
-. 5 

10 

15 

W096/1S499 PCT/US95/13865 

-1-

SYSTEM AND METHOD FOR COMMAND PROCESSING AND DATA TRANSFER 
IN A COMPUTER SYSTEM FOR SOUND OR THE LIKE 

BACKGROUND OF THE INVENTION 

1. Copyright Authorization 

A portion of the disclosure of this patent document contains material which is subject to copyright 
protection. The copyright owner has no objection to the facsimile reproduction by any one of the patent 
disclosure, as it appears in the U.S. Patent and Trademark Office patent files or records, but otherwise 

2 o reserves all copyright rights whatsoever. 

2. Field of the Invention 

The field of the present invention relates in general to a system and method for processing 
commands and transferring data in a computer system. More particularly, the field of the invention relates 

25 to a system and method for processing sound 1/0 commands and transferring sound data or the like across 
a high speed bus. 

3. Background 

Personal computers and work stations have evolved rapidly since their.introduction nearly twenty 

3 o years ago. Dramatic advances in processor, display and audio technology have transformed the personal 
computer into a multimedia appliance, capable of combining color graphics, video, and stereo sound in a 
single application. 

As multimedia applications have developed, there has been an increased need for high speed and 
high bandwidth data transfers between main memmy and input/output {YO) devices. One approach used in 

35 expansion bus systems is direct memmy access (DMA); A DMA controller takes over the bus and 
transfers data without intervention by the central processing wilt (CPU). This method of data transfer has 

become preValent for sound cards attached to an ISA expansion bus, and there is a large installed base of 
· software applications designed for these sound cards. 

However, data transfer across conventional expansion buses has not been able to keep pace with 
4 o the demands of graphics and video·systems used with modern multimedia software applications. Rather, 
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graphics and video systeins are increasingly being attached to the local bus where burst mode block data 

transfer initiated by the CPU supports higher data transfer rates than conventiOnal OMA systems. In 

addition, local bmes typically have a wider data path than ~pansion buses. However, local buses, such as 

the VESA local bus and the PCI bus, typically do not provide connections to the OMA conttoller. 

5 Therefore, conventional sound systems and other systems requiring OMA are incompatible with 

these high speed local bus systems, and have remained on the. expansion bus. It is a disadvantage of these 

systems that they are unable to take advantage of the higher data transfer rates of local bus systems. This 

has also led to the development of separate graphics, video, and audio subsystems on different buses 
. . 

having independent controllers with incompatible data types. This may lead to wasted memory space and · 

1 o memory bandwidth, duplicated bus interface logic, and wasted CPU cycles to manage independent 

subsystems. C 
What is needed is a system and method for emulating ~tionaJ.OMA transfers while taking 

advantage of higher rates prov~ by other modes of transferring data. 

What is also needed is a sound system that uses high .~peed .data transfer while maintaining 

15 compatibility with the extensive installed base of software applications written for conventional sound 

systems. Preferably such a system would allow sound data to be ~fc:rred across a bus at a high rate of 

speed to free up bus bandwidth for video and graphics, yet would allow sound data to be played or 

recorded at a conventional lower frequency. What is also needed is-~ multimedia system that combines 

graphics, video, and audio in a single subsystem ~bed to the local bus or some other high speed YO bus. 

20 

SUMMARY OF THE INVENTION 

One aspect of the present invention provides a sound system and method for high speed data 

transfer that_ is e8$ily adapted for compatibility with many ~ting sound cants and software applications. 

It is an adv~ge of this and other aspects of the_present invention that desired data transfer modes may be 

2 5 used without obsoleting software applications written· for existing sound cards. It is a further advantage of 

this and other aspects of the present invention that bus bandwidth may be freed up for llSC by other 

applications. It is a further advantage of ~s and other aspects of the present invention that modes of data 

transfer having a higher transfer rate may be used in place of ex>nventional OMA transfer. 

Another aspect of the present invention provides a system and method fQr emulating conventional 

3 o OMA transfer while using a non-l)MA mode ()f data transfer that allows connection to a non-DMA bus 

and/or provides a higher data transfer rate than conv~tional OMA.transfer. It is an advantage of this and 

other aspects of the present invention that bus devices may be developed for a non-DMA bus without 

losing compatibility with applications designed for conventiona) DMA transfer. 

~I 
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Yet another aspect of the present invention provides for buffering blocks of sound data or the like 

for processing. It is an advantage of this and other aspects of the present invention that sound data or the 

like may be transferred across a bus at a high frequency while being processed by an 110 device at a lower, 

conventional frequency. 

s Yet another aspect of the present invention provides an interrupt service routine for processing 

commands sent to a bus device. Another aspect of the present invention provides an interrupt service 

routine for converting a command or result from a bus device such that the command or result may be 

compatibly passed along to a second interrupt service routine designed for a different system. It is an 

advantage of these and other aspects of the present invention that the complexity of the bus device may be 

lo reduced, and that the bus device may be used with interrupt service routines developed for other systems. 

Another aspect of the present invention provides a subsystem combining video, graphics and 

sound. Yet another aspect of the present invention provides a display memoiy that is used to store sound 

related data as well as graphics and/or video related~ It is an advantage of these and other aspects of 

the present invention that multiple, incompatible subsystems for graphics, video and sound may be 

15 eliminated. It is another advantage of these and other aspects of the present invention that the 11Umber of 

memories and other components required for graphics, video and sound may be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other featmes and advantages of the present invention will become more apparent to 

2 o those skilled in the art from the following detailed description in conjunction with the appended drawings 

in which: 

Figure 1 is a simplified block diagram illustrating a system of the prior art for producing sound in 

a personal computer; 

Figure 2 is a simplified block diagram illustrating a system according to a first embodiment of the 

25 present invention; 

Figure 3 is a block diagram showing in additional detail one of the blocks shown in Figure 2, this 

block being designated as "Media Stream Controller" in Figure 2; 

Figure 4 is a simplified block diagram illustrating how sound is produced in a system according to 

the first embodiment; 

3 o Figure 5 is a simplified block diagram illustrating the structure of an Audio Buffer according to the 

first embodiment; 

Figure 6 is a flow chart illustrating initial DMA command processing in an Audio Interrupt 

Service Routine according to the first embodiment; 
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Figure 7 is a flow chart illustrating secondary DMA cominand processing in an Audio Interrupt 

Service Routine according to the first embodiment; and 

Figures 8A and 88 collectively constitute a block diagram showing in additional detail portions of 

the "Audio Module" block of Figure 3 as well as related components from the "Multimedia Stream 

5 Controller" block of Figure 3 according to the first embOdiment 

DESCRIPTION 

Figure l is a simplified block diagram illustrating a conventic>nal system, generally indicated at 1 o, 

for producing sound in a personal computer. Referring to Figure l, this system includes a central 

10 processing unit (CPU) 11 and a main memory 12 for storing bOth executable instructions and d8ta for the 

system. The system also includes a main memory controller 14, a direct memory access (DMA) controller C 
16 and a bus controller 18 which is designated as an "ISA" bus controller corresponding to the Industry 

Standard Architecture (ISA) expansion bus· generally provided in the prior art. For a more detailed 

diScussion of the ISA expansion bus and related architecture, see Tom Shanley and Don Anderson, ISA 
15 System Architecture, PC System Architecture Series Volume 1 (MindShare Press 2nd ed. 1993) 

(hereinafter "ISA Architecture"), which is ·hereby specifically incorporated herein by reference. In the 

system of Figure 1, the CPU 11, the main memory controller 14, the DMA controller 16, and the ISA bus 

controller 18 are connected to a local bus 20. A memory bus 22 connects the main memory controller 14 

to the main memory 12. 

2 o An ISA expansion bus 24 extends.from the ISA bus controller 18. The ISA bus includes control 

lines, address lines and data lines. When a device monitoring the ISA bus recogni7.es its address on the 

address lines, it then reads data from the data lines of the·bus and takes appropriate actions. A device may 

also take control of the bus by becon>ing a bus master. When a device is a bus master, it may assert an 

address and data on the bus for another device to read.· In addition, a device can make requests to the DMA 

2 5 and interrupt controller for special actions. A. request to the DMA controller causes a data transfer 

between main memory and the requesting device on the ISA bus. A request to the Interrupt Controller will 

generate an interrupt and cause the CPU to execute a corresponding Interrupt Service RoUtine (ISR) stored 

in main memory. . 

Expansion slots are typically provided to allow expansion cards to be added to the ISA bus 24. 

3 o For in$tance, Figure 1 shows a conventi<>nal sound card 26 connected to the ISA bus. The sound card 26 is 

typically designed to be compatible with conventional digitized sound 1/0. For more detailed information 

regarding conventional sound cards, see for example the Developer Kit for Sound BlasterTM Series 

(Creative Labs 2nd ed. Oct. 1993) which includes a Hardware Programming Reference (hereinafter 

~I 
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"Hardware Reference"), a Programmer's Guide, and a Libnuy Reference, each of which is hereby 

specifically incorporated herein by reference. 

The exemplary sound card 26 in.Figure 1 has input lines, commonly designated "sound in", for 
receiving sound related data from an input device, such as a microphone or the like. These lines are 

5 indicated by pairs of lines 36 .and 38, designated A and B respectively. The sound card 26 also has a pair 
of output lines 40, commonly designated "sound out", for outputting sound related data to an output device, 
such as a speaker or the like. The lines 40 in the pair are respectively designated as "L" and "R" to indicate 
sound output on a stereophonic basis from left and right channels. 

The digiti7.ed sound 110 used by such cards ordinarily involves the use of I/0 Ports, OMA 
1 o transfers and interrupts. As shown in Figure 1, sound card 26 is connected to the ISA bus controller by 

lines 28 and 30, designated as "OMA I ACK" and "OMA I REQ" respectively. These lines allow the 

sound card 26 to request OMA transfers and to receive acknowledgement from the OMA controller. For 
more information on direct memory access, see ISA Architecture at 367-387, which is hereby incorporated 

by reference. 

15 As shown in Figure 1, an interrupt line 41 extends from the sound card 26 to the intenupt 
controller 42 to allow the sound card 26 to generate interrupt requests. As will be readily apparent to one 
of ordinary skill in the art, the sound card 26 and associated software may be configured to use any of 
several interrupt request lines provided by the interrupt controller. In Figure l, the interrupt line 41 has 
been designated IRQ4 for illustrative purposes. Upon receiving an interrupt request, the interrupt 

2 o controller may mmmunicate with the CPU 11 via line 44~ The interrupt controller 42 also has a common 
~with the local bus 20. For more information on interrupts, see ISA Architecture at 331-366, 
which is hereby incorporated by reference. 

A software application may produce sound in the system of Figure 1 by accessing 110 ports on the . 
sound card 26, either directly or through a driver. The sound card 26 is assigned a jumper selectable base 

2 5 address and the various ports used by the card are defined as offsets from that base address. For instance, 
the base address may be 220 hex. See Hardware Reference at 2-2 and Appendix A, which is hereby 
incorporated by reference. The sound card 26 of Figure 1 includes a Reset port (at an offset of 6 hex), a 
Read Data port (at an offset of A hex), a Write Command/Data port (at an offset of C hex), a Write-Buffer 
Status port (also at an offset of C hex), and a Read-Buffer Status port (at an offset ofE hex). 

3 o Before being used by the software application, the sound card 26 is reset by writing to the Reset 
port and by reading a "ready" byte from the Read Data port. This places the sound card in an initialized 
default state. Reading data from the sound card is then accomplished by checking the Read-Status port to 
ensure that there is data to be received from the Read Data port. After the Read-Status port has been 
checked, the data may be read from the Read Data port. For writing conunands or data to the sound card 
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26, the software first checks the Write-Buffer Status port to ensure that the cafd is ready to receive 

commands or data. The commands or data may then be written to the Write Commmul/Data port. In 

addition, the interrupt service routine (ISR) used by the Software application acknowledges an interrupt by 

reading the Read-Buffer status port once. Other sound cards may use a separate lnterruptStatus port to 

s acknowledge certain interrupts. See Hardware Refereilce at 2-1 ·to 2-7, which is hereby incorporated by 

reference. 

Digiti7.ed sound 1/0 is cmried out by transferring sound related data between the sound card 26 

and the software application. The sound data may be in one of sevri formats known in the art, including 

but not limited to, Pulse Code Modulation (PCM)format and compressed Adaptive Delta Pulse Code 

1 o Modulation (ADPCM) format. This formatted data·may be transferred using a variety of techniques, 

including but not limited to, Direct.Mode, .Single-cycle OMA Mode, A~initialiie' OMA Mode, High- ( 

speed OMA Mode, and ADPCM OMA Mode. See Hardware ReferCnce·at 3-1 to 3-10, which is hereby 

incorporated by reference. 

The DMA modes allow data to be transferred to the sound card 26 using direct memozy access. 

15 When direct memozy access is ~·the DMA· controller temporarily takeS control of the bus and transfers 

data directly between main memocy 12 and a specified 1/0 port. ·Since the data tninsfer is handled 

primarily by the hardware, it is faster than using program instructions to transfer data across the ISA bus. 

Generally, OMA transfer of sound data to the sound card 26 is handled by. setting up a: buffer in main 

memory containing .a packet of sound data. The OMA controller is then programmed with the address and 

2 o length of the buffer, and a command is sent to the Write Coimnand/Data port of the sound card 26 to 

initiate OMA transfer. After the packet is transferred, the sound card ·2~ generates an interiiJpt request, 

and a corresponding JSR set up by the application software or a driver is executed. The ISR may then set 

up an additional sound packet for transfer or end the data transfer. 

This process will now be described in more detail. However, it Will be readily understood that this 

25 description is illustrative only, and that the DMA process will vary depending upoll the particular type of 

transfer taking place. For more information on this process, see Hardware Reference at.3• 11 to 3-29 which 

is incorporated herein by reference. Gcnerally9 for DMA transfer~ the a)>plication or a driver firSt sets up 

an interrupt service routine (JSR), and enables the c0rresp0nding interrupt To avoid confusion with other 

ISRs, the ISR set up by the application or driver will be referred to as the Driver ISR; however, it will be 

3 o understood that a software application may set up this ISR directly and that a driver is not required. Using 

techniques known in the art, the Driver ISR is set up to be activated by an interrupt requeit from the sound 

card 26, and the previous ISR for that interrupt is saved so that it may be restored later. 

Next, a buffer is set up in main mem<>ry for the data tranifer. Due to Constraints on conventional 

DMA controllers, the buffer typically cannot straddle a 64 KB physical page boundary. Thus, sound data 

~
I 

I 
i 



W096/1S499 PCT/US95/13865 
.· _:··:-: .. 

-7-

may have to be transferred in packets each of which is no greater than 64 KB· in size. After a packet is 

transferred the sound card 26 generates an interrupt. and the Driver ISR causes the next packet to be 

transferred. 

After the buffer is set up, the DMA controller is programmed .for the appropriate mode of data 

5 transfer (such as single-cycle or auto-initialize). Programming the DMA controller also involves enabling 

the appropriate DMA channel,. and providing the base address and length of the buffer containing the 

packet in main memoiy. 

Next, the sound card 26 is given a time constant which controls the rate of data transfer. This is 

accomplished by writing a Set Time Constant command to the Write Command/Data port on the sound 

lo card 26 followed by a one byte parameter specifying the time constant. as is known in the art. An YO 

command is then sent to the sound card 26 to initiate OMA transfer. This is done by writing an YO 

command to the Write Command/Data port on the sound card 26. For examples ofl/O commands 

typically used in sound .cards, see Hardware Ref~ at 6-1 to 6-29 which is incorporated herein by 

reference. 

15 The sound card 26 then requests DMA transfer by asserting a logical 0 on the DMA 1 REQ line. 

This represents a request to the OMA controller 16 to obtain data from the base address of the buffer in 

main memocy. Either a byte or·a word is transfmed, depending upon whether an 8-bit or 16-bit DMA 

channel is being used. When the sound data is provided, the DMA controller 16 decreases by an Uiteger an 

internal count of the transfer length and increases. by an integer the address used to retrieve data from the 

20 buffer. 

When the ISA bus 24 receives the sound data, a logical 0 is asserted on the DMA 1 ACK line to 

indicate that the DMA request is being serviced. The sound card 26 then reads the sound data from the 

ISA bus 24 and outputs it on an output device. such as a speaker or the like to produce sound represented 

by the data. EvCJy time the sound card 26 receives data from the ISA bus 24, it decreases a count of the 

2 s transfer length that is maintained in a packet length register in the sound card 26. 

This process is then repeated for subsequent pieces of sound data in the packet, until the count in 

the packet length register of the sound card 26 reaches mo (0). At this time, the entire packet in the buffer 

has been transferred, and the sound card 26 generates an interrupt request on its interrupt request line 41.· 

This causes the Driver JSR to be activated. The Driver ISR preserves the machines status and detennines 

30 whether there are more packets to transfer. If there are more packets of sound data, the ISR sets up a 

buffer for the next packet, configures the DMA controller, and issues an YO command to .the sound card 

26. As is known in the art. this process may be simplified in auto-initialize mode. See Hardware 

Reference at 3-5 to 3-6, which is incorporated herein by reference. 
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The Driver ISR then acknowledges the iritem.tpt froll1 the s0und card 26, and outputs an £01 (End 

Of Interrupt} to the Interrupt Controller 42. Theil the machine statUs is restored and an IRET (Re~ from 

Interrupt) ~mmand is executed. This process continues until there are no more packets io be transferred 

between the application and the sound card 26. AfteJ' the applicati0n is·fuiished with the sound 110, it then 

5 disables the interrupt and restores the original intm"Upt service routine. 

The conventional system described above bas· several signifieant limitations. It requires that sound 

data be transferred across the ISA expansion bus, which has a limited data tr8Dsfer rate and a high latency. 

The data transfer rate is limited by both the baDc:lWidth of the data path (i6 bit$) and by the complex DMA 

transfer protocol used in the ISA system. ·This may be particulafly disadvantageous· in multimedia systems 

1 o where a large amount of bandwidth must be allc>Cated for video and graphics, or in other systems requiring 

large amounts of data to be transferred across a bus in addition to sourid data. 4 
To improve block transfer rates for video and graphies systems, local buses such as the VESA 

· Local Bus and PCI Bus, or similar high speed buses using bUrst mode data: transfer have beeii developed. 

For a description of high speed bus systems, and a comparison of data transfer rates with expansion buses, 

15 see Tom Shanley· and Don Anderson, PCI SYstcm Architecture. PC System Architecture Series Volume 4 

· (MindShare Press 1994 2nd ed.) (hereinafter "PCI Ardiitecture"), which is hereby specifically_ ·incorporated 

herein by reference. However, conventioiud ISA;.based sound systems and the applications written for 

them may not be compatible with these high speed buses. This inhibits the de'Velopment of complete local 

bus multimedia systemS, including video, graphics, and sound, that are compatible with many existing 

2 o software applications. 

It should be lioted that; traditionally, graphics, video, and audio subsystem$ have used separate 

memory spaces and bus connections as a result of independent controllers with incompatibie data.types. 

This may result in wasted memory space and memory baDdwidth, duplicated b1ls interlace logic, and 

wasted CPU cycles to manage ii1dependent subsystems. As a consequence, the cost of providing these 

25 capabilities has been relatively high; 

Figure 2 gei1erally indicates a system· according to a first embOdiment of the present invention in 

block form at 50. The system of the first embodiment includeS a number of the same Coinponents as the 

system shown in Figure 1. These include the CPU 11, the maUi menlmy 12, the main memory controller 

14, the DMA controller 16, the ISA bus controller 18, the local bus 20 aild the ISA bus 24 connected as 

30 shown. One skilled in the art will appreciate the interconnection and operation of these components. 

The system 50 shown in Figure 2 also includes a local bus bridge 52 cOnnected to the local bus 20. 

Preferably, in the first embodiment, the bridge 52 provides a PClBus compliant system although other bus 

systems such as a VESA local bus system m&Y be supported. A high speed 110 bus 54 has a oommon 

co1U1ection with the bridge 52, with a peripheral 1/0 interface 60 and with a Media Stream Controller 58. 

~ 
i 
I 
I 
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While the high speed I/O bus 54 is coupled to the local bus using a bridge in the first embodiment, other 

embodiments of the present invention may be adapted. to support other methods of connecting to the local 

bus. such as direct connection, buffered connection or connection through a combined cache/bridge. See 

PCI Architectw'e at 12-30, which is incorporated herein by reference. The peripheral 1/0 interface 60 is in 

5 tum connected through a peripheral bus 62 to peripheral equipment 64. The high speed I/O bus 54 in the 

first embodiment may be a VESA .Local Bus or a PCI bus which provides a data bandwidth of thirty two 

(32) bits in parallel and which may in the future provide as many as sixty four (64) bits in parallel. The 

peripheral equipment 64 may illustratively be a printer which is operated in accordance with commands 

from the CPU 11. 

1 o . The high speed 110 bus 54 shown in Figure 2 is coupled to a Media Stteam Controller 58 in the 

first embodiment shown as a single block in Figure·2 and as a simplified block diagram in Figure 3. The 

Media Stream Controller 58 may be disposed on an integrated circuit chip. 

Referring to Figure 3, the Media Stream C~oller 58 of the first embodiment communicates with 

the 110 bus 54 through a Main Bus Interface 300. The Main Bus Interface is connected to an internal 3-

15 state HBus 302 allowing communication with various functional agents or modules attached to the Hbus. 

These modules may include a VGA Controller 304 for graphics, an Audio Module 306 for sound, and a 

Media Buffer Access Controller 308 which may allow data to pass though to a separate display memory 

through an MBus 310 and Display Memory Controller 312. A GUI Accelerator 314 may also be provided 

as shown. Other modules such as flash ROM or Yamaha OPL support may also be added to the Hbus. 

2 o The VGA Controller 304 may communicate with, and is connected to, a PACDAC Controller 318 and an 

PC Controller 320. The PACDAC Controller 318 is also connected to the MBus 310. Each of the 

modules connected to the MBus may transfer data to·or from a separate display memory via MBus 310, 

Display Memory Controller 312, and a random bus 86. In addition, the Media Stteam Controller 58 may 

communicate with other portions of a multimedia 110 system through the Video Input Interface 316, Audio 

25 Module 306, Display Memory Controller 312, PACDAC Controller 318, and I2C interface 320. 

Preferably, standard interfaces such as AES/EBU and I2C are supported. 

A first embodilnent of the present invention provides a system which is compatible with many 

earlier ISA-based sound systems, yet resides on a local bus or other bus providing burst mode or high 

speed block data transfer. The first embodiment accepts commands in a prior art fonnat, but bypasses the 

3 o DMA con1roller for digiti7.ed sound I/O transfer. It should be understood, however, that the present 

invention is by no means limited to providing compatibility with ISA-based sound systems. It will be 

readily apparent to one of ordinary skill in the art that aspects of the present invention may be applied to 

provide compatibility with other 1/0 systems on different buses, including without limitation, the Extension 

to Industry Standard Architecture (EISA) expansion bus, the Micro Channel expansion bus, and the X-bus 
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(extension to the expansion bus). For a description of these bus systems, see Tom Shanley, EISA System 

Archjtc;Cture, PC Systelll Architecture Series Volume 2 (MindShare Press 1993 rev. ed.); alid PCI 

Architecture,· each of which is· hereby sJ>ecifically incorporated herein by referenee. In addition, the present 

·invention may be advantageously applied. even where compatibility is not an issue. 

