Chapter 9

9. Managing Device Interactions

A real-time pr ogram is defined by its close r elationship to external har dwar e. This chapter r eviews the ways that IRIX gives you to access and contr ol external devices:

• “Device Drivers” on page 157 summarizes the r ole that device drivers play in the IRIX system, and points to sour ces for information on how you can write a device driver .

• “SCSI Devices” on page 160 describes the facilities of the dslib package, with which you can write code to contr ol SCSI devices dir ectly.

• “The VME Bus” on page 164 describes two methods for accessing the most popular interface for r eal-time devices.

• “Serial Ports” on page 172 summarizes the use of serial ports for r eal-time input and output.

• “External Interr upts” on page 173 on page 186 summarizes the facilities of fered by the External Interr upt device driver .

Device Drivers

Note: This section contains an overview for r eaders who ar e not familiar with the details of the UNIX I/O system. All these points ar e cover ed in much gr eater detail in the IRIX Device Driver Programmer’s Guide (see “Other Useful Books” on page xxiii).

It is a basic concept in UNIX that all I/O is done by r eading or writing files. All I/O devices—disks, tapes, printers, terminals, and VME car ds—ar e represented as files in the file system. Each physical device is r epresented by an entry in the /dev file system hierar chy. The purpose of each device special file is to associate a device name with a a device driver, a module of code that is loaded into the kernel either at boot time or dynamically , and is r esponsible for operating that device at the kernel’s r equest.

How Devices Are Defined

When a device special file is cr eated in the /dev file system, it is associated with the device driver that will manage it. The connection between the device name and the device driver is made thr ough major and minor device numbers, which ar e recorded with the device name in the file system. T o see these numbers, try a command such as

ls -l /dev/dsk

Device cr eation is documented in the system(4) r eference page, the makedev(1), mknod(1), and install(1) r eference pages, and in the /dev/MAKEDEV script. Device administration is cover ed in detail in IRIX Admin: System Configuration and Operation (see “Other Useful Books” on page xxiii).

The major device number selects the device driver . The minor number is passed to the device driver each time it is enter ed; it encodes such useful parameters as logical unit number or density . In some cases, a device is r epresented by mor e than one name in the /dev hierar chy. This associates it with mor e than one device driver , or else causes the device driver to tr eat the device dif ferently depending on the minor number that is passed.

For example, a disk device can appear in both the /dev/dsk and the /dev/rdsk directories, and the same disk can appear under several names in each dir ectory, with each name standing for a dif ferent partition of the disk. (The naming of disk devices is documented in the dksc(7) r eference page.) Again, a tape drive usually appears multiple times in /dev/mt, with each name r eceiving dif ferent tr eatment fr om the tape device driver— names containing “ns,” for example, ar e written with integers in non-byte-swapped order for compatibility with other systems.

How Devices Are Used

To use a device, a pr ocess opens the special device file by passing its pathname to open() (see the open(2) r eference page). For example, a generic SCSI device might be opened by a statement such as this.

int scsi_fd = open("/dev/scsi/sc0d11l0",O_RDWR);

The returned integer is the file descriptor, a number that indexes an array of contr ol blocks maintained by IRIX in the addr ess space of each pr ocess. With a file descriptor , the process can call other system functions that give access to the device. Each of these

Device Drivers

system calls is implemented in the kernel by transferring contr ol to an entry point in the device driver .

Device Driver Entry Points Each device driver supports one or mor e of the following operations: open Notifies the driver that a pr ocess wants to use the device. close Notifies the driver that a pr ocess is finished with the device. interr upt Enter ed by the kernel upon a har dwar e interr upt, notes an event reported by a device, such as the completion of a device action, and possibly initiates another action.

read Enter ed from the function read() , transfers data fr om the device to a buffer in the addr ess space of the calling pr ocess.

write Enter ed from the function write() , transfers data fr om the calling process’s addr ess space to the device.

contr ol Enter ed from the function ioctl() , performs some kind of contr ol function specific to the type of device in use.

