU_DMA_CASCADE option 7-7, 

B-20 

PBU_$DMA_START 3-5ff, 7-7ff, 
7-13, 8-5, B-20 

PBU_$DMA_STOP 3-5ff, 7-7ff, 
7-13, 8-5, B-22 

PBU_$ENABLE_DEVICE 3-5, 
8-2f, B-23 

PBU_$FREE_MAP B-24 
PBU_$GET_EC 6-7, 9-3, B-25 
PBU_$GLOBAL_UNITS 9-4 
PBU_$INTERRUPT_FLAGS_T 8-2 
PBU_$MAP 7-4f, 8-5, B-26 
PBU_$MAP_CONTROLLER 3-3, 

7-11ff, B-27 
errors B-27 

PBU_$MEM_PTR B-29 
PBU_$READ_CSR 6-3, 7-12, B-30 

D-3 
PBU_$RELEASE 4-4, 12-2, B-31 

functions B-31 
PBU_$RELEASE_EC 9-2, B-32 
PBU_$UNIT_T 9-4 
PBU_$UNMAP 7-9, 8-S,B-33 
PBU _ $UNMAP _CONTROLLER 

3-3, 7-11, 7-13, B-34 
errors B-34 

PBU_$UNWIRE 3-7, 7-9, B-35 
PBU_$WAIT 6-6, 9-3, B-36 
PBU_$WIRE 3-7, 7-3f, 8-5, B-37 
PBU_$WIRE_SPECIAL 3-6f, 7-6, 

B-38 
PBU_$WRITE_CSR 6-3, 7-12, 

B-40 D-3 
performance information D-lff 
peripheral interrupt controller 
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PFM_$CLEANUP 7-10 
PGM calls 8-1 
phase II shell 9-4, 10-5 
PIC (see peripheral interrupt 

controller) 
pointer 

CSR page 5-3 
universal C-3 

programmed I/O 1-5, 3-6, 7-13, 
Glossary-3 
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quit fault 6-6, 6-8, B-36 

R 

re-enabling device interrupts 8-3 
referencing controller memory 7-11 
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releasing device 12-2 
CTRL/Z 12-2 
device acquisition program 12-2 

releasing I/O resources 
abnormal 7-9 
normal 7-9 

RLDEV command A-11 
error messages A-11 

RWS_SALLOC_HEAP_POOL 9-3 
RWS_SALLOC_POOL 9-3 
RWS_SGLOBAL_POOL 9-3 
RWS_SSTD_POOL 9-3 

s 
scatter-gather 2-3, 3-7, 7-5ff, 

Glossary-3 
serial priority resolution 1-4, 

Glossary-3 
set (Pascal) C-2 
shared controller B-29 
shared driver 9-1ff, B-14f, B-32 

cleanup 9-3 
DDF 9-1, 9-3 
debugging 10-4ff 
eventcount 9-2 
fault handling 9-3 
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