5 Refeiring to Figure 2, the Media Stream Controller 58 receives inputs from a video input circuit 

66. The video input circuit 66 receives video inputs through a bus 68 from a video source (not shown) 

which may be constructed in a conventional manner. The Media StreaniController 58 also receives inputs 

from, and provides outputS to, a sound integrated circuit 70 which may be constructed in a conventional 

manner. 

1 o The sound integrated circuit ·70 receives inputs "relating to monaural sound on one of two pairs of 

lineS 72 and 74 or relating to stereophonic sound on both pairs of lilies. For example, the sound inputs on C 
the pairs of lines 72 and 74 may be from microphones. The sound iiitegratecl circuit 70 may provide a 

. sound output on a pair. of lines 76. These lines are respeetively desigriated as L (left) and R (right) to 

indicate the disposition of speakers for stereophonic sound. Preferably, a standard AES/EBU serial audio 

15 interface is used for coinmunicatiOli between the Media Stteam COntroller SB and sound integrated circuit 

70. 

A line 80 extends from the Media Stream Controller 58 to Olie of the input terminals of an 

interrupt controller 82 corresponding to the intelrupt controller 42 in Figure 1. As will be seen, the 

interrupt controller 82 has a plurality of input terminalnespectively desigllated as IRQ l-IRQ7 and 

2 o · correspoilding to ·the input terminals IRQ l-IRQ7 of the intmupt controller 42 in Figilre 1. An interrupt 

line 80 corresponding to the interrupt line 41 in Figure· 1 extends between the Media Stream Controller 58 

and the interrupt contronef 82. However, a line 80 is shown iii Figure 2 as extending to the IRQ 5 terminal 

as distinguished ftom the IRQ 4 terminal in Figure 1. For thC first embodiment, the Medla Stream 

Controller 58 uses a different IRQ input than is used by the conventional ISA sound card of Figure I to 

25 activate the Driver ISR. A line 84 corresponding to line 44 in ·Figure· 1 COi1ilects CPU 11 to Interrupt 

Controller 82. 

A display memory randOm bus 86 is commoil with the Media Stream Controller 58 and a display 

memory 88 (also designated in Figure 2 is a video random access memory). This display memory 88 has 

different portions. For example, the display memory 88 has a portion 90 designated as a "GUI FIFO 

3 o memory" for storing commands on an overflow basis. The memory portion 90 and related portions of the 

system are disclosed in detail in copending application Serial No. __ (attorney's file D-2793) filed on 

November 10, 1994 in the names of David C. Baker and Michael D. Asal as joint inventors, titled "System 

for, and Method ot: Processing in Hardware Commands Received from Software without Polling of the 

~' ii 
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Hardware by the Software", assigned of record to the assignee of record of this application, and which is 

hereby incorporated herein by reference. 

The display memory also includes a frame buffer memory 92 for storing graphics data, such as 

data for a look-up table, and a video input memory 94 for storing video data. A system for storing 

5 graphics data and video data in different portions of a display memory is disclosed in detail and claimed in 

copending application Serial No. 08/014,359 :filed February S, 1993, (attorney's file D-2657) in the names 

of Jonathan I. Siann, Comad M. Coffey and Jeffiey L. Easley, as joint inventors, titled "System for, and 

Method o( Displaying Information from a Graphics Memmy and a Video Memory on a Display Monitor", 

assigned of record to the assignee of record of this application, and which is hereby incorporated herein by 

1 o reference. The outputs from the frame buffer memory 92 and the video input memory 94 are provided on a 

line 96 designated as "Digital Pixel Data to PACDAC". 

The output on the line 96 may be introduced to a display monitor (not shown) to provide a visual 

image. The term "PACDAC" is an acronym to indicate a packet based digital-to-analog converter. The 

PACDAC may also include a random access memory. A PACDAC and related portions of the system are 

15 described in detail in copending application Serial No. 08/214,787 (attorney's :file D-2717) filed March 16, 

1994 in the names of David C. Baker and Jonathan I. Siann as joint inventors, titled "Multimedia Graphics 

System", assigned of rCcord to the assignee of record of this application, and which is hereby incorporated 

herein by reference. The output on line 96 indicates that the binary information in the frame buffer 

memory 92 ma}r represent positions in a look-up table and that these positions may have binary indications 

2 o . representing pseudo colors. These binary indications are converted to analog values by the digital-to­

analog converters to provide the colors at the different pixel positions on the display monitor. As disclosed 

in co-pending application Serial No. 08/014,359, the video information in the video input memory 92 is 

converted to a form compatible with the graphics information for the frame buffer memory 92 and this 

converted video information is shown in the display monitor. 

25 The medi.a stream controller, display memory, and PACDAC may also cooperate to produce a 

composite video output signal. A composite video subsystem and related portions of the system are 

disclosed in detail in copending application Serial No. __ (attorney's file 11543-702) filed on 

. November 10, 1994 in the names of David C. Baker, Daniel P. Mulligan, and Eric l: Schell as joint 

inventors, titled "System and Method for Generating Video in a Computer System", assigned of record to 

30 the assignee of record of this application, and which is hereby incorporated herein by reference in its 

. entirety. Additional aspects of a multimedia system are described in a copending application (attorney's 

file D-2847) filed in the names of David C. Baker, Michael D. Asal, Jonathan I. Siann, PauJ Wood~ Jeff 

Nye, Steve Glennon, and Mathew Bates asjoint inventors, titled "MuJtimedia System and Method", 
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assigned of record to the assignee of record of this application, and which is heri:by ineorporated herein by 

reference. 

A portion ofthe display memory is also used to provide an audio buffer 100. The audio buffer 

100 is preferably a 32 KB buffer in the first embodiment, although other sim including but not limited to 

5 16 KB or 64 KB could be used. The audio buffer 100 is used to buffer sound data along with certain 

formatting and control information for the data before it is sent tO, or received from, the sound integrated 

circuit 70. The buffering allows sound data to be tranSferred between main Diemmy and the audio buffer 

100 across the local bus 20 andhigh speed VO Bus 54 at a high rate using bui'st mode data tralisfer, yet 

still allows sound data to be played or recorded throUgh the· sound integrated circuit at a different 

1 o frequeney. For instance, one wotd of sound data may be output to the SOund Integrated Circuit 70 every 

20 µs even though the data transfer rate across the local and high speed VO buses is much higher. Thus, 

the play and record frequency is decoupled fi'om the data transfer rate~ ·By transfei'ring a block of sound 

data at high speed and by buffering it in the audio buffer, bus bandwidth can be freed up for other uses. 

Figure 4 is a simplified block diagram illustrating how sound is produced in a system according to 

15 the first embodiment Digitized sound VO is controlled by a software application 400 that sends 

commands to the Media Stream Controller 58, either directly or thiough a driver 402 as shown in Figure 4. 

To provide compatibility, the first embodiment allows these commands to· be sent to the same addresses, in 

the same fonnat, as is common in typical ISA-based sound systems~ ·The commands may be addressed to 

an VO port directly (for instance as an offset of a base address such as 220h or 240h) or through addresses 

2 o that are memmy mapped to these ports. The Media Stream Controller 58 will intercept these commands 

fi'om the high speed VO Bus 54 and its Main Bus Interface 300 will convert the addresses to internal 

addresses on th~ Hbus 302 for the Audio Module 306. 

The digitized sound VO comnuands and related data transfer are processed primarily by the Audio 

Module 306 and an Audio Interrupt Service Routine (AISR) 404. The AISR404 is preferably loaded at 

2 5 boot up as part of the BIOS, and is configured to be activated by an.intCITupt generated by the Audio 

Module 306. When the software application 400 sends a command to the Audio Module 306 requesting 

that a packet of sound data be played, the Audio Module 306 generates an interrupt Bild the AISR 404 is 

activated. The AISR 404 reads the command out of registers· in the Audio Module 306 and causes part or 

all of the packet to be transferred through the Media Stream Colitroller 58 tO the Audio.Buffer 100 using 

. 3 o bui'st mode block transfer commands executed by the CPU. The Audio Module 306 then transfers the · 

.sound data out of the Audio Buffer 100 at the desired frequency, formats· it in standard AES/EBU format, 

and sends it_ to the Sound Integrated Circuit 70. The Sound Integrated Circuit then plays the sound on an 

output device 406. When the buffered sound data has finished playing, the Audio Module 306 generates 

~I 
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another interrupt to once again activate the AISR 404. If more sound data remains in the packet, the AISR 

transfers it to the Audio Buffer and the process continues. 

Once the entire packet has been played, the AISR generates an effective interrupt which activates 

the Driver Interrupt Service Routine 408 (or an ISR set up by the application where a driver is not used). 

5 Where a driver·is used, the Driver Interrupt Service Routine 408 may in tum call an Application Callback 

Function 410. The effective interrupt is preferably indistinguishable from an interrupt generated by a 

conventional ISA-based sound card 26. Thus, the Driver ISR 408 and Application Callback Function 410 

may operate compatibly with both conventional sound cards and the system of the first embodiment After 

being activated by the effective interrupt, the Driver ISR 408 and Application Callback Function 410 may 

1 o set up additional packets to be transferred or may terminate the digitimi sound VO. If additi~al packets 

are sent, the AISR 404 and Audio Module 306 repeat the process described above. 

The mechanisms used to allow cooperative process~g of digitimi sound VO by the Audio Module 

306 and AISR 404 in the first embodiment will now .be described in more detail. The processing of 

digitimi sound VO in the first embodiment uses addresses generally corresponding to registers provided in 

15 conventional sound cards. Accesses to these registers are decoded by the main bus interface 300 of the 

Media Stream Controller 58 and mapped on the Hbus 302 to the Audio Module 306. While the addresses 

used and the :functions performed by accessing them may be compatible with conventional sound cards, the 

internal structure and operation is specifically designed to allow processing by the Audio Module and 

AISR in a high speed VO Bus environment. In particular, an Audio Read Register (ARR) and an Audio 

2 o Command Register (ACR) may have a conventi0nal portion accessible to a software application for 

compatibility. They may also have a local portion that is used for the logic and eommunication of the 

Audio Module and AISR. In the first embodiment, the ACR and ARR have a separate local portion used 

for command processing· that is not accessed by the application, but is accessed by the AISR When a 

value is to be provided to the software application, the value is moved from the local portion of the ARR or 

25 ACR to the non-local portion. Table I lists the main registers accessible by a software application. The 

fll'St column lists the address offset for the register. The second eolumn lists the register's name, and the 

third colwnn lists whether the register allows read (R). or write (W) access. 
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TABLE! 

Address Offset Acass 

0x02X6.7 . ster "Reset" w 

0x02XA.B Audio Read R 
'· 

5 0x02XC.0 'ster ACR) w 

Ox2XC.D R 

0x02XE,F Audio Read Status R 

The Reset Register is used to place the Audio Module in an initialim::l state similar la conventional 

10 sound cards. The Reset Register may be implemented in logic rather than using an actual register. Jn 

addition to initializing its own logic,·the Audio Module sets a reset flag in a st:Btus byte of the Audio C 
Command Register (discussed further below) and generates an interrupt to activate the AISR. The AISR 

then parses the status byte of the Audio Command ~gister (ACR), detects a reset, Ind resets its state logic 

to an initialized state. 

15 The Audio Command Status (ACS) register·is read to determine whether the Audio Module is 

ready to receive a command or data. If the Audio Module is ready, •a cnmmand or.data may be written to 

the same· address, which then functions as the address for the ACR. To read data returned from a 

command, first the Audio Read Status (ARS) register is read to determine whether the data is ready. If it is 

ready, the data may be read from:the Audio Read Register (ARR.). 

2 o ·The processing. of digitized sound VO commands provides the basic mecban;sm for 

communication between the Audio Module 306 and the AISR 404 and will now be described in detail. 

Sound commands are initially received by the Audio Module 306. Depending on the type of command, the 

Audio Module may process it directly (these commands are referred to as. "Passive AM Direct" 

commands), store its parameters in a register for the AISR to use later (these commands are referred to as 

25 "Passive AM Shadow" commands) or generate an interrupt to activate the AISR to process the command 

(these commands are referred to as "Active AISR" commands). Table 2 illustrates how commands may be 

categorized for the system of the first embodiment. The first column of Table 2 lists the command code, 

which is written to the ACR to initiate processing. The second column lists the number and size of 

parameters for the command, and column three lists the number and size of data parameters returned by the 

3 o command via the ARR. Column four contains a functional description of the command, and column five 

indicates how the command is processed by the system of the first embodiment. 

ii 
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TABLE2 

CJnd #Panns ClndResD J'unctional DescriDdoas ProcessiDI! Method 

OxlO lbvtcto2XC 0 Din=ct mode olav "Acti\re" AISR 

Ox14 2hvll!tii to 2XC 0 SCD olav mode "Active" AISR 

Oxl6 2bvtato2XC 0 2-bit ADPCM CSinale Cvcle) "Active" AISR 

Ox17 2hvlmto2XC 0 2;.bit ADPCM w/ref(Sinale Cwle) "Active" AISR 

OxlC 0 0 AID olav mode "Active" AISR 

OxlF 0 0 2-bit ADPCM w/ref CAuto-Init) "Active" AISR 

Ox20 0 1 bvte from 2XA Direct record mode "Active" AISR 

Ox24 2bvtato2XC 0 SCD record mode "Active" AISR 

Ox2C 0 0 AID record mode "Active" AISR 

Ox40 lbyteto2XC 0 DMA transfer time constant "Passive" AM Shadow 

Ox48 2hvlmto2XC 0 Set transfer size for Auto-Inits "Passive" AM Shadow 

Ox74 2bvtato2XC 0 4-bit ADPCM (Sinllle Cwte'\ "Active" AISR 

Ox7S 2bvtato2XC 0 4-bit ADPCM w/ref(Sinllle Cvcle) "Active" AISR 

Ox76 21wtmto2XC 0 3-bit ADPCM CSinale Cwte'\ "Active" AISR 

Ox77 21wtmto2XC 0 3-bit ADPCM w/ref (Sinale Cvcle) "Active" AISR 

.Ox7D 0 0 4-bit ADPCM w/ref CAuto-Init) "Active" AISR 

Ox7F 0 0 3-bit ADPCM w/ref (Auto-Init) "Active" AISR 

Ox80 2hvtmto2XC 0 Pause OMA "Active" AISR 

Ox90 0 0 BSD Plav CAuto-Init) "Active" AISR 

Ox91 0 ·O BSD Plav (Sinale Cvcle) "Active" AISR 

Ox98 0 0 BSD Record (Auto-Init) "Active" AlSR 

Ox99 0 0 BSD Record (Sinale Cwle) "Active" AISR 

OxAO 0 0 Set record mode to mono "Passive" AM Shadow 

OxA8 0 0 Set record mode to stereo "Passive" AM Shadow 

OxDO 0 0 HaltDMA "Active" AISR 

OxDl 0 0 Tum Sneaker ON "Active" AISR 

OxD3 0 0 Tum Sneabr Off "Active" AISR 

OxD4 0 0 Continue DMA "Active" AISR 

OxD8 0 l bvte from. 2XA OO:Solcr OFF, OxFF Soler ON "Passive" AM Direct 

OxDA 0 0 Exit AID DMAMode "Passive" AM Shadow 

OxEO lbvtcto2XC 0 Invert cmd nanuncter & 1esd · "Passive" AM Direct 

OxEI 0 2 hvtes from 2XA Version check "Passive" AM Direct 

SUBSTITUTE SHEET (RULE 26) 
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Direct commands, such as version check (OxEl) and speaker status (OxD8), are processed directly 

by logic in the Audio Module and do not require any :action by the AISR. 

Passive shadow commands are trapped by the Audio Module 306 and .the relevant ~ormation 

from the command is placed in an Audio DMA Control Register (ADCR). This information can then be 

5 read by the AISR when it processes a DMA command (which is Active). The ADCR is accessible by the 

AISR through memory mapped 1/0. The ADCR is a four byte register. The DMA Time Constant is 

placed in byte 0, the least significant byte (LSB) of the OMA length is placed in byte I, the most 

significant byte (MSB) of the OMA length is placed in byte 2, and a OMA Control Status byte is placed in 

byte 3. The bits in the DMA Control Status byte may be set to tell the AISR whether stereo or mono play 

1 o and record are being used, and to indicate whether a new OMA time constaiit or OMA length has been set. 

Active commands are trapped by the Audio Module and stored in the local portion of the Audio ( 

Command Register (local ACR). ~local ACRcontains four registers, each 4 bytes long. Each register 

may contain a command and associated parameters. For each register, byte 0 is used for the command 

code, byte I is used for the first parameter byte (this is set to OxOO if not used), byte 2 is used for the 

15 second parameter byte.(this is set to OxOO if not used), and byte 3 contains an AISR status ·byte which is 

described in more detail below. 

When a command/data write is initially detected by the Audio Module 306~ the data is latched into 

byte 0 and the Audio Module looks the command up in a table of known commands to determine the 

number of parameters it should expeet. If there are parameters, the Audio Module will wait to receive the 

20 parameters. If the command is a shadow command, the parameters will be plaCed in the ADCR as 

described above. If the command is active, the parameters~ if any, will be placed in bytes I and 2 of the 

localACR. 

Bit flags may also be set in the AISR status byte to indiCate to the AISR that certain events have 

taken place, such as a reset, an interrupt acknoWledge (for AID mode), or the detection of an unknown 

25 command. It may also coiltaiD a local ARR byte poiiiter (discussed below). When the active command 
.. . . 

sequence is complete, the Audio Module will generate an interrupt to activate the AISR. The AISR may 

then access the information in the local A~R register through memory mapped 1/0. 

The pmpose ~f having four registers in the local ACR is to support the possibility that the Driver 

ISR (or Application ISR) called by the AISR may disable interrupts and perform active commands. The 

30 AISR will not be able to process ~new commands until interrupts are enabled. It is believed that for 

most practical cases in the fll'St embodiment. no more. than four active commands will be written by the 

Driver ISR with -interrupts disabled ... Th~. the 4-deep focal ACR will be able to Store all of these 

commands until interrupts are enabled.' The 4-deep buffered local ACR registers operate in a 

"wraparound" fashion when more than one command is received. 
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Before an application writes a command or data parameter to the Audio Module, it must first 

check the status of the register by performing a read on.Ox2XC. The Audio Module 306 processes these 

requests directly. Generally, a signal indicating that the register is ready to receive commands or data 
parameters is returned. During short periods of time between an interrupt request and an acknowledgment 

5 from the AISR, a value of not ready may be returne4 In addition, if the 4-decp buffered local ACR 

registers are ever all full, a not ready value will be returned. 

The ADCR and local ACR registers ·provide the basis for command processing in the first 
embodiment When a write to Ox2XC is initially detected by the Audio Module 306, the byte is placed in 

byte 0 of the local ACR. Then the Audio Module identifies the command, determines whether it is a 

1 o "direct", "active", or "shadow" mode command, aild determines the number of additional parameters 

required. If the command is non-active, the Audio Module interprets and processes the command This 

involves either direct processing {such as issuing a command to get speaker status), or shadowing the 

command in the ADCR for later use. by the AISR. If the command is "active", the Audio Module receives 

the appropriate number of parameters in the local ACR and generates an interrupt request 

15 The AISR 404 is then activated by the interrupt controller. The AISR reads the flags in the 

interrupt status word from an Audio Interrupt Register (AIR) to determine that the Audio Module is the 

source of the interrupt, and to determine what action has taken place. If a known command is detected, the 

AISR will then proceed with command processing. In addition, appropriate information will be extracted 

from the ADCR as necessary. The various actions that may be taken to process different commands are 

2 o illustrated in a computer program listing for a sample AISR attached at the end of this specification in 

accordance with 37 CFR § 1.96. The computer program listing is entitled Appendix A and is incorporated 

herein by reference. In addition, the AISR processing for DMA mode eommands is described in more 

detail below. If, on the other hand, an unknown Command is detected, the AISR 404 will attempt to 
determine how many bytes the Audio Module 306 should discard before resuming command processing. 

25 Once a command has been processed, data may be returned through the local portion of the Audio 

Read Register {local ARR). The local ARR in the first embodiment consists of a 3-byte circular buffer for 

storing data to be returned to an application, as well as a fourth byte set aside to store control information 

from the AISR that is used by the Audio Module. A pointer to the cmrent byte in the 3-byte circular buffer 

is maintained in the AISR status byte of the local ACR. When a data value is returned, it is placed in the 

30 cmrent byte by the AISR for active commands and by the Audio Module for passive commands. If two 

bytes are retwned, they .are placed in consecutive bytes of the circular buffer. When an application 

performs a read on this register, the current byte of data is placed in the non-local portion of the ARR, and 

the pointer is automatically updated to the next IQCation. The last byte of the local ARR is not part of the 

circular buffer. Rather it is used to pass control information from the AISR to the Audio Module. Its 



WO '6/15499· PCT/US95/13865 

-18-

function is similar to the AISR status byte of the local ACR which provides stattis iiifoimation from the 

Audio Module to the AISR. Bit flags are set in the control byte of the local ARR to indicate hoW many 

bytes to discard if an unknown command has been detected. Additionally, a :tlag is set to tell the Audio 

Module 306 when the AISR 404 has generated an effective interriipt for die Driver ISR 408 at the end of a 

5 OMA transfer (discussed further below). 

Before an application reads data from the ARR, it should check the Audio Read Status (ARS) 

register. This register provides a value indicating Whether. data is ready to be read from the ARR. When 

multiple bytes are returned by a command, a que of "ready" flags is set. Each "ready" flag is cleared when 

. the corresponding data byte is read from. the ARR by the application. For commands ·that do not ret1un 

lo data, the ARS register returns a value of 11notready11
• 

The above registers provide a basic mechanism far COinrnUnication between the Audio Module f 
306 and the AISR 404. It will be readily Uilderstood by those of ordmaiy Skill in the art that the 

. information maintained in these registers will be dictated by the runctions implemented and by the need for 

compatibili1¥ with existing applications. Additional bit flags may be set in status and control bytes of the 

15 registers as Decessll}'. The number and behavior of registers may also be modified to suit the particular 

application. For inStance, a second embodiment may 1ise teclmiques similar tO those discussed above to 

process commands for an audio mixer chip in a maimer C:ompatible with conventional mixer chips. An 

example is illustrated in ·the computer program listing for the sample AISR attached at the end of this 

specification and incorporated herein by reference. 

2 o Overyiew of Qperation 

Now that the audio sound registers have been described, the tranifer of sound data for OMA mode 

commands will be described in detail. OMA mode commands ai'e handled primarily by two sets of data 

transfer in the first embodiment - (1) a transfer of data from the main memory io the Audio Buffer, and 

(2) a transfer from the Audio Buffer to the SOUnd Jntegtated Circuit The firSt transfer is controlled 

2 5 primarily by the AISR 404 and will be discussed firSt. The second transfer is controlled primarily by 

hardware in the Audio Module 306 and will be discussed ·Second. •The following description will focus on 

OMA mode commands Cot playing sound data in the first embodiment - ihat is transferring somld data 

from the main memory to an output device such as a speaker or the like. It will be readily ·understood that 

similar techniques may be used to support recording of sound data by transferring ~ta· in the opposite 

3 o direction· (from an input device, such as a microphone or the ~-to main meniory). Both of these 

techniques are illustrated in the computer progtim listing for the silnpie AISR attached at the end of this 

specification and. incorporated herein by refereilce. Similariy, the techniqUel described below may be 

. adapted to provide direct mode play and record which are also illustrated iD the Computer program listing 

for the sample AISR. 
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In order to understand the processing of DMA·mode commands in the first embodiment, it is 

hclptbl to.understand the structure of the Audio Buffer I 00. The structure of the Audio Buffer for the first 

embodiment is illustrated in Figure 5. The Audio Buffer 100 in the first embodiment is a 32 KB buffer in 

the display memory 88. At the beginning of the Audio Buffer, space is set aside for Audio Structures 500-

s 522 which contain format and control information for the data being transferred. Each Audio Structure 

consists of two double words. These double words contain information regarding the data block size, the 

data transfer direction.and formatting, as wen ·as some additional information for the data block. Space is 

also allocated for buffers 524 and 526 to store data being transferred for direct play or record modes. 