Not every driver supports every entry point. For example, the generic SCSI driver (see “Generic SCSI Device Driver” on page 162) supports only the open, close, and contr ol entries. Device drivers in general ar e documented with the device special files they support, in volume 7 of the r eference pages. For a sample, r eview: • dsk(7m), documenting the standar d IRIX SCSI disk device driver • smfd(7m), documenting the diskette and optical diskette driver • tps(7m), documenting the SCSI tape drive device driver • plp(7), documenting the parallel line printer device driver • klog(7), documenting a “device” driver that is not a device at all, but a special interface to the kernel If you r eview a sample of entries in volume 7, as well as other r eference pages that ar e called out in the topics in this chapter , you will understand the wide variety of functions performed by device drivers.

Taking Control of Devices

When your pr ogram needs dir ect contr ol of a device, you have the following choices:

• If it is a device for which IRIX or the device manufactur er distributes a device driver , find the device driver r eference page in volume 7 to learn the device driver ’s support for read() , write() , mmap() , and ioctl() . Use these functions to contr ol the device.

• If it is a VME device without bus master capability , you can contr ol it dir ectly from your pr ogram using pr ogrammed I/O or user -initiated DMA. Both options ar e discussed under “The VME Bus” on page 164.

• If it is a VME device with bus master (on-boar d DMA) capability , you should receive an IRIX device driver fr om the OEM. Consult IRIX Admin: System Configuration and Operation to install the device and its driver . Read the OEM reference page to learn the device driver ’s support for read() , write() , and ioctl() .

• If it is a SCSI device that does not have built-in IRIX support, you can contr ol it from your own pr ogram using the generic SCSI device driver . See “Generic SCSI Device Driver” on page 162.

In the r emaining case, you have a device with no driver . In this case you must cr eate a device driver . This pr ocess is documented in the IRIX Device Driver Programmer’s Guide, which contains extensive information and sample code (see “Other Useful Books” on page xxiii).

SCSI Devices

The SCSI interface is the principal way of attaching disk, cartridge tape, CD-ROM, and digital audio tape (DA T) devices to the system. It can be used for other kinds of devices, such as scanners and printers.

IRIX contains device drivers for supported disk and tape devices. Other SCSI devices ar e contr olled thr ough a generic device driver that must be extended with pr ogramming for a specific device.

SCSI Devices

SCSI Hardware on CHALLENGE and Onyx Systems

Two SCSI-2 contr ollers ar e incorporated in each POWER Channel-2 boar d. Additional contr ollers can be added in two gr oups of 3 on HIO modules, for a maximum of 8 contr ollers per channel. The SCSI contr ollers ar e DMA devices that make near -optimum use of the POWER Channel-2 bus bandwidth.

Using 8-bit data transfers, a data rate of appr oximately 7 megabytes per second can be reached, per contr oller. Using 16-bit SCSI, data rates near 14 MB per second can be achieved, per contr oller.

Note: These data rates can be achieved by configuring the system to perform DMA directly into the r equesting pr ocess’s addr ess space without buf fering. This r equir es the use of Dir ect file access for disk files (see “Using Dir ect I/O” on page 148). The generic SCSI device driver also performs DMA dir ectly in or out of the pr ocess’s buffers (see “Generic SCSI Device Driver” on page 162).

All Challenge/Onyx SCSI contr ollers ar e capable of dif ferential output and so can be cabled longer distances fr om the system cabinet.

SCSI Adapter Support

The detailed, boar d-level pr ogramming of the host SCSI adapters is done by an IRIX-supplied host adapter driver . The services of this driver ar e available to the SCSI device drivers that manage the logical devices. If you write a SCSI driver , it will contr ol the device indir ectly, by calling a host adapter driver .

The host adapter drivers handle the low-level communication over the SCSI interface, such as pr ogramming the SCSI interface chip or boar d, negotiating synchr onous or wide mode, and handling disconnect/r econnect. SCSI device drivers call on host adapter drivers using indir ect calls thr ough a table of adapter functions. The use of host adapter drivers is documented in the IRIX Device Driver Programmer’s Guide.

System Disk Device Driver

The naming conventions for disk and tape device files ar e documented in the intr o(7) reference page. In general, devices in /dev/[r]dsk are disk drives, and devices in /dev/[r]mt are tape drives.