The rest of the Audio Buffer 100 may be used to buffer data for DMA mode commands. In the 

10 first embodhnent, 32,640 bits are provided for this purpose. If an application requests a packet to be 

played that is 32,640 bits or less, the AISR will put the entire packet in this buffer, and the format and 

control inforination for the packet will be placed in the PLA YI Audio Structure 504. It Will be recalled, 

however, that in the ISA based system described above, DMA may be used to transfer a sound packet of up 

to 64 KB at a time. Therefore, if the packet is larger than 32,640 bits in the first embodiment, a double 

15 buffering system is used to transfer the data through the Audio Buffer. Two Play/Record buffers 528 and 

530 are set up, each being I6,320 bits. The AISR 404 determines how many· I6,320 bit blocks will be 

necessary to transfer the data and sets up that many Audio Structures in the· Audio Buffer I 00. A flag is 

set in the last Audio Structure to indicate that it is the last block in the packet The AISR 404 then 

transfers the first 32,640 bits of the sound packet to the Audio Buffer. The format and control information 

20 in the PLA YI Audio Structure 504 are used by the A• Module to transfer the first I6,320 bits of data 

(in the first half of the Play/Record Buffer 528) to the Sound Integrated Circuit 70. When this data has 

been transferred, another block of data from the packet (up to I6,320 bits) is transferred to the fiist half of 

the Play/Record buffer 528 by the AISR. This data corresponds to the PLA Y3 Audio Structure 508. In 

the meantime, data may be read out ofthe second half of the Play/Record buffer 530 to be played by the 

2 s Sound Integrated Circuit 70. When the data in the second half of the Play/Record buffer 530 has been 

transferred, a block of data corresponding to the PLAY 4 Audio Structure 5 I 0 may be transferred to the 

second half of the Play/Record buffer 530 while the data in the first half (for PLA Y3) is being played. 

This double buffering process continues until the entire packet has been transferred. The number of Audio 

Structures needed is determined by the number of 16,320 bit blocks required to transfer the entire sound 

30 packet. It will be readily understOod by those of ordinary skill in the art that five (5) Audio Structures are 

required to transfer a 64 KB (65,536 bit) packet of sound data. The last buffer will only contain 256 bits. 

Of course, other sized Audio Buffers could be used. A I6 KB buffer would require as many as nine (9) 

Audio Structures to transfer a 64 KB sound packet, while a 64 KB buffer would require only two Audio 

Structures. 
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Specific Q_peration 

The processing for a sample OMA mode commalid will iiow be traced with reference to the 

computer program listing for the sampleAISR attaclted at the e1id of this specification and with reference 

to Figures 6 and 7: For illustrative purposes, it will be assumed that an auto-initialize OMA (AID) play 

s mode command (OxlC) is being processed. 

As has been discussed previously, the DMA mode commands are initiated by application software 

400. The application 400 programs the DMA controller by enabling the OMA channel, providing a base 

address for the transfer, and by providing a count indicating the number of bytes (ot words) to transfer. In 

addition, the OMA mode is set (in this eX8Dlple the mode would be set to auto-initialize)~ 

1 o . The application als0 sends a commalid to the Audio Module 306 to set the time constant to control 

the rate at which the data is sent to the output device. The applicati<>n may also COnfigme the system to C 
play in stereo or mono. Since auto-initialize mode is being used, the applicatioo would also set the transfer 

size. All of this .informatic>n is stored by the Audio Module 306 in the ADcR. 
The application 400 then sends the AID play mode command (OxlC) to the Audio Module 306. 

15 The· Audio Module detects the commalid, places it in the local ACR, and sets a flag in the status byte of the 

local ACR to indicate that a known command has been detected. Then the Audio Module 306 generates an 

interrupt to activate the AISR 404, since· the AID play mode command is an "active" cOmmand. 

· Figme 6 is a simplified flow chart ill1isttating the steps taken by the AISR 404 to process the 

command. The steps are•generally labelled to correspoiid· to the label and procedure names for the 

2 o corresponding code in the sample AISR computer program listing attached at the elld of this specification 

and incorporated herein by reference. At BTSROO 600, the AISR first saves the state of the machine as is 

conventional in interrupt ~ice routines. The AISR also sets up tm: address used to access the audio 

. registers at this point. 

At BTSRl 0 602, the AISR reads the interrupt status from the audio registers and determines the 

2 s · type of interrupt that has occUrred. In this case, the AISR determines that an active audio command has 

been sent to the Audio Module 306. This causes the AISR to jump to the code labelled SBC 604 where the 

time constant, transfer size, and status byte are retrieved from the ADCR. ·The status byte is checked to see 

if a new time constant has been provided as shown in block 606 of FigQre 6. If a new time constant has 

been provided, the procedure CompClk 608 is called to set the new frequency for sound output. The read 

30 of the status byte automatically clears the time constantfla& so this step wili be skipped on subsequent 

calls of the AISR until a.dift'erent time constant is set. 

At SBC2 610~ the AISR reads the contentS of the local ACR, determines the type of command, 

and sets appropriate flags to indicate the type of command (in this case 8 bit AID play). Then the 

procedure BldPly 612 is called. Here the AISR sets up the audio structures in the Audio Buffer. First 

:II 
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BldPly sets the mono/stereo mode as illustrated by blacks 612 and 614 of Figure 6. Then BldPly calls a 

procedw:e UseCase 616. This procedw:e calculates the nwnber of audio structures that will be needed to 

transfer the so~ packet through the Audio Buffer 100. After the AISR returns to BldPly from UseCase 

616, a GetDMA 618 procedw:e is called to get the count and address from the DMA controller. Next 

5 BldPly jumps to one of four pieces of code. dqlending on the si7.e of the sound packet as was determined by 

the UseCase procedure (see. block 620 of Figure 6). BldPly l 622 is used if the packet will fit completely in 

the Audio Buffer (<=32,640 bits}. It configures a single audio structure, and a flag is set to indicate that 

the transfer will be complete after this block Is played. BldPly2 624 is used when three audio structw:es are 

necessary (>32,640 bits and <=48,960 bits). BldPly3 626 is used when four audio structures are necessary 

1 o (>48,960 bits and <=65,280 bits), and BldPly4 628 is used when five audio structures are necessary 

(>65,280 bits). In each case, the appropriate number of audio structures are configured, and a flag is set in 

the last audio structure to indicate that the transfer will be complete after that block is transferred. 

After the audio structures are configured, ~ AISRjumps to BldPly7 630 which moves the initial 

blocks of data into the Audio Buffer 100. Up to 32,640 bits can be moved at this point Additional sound 

15 data will have to be moved to the Audio Buffer on subsequent calls to the AISR 404 using the double 

buffering technique described previously. The actual data transfer is accomplished using a 11rep movsd" 

assembly language command which repeatedly moves double words of sound data into the Audio Buffer 

100 from the main memory address that was retrieved from the DMA controller by the GetDMA 618 

procedure .. This command causes the. CPU to transfer the data across the local bus and high speed YO bus 

2 o to the Audio Buffer 100 using high speed burst mode data transfer. 

After the initial sound data his been transferred, the StartPR 632 procedure is called. This 

. procedure initializes an audio structure pointer in the Audio Module 306 to point to the PLA YI audio 

structure 504. and enables the transfer of data out of the Audio Buffer 100 to the Sound Integrated Circuit 

70.. It also sets a flag to indicate that DMA transfer is in progress. 

2 5 The AISR then restores the machine status and chains to the next interrupt service routine for the 

same level of interrupt to see if any other devices have requested an interrupt. This is the end of the AISR 

processing until it is reactivated by another interrupt. 

The Audio Module 306 then loads the si7.e of the block of data from the PLA YI audio structure 

504 into a counter. The Audio Module 306 then counts through the block of data in the Audio Buffer one 

30 sample at a time. Each word is formatted and sent to the Sound Integrated Circuit 70 at the desired 

frequency. Once the entire block has been transferred, the Audio Module 306 determines whether that was 

the last block in the packet (based on flags set by the AISR in the PLA YI audio structure 504). If it is not 

the last block, the audio structure pointer in the Audio Module 306 automatically increments to point to the 

next audio structure (in this case PLA Y2 506)~ and the data corresponding to this structure (which is in the 
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second half of the Play/Record buffer S30) begins being fonilatted and sent to the ·sound Integrated Circuit 

70. The Audio Module 306 also generates another iDterrupt to activate the AISR 404. The Audio Module 

also sets the interrupt status byte in the local ACR to Indicate that a block has been transferred as opposed 

to a new command being received. This is referred to as a primary audio interrupt 

s The steps taken by the AISR on the second activation are illustrated Di the simplified flow Chart of 

Figure 7. The AISR firSt determines that a primary audio interrupt has occurred and jumps to the code 

labelled SBP 700. The SBP 700code checlcs ·to· sec if the last block of the packet has been transferred out 

of the Audio BUffer l 00. If the last block has not been transferred, the AISRjumps to SBP2 702 and 

determines the amount of data left to transfer as well as the location· for the next block in the Audio Buffer. 

10 If the next block is the last block, a flag Will be set as shown in blocks 704 and 706 of Figure 7. The next 

block will be transferred into the half of the Play/R.ecOrd buffer 528 or 530 that was just emptied (see « 
block 708 of Figure 7). For instance,' if the first block of sound data (c:Oiresponding to the PLAYi audio 

structure 504) was just played out of the first half of-the b1iffer 528, the next block (corresponding to the 

PLA Y3 audio structure 508) will be transferred back into the first haif of the Play/Record buffer 528. In 

15 the meantime, sound data is being transferred out of the second hBlf of the Play/Record buffer S30 

(corresponding to the PLA Y2 Audio Structuie 506) by the Audio Module 306 to be played by the Sound 

Integrated Circuit 70. Similarly, after the·PLA Y2 data bas been.played, data c0rresponding to. the PLAY 4 

Audio Structure 510 can be moved into the second half of the audio buffer 530 while data for the PLA Y3 

Audio Structure 508 is read out of the first half of the Play/Record buffer 528. This double buffering 

2 o method proceeds until the last block of data is played. 

If the AISR determines that the last block in the packet bas beeii played, the SBP 1 71 O code sets a 

flag indicating that an intenupt should be generated to tell the Driver ISR 408 that the packet has finished 

being played. This. code also clears the flag indiCating that i>MA DiOde transfer is in progress. Then 

ZeroOMA code 711 is called which resets the coUDt iJi the OMA coiltrOUer tO the state it Would have been 

25 ·in had a OMA transfer actually been performed by the OMA controller.- In the first embodiment the coWit 

is reset to FFFFFFFF hex. This helps ensure corilpatibility with applications that use the count of the 

DMA controlJer after a OMA transfer.· In an alternative embodimeDt, the Cowit in the DMA controller is 

decreased after each block tranSfer to more accurately reflect the amoimt of data that has been transferred. 

The count is then completely reset up0n the final transfer. 

· 3 o Before the AISR. completes processing, code labeled BTSR90 712 is called to check if the 

interrupt flag is set. If BTSR90 712 dete1mines that the interrupt tlag is set, the code at BTSR90C 714 

then simulates an interrupt to activate the Driver ISR408. An "Jes" assembly language Comlnand is used 

to load a pointer to the Driver ISR 408 and a "call" command is used to c:Xecute the code. In this way, the 

Driver ISR 408 is notified that the transfer of the sound data packet has been completed.in a manner 
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generally indistinguishable to the Driver ISR from conventional ISA based sound cards. As with 

conventional sound cards, the Driver ISR may then request additional packets to be transferred. After the 

Driver JSR returns, the AISR then restores the status of the machine and chains to the next intelTupt servit:e 

routine . 

. s While the above description focuses upon OMA emulation for playing sound data, it will be 

readily understood by those of ordinary skill in the art that similar double buffering techniques can be used 

for recording sound data. For recordinJ data, the AISR sets up the appropriate audio structures and then 

waits for the respective half of the Play/Record buffer to be filled. Once half of the buffer is filled, an 

interrupt is generated and the AISll transfers the data to a buffer in main memory. In the meantime, the 

1 o other half of the Play/Record buffer may be filled with incoming sound data. When the entire packet is 

transferred to main memory, an effective interrupt is generated for the Driver ISR. 

Media Stream Controller 

Figures SA and BB collectively illustrate in additional detail portions of the Audio Module and the 

15 Media Stream Controller 58 used for sound processing in the first embodiment as well as the relationship 

of these portions to the display memory 88. In Figures SA and SB, the Media Stream Controller 58 is 

indicated as being enclosed within a rectangle 103 with broken lines. This rectangle may be considered to 

indicate an integrated circuit chip. An upwardly pointed arrow with a designation of "On Chip" indicates 

what is in the integrated circuit chip 103. A downwardly pointed arrow with.the designation "Off Chip" 

2 o indicates what is off the integrated circuit chip 103. 

A bus interface and FIFO 110 shown in Figure SA comprises part of the Main Bus lnterfat:e 300 

shown in Figure 3. The FIFO may be formed from a series (e.g., 4) of registers in a first in - first out 

relationship. The FIFO 110 may be included in a system for providing commands to the display memory 

88. Such a system is disclosed and claimed in copending application Serial No. (attorney's 

25 file D-2793) filed on November 10, 1994 in the names of David C. Balcer and Michael D. Asal as joint 

inventors, titled "System for, and Method of, Processing in Hardware Commands ·Received from Software 

Without Polling of the Hardware by the Software", assigned of record to the assignee of record of this 

application, and incorporated herein by reference. The bus interfat:e and FIFO 110 receives from the high 

speed YO bus 54 the samples (which may be Dwords, words, or bytes) of sound data in a packet. 

30 The bus interface and FIFO 110 may operate in time synchronization with a bus FIFO controller 

112. The data may be moved into the bus interfat:e and FIFO 110 by an U.put clock on a line ll4 and may 

be moved out of the bus interface and FIFO by an output clock on a line .116. The bus interfat:e FIFO 

controller 112 receives from the high speed YO bus 54 the addresses relating to the words of the sound 
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information in a packet. The bus interface FIFO controller provides an output on a CPU ready line 118 

when the registers in the bus interCacc and FIFO 110 arc :full. 

The output from the bus interface and FIFO 110 is introduced through the HBus 302 to the 

movable-arm of a switch 120. Although the switch 120 is shown as being a mechanical switch; it is 

s preferably a CMOS bus Switch. The switch 120 (Figme 8A) also receives an input through a bus 121 from 

. a sound controller 122 (Figure 8B). The output of the Switch 120 and the output of a frame buffer memmy 

aperture controller 124 arc connected through the MBus 310 to a di8play memoiy controller 312 (Figure 

8A) which is disposed within the integrited circuit chip 103. An input terminal of the frame buffer 

memory aperture colitrollet 124 receives the output of the bus interface and FIFO 110 through the HBus 

1 o 302. Another input of the frame buffer.memory aperture controller 124 ·a1so receives an input from the · 

output of the bus interface FIFO controller 112 on line 163. The bus ·switch 120 and frame buffer memory f 
aperture controller 124 comprise part of the Media Buffer Access Controller 308 shown in Figure 3. 

Sound registers 128 also receive the output from the bus interface and FIFO 110 through the HBus 

302. The sound registers 128 make up pirt of the Audio Module 306 and may include. but arc not limited 

15 to, the registers listed in Table 1. Several registers corresponding to thOse described previously are also 

separately designated as ARR 128a, ACR 128b, ACS 128c, ARS 128d, ADCR l28e, and AIR 128f. 

These registers correspond to the Audio Read Register (ARR) 1288, Audio Command Register (ACR) 

128b, Audio Command Status register (ACS) 128c~ Audio Read Status register (ARS) 128d, Audio DMA 

Control Register (ADCR) 128e, and Audio Interrupt Register (AIR) 128f and have the structure and 

2 o function described previously. As described previouSJ.y, the ARR 128a and the ACR 128b may have both 

a non-local portion accessible to a software applicatic>n in a conventional manner and a local portion which 

·is used primarily for communicating with the AISR. The output from the sound registers 128 passes 

through a bus 129 to the sound controller 122 (Figure 8B) which also makes up part of the Audio Module 

306. The sound controller 122 is also eoupled tbrough a bus 131 to a sc>und register controller 130 (Figure 

25 8A) which provides an input to. and receives an ·output from, the sound registers 128. 

The sound controller 122 (Figure 8B) has a number of connections to a down counter 136 (Figure 

8A) for the sound packet length. ·A set line extends from the sound controller 122 to the down counter 136 

to decrease the count in the down counter by an Integer when a signal is· provided on the set line. This 

down count is synchronized with a clock signal Oil a clock line. An indication of the count in the down 

30 counter 136 is provided to the sound col1troller on a line 138. ·The down c0unter 136 is USed to detetmine 

when a blOck of data from the Audio Buffer 100 has finished being transferred The size of each block of 

data is loaded into the down counter 136 from the Audio Structures in the Audio Buffer 100. As sound 

words are transferred to the Sowid Integrated Circuit 70, the down counter is decreased. ·When the down 

ii 
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counter 136 reaches 0, the·sotmd controller 122 generates an interrupt on line 80 to activate the AISR and 
starts processing data for the next Audio Stnicture. 

The sound eontroller 122 (Figure 8B) also has a number of connections to an up counter 140 for a 
sound packet RAM fetch address. The up counter 140 is used to count through and consecutively access 

5 .the words of sound data in the Play/Record buffers 528 and 530 of the Audio Buffer 100. A signal passes 

. through a set line from the sound controller 122 to the up counter 140 to increase by an integer the address 

in the up counter 140 which is used to access data in the Play/Record buffers 528 and 530 of the Audio 
Buffer 100. These increases in the up counter 140 are synchronimi with a clock signal from the sound 
controller 122. The up counter 140 outputs its count to the sound controller 122 through a line 142. 

1 o Another counter 144 (designated as a counter for a sound table pointer address) has 
interconnections with the sound controller 122. Signals pass through a set line from the sound controller 
122 to the counter 144 in synchronization with a clock signal on a clock line. The counter 144 outputs its 

.. count to the sound controller 122 through a line 146. The counter 144 is used to count through the Audio 

Structures in the Audio Buffer 100. When the down counter 136 indicates that the current block has been 
15 transferred, the counter 144 jumps to the next Audio Structure (provided more data remains to be 

transferred). The length of the block for that Audio Structure is then placed in the down counter 136 and 
data transfer continues. In the meantime, the AISR may transfer data to or from the half of the 

Play/Record buffer 528 or 530 that is not being addressed by the counters. Thus, half of the Play/Record 
buffer is being used to transfer data to or from the Sound Integrated Circuit 70 under the control of the 

2.0 Sound Controller 122 and its various counters (all of which make up part of the Audio Module 306), while 
the other half of the Play/Record buffer is used to transfer data to or from main memory· 12 under the 

control of the AISR 404 . 

. ·Control signals extend through a line 149 between the sound controller 122 and an external sound 
chip data formatting and 1/0 block 150. The data formatting and 110 block 150 is also connected to the 

25 MBus 310. A sound bus 152 is connected to the data formatting and 1/0 block 150 to transmit or receive 
sound information. The data formatting and 1/0 block 150 use the format information stored in the Audio 
Structures to format the data for the Sound Integrated Circuit 70 before it is sent to be played. A standard 

AES/EBU formatting may be used. The data formatting and 1/0 block 150 also converts recorded data 

received from the Sound Integrated Circuit 70 into the appropriate format before it is placed in the Audio 
30 Buffer 100 .. 

A plurality of outputs are provided from the display memory controller 312 (Figure SA) to the 
display memory 88. One of these outputs is eoupled to a bus 156 for transferring words of sound data into 

the display memory 88. Another of these outputs is provided on a bus 158 to indicate addresses. A third 
of these outputs is provided on a bus 160 to provide control information. The display memory controller 
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312 receives signals on a bus .162 from a RAM controlier 164 (Figme 8B) which is disposed on the chip 

103. The controller 164 has a common connection with the MBus 310 and with the Sound COiltl'Oller 122. 

When sound data is transferred between the main memory and the Audio Buffer 100, it passes 

through the bus interface and FIFO 110, the switch 120, and the display memory controller 312. 

5 The bus. interface FIFO coJitroller 112 (Figure 8A) rec:eives from the high speed VO·bus 54 the 

addresses (24 bits wide) relating to the words of the sound information or data in a packet These words of 

sound information or data (32 bits .wide) pass into the bus interface and FIFO 110 from the high speed VO 

bus 54 in synchronization with a clock signal (with a suitable frequency such as 33 megahertz) on the line 

114 from the bus interface FIFO controller 112. After passing through the bus interface and FIFO 110 (a 

1 o depth of 4 words). the words of the sound information or data in the packet pass to the switch 120. 

The switch 120 (Figure 8A) is nonnalJy in the open state •. When the fi'aDie buffer memmy C 
aperture controller 124 receives a command through the bus 163 from the bus interface and FIFO 

controller 112 that the words of the sound information in a packet arc being provided, the controller 124 

causes the switch 120 to become closed. The words of the sound information or data in the packet then 

15 pass from the bus interface and.FJF0· 110.through the switch 120, the MBus 31 O·and the display memory 

controller 312 to the-display memory 88 for recording in the Audio Buffer 100. The operation of the 

display memory controller 312 in passing such words of sound data in the packet for recording in the 

display memoay 88 is controlled by the RAM controller 164 (Figme 8B). 

As previously described, the bus interface and FIFO ·110 (Figure .8A) has a limited depth, such as 

2 o four (4) words. Ordinarily, the words ofthe sound information pass through the bus interface and FIFO 

11 O at such· a rate that the interface and FIFO is not completely full. k may occasionally happen. however, 

that the interface and FIFO 110 becomes full. When this occUrs, the bus interface FIFO coiltroller 112 

produces a low :voltage on the CPU ready line 118 in Figure 8A This prevents the CPU main memory 12 

in Figure 2 from passing any sound words through the high speed VO bus 54 (Figures 2 and 8A) to the bus 

2 5 interface and FIFO 11 O (Figure SA) until the bus interface and FIFO becomes at least partially empty. 

However, the bus interface and FIFO 110 becoines almost instantaneously partially empty because of the 

rapid transfer of the sound packets from the interface and FIFO to the display memory ·88. 

When sound data is transferred between the Audio Buffer .100 and the Sound Integrated Circuit 

70, it passes through the display memory controller 312 and the dataformatting and VO blOck 150. The 

3 o formatting and control information in the Audio Structure is pointed to by the sound table pointer address 

. counter 144. In addition. this Audio Structure determines whether sound data is processed from the fU"St 

half of the buffer for Play/R.ecord528 (in Figure 5) orthe second half of the buffer for Play/Record 530 (in 

Figure 5). For OMA play mode commands, the sound table pOinter address counter 144 will count 

consecutively through the five (5) Play Audio Structures 504-512 (in Figme 5) until the entire sound 

ii 
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packet has been played. For DMA record mode commands, the sound table pointer address counter 144 

will count consecutively through the five (5) Record Audio Structures 514-522 until the entire sound 

packet has been recorded. 