Disk devices in /dev/[r]dsk are operated by the SCSI disk contr oller, which is documented in the dks(7) r eference page. It is possible for a pr ogram to open a disk device and r ead, write, or memory-map it, but this is almost never done. Instead, pr ograms open, r ead, write, or map files; and the EFS or XFS file system interacts with the device driver .

System Tape Device Driver

Tape devices in /dev/[r]mt are operated by the magnetic tape device driver , which is documented in the tps(7) r eference page. Users normally contr ol tapes using such commands as tar, dd, and mt (see the tar(1), dd(1M) and mt(1) r eference pages), but it is also common for pr ograms to open a tape devices and then to use read() , write() , and ioctl() to interact with the device driver .

Since the tape device driver supports the r ead/write interface, you can schedule tape I/O thr ough the asynchr onous I/O interface (see “Asynchr onous I/O Basics” on page 135). You need to take pains to ensur e that asynchr onous operations to a tape ar e executed in the pr oper sequence; see “Multiple Operations to One File” on page 156.

Generic SCSI Device Driver

Generally , non-disk, non-tape SCSI devices ar e installed in the /dev/scsi directory. Devices so named ar e contr olled by the generic SCSI device driver , which is documented in the ds(7m) r eference page.

Unlike most kernel-level device drivers, the generic SCSI driver does not support interr upts, and does not support the read() and write() functions. Instead, it supports a wide variety of ioctl() functions that you can use to issue SCSI commands to a device. In order to invoke these operations you pr epar e a dsreq structur e describing the operation and pass it to the device driver . Operations can include input and output as well as contr ol and diagnostic commands.

The pr ogramming interface supported by the generic SCSI driver is quite primitive. A library of higher -level functions makes it easier to use. This library is documented in the dslib(3x) r eference page. It is also described in detail in the IRIX Device Driver Programmer’s Guide. The most important functions in it ar e listed below:

• dsopen() , which takes a device pathname, opens it for exclusive access, and r eturns a dsreq structur e to be used with other functions.

SCSI Devices

• fillg0cmd() , fillg1cmd() , and filldsreq() , which simplify the task of pr eparing the many fields of a dsreq structur e for a particular command.

• doscsireq() , which calls the device driver and checks status afterwar d.

The dsreq structur e for some operations specifies a buf fer in memory for data transfer . The generic SCSI driver handles the task of locking the buf fer into memory (if necessary) and managing a DMA transfer of data.

When the ioctl() function is called (thr ough doscsireq() or dir ectly), it does not r eturn until the SCSI command is complete. Y ou should only r equest a SCSI operation fr om a process that can tolerate being blocked.

Upon the basic dslib functions ar e built several functions that execute specific SCSI commands, for example, read08() performs a r ead. However , ther e are few SCSI commands that ar e recognized by all devices. Even the r ead operation has many variations, and the read08() function as supplied is unlikely to work without modification. The dslib library functions ar e not complete. Instead, you must alter them and extend them with functions tailor ed to a specific device.

The sour ce for dslib, and some example pr ograms that use dslib, can be found in the 4DGifts distribution, in /usr/people/4Dgifts/examples/devices/devscsi.

CD-ROM and DAT Audio Libraries

A library of functions that enable you to r ead audio data fr om an audio CD in the CD-ROM drive is distributed with IRIX. This library was built upon the generic SCSI functions supplied in dslib. The CD audio library is documented in the CDintr o(3dm) reference page (installed with the dmedia_dev package).

A library of functions that enable you to r ead and write audio data fr om a digital audio tape is distributed with IRIX. This library was built upon the functions of the magnetic tape device driver . The DAT audio library is documented in the DT intro(3dm) r eference page(installed with the dmedia_dev package) .

The VME Bus

Each CHALLENGE XL, POWER CHALLENGE, or Onyx system includes full support for the VME interface, including all featur es of Revision C.2 of the VME specification, and the A64 and D64 modes as defined in Revision D. VME devices can access system memory addr esses, and devices on the system bus can access addr esses in the VME addr ess space.

The naming of VME devices in /dev/vme, and other administrative issues, ar e cover ed in the usrvme(7) r eference page.

CHALLENGE Hardware Nomenclature

A number of special terms ar e used to describe the multipr ocessor CHALLENGE support for VME. The terms ar e described in the following list. Their r elationship is shown graphically in Figur e 9-1.

POWERpath-2 Bus The primary system bus, connecting all CPUs and I/O channels to main memory .

POWER Channel-2 The circuit car d that interfaces one or mor e I/O devices to the POWERpath-2 bus.

F-HIO car d Adapter car d used for cabling a VME car d cage to the POWER Channel

VMECC VME contr ol chip, the cir cuit that interfaces the VME bus to the POWER Channel.

The VME Bus

Figure 9-1 Multipr ocessor CHALLENGE Data Path Components

VME Bus Attachments

All multipr ocessor CHALLENGE systems contain a 9U VME bus in the main car d cage. Systems configur ed for rack-mount can optionally include an auxiliary 9U VME car d cage, which can be configur ed as 1, 2, or 4 VME busses. The possible configurations of VME cards ar e shown in T able 9-1.

Table 9-1 Multipr ocessor CHALLENGE VME Cages and Slots

Model Main Cage Slots

Aux Cage Slots (1 bus)

Aux Cage Slots (2 busses)

Aux Cage Slots (4 busses)

Challenge L 5 n.a. n.a. n.a.

Onyx Deskside 3 n.a. n.a. n.a.

Challenge XL 5 20 10 and 9 5, 4, 4, and 4

Onyx Rack 4 20 10 and 9 5, 4, 4, and 4

166

Chapter 9: Managing Device Interactions

Each VME bus after the first r equir es an F cable connection fr om an F-HIO car d on a POWER Channel-2 boar d, as well as a Remote VCAM boar d in the auxiliary VME cage. Up to thr ee VME busses (two in the auxiliary cage) can be supported by the first POWER Channel-2 boar d in a system. A second POWER Channel-2 boar d must be added to support four or mor e VME busses. The r elationship among VME busses, F-HIO car ds, and POWER Channel-2 boar ds is detailed in T able 9-2.

F-HIO short car ds, which ar e used only on the first POWER Channel-2 boar d, supply only one cable output. Regular F-HIO car ds, used on the second POWER Channel-2 board, supply two. This explains why , although two POWER Channel-2 boar ds ar e needed with four or mor e VME busses, the F-HIO slots on the first POWER Channel-2 board remain unused.

VME Address Space Mapping

A device on the VME bus has access to an addr ess space in which it can r ead or write. Depending on the device, it uses 16, 32, or 64 bits to define a bus addr ess. The r esulting numbers ar e called the A16, A32, and A64 addr ess spaces.

There is no dir ect relationship between an addr ess in the VME addr ess space and the set of real addr esses in the Challenge/Onyx main memory . An addr ess in the VME addr ess space must be translated twice:

• The VMECC and POWER Channel devices establish a translation fr om VME addr esses into addr esses in r eal memory .

Table 9-2 POWER Channel-2 and VME bus Configurations

Number of VME Busses

PC-2 #1 FHIO slot #1

PC-2 #1 FHIO slot #2

PC-2 #2 FHIO slot #1

PPC-2 #2 FHIO slot #2

1 unused unused n.a. n.a.

2 F-HIO short unused n.a. n.a.

3 (1 PC-2) F-HIO short F-HIO short n.a. n.a.

3 (2 PC-2) unused unused F-HIO unused

4 unused unused F-HIO F-HIO

5 unused unused F-HIO F-HIO

The VME Bus

167

• The IRIX kernel assigns r eal memory space for this use, and establishes the translation fr om real memory to virtual memory in the addr ess space of a pr ocess or the addr ess space of the kernel.

Addr ess space mapping is done dif ferently for pr ogrammed I/O, in which slave VME devices r espond to memory accesses by the pr ogram, and for DMA, in which master VME devices r ead and write dir ectly to main memory .