While processing an individual block of sound data, the offset into the appropriate half of the 

5 Play/Record buffer 52S or 530 for an individual sound word is determined by the up counter 140. The up 

counter 140 counts through consecutive words in the Play/Record buffer 52S or 530 until the entire block 

of data bas been processed. 

The down counter 136 determines when a block of data has finished being processed. The down 

counter 136 is initially loaded with the si7.e of the block which is stored in the Audio Structure. At each 

1 o individual sound word, the down counter 136 is decremented. When it reaches mo (0) the entire block has 

been transferred. At this time, the sound table pointer address counter 144 is incremented to point to the 

next Audio Structure and the up counter 140 for the sound packet RAM fetch address is resel The length 

of the new block is loided from the Audio Structure into the down counter 136 and processing begins for 

the new block of sound data. In addition, the sound controller 122 generates an interrupt request for the 

15 AISR, since a block of data has been processed. For DMA mode play, the AISR may move a new block 

into the half of the Play/Record buffer 52S or 530 that was just emptied. For DMA mode record, the AISR 

may transfer the recorded block out of the half of the Play/Record buffer 52S or 530 that was just filled. 

As discussed previously, this process continues until the entire sound packet bas been processed. 

The system shown in Figures SA and SB has certain advantages when used as part of the Media 

2 o Stream Controller 5S in the system shown in Figure 2. One advantage is that ·it is disposed on the 

integrated circuit chip 103. Another advantage is that it causes the Media Stream Controller 5S to be 

compatible with the system of the prior art as shown in Figure 1. This is desirable, for example, to prevent 

all of the video games and other software applications written for the system of Figure 1 from becoming 

obsolete. This compatibility is established since a software application can still initiate a transfer by 

2 s sending an indication to the DMA controller 16 in Figure 2 of the number of words to be recorded in a 

packet in the display memoiy SS. Then the AISR can retmn to reset the count in the DMA controller after 

the transfer of such words to the display memmy and the recovery of such words from the display memory 

for playing or recording sound. In an alternative embodiment, the AISR may reduce the count in the DMA 

controller at a desired resolution during the transfer of sound data. Using such a technique would cause the 

3 o count in the, DMA controller to more accurately reflect the amount of data that has been transferred at any 

given time. 

The system shown in Figures SA and SB is also advantageous. bec&use it provides for a transfer of 

the words of the sound information in a block into the display memoiy SS ata relatively rapid rate. This 

occurs _at the same time that the words previously recorded in the display memory S8 in another block are 
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being processed at a substantially cc>nstarit rate (consistent with the production of aptim81 sound) to 

recover the sound represented in such wordS. Furthennote, by transferriilg the wordS of the soilnd data or 

information into an individual portion of the audio buffer 100 at a rapid rate, the high Speed bus 54 and 

local bus 20 become available to· process other commands while the words of the soUnd information in the 

5 other portion of the audio buffer is still being converted to sound? This also frees up bus bandwidth for 

other uses such as graphics and video; 

Another advantage of the invention is that the words of sound information are stored in display 

memory 88. The display memory has a large storage capacit¥. Relatively little capacit¥ is lost by 

providing a small portion of the display memory 88 fot the storage of the• wordS of SOund information. 

· 1 o Furthermore, the storage of the wordS of sound information is only teinpOrmy si.D.Ce the stored wordS are 

processed to recover the sound represented by the indications in ·such packets. C 
The temporary storage of the wordS of sound infOnliation in the Audio Buffer I 00 of the display 

· memory 88 offers other advlntages, particularly since conmumds and gi'apbics and video information are 

also stored in the display li1enlory 88. This reduces considerably the nuinber of inemories used in the 

15 system incorporating this invention. Since meqiories are relatively expensive, the Cost of the system of this 

invention is considerably reduced compared to the systems of the prior art. 

The foregoing description is preseilted to enable any person skilled in the art to make and use the 

invention. ·Descriptions of specific designs are provided only as examples. ·Various modifications to the 

preferred embodiment will be readily apparent to those skilled in the art, and the generic principles defined 

2 o herein may be applied to other elllbodiments and applications withoUt departing from the spirit and scope 

of the invention. Thus, the present invention Is not intended to bC limited io the embodiments shc>wn, but 

is to be accotded the widest scope consistent with the principles and features disclosed herein. 

For instance, the system of passive and lctive commands described' above may be used to process 

sound mixer commands or other commands using an interrupt serrice routiiie even when OMA niode d8ta 

2 5 transfer is not desired. By using an JSR for command pr0cessing, the hardware may be kept relatively 

simple and inexpensive. In addition, a similar system may be used for non-SOUnd· command processing. 

In addition, a buffer other thin_the VRAM of a display mem0ry may be provided for storing sound 

words .. This may allow a sound system according to the present mventioil to be developed independendy of 

the graphics ind video systems in cases where· that may be desirable. 

30 It will also be reali7.ed.that the techniques of the present:iiivention are broadly applicable and are 

not limited to any particular bus systems or computer architectures. Aspects of the present Invention may 

be applicable any time it is desirable to support a bus device on a second bus having a second mode of data 

transfer in a manner compatible with a first bus having a first mode of data transfer. 
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In addition, the techniques of data transfer, command processing, and double buffering may be 

applied in numerous situations even where backwards compatibility is not a concern. 

While this invention has been described and illustrated with reference to particular embodiments, it 

will be readily apparent to those skilled in the art that the scope of the present invention is not limited to 

s the disclosed embodiments but, on the contrary, is intended to cover numerous other modifications and 

equivalent arrangements which are included within the spirit and scope of the following claims. 
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Appencf4,x A 
Computer Program Listing 

f'or Bxemp1ary .USR 

PCf/US95/13865 

PABH'J! 
Attorney Doc:Jcet Ro. 11543.701 

Inventors : Pa1al. B. Wood; Narc M. Sti.mak 

10 PAGZ 58,132 
mAPROBLJ!:M •qu 1 
ZDOma1 •qu 1 
;CCMl equ 1 
SDIDLAD equ 1 

; code to get around which DIA channel. 
; set DIA counter ~ter processing int 

; if d8fined CCNl el.se CCICZ. 

15 ;USB'DBLE equ 1 
; if d8fined ••• for tests with lOTRAP2.eze 
; use tabl.e l.ookup for c1k div rather than 

; code 
; tabl.e takes 400 pl.us l:>yt:es extra ~ 

;BWl'lLTB!l equ 1 ; read reg for filter else eonnand l.ine ' 
DWSCft'Dm equ 1 ; find SCT area using co~ig reg 

20 ;USZSTAC!t equ . 1 for having our own stack •• not for BIOS 
;SBS INT equ 1 ; if, secondary auclio interrupt ~ctecl 
lJ'DZI' SDIDLAD 
RSB_PORTC equ 024ch 
RSB_POJl•H equ 0244h 

25 RSB_Dft equ 7 ; D.Q-'1 
JDIDll'. ; ---------------------->SD&ULAD 

Tl'n.B BTS!l2 • ABM 

;************************************************************************* 
30 ; 

35 

40 

45 

50 

55 

; 

. 
I . 
I . 
I 

. 
I 

; . 
I 

; 

. , 
; . , 

. 
I 

; 

; . , 
; 

Title: BTS!l2 • ABM 

Version: 1.00 

Th.is TSJl will. serve as th• interrupt handler for the Audio Module . 

At ilti.Ualization, a cal.1 is mad8 to the 2fh interrupt hanc:U.er 
to s .. if we are i.nsta1led already. lf we are not install.ed,the 
lnt 2fh interrupt handler is hooked. ft• u-r •i:l.l. enter up to 
five parameters 1isted below: 

SBlO-XXX ·wher. mis the hex !»as• 10 for the virtua1 
sound ):)oard 

SBlRQmnn wher. rm is the decimal. l1lQ for th• virtua1 
sound ):)oard 

~ wher. n is th• d8cimal. dma for th• virtua1 
sound ):)oard 

l'lLDamnnn wher. mm is the f.t.1ter value to be used 
for the Awlio System 

VGAIRQ-nn where nn is the clacimal. l1lQ for the Audio Module 

After processing the above COll'NIDd l.ine, th• 2fh interrupt handler 
and th• VGA interrupt handler is c:hained. '!he TSJl then 
tezm:t.nates vi.th a DO~ tezminate and stay r.sid8nt call. 

;************************************************************************* 
; MACROS 
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;************************************************************************* 
·-------------------------------------------------------------------------, 
; TIU.• macro buJ.1c:l9 the audi.o •tructure• to 1'e 1oaded into V1'AM 
·-------------------------------------------------------------------------, 

5 ~ 
ABname: 

macro 
dd 

ABna-,1>11l.top2,DW1bot2,DW2top1,DW2bot3 
((1>11l.top2+AS_m) sh1 16)+DW1bot2 

dd 
endm 

( (DW2top1) sh1 24)+( (D112bot3-ABbegin) •hr 2) 

·-------------------------------------------------------------------------, 
10 ; Thi.• macro i• used to output a -••age during initia1ization 

15 

20 

25 

30 

35 

40 

45 

50 

·------------------------------------------------------------------------­, 
OUDISG mac:ro MsgOf'f'set 

mov si., of'f'••t MsgOf'f'set 
c:al.1 OUtput:Mllg 
.endm 

%n>BP SDIDLAR 

;-------------------------------------------------------------------------; These macros are to output test/dabug data to another PC vi.a ce»a. 
;-------------------------------------------------------------------------l>ZBUG mac:ro Data 

push •ax 
mov &1,Data 
c:al.1 out_vai 
pop eax 
•ndm 

DZBUG2 macro Data 
push •ax 
IDOV ax,Data 
xchg al.,ah 
c:al.l. 0Ut_Va1 
xahg &1,ah 
c:al.l. OUt_Va1 
pop •ax 
endm 

J>BBUGR macro reg,smal.1reg 
push eax 

%1'mH:r <reg> ,·<AX> 
BLSB 

IDOV ax, reg 
J:ND%1' 

c:al.1 i..g_Bex 
%1'8 <sma.11reg> 

IDOV a1,cs:BexVa1+3 
c:al.1 out_vai 
mov &1,cs:BeXV&1+2 
c:al.l. 0Ut_Va1 

J:lm%P 
lllOV &1,cs:BexV&1+1 
aa11 out_va1 
mov &1,cs:Bexva1 
c:al.l. OUt_Va1 
pop •ax. 

endm 
ELSB ;---------------------->NOT SIMOLAR 

55 ;-------------------------------------------------------------------------; These macros are the dUJllDi.es ~or HOH-simul.ated mode o~ operation 
:-----------------------------------------------------------~-------------l>ZBUG macro 

•ndm 
l>ata 



W09'/15499 

DBBUG2 ·. macro Data 
•ndm 
macro · reg,sma1lreg· 
•ndm 

PCT/US95/1386S 

-32-

5 ZNDZF ;----•---~---------••-->SINULaTll 
;************************************************************************* 
; BBGDQIDIG OJ' CODB and DA'l'A •••• jump aroUlid data 
;************************************************************************* 

.386 
10 ASSUME CS:CODB,DS:CODB 

CODI: SJIG!NlmT.USll16 
BeginC equ $ ; begin of coda to save 

;************************************************************************* 
; STRUCTUIUCS 

15 ;************************************************************************* 
;************************************************************************* 

J:QUs for audio structure -

;*****·******************************************************************** 

;-------------------------------------------------~-----------------------20 ; J:qaates for high word ol! 1st dword of AUdio structure 

25 

30 

35 

40 

;--------------------------------------------------------~----------------AS_LU'1' equ 
AS_ Dl'l' equ 
AS_MOS equ 
u_sn:m:o equ 
AS_UDIO equ 
AS_NICJRO equ 
AS_aafO equ 
u_m equ 
AS_ MODJllM&Sllt equ 
AS_~equ 

(1 shl 15) 
(1 shl 14) 
(1 shl 9) 

(0 shl 7) 
(1 shl 7) 

(2 shl 7) 

(3 shl 7) 

(1 shl 3) 
Ol'B71'h 
not AS_MUTZ 

; I.aat.of structures 
; znterru.pt ~ter numb smap1•• 
; Si1ence· 
; stereo 

1eft mono 
; right mono 
; right ·mono 
: structure m 
; to mask out mode 
; to maak OU.t ai1•nce bit 

;-------------------------------------------------------------------------; Bqaatea re1at.ive to top byte ol! 2nd dword of AUdio structure 

;-------------------------------------------------------------------------AS_RJ:F equ (1 •h1 4) ; AD:ite:N with ref byte 
AS_16BJ:'.r equ (0 •hl 1) . 16 bit PCM I 

AS_BBJ:'.r equ (1 sh1 1) . 8 bit JICM I 

AS_4BZ'.r equ (5 •hl 1) . 4 bit ADPCN I 

AS_3BZ'.r equ (6 •h1 1) . rea11y 2.6 bit ADPCN I 

AS_2BJ:'.r equ (7 ·•h1 1) 2 bit ADPCN 
AS_m.AY equ 1 .. p1ay , 
AS_MC equ 0 record 

·------------------------------------------------------------------------­, 
45 · ; working copy of audio structures for VRAN audio buffer 

; ABuf' macro generates the AUdio Structure Dword 1/2 

50 

; ROB: 1) these must. stay in th.is order or changes to CheckSig must be . , . , . 
I 

macle 
2) :five audio structures for buffered p1ay/record are needed 

(nine woul.d be required for 16k ol! audio vram) 

·------------------------------------------------------------------------­, 
; DWORDS at start of 32k of audio buf:fer are audio structure• below: 
; (110'.rE: MCOJU>1 •. 5 is simi1ar to m.AY1 •• 5 be1ow) 
; dword 

c 

~I 
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10 

15 

20 
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30 

35 

40 

W096/1!499 !·'. 
.· .. ~ .. ; ~-; 

; 0000 . 
I . 0002 , . , . 0004 , . , . 0006 , 
; . 0008 , . , . OOOA , . , 

oooc 
; . 00011: , . ,. 

0010 

; 0012 

0014 . 
I 

; 0016 . , . 0018 , 

; 001A 

. , 
; 

001C 

; 00111: . 
I 

; 
; 
; . 
I 

; 

; 

. , 

0020 

1010 
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DDUl:CT PLAY AUPlO STRUCTDBB 

DDUl:CT DCOIU> AUD%0 SBUC'!DD 

PLAY 1 OF S AUD%0 S~CTORZ 

PLAY 2 01' 5 AUDIO smuc:TUU 

PLAY 3 01' 5 AUD%0 STRUCTUU 

PLAY 4 01' S AUD%0 SmueTUIU!: 

PLAY s 01' S AUD%0 smuc:TUU 

DCORD 1 01' S AUD%0 STRUCTUU 

DCQIU) 2 01' S AUDZO STRUCTUU 

DCQIU) 3 01' 5 AUD%0 STRUCTUU 

DCORD 4 OF S A1JD%0 S!l'lU1CmRZ 

DCO:RD S OF 5 A1JDlO STRUCTUIU!: 

reserved 

resel:'V9d. 

buff er for d:i.rect. p1ay (8 byte•) 

buffer for direct. record (8 byte•) 

start. of buffer for zecord/p1ay 1st. ha.lf 

start. of buf'fer for record/pl.ay 2nd hal.f 

PCf/US95/13865 

... 

,..,_.. 

< 

<-

<-
< 
< 

< 
< 

45 :-------------------------------------------------------------------------
; See diagram be1ow that. represent.a the cocle below 

;---------------------------------------------------------~---------------
ABbegin label byte 

ABuf' DirPlay1,AS_LAST+AS_ ... o,1,AS_8B%T+AS_PLAY,BufDirPlay 
50 ABuf' Dir1Wc1,AS_LAST+AS_DIT+AS_&IOll0,1,AS_8B%T+AS_DC,BufDirJWc 

ABuf' P1ay1,AS_:_SWIUl:O,ADBtJl'2,AS_PLAY,Buf"P1a,-.c 
ABuf' P1ay2,AS SWIUl:O,ADB1Jl'2,AS PLAY,BufPla,-.c+ADBOl'2 
ABuf P1ay3,AS-SSDO,ADBOl'2,AS-n.&Y,Bua1ay!Wc 
ABuf' P1ay4,AS:SWDO,ADBUl'2,AS:PLAY,Buf"Pla,-.c+.IDBOl"2 

55 ABuf' P1ayS,AS_SBDO,.IDBUl'2,AS_PLAY,~P1ayJWc 

ABuf 1Wc1,AS_SBIUl:o+AS_Dn',ADBOl"2,AS_DC,BufPla,-.c 
ABuf' JWc2,AS_S'l'ZJUllo+AS_%H'l',ADB1Jl'2,AS_DC,Buf"Pl.ay!Wc+ADBOl'2 
ABuf' JWc3,AS_SBIUl:o+AS_%H'l',ADB01"2,AS_DC,~P1ay!Wc 

ABuf' JWc4,AS_STZUo+AS_%H'l',ADBU1'2,AS_DC,Buf'Pl.a,-.c+ADBUl'2 
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ABUf IWc5,AS_STERE.o+AS_:tHT,AJ>BOF2,AS_RZC,BufPl.ayBec 
Mlbegin2 l.abel. byte · 

dd 4 dup (0) ; reseried 
BumirPl.ay dd 0 ; buffer for clirect pl.ay 

5 dd: o ; reserved 
Bumir!Wc dd: 0 ; buffer for d:irect record 

dd: o ; reae~d 
ABend. l.abel. byte ; encl of' st~cture and direct data 
BufPlay!Wc l.abel. byte buffer for pl.ay/record 

10 Al>BUI' equ (08000h-(ABend-ABbegin)) ; •i•e of rmining buff'er 
ADB'Dl'2 equ ADB'DI' llhr 1 ·; hal.f of' rmining buff'er 
D_M&SKADDJ\ equ Ol'l'l'OllTl'h ; mask out 32k part of addr 

;----------~~--------------------------------~----------------------------

15 ; -----------~---.;..-----------------·-~-----------·-----~---------------------

20 

25 

Ul equ 08000h ; off'-t to start of audio regs 
J.AsbP~ equ dword ptr es: [10h shl. 2+Ul]; I.egacy audio Primary stream 

Plll_ST_GO equ (1 shl. 31) 
PRZ.;_ST_S~P equ (1 shl. 30) 
Plll_ST_llCTll equ (1 shl. 29) 

J.AsbPctl. equ byte ptr es: [10h shl. 

Pill_ ST _D'ABJ·1! equ ( 1 shl. 7) 
Plll_ST_PAUSi: equ (1 shl. 8) 

Plll_ST_DCRT equ (1 shl. 5) 
J.As!)Pbc equ byte ptr es : [ llh shl. 

; pri.Mzy stream enable 
; primary stream pause 
; prJaazY stream enable counter 

2+3+Ul] ; · Leg&c:y audio Primary stream 
; QODtrol. . ·. 

·; priinazY •treaa enabie 
; primary streaa pause 
; primary streaa cntr enabie 

2+3+Ul J ; I.egacy Primary streaa buffer 
; counter 

30 ;--------~----------------------------------------------------------------
; working copy of Primary Streaa regs 

:-------------------------------------------------------------------------Aa_DirPl.ay dd PRZ_ST_GO+D%:.,.ST_Scm+ (DirPlay1-AB1*giD·) 
Aa_D.ir!Wc dd PJU_ST_GO+PJU_ST_SCTll+(Dir!Wcl-Mibegin) 

35 u_P1ay dd PJU.;,_ST_GO+PJU_s!t_scm+C»lay1-Aabegili) 
Aa_IWc dd Pill ST GO+PIU ST SCTll+(IWcl-ABbegin) 
Aa NMJKADDR equ 01'1'007ftna - - ; ... k out 32k part of addr 

;************************************************************************* 
; more BQO• and. data 

40 ;************************************************************************* 

45 

50 

55 

BTSR_m equ OCZOlh ; ID for int 2fh handler 

03c4h 
03ceh 

; VGA_SBQ inc:lmt reg/data 
VM_GRP inc:lmt reg/data 

·-------------------------------------------------------------------------, . . . . 

; SQUs for data i.n the top 128 bytes of VJWc 

·-------------------------------------------------------------------------, . 
SCT-.Sig equ 
Signature db 
SCT_ABac:ldr equ. 
SCT_ABlength equ 
SCT_VSB%0 equ 
SCT_VSBDQ equ 
SCT_VSBCMA equ 
SCT_VGADQ equ 
SCT_l'%J.ftll equ 

ABaddr4 dd 0 

es : .[ 071'80h] . . , 
'B'l'VBDA'.,0,0 ; 
dword ·• ptr SCT_Si.g+28h; 
dword ptr SCT Si.g+2Ch; 
•o~ ptr SCT Sig+32h ; 
byte ptr SCT-Si.g+30h ; 
byte ptr SCT-Si.g+31h ; 
byte ptr SCT-.Sig+34h 
):)yte ptr SCT_Sig+35h 

lat 8 ):)ytes of SCT area 
the signature for SCT area 
addEess of audio buffer in bytes 
length.of audio buffer in bytes 
Virtu&J. scnand board %0 port 
Virtual sound board DQ 
Virtual. sound board 1lMA 
Vga·DQ 
filter divisor (•50 or 100) 

; ·ackke•• of audio buffer i.n dvords 
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ABaddr dd 
ABJ.ength dd 
ABgW. db 

0 
0 
0 
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; address of audio l:nlf'fer i.n bytes 
; length of audio buffer i.n bytes 
; audio l:nlf'fer GU% aperture OAOOOh 

5 IJ'DBI' HBWSCTl'Dm 

10 

15 

Vll.1'Madd.r db lfh, 3fh, Sfh, 7fh 

ZND%1' 

%1'DJ:I' SXMULAB 
VGllUIBGA dw 0 
SIN_page db 0 
SIN_ofs dw 0 
Lastn db 0 
Last!.ZH dw 0 
llex~adA db 0 

; 32k slot contai.ning SCT 
(1,2,3,4-g) 

; simlllati.on -g for fake aper O 
; simlllati.on page for dma 
; simlllati.on offset for dma 
; last p1ay record ctO"'DPDd 
; length to p1ay 
; next read. from 2xA for direct 

record 
m:x_TAB db '0123456789ABCDJ:I'' ; convert from maim&l to hex 
BezVal db '???? ' ; converted. hex to asaii. 

20 ZLSJ: ;---------------------->ROT SIMULAB 
VGASJ:GA equ OaOOOh ; VGA physi.c:al segamnt ••• audio regs 
ZND%1' ;---------------------->SD4ULAB 

;---------------------------~---------------------------------------------; used at i.n.iti.ali.zati.on only 

25 ;-------------------------------------------------------------------------

30 

35 

word ptr es: [31h shl 2+2+Ul); Legacy Audio Mix att./mwc 
; sel 

; Xniti.al values 
; Nim Sel-Microphone/mi.x mute 
; Mixer Atten• Odb 

:-------------------------------------------------------------------------; used to mtezmine what i.nterrupt occ:urred 

:------------------------~------------------------------------------------LAsb%nt equ byte ptr. es: [Oh sh1 2+AP1 J ; Legacy Auclio i.nterrupt status 
; reg 

%llT SBC equ 080h Co"'Mnd i.nt 
XllT_SBN equ 040h . miXer aoaaand i.nt , 
%llT SBP equ 020h . primary audio i.nt , 
XllT_SBS equ 010h . secondary audio i.nt , 

40 ;-------------------------------------------------------------------------; used w:i,th Balt/Conti.nue DNA ·c:onwn·nds 

:-------------------------------------------------------------------------; used to mtezmine what passi.ve and other acti.ons took plac:e 

45 ;-------------------------------------------------------------------------LAsbCMD equ es:[21h shl 2+AP1] ; Legacy audio ctOlllll&Dd register 
CMD_Wm:mReset equ 1 . Audio re••t vi.a 2:x6 cmds? , 
am Amreset equ 2 . Am DNA reset vi.a cmd DAh? , 
am_JUI>aak equ .. Am occurred vi.a read to 2xll? 