Note: VME addr essing issues ar e discussed in gr eater detail fr om the standpoint of the device driver , in the IRIX Device Driver Programmer’s Guide.

PIO Address Space Mapping

In order to allow pr ogrammed I/O, the mmap() system function establishes a correspondence between a segment of a pr ocess’s addr ess space and a segment of the VME addr ess space. The kernel and the VME device driver pr ogram r egisters in the VMECC to r ecognize fetches and stor es to specific main memory r eal addr esses and to translate them into r eads and writes on the VME bus. The devices on the VME bus must react to these r eads and writes as slaves; DMA is not supported by this mechanism.

One VMECC can map as many as 12 dif ferent segments of memory . Each segment can be as long as 8 MB. The segments can be used singly or in any combination. Thus one VMECC can support 12 unique mappings of at most 8 MB, or a single mapping of 96 MB, or combinations between.

DMA Mapping

DMA mapping is based on the use of page tables stor ed in system main memory . This allows DMA devices to access the virtual addr esses in the addr ess spaces of user processes. The r eal pages of a DMA buf fer can be scatter ed in main memory , but this is not visible to the DMA device. DMA transfers that span multiple, scatter ed pages can be performed in a single operation.

The kernel functions that establish the DMA addr ess mapping ar e available only to device drivers. For information on these, r efer to the IRIX Device Driver Programmer’s Guide.

The har dwar e of the POWER Channel-2 supports up to 8 DMA str eams simultaneously active on a single VME bus without incurring a loss of performance.

168

Chapter 9: Managing Device Interactions

Program Access to the VME Bus

Your pr ogram accesses the devices on the VME bus in one of two ways, thr ough programmed I/O (PIO) or thr ough DMA. Normally , VME cards with Bus Master capabilities always use DMA, while VME car ds with slave capabilities ar e accessed using PIO.

The Challenge/Onyx ar chitectur e also contains a unique har dwar e featur e, the DMA Engine, which can be used to move data dir ectly between memory and a slave VME device.

PIO Access

You perform PIO to VME devices by mapping the devices into memory using the mmap() function (The use of PIO is cover ed in gr eater detail in the IRIX Device Driver Programmer’s Guide. Memory mapping of I/O devices and other objects is cover ed in the book Topics in IRIX Programming.)

Each PIO r ead r equir es two transfers over the POWERpath-2 bus: one to send the addr ess to be r ead, and one to r etrieve the data. The latency of a single PIO input is appr oximately 4 micr oseconds. PIO write is somewhat faster , since the addr ess and data are sent in one operation. T ypical PIO performance is summarized in T able 9-3.

When a system has multiple VME busses, you can pr ogram concurr ent PIO operations from dif ferent CPUs to dif ferent busses, ef fectively multiplying the bandwidth by the number of busses. It does not impr ove performance to pr ogram concurr ent PIO to a single VME bus.

Tip: When transferring mor e than 32 bytes of data, you can obtain higher rates using the DMA Engine. See “DMA Engine Access to Slave Devices” on page 170.

Table 9-3 VME Bus PIO Bandwidth

Data Unit Size Read Write

D8 0.2 MB/second 0.75 MB/second

D16 0.5 MB/second 1.5 MB/second

D32 1 MB/second 3 MB/second

The VME Bus

169

User-Level Interrupt Handling

When a VME device that you contr ol with PIO can generate interr upts, you can arrange to trap the interr upts in your own pr ogram. In this way you can pr ogram the device for some lengthy operation using PIO output to its r egisters, and then wait until the device returns an interr upt to say the operation is complete.

The pr ogramming details on user -level interr upts ar e cover ed in the IRIX Device Driver Programmer’s Guide.

DMA Access to Master Devices

VME bus car ds with Bus Master capabilities transfer data using DMA. These transfers are contr olled and executed by the cir cuitry on the VME car d. The DMA transfers ar e directed by the addr ess mapping described under “DMA Mapping” on page 167.

DMA transfers fr om a Bus Master ar e always initiated by a kernel-level device driver . In order to exchange data with a VME Bus Master , you open the device and use read() and write() calls. The device driver sets up the addr ess mapping and initiates the DMA transfers. The calling pr ocess is typically blocked until the transfer is complete and the device driver r eturns.