50 CldD_.BADcmd equ 8 . Unknown CO"'DPnd to 2:XC? , 
am_LUR:x equ 30h mask to get i.ndmt 

LA.sbllNA equ es: [2.fh shl 2+AP1] . Legacy audio DNA control reqi.ster , 

55 ;-------------------------------------------------------------------------; used to map ti.me constant to Nedi.a·. Stream control.l.er cl.oak 

:-------~-----------------------------------------------------------------LASJ)Clk equ 
SJ:L1'11AS!t equ 

word ptr es: [30h sh1 2+AP1] 
011'1Th . 

; Legacy audio cloak d.ivi.sor 
; mask out selalk17 
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50 •h1 1 ; l'i1ter50 -so or 100 :for on 
byte :ptr es:[30b sh1 2+AP1+2J; Legacy_atldio c1oak divisor ;---------------·--------..;-------------------------------------------------

; used to put in a response data i.n 2JCA reg 

5 ;-----------------------------------------------------------~-------------
byte ptr ea: (022h sh1 2+AP1); Legacy audio read register 
4 . · ; says :I ha,,. done a sound board 

; DQ 

;************************************************************************* 
10 ; DATA (contained in cod8 segment) 

;************************************************************************* 
; ---------~-----~-~-----~---·---------------------------~------------------
; ,,.ctor addresses andcritica1 sa,,. area 

:----------~--------------------------------------------------------------15 :Il'DBI' UBSTACK 
sa,,.ss dw 0 
Sa,,.SP dw 0 
Save&AX dd 0 
J:ND:II' ;-----~---------------->USZSTACK 

20 01dBT dd 0 

VirSB dd 

25 01cl21' dd 

30 
BT_:Irq db 
VSB_:Int db 

35 VSB_Vect dd 

0 

; rouUne 
0 

; simul.ation 
5 
Odh 

; m:fau1t) 
(Odh ahl 2) 

; o1d stack seg at :Interrupt 
; o1d stack ptr at :Interrupt 
; o1d eu reg 

: neat Media Stream contro11er 
; interrupt routine 

; neat rirtu&l. sound board 
; interzupt 

; neat2~ interzupt r0utine 

; Nedi.a Strema Contro11er int .,,.ct 
; :for 

; rea1 sound board DlQ :for aim 
; virtua1 ·soUlld board.int v.ct 

: (DQ5• 

; virtuai sound board i.nt ,,.ct 
; addr 

BLSZ ;---------------------->RO~ BDmLA~ 

40 
BT_:Int db 

BT_:Irq db 
VSB :Int db 

45 VSB_Vect dd 

'11h 

9 
Of'h 

. m:fau1t) , 
(Of'h sh1 2) 

; ( DQ'1• dill:f) 
ZHD:II' ;--•-----------•------->SDGJLATJ: 
VSB_IJMA db 

50 VSB Port dw 
VSB_:Irq db 
SaveVGA db 

55 ;VGAi.srst db 

1 
220h 
'1 
0 

0 . 

. Nadia stream contro11er int vect , . ( DQ9-cie~au1t) , . Nadia Stream contro11er DlQ , 
; vi.rtua1 sound board i.nt ,,.ct 

; . (DQ1• 

. virlua1 sound board int ,,.ct , 
; acldi-

; set to one ••• cou1d be 1 or 3 
; set to 220b~.cou1d be 240h a1so 
; virtual. sound· board DQ 
; o1d VGA seq in.-X reg va1ue 
; HoTll: this i.• reset by a DSP 

; reset 
1ast VGA :ID status reg 

·-------------------------------------------------------------~----------­, 
; switch to say what to do dW:i.ng and at exit :from interrupt routine 

·----------------------------------------~---~----------------------------, . 
switch •qu ; 1ogi.c switches in register 
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dw 0 
equ 0 

sw_&m_nc 

equ 1 

2 

SW_BSD equ 
SW_'f'SR._BUSY equ 
SW_DSE'l'_MaSJt equ 
sw_ma_BAL'1' equ 
SW_llNA_PJU>G equ 
SW_An>_USB'l' equ 
SW_ Dl::t'l'_ CAJU) equ 
SW_ Dl::t'l'_ADDP. equ 

3 .. 
01'1'1'1h 
5 
6 
7 
8 
9 
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; l.ogi.c switches below in memory 
; ~t O for doi.ng sound board 

; interrupt 
; bit 1 pl.ay in auto ini.t DA 

; bi.t 2 record in auto i.ni.t ma 
; mode 

; ~ t 3 in B:Lgh &peed ma mode 
; ~t 4 if we are in 'f'SJl 
; mask to reset ~t 1 .. 3 
; bit s ma halted 
; bit 6 ma is in progress 
; ~t 7 wazm start is received 
; bit 8 for init of card 
; bit 9 for finding Audio ~fer 

; Addr 
; ROTS: this is reset by a DSP 

; reset 
SW_Sn.zNCB 

2 0 SW_ %H'f'l'2 
equ 10 
equ 11 
equ 12 

; bi.t 10 for Si1•nce 
; bit 11 i.s -t on 1'2 C70W!ll!"d 
; ~t 12 is f1ip/f1op for B2 amd 

;-------------------------------------------------------------------------; current va1ues in ma ·reg (prov:i.dad by c:al.1 to GeUIMA) 

;-------------------------------------------------------------------------
2 5 llMAseg dv. 0 

0 
0 
0 

; current ma segment 
DMAoff dv 
DMAo:ffx dv 
J»Acnt dv 

; ~z:ent ma o:ffset pointer 
; next llNA o:ffset for mov. 
; current DNA count (0 -an• 1 

; byte) 
30 CNDcnt dd 

CNDcntx dv 
0 
0 

; count from c01111Mnd 
; Amount of count l.e:ft 

·-------------------------------------------------------------------------, . 

; switches to onl.y build Direct ~fer once 

;-------------------------------------------------------------------------
35 'f':Vpe::tnt dv 0 . set equs be1ov , 

Di.reot::tnt equ 0 ; bit O i.nterzupt f'roa Di.rect 
; record 

P1ayLast::tnt equ 1 . bit 1 interrupt f'rom Single , 
; pl.ay 

40 P1ayM'&ll. tJ:nt equ 2 ; bit 2 interZ"Upt f'rom Mlz1t 
; play 

JWcLast::tnt equ 3 bit 3 interrupt from Single 
; record 

:RacNul. t::tnt equ .. ; bit 4 interzupt f'rom Mlz1t 
45 ; record 

S:ilence::tnt equ 5 ; bi.t 5 :interrupt fr:oa silence . amd , 
1'2int equ 6 ; bit 6 :interrupt :from 1'2 amd 

·-----------------------------------------------------~-------------------, . 

50 ; current values ~rom Legacy audio ma. control reg:ister 

;-------------------------------------------------------------------------
mAconst db 0 . last ma constant from 40h amd , 
DIGUen dw 0 1ast ma l.ength from 48h C()lllMDd 

DNA:f1ag db 0 . last DNA control f1ags , 
55 UCMODB equ 0 . bi. t O i.s record mode , . 1•stereo,O-mono , 

PLADIODJ: equ 1 bit 1 is play mode 
; l•stereo,~smono 
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UseCaseX dw 0 ; whi.ch play/record process.ing to 
; use 

; •0,2,4,1,8 
MLl1tlntx db ,9 

5 HmllbStruc db O 
; whi.c:h of malt .internpts 
; number of structures used f ~r 

: •I• 
:************************************************************************* 
: nsmmrr DATA and ZQUS for mixer 

10 :************************************************************************* 

15 

20 

25 

30 

35 

40 

Lbbft. equ 

t.AsbMix .·equ 
LAsbQmX equ 
LAsbCD equ 

J.AsbLlf equ 

J.Asbl'M equ 

t.A•bM:' equ 

t.A•bMV equ 

word ptr es: [14h shl 2+U1] ; Legacy audio •rillary 
; left/r.ight 

; atten 
word ptr es:.[23h shl 2+U1] ; Legacy aud:l.o 111.i.ar reg.ister 
byte ptres:[31h shl 2+3+U1]; Legacy audio CNDX select.ion 
word ptr es: [32h shl 2+U1J ; Legacy audio CD left/r.ight 

; atten 
word ptr es: [32h shl 2+2+U1] ; J.99ac:y aUcu.o I.ill• left/r.ight 

; atten 
word ptr es: (33h shl 2+U1] ; LecJ&c:y audio J'M left/r.ight 

; atten 
word ptr es: (33h shl 2+2+»1 J ; J.ilgac:y aud:l.o Mic left/ri.ght 

; att:en 
word ptr es:[34h shl 2+U1) Legacy aud:l.o Dae le~t/ri.ght 

. ; atten 
MIZ_Dmn equ 7 ; di.rty bi.t :in mixer index 

CNDXmask equ 
; SB 
CNDXtab db 

NixSw db· 
MixClildl. dw 
N:i XOnd2 dw 
OldNix.28 db 
OldLAsbCD dw 
OlclJ.b1>J.Jf dw 
oiclJ.Asbn dw 
Oldl.AsbCH> dd 

01'8h 
MIC, CD,KJ:C,J.DI 

0 
0 
0 
0 
0 
0 
0 

4, 1, 4, 2 

0 

; mask out .input source setti.ng 

; J.ZGACY CNDX aetti.ngs from sOund 
; board setti.ngs 

; lf:ia.r swi.tcb (•0 lower,•2 upper) 
; 1st Mixer compypnd 
; Possible 2nd Mixer c.._..nd 
; J.ast output value to mix reg 28h 
; J.ast output value to ~ 
: J.ast outpUt value to J.AsbLlf 
; value saved w.it!l. Speaker-off 

cmd reg sa'V9d 

·-------------------------------------------------------------------------, 
45 ; Table to CS.tezm:Ln• what acti.on to take on a 2c cmd. 

·--------------------------------------------------------------------------, ' 

cmdLen2c db 11 dup(O) 

~ i 
~ I 
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70h,71h,72h,'73h,'74h,75h,76h,'17h,78h,79h,7Ah,7Bh,7Ch,7Dh,7Bh,71'h 

. • 
6 O, O, O, O, 3, 3, 3, 3, O, . O, O, O, O, 1, O, 1 

5 80h,81h,82h,83h,84h,8Sh,86h,87h,88h,89h,8Ah,8Bh,8Ch,8Dh,81:h,81'h 

10 

. , 
en, 3, o, o, o, o, o, o, o, o, o, o, o, o, 0, o, 0 

90h,91h,92h,93h,94h,95h,96h,97h,98h,99h,9Ah,9Bh,9Ch,9Dh,9Bh,91'h 

. , 
6 1, 1, O, O, O, O, O, O, 1, 1, O, O, O, O, O, 0 

AOh,A1h,A2h,A3h,A4h,ASh,A6h,A'1h,A8h,A9h,Uh,ABh,ACh,ADh,Uh,Al'h 
6 O, O, O, O, O, O; O, O, O, O, O, O, O, O, O, 0 
6 2*16 c:lup(O) 

15 DOh,D1h,D2h,D3h,D4h,DSh,D6h,D7h,D8h,D9h,D.Ah,DBh,DCh,DDh,DBh,Dl'h 

20 

25 

. • 
6 1, 1, O, 1, 1, O, O, O, O, O, 1, O, 0, O, 0, 0 

-~.za,z~,-~,-~,BQ,B&h,~h,Z~,B~,~,~.-Ch,~,~.~ 
en, o, o, 2, o, o, o, o, o, o, o, o, o, o, o, o, 0 

roh,F1h,r2h,r3h,r4h,rsh,r6h,r7h,rah,r9h,rAh,l'Bh,l'Ch,l'Dh,l'Zh,J'l'h 
en, o, o, 1, o, o, o, .0, o, o, o, o, o, o, o, o, 0 

ENDJ:F ;---------------------->SDtULA'J!B 
:tl"DEF 'USBSTACK 

·---------------------------------------~--------------------------------­.. 
; :Internal stack 

;-------------------------------------------------------------------------
st&c:kbg LABEL WOBD 
:tl"DEF SDCOI.An 

30 en, 8196 dup( t. t) 

B~SB ;---------------------->NOT SDGJLA'J!B 
6 256 c:lup( I• I) 

staektp LABEL WORD 
ENDXI' ;---------------------->S%MULA'J!B 

35 ENDXr ;---------------------->Usms~ ;1111eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeee 
;--------~------------~---------------------------------------------------; :Interrupt servi.ce routine for i.nterrupt 2f 

;-----------------------~-------------------------------------------------40 PUBLJ:C BTSB2F 
BTSUI': cmp ax,BTSR_m . i.s thi.s us c:al.1in9 us • 

jne short BTSUl'a no, ... if' i.t is a windows 2f . for us , 
:sor ax, ax . yes, say we are 1oaded • 

45 i.~t ; return 
BTSUl'a: amp ax,01608h . i.s i.t a wi.nclows i.ni.t comp1ete , 

j• short BTSUl'r . yes, go to COllllllOn reset coda , 
BTSUJ'b: cmp ax,01606h i.s i.t a windows tezminate 

jne short B~sa21'z ; no, go to Colllmon exi.t 
so BTsa2f'r: l::ttr cs: SWi. tchMem, SW_ Dl:t'l' _ ADJ:m; reset so we 1ook f'or vi mo 

: buffer 
BTSUl'z: jmp dword ptr cs: [01d2f] ; 90 to next 2f i.nt on chain 
%1"DEI' DWSCTl'DG> 

;------------------------------------------------------~------------------55 ; Routi.ne to check f'or the si.gnature at top of VRAM to get addreas/1ength 
; of' audio buffer and update some virtual. parU.ters 

·--------------------------------------~---------------------------------­, . 

CheckSig proc 
CS01: lllOV 

near 
ax,VGASBGA 

; 
; get aperture 1 on 1st pass 
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mov es,ax and ••• if t!U.s is th• SCT tab1e 
mov ec:x, 2 ; number of dwords to compare 
mov esi,offs•t Signature ; get address of.signature 
1•a edi,SCT_~9' ; of'f••t to signature in SC!l' table 

5 repe cmipsd ; •- if i:hey -tch 
j• short CS0'7 ; yes, got it 

CS06: ste say uns'ilc:cessfu1 
ret ; return to uaer 

llLSI: ;----------------------~ lllllWSC!rl'DU> 
10 ;-------------------------------------------------·------------------------

15 

20 

25 

; Routine to check for th• signature at top of·VBAN. to pt address/length 
of audio buffer and Update sea. virtual par-ters 

;-------------------------------------------------------------------------CheckSi.g proc 
xor 

CS01: IDO'V' 

add 
lllOV 

lllOV 

lllOV' 

1•a 
repe 
je 
or 
jnz 
add 
jmp 

CS06: ate 
ret 

near 
bx,bx 
ax,VGAS&GA 
ax,n 
es,ax 
ec:x,2 
esi,offset Signature 
edi,SCT Sig 
cmipsd -

short CS0'7 
bx,bx 
short CS06 
bx,0800h 
short CS01 

. , 
: offset into vas&GA 
; get aperture 1 on 1st pass 

and aperture 2 on 2nd pass . , 
; and 8H if this is the sc:T tabl.e 

number of dwords to camp&re 
; pt address of signature 
; of'faet to signature in SCT bbl.• 
; •- if they match 
: yea, got it 
; are we on 2nd pass 

yes, go to unauacessfu1 exit 
bump to next 32k chunk 

; and 9o ·-; aay unsuc:cessfu1 
return to user 

30 BHl>%F ;---------------------->HO!l' JIBWSC!rl'%1m 

35 

40 

45 
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·----------------------------~-~----------------~--~---------------------­, 
Get the address and length of Audio buffer and check for ge)odneas 

;----------------------------------------------~----------------~---------
CS0'7: 

·cmip 
j• 
lllOV' 

Or 
IDOV 

•hr 

llOV 

lllOV' 

or 
jz 
carp 
jne 
lllOV 

eax,es:SCT_Uaddr 

eax,-1 
short CS06 
Uaddr,eax 

eaz,2 
Uaddrt,eax 
eax,13 

ABgui,al· 

L 

eax, es :·scT_ABl.ength 

eax,eax 
short CS06 
eax,08000h 
short CS06 
AB1en9th,eax 

: pt audio buffer re1at.i.ve to 
; 8-g 

; :i• there a buff er 
; yas, go to error exit 

•• .,,. audi.o buffer addr rel. to 
;~ 

; malt• it dword relative 
; and •• ,,. 
; pt the Gu% base re1 to 

; 8a.g(32k) 
; save for ORing 
; get length of audio buff er in 

; bytes· 
; i.• it zero 

yes, go to error exit 
; is it exactiy 32k 

yes, go·to error exit 
sa,,. audio buffer length in 
: bytes 

·-------------------------------------------------------------------------' . ·. 

Update th• SCT with data from BTSR2 c:imamanc:l l.ine 

·-------------------------------------------------------------------------, . 

llOV ax,VSB_Port .. get virtual. sound board :io port , 
mov SCT_VSB%0,ax . sa,,. :in SC!l' ta1'1e· , 
lllOV al. I VSB_DlQ get virtual sound boa~ DlQ 

lllOV SC'l'_VSBIRQ,al save in SC!l' tab1e 

ii 
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mov &1,VSB_DMA 
mov SCT_VSBDMA,&1 
mov al.,BT_IRQ 
mov SCT_VG.IURQ,&1 
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; get virtual sound board DMA 
; save in SCT table 
; .get VGA or (real. sound board irq) 

save. in SCT tabie 
5 Il'DBI' BWl'ILTZa 

10 

15 

20 

25 

30 

35 

40 

45 

llOV 

llOV 

al.,l'ilterSO 
SCT_l'ILTZa,al. 

get the filter divisor 
save in SCT table 

;-------------------------------------------------------------------------. Update working copies of Audio regs that have address relat:ive to VRMC , 
;-------------------------------------------------------------------------llOV ebx,Daddr ; get off set of audi.o buffer 

llOV edx,AR_IABDDDR ; get the mask to get rid of 32k . addr , 
llOV eax,AR_l>irPlay . get Pri Stream worling copy , 
and eax,edx ; save &11 but 32k part of addr 
or eax,ebx ; or in new addr 
llOV AR_DirPlay,eax . sa,,. new copy , 
lllOV eax;AR_DirBec ; get Pri Stream worlt:ing copy 
and eax,edx ; save &11 but 32lt part of addr 
or eax,ebx . or in new addr , 
llOV AR_DirBec, eax . save new copy , 
llOV eax,AR Play . get Pri stream working copy , 
and eax,edi . save &11 but 32k part of addr , 
or eax,ebx ; or in new addr 
llOV AR_Play, •ax . aa,,. new copy , 
lllOV eax,AR_Bec . get Pr.i Stream working copy , 
and eax,edx . ••,,. &11 but 32lt part of addr , 
or eax,ebx . or .in new addr , 
lllOV AR_Bec,eax . save new copy . , 

;---------------------------------------------------------~---------------Be:ini.tia1.ize Aud:io structures .in Audio.Buffer and zero rest of buffer 
·-------------------------------------------------------------------------, . . . 

csoa: 

llOV 

lllOV 

lea 

xor 
llOV 

movsd 

and 
or 
stosd 
loop 

ebx,ABaddrt 

edx,AB_IABDDDR ; 

••.i,D.irPlay1 ; 

edi.,ed:i . , 
ecx,(ABbegin2-ABbegin)/8; . , 

; 

eax,edx . , 
eax,ebx . , . , 
csoa ; 

get off set of audio buff er dword 
; baaed 

get the mask to get rid of 32k 
; addr 
get addr of 1st J>word in auclio 

; s'truct 
po:i.nt to beg.inning of buffer 
number of address to update 
move a dword 1 of s'truc:t to 
; buff er 
get a 2nd dword of audi.o 
; •tr\lcture 
mask out the 32lc part of addr 
put .in new.addr 

50 xor eax,eax . , 

save :in audio buffer 
any more to process 
zero for storing 

Il'DBI' SIMDLAB 
mov ecx,(08000h-(ABbeg.in2-ABbeg:Ln)-80h)/4; number of dwords to 

; zero 
ELSE ;---------------------->NOT SIMULATE 55 mov ecx, ( 08000h- (ABbeg.in2-ABbeg.in) ) I 4; number of' dwords to 

; zero 
ENl>II' ;---------------------->SIMDLAB 

rep stosd ; zero out the rest of' 32k 
clc ; set f'or success 
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ret 
-CbeckSig endp 
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; retuzn to caller 
. . . 

;--------~-------~----------------------------·----------------------------
; :Interrupt ••rvice routi.ne· 

5 ;----------------------~---------------------------------~----------------B'!'SJ\00: bt• 
jnc 

:Il'l>l:I' SDCULATZ 
iret 

c•: SW.i tcbMem, SW '!'SR BUSY; are . .. already in .. '!'SR 
short B'!'SR01 - - ; no, •tart .proce••ing 

10 •Lllll ;-----•---------•-----~~ -SDCDL&B 

15 

20 

25 

30 

jmp dword ptr c•:[OldB'!'] ; go to'nezt one on chain 
BJU>ll' ;----------.-----------•>SDtDLATZ 
B'!'sR01: 
:Il'mll' USZS'!'ACK 

IDOV 

moV 
IDOV 

pu•h 
pop 
IDOV 

c•:S&vesS,•• 
cs:savesP,sp 
cs:Sav.J:AX,eax 
c. 
•• 
sp,off••t •tacktp 

BND%1' ;---------------;..------>USl:S'l'ACK 
pu•had 
cld 
pu•h 
pu•h 
pu•h 
pop 

IDOV 

ll'DZI' SD4Ul.ATZ 
pu•h 
Clllp 

je 

•• 
d9 
c• 
d9 

1'p,c•:SVitchNma 

ax 
B'l'_lnt, Ofeh 
•hort B'!'SR01]:) 

i •• ,,. •tack -g 
; •ave stack ptr 
; •ave eax which we need to u•e 
; our •tack i• in conl: •eg . , 
; off•et of ow: •tack it1 COJ>B ••g 
; •ave &11 reg• 
; make •Uft we are daczmenting 
; •ave BS 
; •ave DS 
; make Ds-ic:S · 
; 
; HOTZ: DS i• alway• thi• 

unl••• coet. temp •ave•/re•tore• 
; get .Un bank of' ••itches 

; •ave •eg on 1•t pas• 
; i• thi• •imulati.on 

ye•, 9lti.p ZO:I 
35 BHD%1' ;---------------------->SDCDL&TZ 

40 

45 

so 

55 

IDOV 

Clllp 

jb 
out 
j.p 

B'!'SJ\01a: out 
B'!'SJ\01):): 
ll'DZI' SINDLATZ 

pop 
Clllp 

j• 
IDOV 

IDOV 

jlllp 
B'!'SJ\02 : 1DOV 

al,20h 
B'l'_lnt,70h 
•hort·BTSJ\01a 
OAOh,al 
•hort B'!'SJ\01):) 
020h,al 

ax 
VCIASl:GA, 0 

•hortB'!'SJ\02 
ax,VGASZGA 
es,ax 
•hort B'!'SJ\02b 
VGASZGA,ax 

; no, 
; i• it a 2nd level Int controller 
; no 
; do non-specific ZOI 

and continU. 
; do non~•peci.f'ic 110% 

. , 

re•tore -g on 1•t pa•• 
have we got an got GUZ apertures· 
yes, 
no, pi.ck up from. last call 

; and already ini. U:alised. 
; OAOOOh•audio buffer 

OA800h•aucli.o reg• 

es,ax ; 
eax,VGASZGA ; 
eax,4 ; 
eax,(BufPla'l(R9c-ABbegin); 
SIM_of•,ax ; 
eax,16 ; 
SIM_J)&ge, al 

put in eax with top zero 
make •89 an addre•• · 
off••t to buffer in audio buffer 
simulatin off•et for lllMA 
get page 
simulation page for nMA 

·-------------------------------------------------------------------------, 

~I 
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; Get Audio ~f'er addr, initial.ize Audio structures, and update SCT 
; tabl.e 

·-------------------------------------------------------------------------. 
. 