The typical performance of a single DMA transfer is summarized in T able 9-4. Many factors can af fect the performance of DMA, including the characteristics of the device.

Up to 8 DMA str eams can r un concurr ently on each VME bus. However , the aggr egate data rate for any one VME bus will not exceed the values in T able 9-4.

Table 9-4 VME Bus Bandwidth, VME Master Contr olling DMA

Data Transfer Size Reading Writing

D8 0.4 MB/sec 0.6 MB/sec

D16 0.8 MB/sec 1.3 MB/sec

D32 1.6 MB/sec 2.6 MB/sec

D32 BLOCK 22 MB/sec (256 byte block) 24 MB/sec (256 byte block)

D64 BLOCK 55 MB/sec (2048 byte block) 58 MB/sec (2048 byte block)

170

Chapter 9: Managing Device Interactions

DMA Engine Access to Slave Devices

A DMA engine is included as part of each POWER Channel-2. The DMA engine is unique to the Challenge/Onyx ar chitectur e. It performs ef ficient, block-mode, DMA transfers between system memory and VME bus slave car ds—car ds that would normally be capable of only PIO transfers.

The DMA engine gr eatly incr eases the rate of data transfer compar ed to PIO, pr ovided that you transfer at least 32 contiguous bytes at a time. The DMA engine can perform D8, D16, D32, D32 Block, and D64 Block data transfers in the A16, A24, and A32 bus addr ess spaces.

All DMA engine transfers ar e initiated by a special device driver . However , you do not access this driver thr ough open/r ead/write system functions. Instead, you pr ogram it through a library of functions. The functions ar e documented in the udmalib(3x) reference page. They ar e used in the following sequence:

1. Call dma_open() to initialize action to a particular VME car d.

2. Call dma_allocbuf() to allocate storage to use for DMA buf fers.

3. Call dma_mkparms() to create a descriptor for an operation, including the buf fer, the length, and the dir ection of transfer .

4. Call dma_start() to execute a transfer . This function does not r eturn until the transfer is complete.

For mor e details of user DMA, see the IRIX Device Driver Programmer’s Guide.

The typical performance of the DMA engine for D32 transfers is summarized in Table 9-5. Performance with D64 Block transfers is somewhat less than twice the rate shown in T able 9-5. Transfers for lar ger sizes ar e faster because the setup time is amortized over a gr eater number of bytes.

Table 9-5 VME Bus Bandwidth, DMA Engine, D32 T ransfer

Transfer Size Read Write Block Read Block Write

32 2.8 MB/sec 2.6 MB/sec 2.7 MB/sec 2.7 MB/sec

64 3.8 MB/sec 3.8 MB/sec 4.0 MB/sec 3.9 MB/sec

128 5.0 MB/sec 5.3 MB/sec 5.6 MB/sec 5.8 MB/sec

256 6.0 MB/sec 6.7 MB/sec 6.4 MB/sec 7.3 MB/sec

The VME Bus

171

Some of the factors that af fect the performance of user DMA include

• The response time of the VME boar d to bus r ead and write r equests

• The size of the data block transferr ed (as shown in T able 9-5)

• Over head and delays in setting up each transfer

The numbers in T able 9-5 were achieved by a pr ogram that called dma_start() in a tight loop, in other wor ds, with minimal over head.

The dma_start() function operates in user space; it is not a kernel-level device driver . This has two important ef fects. First, over head is r educed, since ther e are no mode switches between user and kernel, as ther e are for read() and write() . This is important since the DMA engine is often used for fr equent, small inputs and outputs.

Second, dma_start() does not block the calling pr ocess, in the sense of suspending it and possibly allowing another pr ocess to use the CPU. However , it waits in a test loop, polling the har dwar e until the operation is complete. As you can infer fr om Table 9-5, typical transfer times range fr om 50 to 250 micr oseconds. Y ou can calculate the appr oximate duration of a call to dma_start() based on the amount of data and the operational mode.

You can use the udmalib functions to access a VME Bus Master device, if the device can respond in slave mode. However , this would normally be less ef ficient than using the Master device’s own DMA cir cuitry.

While you can initiate only one DMA engine transfer per bus, it is possible to pr ogram a DMA engine transfer fr om each bus in the system, concurr ently.

512 6.4 MB/sec 7.7 MB/sec 7.0 MB/sec 8.0 MB/sec

1024 6.8 MB/sec 8.0 MB/sec 7.5 MB/sec 8.8 MB/sec

2048 7.0 MB/sec 8.4 MB/sec 7.8 MB/sec 9.2 MB/sec

4096 7.1 MB/sec 8.7 MB/sec 7.9 MB/sec 9.4 MB/sec

Table 9-5 VME Bus Bandwidth, DMA Engine, D32 T ransfer

Transfer Size Read Write Block Read Block Write

172

Chapter 9: Managing Device Interactions

Serial Ports

Occasionally a r eal-time pr ogram has to use an input device that interfaces thr ough a serial port. This is not a r ecommended practice for several r easons: the serial device drivers and the STREAMS modules that pr ocess serial input ar e not optimized for deterministic, r eal-time performance; and at high data rates, serial devices generate many interr upts.

When ther e is no alternative, a r eal-time pr ogram will typically open one of the files named /dev/tty*. The names, and some har dwar e details, for these devices ar e documented in the serial(7) r eference page. Information specific to two serial adapter boards is in the duart(7) r eference page and the cdsio(7) r eference page.

When a pr ocess opens a serial device, a line discipline STREAMS module is pushed on the str eam by default. If the r eal-time device is not a terminal and doesn’t support the usual line contr ols, this module can be r emoved. Use the I_POP ioctl (see the str eamio(7) reference page) until no modules ar e left on the str eam. This minimizes the over head of serial input, at the cost of r eceiving completely raw , unpr ocessed input.

An important featur e of curr ent device drivers for serial ports is that they try to minimize the over head of handling the many interr upts that r esult fr om high character data rates. The serial I/O boar ds interr upt at least every 4 bytes r eceived, and in some cases on every character (at least 480 interr upts a second, and possibly 1920, at 19,200 bps). Rather than sending each input byte up the str eam as it arrives, the drivers buf fer a few characters and send multiple characters up the str eam.

When the line discipline module is pr esent on the str eam, this behavior is contr olled by the termio settings, as described in the termio(7) r eference page for non-canonical input. However , a real-time pr ogram will pr obably not use the line-discipline module. The hardwar e device drivers support the SIOC_ITIMER ioctl that is mentioned in the serial(7) r eference page, for the same purpose.

The SIOC_ITIMER function specifies the number of clock ticks (see “T ick Interr upts” on page 68) over which it should accumulate input characters befor e sending a batch of characters up the input str eam. A value of 0 r equests that each character be sent as it arrives (do this only for devices with very low data rates, or when it is absolutely necessary to know the arrival time of each input byte). A value of 5 tells the driver to collect input for 5 ticks (50 milliseconds, or as many as 24 bytes at 19,200 bps) befor e passing the data along.

External Interrupts

173

External Interrupts

The Challenge/Onyx har dwar e includes support for generating and r eceiving external interr upt signals. Four jacks for outgoing signals ar e available on the master IO4 boar d. Your pr ogram can change the level of these lines individually . Two jacks for incoming interr upt signals ar e also pr ovided. The input lines ar e logically OR’d together and presented as a single interr upt; your pr ogram cannot distinguish one input line fr om another .

The electrical interface to the external interr upt lines is documented at the end of the ei(7) reference page.

Your pr ogram contr ols and r eceives external interr upts by interacting with the external interr upt device driver . This driver is associated with the special device file /dev/ei, and is documented in the ei(7) r eference page. (External interr upt support and the ei(7) page ar e first available in IRIX 5.3.)

For pr ogramming details of the external interr upt lines, see the IRIX Device Driver Programmer’s Guide. You can also trap external interr upts with a user -level interr upt handler (see “User -Level Interr upt Handling” on page 169); this is also cover ed in the IRIX Device Driver Programmer’s Guide.