BTSll02b: 

bta 

jc 
and 
cal.l. 

SWi tch, sw_nn:T_ADDll ; have we got the l.ateat audio 
; addr 

short BTSll02b ; yea 
LA.sbPctl.,not PllZ_ST_BHCHT; reset primary cntr 
CheckSig ; go l.ook Up SCT tabl.e 

ELSZ ;---------------------->ROT SD4ULATE 
mov ax,VGASl:GA ; get VGA apace 
mov ea,ax ; Rote: ES ia al.ways thi.s 

; of'f'aet 0 is audio ~f'•r• 
; o:ff'aet 08000h is audio raga 

·-------------------------------------------------------------------------. 
. 

; premabl.e code f'or interfacing with Media Stream Control.l.er :i.n~ mode 
·-------------------------------------------------------------------------. . 

IDOV dx,VGA_SllQ . get %0 port f'or VGA sequencer • . 
Z99~ • in al.,dx . • 

llOV SaYeVGA, al. . aaYe VGA seq index at entzy • 
llOV ax,01406h ; unl.ock VGA seq.extension reg 
out dx,ax 
IDOV dx,VGA_GRP ; get %0 port :for VGA CJZ'OUp regs 
bta SWitch,sw_mlT_ADDll . haYe we got the l.ateat audio • . addr • 
jc short BTSll09 ; yea 

%1'1>1:1' DWSCTl'DID 
IDOV al.,045h . get size of vram f'rom con:fig reg • 
out dx,al. . • inc dx 
:i.n al.,dx ; get •i•• 
dee dx . set back to VGA CJZ'OUp. reg • 
and al.,3 . isol.ate VllAM sis• in l.ower 2 • . bit• • 
IDOVSX m,al. . put :i.n index reg , 
mov ah, VR..IQfaddr [bx] . get 32k sl.ot that contains SCT • 

;-------------------------------------------------------------------------. • l'ind address/length of' audio ~f'•r• if' in tOp of' 1.-g or 2-g region 
40 ; 

; 33222222 22221111 11111100 00000000 
: 1ot8765C 32109876 5t321098 76543210 . • 

0000000 
45 ; 0 

50 

55 

; . • . • . • . • . • 
; 

. • . 
I . • . • 

0 
23 

0 

00 
1 

1 
0000 

3 0 
22 

000000 

01 
.01 
01 
01 

0 1 
21 

00011111 
00111111 
01011111 
01111111 

1 I' 
20 

------IN JDIABLZ -• reserved 
• 321t_AJIBllTUUS 
• ZJIABLB_321t_ARRTUUS 
• DAL NODB AJIBl\TUU 1 (A800B) 

note:high 32k in 9 -g region 
• RBAL NODB APER'l!ORB 0 (AOOOB) 
• DAL NODB AP&RTUD 0 (AOOOB) 
• REAL NODB APZllTUD 0 (AOOOB) 
• DAL NODB APZllTUU 0 (AOOOB) 

note:high 32k in 8 meg region 
• hex ni.bbl.ea :for tOp 9/8 megs 
• indeX into GUJ: baa• 

;-------------------------------------------------------------------------BTSll03 : IDOV al.,020h ; set VGA aperture 0 to AOOOO 
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out 
mov 
out 
mov 
out 
mov 
out. 
i.n 
cal.1 

dx,ax 
ax,00121h 
dx,ax 
ax,03022h 
dx,ax 
ax,00023h 
dx,ax 
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. • 
; set. VGA aperture 1 to ASOOO. . • 
. • ; ••t ;Protected moc1a ba•• to o 

al., dx propavate 
CheckSig ' ; •- i.f si.gnature i.s thez-e 

jnc short. BTSR09 ; y.s 

;---------------------->HOT HZWSC!rl'DIJ> 
; ---~----~-~---------~-----~-------------.----------------------------------

Pi.Del address/1eDgtb of aUdio lNffers if in top of lmeg or 2mmg regi.on . • . 33222222· 22221111 11111100 00000000 • . 1098'7654 32109876 54321098 '76543210 • . • . 0000000 • IM_BASZ • 
0 • IM_mBitJ! 

00 • r.servecl . 1· • 321t_~s .. • 
1 • SHABLZ_321t~Al'Bll'.mDS . 0100 111111 • MAJ. MODE Al'Bll'l!UM 1 (UOOB) • . . . note:Jµ.gh_32k in 9 .-g region • . 01 00011111 • RBAI. NoDJ: Al'BllTUD 0 (AOOOB) • . note:hi.gh 32k in 8 -9 region • 

0 0 3 4 I' J) 1 p • heX nibbl.es for top 9/8 ll*JS 
23 22 21 20 • i.nd9x i.nt.o GUI: base 

·--~---~------------------------------------------------------------------• 
30 BTSR03: mov ax,011'20h ; set VGA aperture 0 to AOOOO 

35 

40 

45 

50 

55 

out dx,ax 
mov ax,Ol'D21h ; ••t VGA aperture 1 to ASOOO 
out dx,ax 
mov ax,03422h . set 6Ck real. modia enab1• bi.t • 
out dx,ax . • 
IDOV ax,00023h -t protected moda base to 0 
out clx,ax ; 
i.n al.,dx . pr~ate • 
cal.1 . CheckSi.g . •- if signature .is there • 
jnc short BTD09 . y.s • 

;--------------------------------------------~-------~~--~--~-------------
; !'ind address/1ength of audio lNffers if in top oi tm.g and 8meg region 

. • 

; 

. • . • . • 
; 

. , . • 

33222222 
1098'7654 

0000000 
0 

0 0 
23 

22221111 11111100 
32109876 54321098 

00 
1 

1 
0111 

3 7 
22 

111111 

01 

F D 
21 

00000000 
'76543210 

01111111 

7 F 
20 

• IM_BASZ 
• IN JDIABli& 

- reserNct 
• 321t_;,APl:Jl'J!URJ!S 
• DABLZ~32lt....,APZR'l!UMS 
•UAL M>1>B APBllTUU 1 CUOOB) 

note:high 32k in 8 -CJ z-egi.on 
• DAL MODB Ana'l!UM 0 . (AOOOB) 

note:hi.gh 32k in 4 .-g z-egion 
= hex liibb.les ~f:Jr toP 9/8 mega 
• ind9x into GU% baae 

·-------------------------------------------------------------------------
lllOV 

• 
ax,07F20h ; ••t VGA aperture"o to AOOOO 

( 

ii 
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out dx,ax 
mov ax,Ol'D21h 
out dx,ax 
mov ax,03722h . 
out dx,ax 
mov ax,00023h 
out dx,ax 
i.n al.,dx 
cal.l. CheakSi.g 
jnc short B'l'D.09 
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set VGA aperture 1 to ABOOD 

; set 64k real. moda enabl.e bi.t 
; 
; set protected mode base to 0 . , 

propagate 
; •- i.f si.gnature i.s there 
; ye• 

BND%F ;---------------------->HOT NBWSCTl'DID 
;-------------------------------------------------------------------------; Error exit ••• coul.d not fi.nd si.gnature or audio buffer i.s il.l.egal. 

;----------------------------------------------------~--------------------15 B'1'SR06: btr SWi tch, SW_Dl%'1'_ADDR. ; reset so we look up next t1-
i.nt 3 
jmp B'1'SR99 ; get out 

; ------------------------.-----~-------------------------------------------
; GU% Baa setti.ng 

20 . 33222222 22221111 11111100 00000000 , 
; 10987654 32109876 54321098 76543210· 

. 0000000 -PN_DSZ , 
25 0 -PN_BHABLB . 00 -reserved , 

; 1 -32K_APBll'1'Ultl:S . 1 • llJA.BLB 32K ABR'l'UlUllS , ·-.. -. 0010 100000 • DAL MOl>JI ABR'l'UlUll. 1 (ABOOB) , 
30 . note:hi.gh 32k i.n 8 -g regi.on , 

; 01 00000000 • DAL MOl>JI APBR'l'ORI: 0 (AOOOB) 
note:hi.gh 32k i.n-4.-g region . 0 0 3 2 8 1 0 0 • hex :nibbles for top 9/8 ~· , 

23 22 21 20 • i~ intO GUZ base 
35 ;---------~----------------------------------------~~------~--------------

40 

45 

50 

55 

B'1'D09: mov al.,020h . set VGA aperture 0 to AOOOO , 
mov ah,ABgui. . get base for audio buffers , 
out dx,ax ; 
mov ax,08121h . set VGA aperture 1 to ABOOD , 
out dx,ax . , 
mov ax,03222h . set 64k real. mode enable bi.t , 
out dx,ax ; 
mov ax,00023h set protected mode base to 0 
out dx,ax . , 
i.n al.,dx ; propagate 

END%!' ;---------------------->SIMDLA'l'B 

:-------------------------------------------------------------------------; i.nitial.i.zati.on code (if any) 

:--------------------------------~----------------------------------------debug I (I 

bts 
jc 
mov 
mo1r 
cal.l. 

SWi. tch, SW_Dl%'1'_ CARD 
short •!rD.10 
ax,I.Asb:Pa 
Ol.dt.Asb:Pa, ax 
Mixa.set 

; i.s thi.s tht!! 1st pass 
; ye• 

get l'r:imary l.eve1 at i.ni.t 
; save it (i.za case of speaker ON) 
; reset the llli.xer 

:-~---------------------~-------------------------------------------------; get interrupt type from Madia Stream Control.l.er 

;•-----------~------------------------------------------------------------B'l'D.10: 
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DDUG 1 a 1 

ll'DBI' 

mov al.~LAsblnt+l 

test al.,DIT SBC 
jnz short DC 
test al.,DIT_SBM 
jnz SBN 
test al.,DIT_SBP 
jnz SBP 
SBS_DIT · 
test 
jnz 

al.,DIT_SBS 
SBS 

-46-

ZNDll' ;--•------------------->SBS_DIT 

PCl'/US'5/13865 

. get J.n:t status reg(our part) , . is it a· SOUncl Board Ccmmand , 
; y.s, . is it a Ni.x9r coDnand , . y.s, , . is it primary audio , . y.s, , 

; ia i~ secoDdary audio 
; y.s, 

jmp BTSR90 ; no~ pt out for now 
;************************************************************************* 
; SOUnd Board Command processi.ng 
;************************************************************************* 

.·. ·.·. 

:--------------------------------------------------~----------------------; process constant and length changes in the Ella. control rag (J:.al>CR) 

;---------------------------------------------------~------~--------------
20 SBC: 

l>BBUG 1 c 1 

ll'DZI' SIMULATE 
and LAsblnt+l,not DIT_SBC 

ZNDll' ;---------------------->SXMDLAft 
; reset thi.s i.nterrupt 

25 mov al.,byte ptr La:sblllG\ ; get dma constant 

30 

35 

40 

45 

50 

55 

mov dx,word ptr LAsbElla.+1 
mov word ptr mGUen, dx 
mov cl,byte ptr• J.Aabma+3 

ll'DZI' SDdULAB 
and LAsbDN\+3, Of3h BRDll' ;---~;.. _____ .;. ___ ;.. _____ .;._>SINDLAft 

mov 
amp 
je 
mov 

D'DZI' USJ:'!fABl.Z 
xor 
mov 
shl. 
mov 
mov 
and 
mov 
div 
dee 
mov 

byte ptr ma4lag,cl 
maconst, al. 
short SBC2 
maconst,al. 

l:m,bx 
bl,al. 
l:m;.1 
ax, word ptr ClkTab (bx] 
word ptr LAsbelk,ax 
ax, SJ::L11M&Slt 
dh,l'ilterSO 
dh 
al. 
LA.sbl'Clk, al. 

; get dma length or si.ze 
; save len for Clh amd 

get ma flag• 

; reset ma const/1eng dirty bit• 

; save flags for later 
i.s thi.s i.n use 

; Y.• 

. , 
; . , 

••t for new aonstant 

; get freq.constant 
; update Legacy Audio Clk reg 
; get ri.d of'selclk17 bit 

a value of 100 or 200 
l'D-CDxX/l'i.lterSO-

; l'D-(CDzX/l'ilterS0)-1 
; set the audio reg 

ELSI: ;-•----•--------------•>HOT USBTABLZ 
c:al.l CmapClk 

ZNDll' ;· ---------------------->UB'!fAB:LZ 
·-------------------------------------------------------------------------, 

process c:OD!Nlnd i.n th• Command data reg· '(LA.Cit) 

. -------------------------------------------------~-~----------------------, . 

SBC2: mov 
mov 

ll'DEI' SlNDLAft 

nx;LAsbCND 
Ol.clI.AsbCND, eax 

mov dword ptr :LAsbCND, O 
ZRl>ll' ;---------------------->SDmLAft 

ror eax,a 
mov dx,ax 

read d.strOys contents 
•&ve i.t i.D case 

; destroys contents· 

; Shi.ft out C"Oiinwnd byte 
; dl/dh cont.IUn up to 2 parma 

( 
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ror eax,16 
movzx cx,&1 
IDOVZX eaz,ah 
lllOV di,ax 

mov VGA:Lsrst,cl 
jcxz short saC4 
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; 
; c:x-vGA :ca b.i ta 
; AI.s2XC a 0 •Mlftd code 
; put in. di for amd processing 

; save VGA :ca status byte 
; no, VGA :ca. type processing 

·------------------------------------------------------------------------­, 
; processing for VGA :csa data in. LAllll reg •••• wazmrest:art Ti.a 2x6 amd 

·------------------------------------------------------------------------­, 
SBC3: test cl,CMD_W&zma.set . Audio reset via 2x6 amda? , 

j• short SBC3b . no , 
bts SW.itch, SW_Am _DSZT . say a wazm start occurred , 
lllOV ch,L&sbPctl . Get Legacy· audio Primary stream , . ctl , 
asad ch,not PJU_ST_BHABLJ: . reset enable bit , 
IDOV LAsbPctl,ch . put Legacy aud:i.o Primary stream , . ctl , 
and SWi tch, SW_DSZT_MASlt . turn off BDS,Am , 
lllOV Type:tn.t, 0 . turn off .interrupts 1-diately , 

:tl'DBI' SDdUl.A'D 
lllOV ,al,Oaah . get ready value , 
mov LAsbJU\,al . save in. read reg , 

DID:tl' ;---------------------->SDIDLATZ 
:Cl'Dlll' :DIGPJU)BLJlN 

ca11 S.t:J:INA . set our :DNA to known value , 
DID:tl' ;----------------------~ jmp cmdRat ; go to return 

;------------------------------------------------~------------------------. , processing for VGA :csa data in. LAllll reg •••• Cmd DAh •• Am halt 

30 :-------------------------------------------------------------------------

35 
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SBC3a: test cl,CMD_Amreset . Cmd DAh rec:eiv.d? , 
js short SBC3b . no , 
bts SWitch,SW_Am_DSZT . say a waza start . occurred , 
and SWitch,SW_DSZT_M&Slt . turn off ~S,AlD , 
jmp c::iailmet . go to :retuzn , 

;--------------------------~----------------------------------------------. , processing for VGA JD.data in I.AIU\ reg •••• ack via 2d read 

:-------------------------------------------------------------------------SBC3b: test 
jn• 
jmp 

; Am occured vi.a read to 2d? 
; y.s, go restart Am pl.ay/record 
; go to return 

:-------------------------------------------------------------------------; processing for VGA :ca c;lata .in LAllll reg •••• badccmaand processing :----------------------------------------------------------.----------------
SBC3c:: test cl,CMD_MDamd . Unknown. COl!l!IBDd to 2XC? , 

js .. short SBC3d . 110 , 
; mov SOJlll9tbi.ng to mai.l box 

jmp c::md:Ret ; go to return. 
SBC3d: 

·-------------------------------------------------------------------------, . 

DSP c.,....nd processing ••• detezmin.e where to start looking 

;------------------------------------------------------------------------~ 
SBC4: c:mp al,080h . vi.th respect to 80h , 

je Cllld80 . - 80h , 
ja short SBC4a . > 80h ••• 90h to 1'2h , 
c:mp al,020h with respect to 20h 
je short c:md20 ; - 20h 
jb short cmdl.4 . < 20h ••• 10h to 1fh , 
ja short c:md2c: ; > 20h ••• 24h to 7fh 
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SBC.fa: cmp a1,0D0h . with respect to DOh , 
je cmdDO . • DOh , 
jb c:md91 . < DOh ••• IOh to Ith , . >-DOh ••• DOb to 1'2h , 

5 cmp a1,0Z2h . with.re11P9ct to ll2h , 
jb CmdD3 . < J:2h ••• D1h to DAh , 
j• Cmdll2 . 

- J:2h , 
ja Cllldl'2 . > ll2h •• ~1'2h , 

;-------------------------------------------------------------------------10 DSP Cllld 10h - Direct Nod9 p1ay 

15 

20 

25 

;------------------------------------------------~------------------------Cllld10: c:a11 B1dDirP1y ; bui1d anc:1 ··start direct r./o 
jmp Cmd!Wt 

;------~------------------------------------------------------------------. , DSP cmd 14h -a bit p1ay 

;~~----------~------------------------------------------------------------Cllld14: cmp a1,014h . DIA 8 bit? , 
jb short Cllld10 .. mistl:Mt Cl:Lrect p1ay , 
ja short.Cllld17 . miSt :be >14h , 

Cllld14b: IDOV a1,AS_8BI'l'+AS_PLA.~ . set for 8 bit anc:lp1ay , 
Cllld14c: 
Il'DZI' mm.PROB!.llM 

c:a1l ChecJcCNA . - if a J.egai·DIA , 
jc short Cllld14d . not 1ega1 clon•t p1ay , 

BllDI.I' ;----~----------~------~ 
c:a1l B1c:IP1y . bui1d and start si1enc:e buf' , 

Cllld14d: jmp CllldlWt . go to return , 

:-------------------------------------------------------------------------; DSP Cllld 16h - 2 bit ADl'CN p1ay 

30 ; ----------~--------------------------------------:------------------------
Cllld16: IDOV ••tUp t.op of 2nd AUclio Struct 

; D1r 
jmp cmd14c ;, go to : -COlllDOn coc:a. 

;-----------------------~------------"""--------~--~------------------------
35 ; DSP Cllld 17h - 2 bi.t ADPCM p1ay with reference bj'te 

40 

:-------------------------------------------------------------------------Cllld17: cmp 
jh 
ja 
IDOV 

jmp 

a1,017h ; 2bit ADl'CN with ref byte? 
short Cllld16 ; mist be 2hit ADl'CN p1ay 
short Cllld11' ; mi81: be >17h 
a1,AS_2BI'l'+AS_R11:1'+AS_PLAY; -t uptop Of 2nd Audio Struct 

; D1r 
Cllld14c ; go to COlllllOn coda 

; ----------------------------------------~---------------------------------
DSP Cllld 1Ch - AUto I.nit DIA p1ay 

45 ;---------~----------------------------------------------------~----------

50 

55 

Cllld1C: bta 
jmp 

SWitch,SW_A%D_PLAY 
short Cllld14h ; go to COllDOD c:oda 

;------------~--------------------------------------------~---------------DSP Cllld 11'h - 8 bi.t ADPCM p1ay with reference byte and auto i.nit DIA 

·-------------------------------------------------------------------------, . 

Cllld11': lllOV dx,DMalen ; . .. .,.. last Clad 48 sis•. 

cmp a1,011'h . Am 2bit ADl'CN vi th ref byte? , 
jb short Cllld1C ; mist be AUto Znit DIA p1ay 
ja· CmdZD . not a 1ega1 2XC cOllllll&Dd , 
mov. a1,AS_2BI'l'+AS_RU'+AS_PI.AY; ··~·up top Of 2nd AUdio Struct 

; D1r 

Cllld11'a: hts SWitch,SW_AZD_PLAY . set auto init ma mode for exit , 
jmp short Cllld14c . gO. to COllllllOD Code , 

·------------------------------------------------------------------------­, 

t 

~I 
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l>SP cmcl 20h - Direct a.cord 

·------------------------------------------------------------------------­, 
cmd20: ca11 B1dl>irRec 

jmp c:&lldbt 
; bui.ld and atart direct %/O 
; go to return 

·-------------------------------------------------------------------------, . . , DSP cmd 24h - SCI> a bit PCN record 
; l>SP cmcl 2Ch - SCI> a bit PCN record with AUto %nit.ma. 

;-------------------------------------------------------------------------
cmd2C: amp al,02Ch . is it Am record mode? , 

jb abort Cllld2Cb . no, muat be SCI> record , 
ja short Cmd?S . must be> 2ch , 
bt:s SWitch,SW_Am_m:c . -t auto J.ni t DNA mode for ezi t , 
mov dz,DGUen . get last cmcl 48 sis• , 

Cllld2Cb: mov al ,AS_ 88%'1' . set for a bit and record , 
l:l'DZ!' maP1U>BLZM 

ca11 ChecldlNA . - if a legal DNA , 
jc short Cllld2Cc . not legal don• t pl.ay , 

BJm%1' ;----------------------~BLl:M 
call BlGec . bui.ld and start J:nsf . , 

Cllld2Cc: jmp cmdRet . go to return , 
;-------------------------------------------------------------------------. , DSP cmcl "74h -SCI> 4-bit ADPCN play . 

·-------------------------------------------------------------------------, . 

Cmd.74: al,AS_4B%T+AS_PLAY ; set up top of 2nd AUdio Struct 
; DW 

short Cmd14c ; go to COllllllOn coda 

;----------------~--------------------------------------------------------. , DSP cmcl 7Sh -SCI> 4 bit ADPCN play with re:f byte 

;-------------------------------------------------------------------------Cmd."75: Cllllp 

jb 
ja 
JDOV 

jmp 

al,075h ; 
short Cmd."74 ; 
short Cmd.77 ; 
al,~_4B%T+AS_lt1!ll'+AS_PLAY; 

4 b~t Al>PCN w/ref SCI>? 
must be. SCI> 4bi. t ADPCN play 
must be > ?Sh 

set up top of 2nd Audio Struct 
; DW 

short Cmd14c ; go to COllllllOD code 

:--------------~----------------------------------------------------------. , l>SP cmcl 76h -SCI> 2.6-bit ADPCM play 

;-------------------------------------------------------------------------
Qad.76: mov ; -t up top of 2nd AUdio Struct 

i DW 
jmp short Cmd14c ; go to common code 

;----------------~~-----------------~-------------------------------------
; DSP cmcl 77h -SCI> 2.6-bit JU>PCN play with ref :byte 

:-------------------------------------------------------------------------
45 Cmd.7'7: amp 

jb 
al,0'7"7h 
short Cmd.76 

; 3 b~t M>PCM v/ref SCD? 

50 

ja 
JIOV 

jmp 

must be SCD 2. 6 bit ADPCM 
; p1ay 

short Cmd"7P ; must be > 7"7h 
al,AS_3Bl:T+AS_lt1!ll'+AS_PLAY; set up top of 2nd AUd:i.o Struct 

; DW 
Cmd14c ; 90 to COlllllOn code 

:---------------------------------------------------------~---------------DSP cmcl "1Dh -SCI> 4 bit AJ)PCM play with ref byte and auto init DNA 

;----------------------------~--------------------------------------------
55 Qad.7D: al,AS_4B%T+AS_lt1!ll'+AS_PLAY; aet up .top of 2nd AUdio Struct 

; DW 
jmp Cmd11'a ; go to common code 

:-----------------~-------------------------------------------------------DSP cmcl 71'h -SCD 2.6 bit Al>PCN pl.ay with ref byte and auto in.it DMA 
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;-----------~-------------------------------------------------------------
Qlld7J': 

ja 

a1,071'h 
short. Cllld'7D 

: 3 bit ADPCM w/re~ Am? 
must. be SCD .&bi. t. .ADPCM 

; re:f/Am 
. , 

. , mst.·be an i.11•ga1 2XC 
; .,....nd 

llOV . a1,AS_3B::tT+AS_Dl'+AS_PLAY; s•t. lip t.op o:f 2nd Audio Struct 
; DW 

jmp cmd1Pa ; go to comnon code 

10 ;---------------------~------------------------------------~--------------
; DSP c:md 80h - Si.lenc:e mode 
; ---------~------.--------------------------------------·---------------------
Cllld.80: bt.s SWi. tch I SW~ S::tLmlCJ: . s•t. si.lenc:e on , 

mov a1 ,AS~8B::tT+AS_PLAY . s•t :for 8 ~t and play , 
15 call B1dPly . build and start Iii.lance buf' , 

})tr . swi. tch, sw_s::tLBHCB . ••t •i.lence o:f ~ , 
jmp cmcm.t. ; go to return 

:-------------------------------------------------------------------------. ; DSP c:md 90h - Jli.gh Speed Play Mode vi.th Auto ::tni.t DIA 

20 ;------------------~-----------------------------~------------------------Cllld.90: bts 
bts 
jmp 

SWi. tch I SW_:,,A::tD _PLA!' 
SWi.tch,SW_BSD 
cmd14b 

set auto :i.ni.t DIA mode :for 49xi.t 
; set auto i.ni.t DIA mode f'or ant 
; go to caimaon code 

;----------------------------------------------~--------------------------
25 ; DSP c:md 91h - Bi.gh Speed Play Mode 

;--------------~----------------------------------------------------------Cllld.91: llOV dx,DIAl•n . g9t last c:md 48 s:Lze :for all 9?h , 
c:mp a1,091h . BSD pl.ay stngl.e cycle? , 
jb short Cllld.90 mat. be BSD/Am play 

30 ja short. Cllld.99 . must· be >91h , 
bt.s SWi.tch,SW_BSD ; s•t :for Jli.gh spead DIA mode 
bu SW:Ltch,SW_Am_PLAY ; raset. Am i.n case 
jmp cmd14b . go to cOlllllOn code , 

;-------------------------------------------------------------------------
35 ; DSP c:md 98h - Jli.gh Speed Raco.rd Mode vi. th Auto . %ni.t DIA 

; ---------------·----------------------------------------------------------
Cllld.98: bta 

bts 
jmp 

SWi.tch,SW_Am_DC 
SWi.tch,SW_BSD 
short Cllld99b 

; -t auto i.ni.t DIA Iii.ode for ant 
; s•t . auto :Lni. t. DIA Diode for ant 
; go to COlllllOn code 

40 :-------------------------------------------------------------------------
; DSP c:md 99h - Jli.gh Speed a.cord Mod9 

·-------------------------------------------------------------------------, . 

Cllld.99: c:mp al,099h BSD raco.rd single cycle? 
jb short Cllld98 must be BSD/Am record 

45 j• CllldZlUl must be an i.1l•ga1 2XC 
·c0nnand 

bts SW:Ltch,SW_BSJ:» . s•t f'or Bi.gh spaad DIA mode , 
btr SWi.tch,SW_Am_DC . ras•tAm i.n ca-, 

Cmd99):): mov al,AS_BB::tT . ••t · f'or 8 l::.i. t and record , 
50 ca11 Blcm.c bui.ld and start buf. 

jmp cmcm.t go to COlllllOn rat.urn 

;-------~-----------------------------------------------------------------
DSP c:md DOh - Ba1t DIA 

·-------------------------------------------------------------------------, . . 

55 CllldDO: SWi.tch,SW_DIA_BALT 
SWi. tch, SW_nMA_PROG . 

; s•t dma i.s halt.ad 
; ~· a dma i.n prograss 

::tl'l>EI' SDCUI..AB 
jnc cmcm.t no, no need to pause.stream 

BLSE ;-----------•---------->SIMDLATZ 

ii 
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jnc ·short Cmdltet 
1:1G>XI' ;---------------------->SDllJLA'l'E 

or 
jmp 

LAsbPctl.,Pll:t_ST_PAUSB 
short cmdRet 

PCT/US9S/13865 

; no, no need to pause stZ'eam 

; set pause bi. t 
: ·go to C0111110n return 

5 ;-------------------------------------------------------------------------

10 

15 

20 

25 

. , DSP cmd Dlh - Speaker On 

;-------------------------------------------------------------------------
Cllldl>l: mov 

mov 
jmp 

I.AsbPll, ax 
short CmdRet 

: get saved iast Primary 
; 1eft/r:ight 

; lNt Primary 1eft/right atten. 
; go to coaaon return 

;-------------------------------------------------------------------------
; DSP cmd D3h - Speaker Off 

:-------------------------------------------------------------------------CllldD3: Cllllp a1,0D3h . Speaker Off? I 

jb short Cmdl>1 . must be speaker OR , 
ja short CllldDA . must be > D3h , 
mov ax,LAsbPll . get Primary 1eft/right atten. , 
mov 01dLAsbPll,ax . save for now , 
xor ax,ax . set to 11111te , 
mov LAsbPll,ax . put Primary 1eft/right atten. , 

:tl'DBI' SIMtJLA'l'E 
jmp c:mcm.t . go to COllllllOn return , 

llLSB ;---------------------->SDdDLATB 
jmp short Cmdltet ; go to c:camon return 

1:1G>:tl' ;---------------------->SDdDLA~ 

;-------------------------------------------------------------------~-----
; DSP cmd D4h - continue ma 
;-------------------------------------------------------------------------

30 c:mdD4: btr 
jnc 
bt 
jnc 
and 
jmp 

SW:itch, sw _ma_ BAL"r ; is dma :is hal.ted 
short CmdRet ; no, not:hi.ng to do 
SWitch,SW_llMA_PllOG ; is a dma :in progress 
short CmdRet ; no, no n-d to Zoestart stream 
LAabPcti,not Pll:t_ST_PAUSll; Zoeset pause bit 

35 short CIDdRet ; go to cammon return 

;---------------------------------------------~---------------------------
DSP cmd DAh - J:xit AUto Znit Dia mode 

:-------------------------------------------------------------~-----------c:mdDA: Cllllp a1,0l>Ah ; llxit Auto :tnit JlMA mode? 
40 jb short CllldD4 ; 11111st be continue llMA 

ja short CllldBRR .; . must be an i11ega1 2xC . eon-end , 
bt SWi tch I SW_ BSD ; are we in BSD mode 
jc short CllllcDet . yes, only works for A:tD mode , 
and SW:itch, sw_um:T_MASlt . turn off BDS,Am I 45 
jmp short CIDdRet ; go to common return 

;-------------------------------------------------------------------------DSP cmd 112h - Data 11111nge/llMA test 

;----------------------------------~--------------------------------------so Cmdl:2: Cllllp a1,0112h . Data Nwige/JlMA teat? , 
jne short ClllclJUm no 
btc SWitch,SW~MIJNGlll'I' . is t:he 1st pass for 1:2 , 
jc short CllldB2a . no, 2nd pas• , 
ca11 Getma . get llMA count/addr , 

55 Cmdl:2a: push •s restore J:'e9 
mov ax,ma.seg set up for address:ing JlMA area 
lllO'V es,ax . BS-Dia area , 
mov di,J»Aoff ; 

Cmdl:2b: mov es: [di] ,dh . save resui t paJ:m in JlMA area , 
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dee 
pop 
jmp 

DMAof'f' 
DIAcnt 
e• 
short cmcm.t 
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: next mcA 1ocaUon 
; 1ess 1 count 
; zestore zeg 
; go to zetw:n 

5 ;-------------------------------------------------------------------------

10 

. , DSP Clad 1'2h - verify.Legacy Audio DlQ 

;-------------------------------------------------------------------------Cllldl'2: amp a1,01'2h . Verify LA IRQ? , 
jne short ·CmdBRR . no , 
bts Ritch,R_DITl'2 . give app an interrupt , 

D'DEI' SDllJLAB 
bts '!'!Pe%nt,1'2int . , 

Dm%1' ;---------------~------>SDGJLA~ 
jmp short CllldJWt . go to COllllllOn return , 

15 ;--------------------~----------------------------------------------------. 

;--------------------~-~------------------~~------------------------------CllldJ:rr: int 3 
; 8not ccmp1ete8 

20 ;-------------------------------------------------------------------------
; a.turn 

:------------------------------------~------------------------------------cmcm.t: jmp BTSl\90 ; pt out 

25 ;************************************************************************* 
; Mixer C0119D"nd processing 
:************************************************************************* 
; -----~-----------------------------------:-•--.--------------·--------------. , Get va1uea in Mixer B8giater• Cup to 2 m:i.Jmr command aeqqencea) 

30 ;--------------------~----------------------------------------------------sac: 
DDOG · 111l 1 

%!'DBI' SDIOLATB 
and LAsb%nt+1,not :or.r_sac ; reset this interrupt 

35 DIDIF ;-----~---------------->SDGJLATB 
mov ax,LAsbMix 
mov dx, LA.stiff ¥+2 

%1'Dl:F SDmLA.TB 
and LasbMix,01'1'71"h 

40 and Lastlff.x+2, 01'1''71"h 
mmzr ;----------------~----->SDGJLA~ 

xor N:l.XSW,2 

jns short SBN1 

AX8Cmdl, Dx-cmid2 . U-cmd1, Dx.mid2 , 

. reset clirty bit , . reset clirty bit , 

: where is cur.rent Co"'M"d 
; sequence 
was sero ••• thus in byte0,1 

45 xchg ax,dx ; zeverse c:md seq 1 aJ1d c:md seq 2 
; save poasib1e 2nd ,,,.......nd 

50 

SBM1: mov Mi X<>nd2, dx 
DDUGR AX 
DDUG I I 

DDUGR DX 
DBBUG I·' 

btr 
jc 
jmp 

a1,M%X_DDlft 
short Ni.xOO 
Midrr 

is clirty bi.t set 
; ye• 
: go to error 

·-------------------------------------------------------------------------, .. . 

55 ; a.set the m:i.Jmr to defau1t va1ues 

·-------------------------------------------------------------------------, . . . . 

MixOO : mov 
cmp 
jne 

M:i.XCmdl.,ax 
a1,00h 
short M:Lx02. 

; save for .execution 
miaer reset? 

; no, 

~
' ., 

:] 
:! 
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; reset the m:i.lmr 
: go to common return 

·------------------------------------------------------------------------­, 
; Common rout.in• for reset mixer command and i.ni.t.i.a1ization code 

·-------------------------------------------------------------------------, 
Mideaet proc 

lllOV 

c:al.l 
mov 

near 
; voice vol.uma clefaul.t 
: c:on,,.rt 

10 mov 

&h,099h 
Bl.dN:i.x46 
,LAsbPa,dx 
OldLAsbPa,dx 

: output Primary le:ft/right atten. 
; sa,,. for now 

mov 
e&l.l 
mov 

&h,11h 
BldMix35 
LasbMC,dx 

; microphone mixing ct.:faul.t 
; convert 
: output microphone l.e:ft/riqht 

; at.ten. 
15 lllOV ax, m:tt.r_aax 

LAsbCMZX,ax 
&h,099h 
BldMix45 
LAllJ:lNV I dx 

; mixer attenuati.on 

20 

mov 
mov 
e&l.l 
mov 

mov 
c:al.l 
mov 

&h,099h 
BldMix45 
LAsbl'M,dx 

; output new Legacy CMIX setting 
: -•ter volume m:faul.t 
: aomr-rt 
; output master volum. l.e:ft/ri.qht 

; at.ten. 
; MD>:t vol...- de:faul.t 
; convert 
; output J'N vol.ume l.e:ft/riqht 

; atten. 
25 mov &h,11h 

Bl.dMix45 
I.AsbCD,dx 

; CD volume ct.:faul.t 
; convert c:al.l 

lllOV 

lllOV 

output CD volU1D9 left/right 
; att.en. 

30 mov 
Ol.dLAsbCD, dx 
&h,11h 
BldN:i.x45 
LA.abLN,dx 

; save :for 20h mixer amd 
; Line :tn volume de:faul.t 
; con,,.rt call. 

lllOV 

mov OldLAsbLN,dx 

; output Line volume l.e:ft/ri.ght 
; at.ten. 

; sa,,. :for 20h mixer Clllld 
35 ret 
~ •• t. endp 

;----------------------------------------------------------~--------------. , set master riqht/l.e:ft :from l.ower nil:ml.e 

:-------------------------------------------------------------------------40 Mix02: cmp al.,02h ; Master Le~t/1\i.qht 
jne short Nix04 . no, , 
mov al.,&h . put val.ue .in both , 
•hl al.,4 . put bot nibble in top , 
and &h,OOfh ; sero out to nibble 

45 or &h,&1 make top-bot niJ:ml,e 
jmp Mix22a . qo to c:ommon rout.in• , 

:-------------------------------------------------------------------------Digitized voi.ce vol.ume control 
; ------------------------------------------------------------------·-------

50 Mix04: cmp al.,04h di.qi.ti.zed voice voiume? 
jne s~ort Nix06 . no, , 
c:al.l. BldN:i.x4& . convert , 
mov LAsbPll,dx . output Primary 1e:ft/r.iqht at.ten. , 
jmp. Nix:Ret . go to common return , 

55 ;-------------------------------------------------------------------------; Set !'M l.e:ft/ri.qht ~rom lover nibbl.e vi.th mute l.e:ft/r:ight 

;-------------------------------------------------------------------------Nix06: cmp 
jne 

al.,06h 
short NixOB 

Set l.e:ft/right !'M with mute 
; no, 
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mov 
zor 
lllOV 

and 
lllOV 

zor 

test 

' 
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si,offset MixTab45 ; use 4 bit to 5 bit conversion 

bx,bx ; zero indlitx 
bl,ah ; put nibb~es in indmt 
bX,Ofh ; p~ d.d o:f ~gh. ~e 
al,byte ptr ds:[si)[bx] ; get corresponding value for high 

; nibble 
dx,dx ; zero both~eft and right for 

; mute . 

10 jnz 
ah,040h 
shOrt MixO&a 
dh,al 
ah,020h 
M:Lx26a 

; is IM left mute set 
yes, skip·l~ading reg 

; set left IH value lllOV 

MixO&a: test 
jnz 
mov 

is ,,_ righ:t mute set 
; yes, already got it mutes 
; set r,f.ght IM value 

15 jmp 
dl,al 
M:Lx2&a ; go to cOllllllOft routine 

20 

25 

;-----------------------------------------------~~~-~---------------------. • Set CD left/right from lower nibble 

;-------------------------------------------------------------------------
Mix08: amp al,08h . Set CD left/right , 

jne short MixOA no, 
lllOV al,ah . put in both , 
•hl al,4 . put· bot into top • 
and ah,Ofh . and out top • 
or ah, al ; put in •-bits 
lllO'V al,OldNix28 . get last value of mix 28h , 
or al,03fh . fix up .Uk , 
and ah, al . resUJ.tant 28 c:omuend , 
jmp M:Lx28a . go to .. C0111110n routine , 

;-------------------------------------------------------------------------
30 Microphone mixing register 

;-------------------------------------------------------------------------MixOA: amp al,OAh . microphone input volume? 

jne short Mixe>c . no, ., 
lllOV bl,ah 

35 shl bl,4 . • 
or ah,bl . put in top and bot nil:a'ble , 
call BldNix35 . con,,.rt , 
lllOV J.Asl:lNC, c:lx . outpUt microphone left/right • . atten • , 

40 jmp MildWt . go to cOllllllOn return • 
;---------~---------------------~-----------------------------------------
; Znput source selecti.on 

·-------------------------------------------------------------------------. . 

MixOC: amp al,OCh 
45. jne short MixOll 

al,LAsbamx 
al,cMoxmask 
bx,bx 

input sourae ••lecti.on? 
no, 

mov 
and 
zor 
mov 

50 shr 
lllOV 

lllO'V 

jmp 

bl,ah 
l:m,1 
al,CMUXtab[bx) 
LAsbcNux,al 
Nixbt 

; get Legacy CNIJX settinq 
; get ri~ of' max selector 
; zero ind8z 
; put input source in indAx 

put, in low Order bi ts 
; get amx ~~ting 

output newI.egacy amx setti.ng 
; 9'0 tC. co,ilmon return 

. -------------------·-----------------------------------------------------­• 
55 ; stereci c:Ontrol.(comas in as bit 1 of ma control.ftcJ status 

;-.-------------------------------------------~-~----~---------------------
MixOE: amp al,OEh ; stereo control? 

jne short M:Lx20 ; no, 
; NOTE that this should coma in vi.a the ma control Status f1ag- bit 1 

c 

·1·; ii 
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; 

l:tt 
jnc 
l:tts 
jmp 

ah,PlayMode 
short MixlWt 
DMAf'lag,PlayMode 
short lfilcbt 

-55-

; i.s i. t stereo 
no 

PCTIUS95/13865 

set stereo switch 
; go to·error as it come in vi.a BW 

;-------------------------------------------------------------------------
Mute control or I.i.ne I CD ,Mic 

;-------------------------------------------------------------------------
Mix20: cmp a1,20h . mute contro1? , 

jne short Mi.x22 . no, , 
zor dx,dx . set ~or mute , 
test ah,OBh . is li.n• mute set , 
jn:z short Mi.x20a yes 
mov dx,OldI.A.sbLH . no, get saved 2Zh mixer cmd , 

Miz20a: lllOV I.Asl:>LN, dx . output I.i.ne vol.ume l.ert/ri.gbt , . atten • , 
xor dx,dx -t ror lllllte 
test ah,04h . i.s CD lllllte set , 
jnz short Mi.x20l:t . yes , 
lllOV dx, Ol.d:r.AsbCD . no, get sa-..d 28h mixer cmd , 

Miz20l:t: mov I.Asl:tCD, dx ; output I.i.ne vol.ume le~t/ri.ght 
; atten. 

test ah,02h . is Mic lllllte set , 
jn:z short Mi.x20c . yes , 
aAd .LAal:tCMOX, ODl'h . set mic mute Oft' , 
jmp short Mi.det go to common return 

Miz20c: or I.Asl:taGJX,020h . set mic lllllte to OH , 
jmp short Mi.det . go to common return , 

;-------------------------------------------------------------------------
Master volume control 

30 :-------------------------------------------------------------------------Mix22: cmp a1,22h . master volume control? , 
jne short Mi.x26 . no, , 

Miz22a: call BldMix45 . convert , 
mov I.Asl:lMV, dx . output master volume lert/ri.ght , 

35 ; atten. 
j111> short Mi.det . go to cm11110n return , 

:-------------------------------------------------------------------------
MU>% volume control 

:-------------------------------------------------------------------------
40 Mi.x26: cmp a1,26h . ND>% vol.ume control? , 

jne short Mix28 . no, , 
call BldM:ix45 convert 

Mi.x2&a: mov I.Asl:tl'M, dx . output l'M vo1ume left/right , . atten • , 
45 jmp short M:i.det . go to coillllon return , 

:------~------------------~-----------------------------------------------
; CD volume control 

:-----------------~------------------------~------------------------------
Mi.x28: cmp a1,28h CD volU1D9 control? 

50 jne short Mix2B no, 
lllOV OldMi.z28,ah ; save for 08h cmd 

Mi.x28a: ca11 BldN:i.x45 ; con,,.rt 
mov Old:r.AshCD,dx save for 20h mixer c:md 
mov I.Asl:tCD , dx . output CD vol.ume lert/right , 

55 ; atten. 
jmp short M:i.det ; go to COllllllOft return 

;-------------------------------------------------------------------------; :Line volume control 

;-------------------------------------------------------------------------
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Mix2B: c:mp 
jne 
c:&l.1 
mov 
mov 

jmp 
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al.,2Eb 
short MixBrr 
B1dMix45 
01dLAsbl.N,dx 
LAsbLH,dx 

short MixJWt 

PCT/US95/1386S 

; Line volume control? 
; no, 
; convert 
; save for 20h mixer c:md 

output Line vo1uma 1ef't/right 
; att:en. 

; go to COlllllOn return 

;------------------------~---------------------~--------------------------Brror Message 

10 ;--------------------------------------------------------~----------------M:Ldrr: 
int 3 

; 8not complete@ 
:---------~--------.-----------------------------------------------------·--

15 1'9turn 

:-------------------------------------------------------------------------Midet: mov .ax,MixCmdl . get C~nd , 
. ll"DJ:I' SIMULATJ: 

c:&l.1 Do_CmdN . output m:i.X9r C(Jl!!l!IJIDd , 
20 · BllDll'' ; -.:.---~------------.---->Sl:MDLAft 

mov ax,MixCmd2 ; v-t po••ib1e 2nd c:cm•nd 
btr al. ,NDC_DDlft . is dirty bit set , 
jnc abort 1Ci.det1 . no, , 
xor MixSv,2 . set for next command , 

25 c:l9bu9 '., 
jmp MixOO · . go process this c:md , 

Midet1: jmp BTSUO . get: out , 

;************************************************************************* 
30 ; Pr:i.mary processing 

;*************************************************~*********************** 
SBP: 

DDUG 'P' 
ll'DBI' SIMULATJ: 

35 and LAsblnt+l,not :ENT_SBP reset this interrupt 

40 

45 

50 

BllDll' ; ----·..;------------..;..---->Sl:MDLAft 
bsf 
•h1 
mov 
jmp 

bx, TJ'Pelnt 
bx,1 
Tnelnt,O 
word ptr cs:JmpA[bx) 

; get index of bit 
doub1ef'or jump tab1e 

; reset bit that caused this 
; jump to proper routine 

;---~--------------------------------------~--------------~---------------
; Jump tabl.e t::o 90 to the r.i9ht routine base on the type 0£ interrupt 

;---------------~---~-------------------------~-~---~---------------------
JmpA: dv Ol'l'SBT SBPO 

dv Ol'l'SBT SBP1 
dv OITSBT SBl12 
dv OITSl:T SBP4. 
dv OITSBT SBP4. 
dv. Ol'l'SBT SBPl 

ll'DBI' Sl:MDLATll 
dw OITSBT SBPS 

BllDll' ;---------------------->SIMOLATJ: 

; Direct Record Interrupt 
L-t P1ay Interrupt 
Multiple Buffer of' Play 
Last JWcord Interrupt 

; MUltiple Buf'f er o~ Record 
; Bnd of Si1ence Interrupt 

l'2 c:md causes an .interrupt 

·-----------------------------------------------~-------------------------
, . 

D.irect Rllcord processing 

55 ;-------------------------------------------------------------------------SBPO: 1110V a1,ea: [BumirRac-ABbegin); get direct recormd va1ue 
ll'DBI' SIMOLATJ: 

.inc 
mov 

HexU.adA 
al,HexU.adA 

; in~t val.ue for testing 
put in read register 

f 

ii 
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dee LAsbPBc 
END%F ;---------------------->SlMOLATE 

IDOV . I.AsbJUl, al 
jmp BTSR90 

. ·.: .'.;· PCI'/US!JS/13865 

deczement count on interrupt 

; save in read reg 
; restore regs 

5 ;-------------------------------------------------------------------------

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

: Last Buffer Play interrupt or end of silence 
: Also last buffer processing for record 

:-------------------------------------------------------------------------
SBP1: bts 

btr 
%1'DllF ZE:RODIGU 

switch,sw_nrr 
SWitch,SW_DMA_PROG 

call ZeroDMA 

END%F ;---------------------->ZZRODMAl 
%l'DEF SDmLAD 

IDOV LAsbPBc,O 
END%1' ;---------•------------>SlMOLATE 

btr SWitch,SW_Am_IUCSJ!lT 
jnc short SBP1b 
and SW:itch, SW_IUCSZT_MASK 

SBP1b:' jmp BTSR90 

; give app int on exit 
reset DIG in progress bit 

; zero the DMA counter 

. liero count on last interrupt , 

. did wazm start occur I . no I . turn off BSD,AD> , . go an restore regs , 
;-----------------------------------~-------------------------------------M&lltiple Play processing 

;------------~---------------------------------------~--------------------SBP2: IDOV cx,Al>BtJl'2 . assume a full hal.f buffer , 
IDOV di,BufPlayRec-ABbeg:in assume 1st half of buffer 

D'DBI' SIMULATE 
dee LAsbPBc . decrement count on :interrupt , 

END%1' ;---------------------->SDIULATI: 
.inc M&i1t%ntx . count of .interrupt I 

cmp UseCaseX,4 . which case i.s this I 

ja short SBP2c . <= full+full+half buffer I 

jb. short SBP2c4 ; <• fu1l+half buffer . <•.ful1+full buffer , 

·-------------------------------------------------------------------------, . . , 

;------------------------~------------------------------------------------SBP2b: amp 
j• 

SBP2b2: IDOV 

jmp 

M&lltlntx,1 ; is t!Us the 1st of two 
short SBP2c2 ; yea, go to common part 
di, (Bufl»layRec-ABbegi.n) +ADBtJ1'2; get where to put rema.ining 

; data 
short SBP2c4 ; go to cammon part 

;-------------------------------------------------------------------------process the case for <= full+full+ha1f buffer 

;-----------------------------------------------------------~-------------SBP2c: cmp Miil tlntx, 2 . is this the 2nd of three , 
ja short SBP2c4 . 3rd of 3 , 
jb short SBP2c2 1st of 3 . 2nd of 3 I 

SBP2c1: mov cli, (BufPlayRec-ABl:legi.n) +ADBtJl'2 ; get where to put remaininq . data , 
SBP2c2: bts ~%nt,PlayMQltint . set for another interrupt , 

jmp short SBP2c6 ; go to COllllllOn part 
SBP2c4: bts Typeint,P1ayLast%nt set for another .interrupt 
SBP2cS: IDOV c:x,omcntx . get remaining co\lnt I 

SBP2c6: IDOV si,DMAoff:x . move DMA ·data to VltAM , 
SBP2c7: mov a:x,DAileg . , 

push els ; 
Jliov ds,a:x 
mov dl,c1 ; save low byte of count 
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DJ:BUG2 '**' 
DBBUG2 '*C' 
DBBUG2 'Pl'' 
DBBUG2 ''.l'a' 

5 DJ:BUGR DS 
Dl:BUG ':' 
Dl:BUGR S% 
~UG ' I 

Dl:BUGR ZS 
10 Dl:BUG ' : t 

Dl:BUGR D% 
Dl:BUG ' ' 
DDUGR ex 

shr c:x,2 . make double word . , 
rep movsd . move. th.-, 15 
test dl,2 . is there a word to move I 

jz short SBP2c8 . no I 

movsw . y.a, move.a word I 

SBP2c8: teat dl,1 . i:s there another byte to move , 
jz short SBP2c9 . no , 20 
movllb . Y.• move the byte , 

SBP2c9: pop ds ; 

lllOV Dao:ffx, ai: . aa.- :I.ft ca•• , 
jmp BTSR90 ; go an restore regs 

25 ;-~-----------------------~--------------------------~--------------------NQJ.ti.ple bcord processing 

. ;---------------------~-----~----------------------~-~--------------------SBP4: lllOV cx,ADBUr2 ; _.,.. a :full. . hal.:f buf':fer 
lllOV si,&uf'Playbc-ABbegin . 

-·-- 1•t half o:f l:Nf':fer I 

30 %1'DJ:F SDCULA'!'E 
dee LAsbPBc ; ucrement count on interrupt 

BND%F ;---------------------->SIMOI.A'!'E. 
i:nc Nliit%ntx ; count of interrupt 
mov al.,NQJ.t%ntx ; get current count 

35 teat al.,1 ; is odd number 
jnz short SB:P4a ; y.s, got ri:ght S% pointer 
mov si, (BufPlaybc-ABbeg:i.n) +ADBUl'2; pt where to put rmaaini.ng 

; data 
SBP4a: mov di,Usecas.x ; get caa• I 

40 jmp word ptr cs:1'.c%[di) ; jump to proper routine 

45 

50 

;---------------------------------------------~------~--------------------
; Thia jmp tal:)J.e :branches to a routine for an Acti.on on Becord Prim .ints 

; -------------------------------~~-----------:-------------------------------
be%: dw 

dw 
dw 
dw 

Ol'l'SB'l' SB:P4f2 
Ol'l'SZ'l' SBP4c 
On'B'l' SBP4d 
Ol'l'SZ'l' SBP4e 

; <• ful.1 l:Nf'f•r 
; <• :ful.l.+hal.f :buffer 
; <• ful1+ful.1 buf'fer 
; <• ful.1+ful.l.+hal.f :buffer 

·-------------------------------------------------------------------------, . 

process the cas• for <- full :buffer 

:-------------------------------------------------------------------------
; note: no need for ·1ogic as this is tez:mina1 case for al.1 

;-------------------------------------------~--------~--------------------
; process the case for <• full.+half buf'fer 

:------------~-------------~---------------------~------------------------
55 SBP4c: .ca;:». 

j• 
jJll) 

al.,3 .is this the last. o:f three 
; y.s, go .·to comon part short SBP4f2 

short SBP4f1 ; no, qo to repeat case 

;-----------------------------------------------------------------~-------
process the ca•• for <• :ful1+:full. :buffer 

( 

~ i 
ii 
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;-------------------------------------------------------------------------
SBP4d: c:mp 

je 
jmp 

&1,4 
short SBP4:f2 
short SBP4f'1 

; is this th• last of :four 
; yes,go to commen part 
; no, go to repeat case 

5 ;-------------------------------------------------------------------------

10 

15 

20 

25 

30 

35 

40 

45 

50 

process the case f'or <• :fu11+f'u11+ha1f' buffer 

:-------------------------------------------------------------------------SBP4e: c:mp 
j• 

jmp 

ai,s 
short;. SBP4:f2 
·short SBP4f'1 

; is this the last of :f.ive 
; yes,go to COlllllOD part 

; no, go to r.peat case 

;--------------~--~-------------------------------------------------------
common processing :for &11 record cases 

;-------------------------------------------------------------------------SBP4:f1: bts 
jmp 

SBP4:f2: bts 
SBP4D: JDOV 
SBP4:f4: JDOV 

JDOV 
push 
push 
push 
pop 
JDOV 

mov 
:DBBUG2 I*'* I 
mBUG2 '*C' 
mBUG2 'JU'' 
DDUG2 'Tis' 
DDUGR DS 
DDUG ' : ' 
DJlBUGR S:t 
DJlBUG I I 

DDUGR SS 
DDUG ' : ' 
mBUGR D:t 
DSBUG I I 
DDUGR ex 

shr 
rep 
test 
jz 
lllOVSW 

SBP4f8: test 
jz 
movsb 

SBP4:f9: pop 
pop 
JDOV 
btr 
jnc 
jmp 

ll'DEI' SDCULA'l'Jl 

Typelnt,JWc:NUl.tlnt 
short SBP4:f4 
Type:tnt,Rac:Lastlnt 
ex, aimcnt:x 
di I DMAo:f:fX 
ax, DMA.seg 

•• 
ds 
•s 
ds 
••,ax 
d1,c1 

c:X,2 
lllOV9d 
d1,2 
short SBP4:f8 

d1,1. 
short SBP4f9 

ds 

•• 
DMAoffx,di 
Type:tnt,Rac:Last:tnt 
short B'1"SR90 
SBP1 

. set :for another interrupt , . go to COlllllOn part , 
; ••t for another .interrupt . get remaining count , . move ma data to VltAM , . , . , . , 
; 

. , . save low byte o:f count , 

; make double word 
; move them 
; is there a word to move 

no 
; yes, move a word 
; .is there another byte to move 
; no 

yes move the byte 

; saV. in caS. 
; is ~· the last 

; go to common last buffer 

;-------------------------------------------------------------------------55 P2 COl!!l!l•nd interrupt 

;-----~-------------------------------------------------------------------SBPS: bt• 
jmp 

SWitch,sw_nr.r 
short B'1"sa90 

BNI>%1' ;---------------------->SDCULA'l"E 

; give app int on exit 
; go an restore regs 
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:tl'DZI' SBS_DIT 
:************************************************************************* 
; Secondary processing 
; ROB: shoUl.dn•t g.t here as I only use Pri.lli&ry str1,tcture 

5 ;************************************************************************* 
SBS: 

t>ZBUG 1 S 1 

Il'DEF SDCtJLAD 
and LASbint+l,not DIT_SBS : :r:eset this interrupt 

l 0 l:llDII' ; -----------------·----->SD£JI.A'l'Z 
bts SWitch,SW_DIT ; give app int on exit 
jmp BTSUO get out 

BRD:tl' ;---------------------->SBS_DIT 
:*********************************************************************"'*** 

15 ; interrupt return for al.l types of interrupts 
•************************************************************************* , . 

BTSUO: 
l:l'DZF SIMUI.AB 

cmp byte ptr LASbint+l,O 
20 je short BTSR90a 

jmp BTSR10 
BTSR90a: 
BRDll' ;---------------------->SlMDLA'!rB 

btr SW.itc:h,SW Drl!F2 
jc abort BTsi90c 25 
btr SWi tch, SW.-DIT 
jnc short BTSU9 
bt SWi tc:h, SW_JUD _l'LAY 
jc short BTSR90b 

30 lHT 
bt 
jnc 

BTSUO:b: 
bt 

35 jc 
IDOV 

mov 
BTSUOc: 

SWitch,SW_JUD_UC 
short BTSR90c 

swi. tch, sw _BSJ> 
abort BTD90c 
al.,SBDtQSZT 
byte ptr LAsbml+3, al. 

; any interrupt occur 
no 
go process it for simul.ati.on 

; shou1d app pt interrupt for l'2 
; yea, 
; should app get interrupt for DNA 

no, 
: are - in JUD mode 
; yes, tell hardware we are doing 

are ve·in JUD mode 
no, b]rpa.ss tel.ling hardware 

; are we in BSD mode 
; .yes 

says I: have don• a SB DtQ 
update VGA zsa control for SBIRQ 

·----------~--------------------------------------------------------------, 
40 ; Do sound board ~nterrupt vi.a and reinitiate DNA for play/record 

45 

so 

55 

; ---------------------------------------""------------------------·---------

BTSU1: 

c1i 
pushf 
push 
les 

es 
:bx,VSB_Vect 

mov eax,es: [bx] 
IDOV VirSB,eaz 
pop 
cal.l 

bt 
jnc 

bt 
jnc 

es 
dvord ptr cs: (VirSB] 

SWi. tc:h I SW_ BSD 
short BTSll91b 

SWi.tch,SW_Am_l'LAY 
short BTSR91a 

; disabl.e interz:upts(make sure) 
simul.ate an interrupt . , 

; get current sound board vector 
; addr 

. , 

. , 

. , 

go tc:-.cw:rent sound board vector 
; owner 

via a pseudo lHT 

are we in BSD mode 
yes, no n-d to restart in AID 

; mode 

are •• in AID p.lay mode 
no, see if AID rec mode 

ll 
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cal.1 
jmp 

BTSR91a: 
bt 

AmP1y 
short BTSR91b· 
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"-·. ,;. 

:r:estart ai.d p1ay 
and get out 

PCI'/US95/13865 

5 jnc 
swi tc:h, sw_uo _m:c 
short BTSR91b 
AIDRec 

; are •• in AID rec mode 
; no, get out 

10 

15 

ca1l. :r:estart &id :r:eco:r:d mode 
BTSR91b: 

;---------------------------------------------------~---------------------
Banclle the VGA mdt protoco1 

·-------------------------------------------------------------------------, . 

mov dx,VGA_GRP 
lllOV ax,01806h 
out dx,ax 
mov dx,VGA_SJ:Q 
mov al.,SaveVGA 
out dx,a1 

. , 
restore VGA context and l.ock VGA 

; get VGA seq index at entzy 
restore 

BNDZF ;-------------------•-->HOT SDCOLATE 

20 ;-------------------------------------------------------------------------
; itestore regs and switch stacks 

:------------------------------------~------------------------------------
debug ')' 

pop ds 
25 pop es 

cl.i 
bt:r: SWi.tch,SW_TSll_BUSY 

mov cs:Switc:hMem,bp 
30 popad 

35 

40 

45 

50 

D'DEF USESTACK 
ax,cs:savess 

mov •s,ax 
mov sp,cs:SaveSP 
mov eax,cs:Savel:AX 

ENDZF ;---------------------->USESTACK 
Zl'DU SDCOLATE 
Zl'DEF US&STACK 

mov cx,(stacktp-stac:Jcl:lg)/2 
xor bz,bx 

BTSJl99a: 
cmp cs:stackbg(bx],• •• • 
jne short BTSR99b 
add bz,2 
l.oop BTSJl99a 

ENDZP ;---------------------->USESTACK 
B'l'SR99b: 

shl. 
mov 
test 
mov 
jz 
mov 

BTSR99c: 

cx,1 
bz,wo:r:d ptr cs:SwitchMmll 
c:s:type:int,03fh 
al.,O 
short BTSJl99c 
al.,byte ptr cs:typeint 

. , 

; make sure interrupts are d:isabl.ed 
; al.low other interrupts now after 

; iret 

. , 

. , . 
I 

; 

save main bank of switches 

unti1 we restore user stack 

; size of stack i.n bytes 
; ind9x 

has stack been used 
; yes, ex- bytes used/2 
; no, bump to next l.ocation 
; any more 

; 
; 
; 
; 
; 

. 
I 

ex= 
get 
are 
set 
no 
get 

amt of stack required 
sw:Ltch setti.ngs 
any pl.ay record interrupt set 
to zero i.f not a p1ay record 

for s:Lmulation 

55 :iret ; 

ZLSJ: ;---------------------->HOT SZMDLATE 
jmp dvord ptr cs:[Ol.dBT] ; 90 to next one on chai.n 

ENDZF ;---------------------->SZMUI.ATE 

;-------------------------------------------------------------------------
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; Get data associated with EllA (i.e. count and address) 

:------------------~---------------------------~~~------------~-----------
Getl:lNA proc near 

push ax . , 
5 push dx . , 

lllOV a1,VSJ;S_EllA . get dma , 
or &1,4 disable it 
out O&h,al . mask of'f' either DA 1 or DA 3 , 
xor ax, ax 

10 out Och, al . ••t f'lipf'lop , 
in a1,03h get low byte of count 
xchg a1,ah ; 
in al,03h . get hi byte of' count , 
zchg al.,ah . put in right pl.ace , 

15 lllOV DMAcnt,ax . save current EllA count , 
out Och,al. . set f'.lip f'l.op , 
in a1,083h ; get page 
lllOVZX dx,al. ; •ave iD dx f'or now 
in a1,02h . get low byte of ac1dr , 

20 zchg a1,ah . put in t:op for now , 
in a1,02h . get hi byte o:f ac1dr , 
shl. dx,8 . make room :for part of of'f' .. t , 
IDOV dl,al put HSB of of:faet into sag 
lllOV al.,ah . AL-.AL is LSB of' offset , 

25 •hl dx,4 . make room for C more bits , 
shr ah,4 . get rid o:f .low ~e , 
or dl,ah . but 1.St nibble into aeg , 
and ax,Ofll . only last 4 bits of' o:ff••t , 
IDOV . J:llmo:f:f I ax ; aave o:ffaet·o:f data 

30 mov maseg,dx . aave segment of data , 
lllOV al,VSB_ma . get dma , 
out Oah,al ; enaJ:)l.e DA 1 or ma 3 
pop dx 
pop ax . , 

35 ret 
Get.DNA endp 
Il'DEI' ZBROIJIGU 

;-------------------------------------------------------------------------; Update the DA counter at end o:f interrupt 

40 ;--------------------------~------------------------~---------------------ZeroIJNA proc near 
push ax 
mov al,VSB_EIMA 
or al,4 

; aave ng 
get dma 

; diaabl.e it 
45 out Oah,al mask o:f:f either ma 1 or ma 3 

50 

55 

xor 
out 
mov 
out 
out 
lllOV 

out 
pop 
ret 

Zeroma. endp 

ax,ax 
Och, al 
al,-1 
03h,al 
03h,al 
ai,vsa_ma 
Oah,al 
ax 

BRD%P ;---------------------->ZBRODAl· 

. , 
set :flip :flop 

; set to value 
; aet low byte of count 
; set high byte o:f count 
; get dma 
; enab1• DA 1 or ma 3 
; reatore reg 
; 

·--------------------------------------~---------------------------------­, 
; Set data associated w:i.th DMA (i.e. count and address) 

ii 
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·-------------------------------------------------------------------------, 
Setma proc near 

push ax . , 
mov al,VSB_DMA qet dma 

5 or al,4 . disable it , 
out Oah,al mask off e:Lther DMA 1 or DMA 3 
xor ax, ax . , 
out Och, al . ••t flip flop , 
mov al,Oah ; set to VGA buffer paqe 
out 083h,al . set page , 10 
mov al I VSB .. JBCA set dma 
out Oah,al . enable DMA channel I 

pop ax . , 
ret . , 

15 setDMA endp 

:-------------------------------------------------------------------------
; Check DMA (i.e. count and address) 

;-------------------------------------------------------------------------
CheckmA proc near 

20 push ax . , 
mov al,VSB_DMA . get dma I 

or al,4 . diaabl.e it , 
out Oah,al mask of'f' either DMA 1 or DNA 3 
xor ax, ax . 

I 

out Och,al . set f'l.i.p fl.op , 25 
in al,083h . get page , 
c:mp al,OAh . has VGA buffer changed , 
mov al,VSB_DNA . get dma , 
out Oah,al . enable DMA 1 or DNA 3 , 
pop ax . , 30 
jne short Cl3A1 . yes, get out , 
stc . ••t bad code as APP not using DMA , 
ret ; 

c:ma1: clc say app is using DMA 
35 ret ; 

CheckDMA endp 
BlG>%F ;----------------------~BLllM 
%1'DEF SDCULATE 

;-------------------------------------------------------------------------40 ; Change DNA area to our bUEf'er for s;bmal.ati.on 

;-------------------------------------------------------------------------ChgDMA proc near 
mov al,VSB_DMA . get dma , 
or a1,4 . disab1e j,t , 

45 out Oah,al . mask o~f' either DMA 1 or DMA 3 , 
IDOV al,O . , 
out Och, al. ; ••t flip f'1op 
mov al, SD4_page get •im page 
out 083h,al 

50 Jon al,083h ; get pap 
IDOV ax,sn&_ofs ; 
out 02h,al ; 
xch"q al,ah 
out 02h,al ; 

55 mov al,VSB_DMA ; get dma 
out Oah,al enable DMA 1 or DNA 3 
ret 

ChgDMA •ndp 

:-----------------~----------------------~--------------------------------
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; Simu.lation 

;-------------------------------------------------------------------------Do_CIDd proc near 
pusha save Z99S 

5 l.ea s.i , Ol.dI.AsJ:)QG) get acldr of' where cmd bytes are 
l.od.Sb get 1st and byte 
xor bx,bx zero f'or indexing 
lllOV bl.,al. . put 1st aid.byte :for tabl.e l.ookup , 
xor cx,c:x zero coUG~ top·f'or l.ooping 

10 JIOV cl. , CmdL•n2c (bx] . get l.eng o:f c.,....nd , 
jcxz DC4 i:f zero no connand bytes to . output , 

DCl: illov dx,RSB_l'OP.TC ; get port 
out dx,al. . output a byte , 

15 l.od.Sb . get next cmd byte , 
l.oop DC1 . any mo1-e cmd bytes , 
JIOV bx,5 ; del.ay a l.ittl.e 

DC2: JIOV ex, Of':ff':fh . , 
DC3: l.oop DC3 . , 

20 dee bx 
jnz DC2 

DC4: popa . no, get out , 
ret . , 

Do_CIDd endp 

25 ;---------------------------~---------------------------------------------

30 

35 

; Do th• current mixer connand 
; Input: ~xer aDd 

;-------------------------------------------------------------------------Do_CmdN proc near 
push dx 
JIOV 

out 
xchg 
.inc 
out 
xchg 
pop 
ret 

Do_CmdN endp 

dx,BSB_POP.T4 
dx,al. 
al.,ah 
dx 
dx,al. 
al.,ah 
dx 

save Z9gS 

; get real. port :for simu.lation 
oUtput a byte 

. , 
get val.ue 

; output a byte 
; put back right . , 

40 BND%F ;---------------------->SJNOLA'l'J: 

45 

50 

55 

D'NDZI' USBTABLJ: 

;-------------------------------------------------------------------------
. , . , 
; . , 

Compute CDxx and zDxX . 
IRPUT: ZAX is.f'req*lOO o:f M9clia Stream control.l.er cl.ock 

·ZBX is f'~lOO o:f conventional. cl.ock 
OU'l'PUT: ZAX•cl.ock divisor 

EDX-rror val.ue 
. -----------------------------------------------~--~-----------------------, . 

CompCD proc near 
xor edx,eclx . zero out dividend , 
div ebz . ~req*100/sf , 
cmp edx,ecx . .is remainder l.eils than s~/2 , 
jl short CCDx . yes, , 
inc ... no, inc:::remi9nt cl.ock divisor 
sub edx,ebz. ; 
neg edX approx. ZDxx val.ue 
ret . , CCD:x: 

CompCD endp 

·------------------------------------------------------------------------­, 

f 

ii 
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; Compute the Clock divisor and the Filter clock div.iaor using the 
; nMA constant in the 24c 40 conn•nd 

:En.put: al•lllMA constant i.n c:md 40h 
output :updates J.AsbCllc. reg 

·------------------------------------------------------------------------­, 
CompCllc. proc near . , 

pus had ; save all regs 
lllOV .mc,25& . , 
movzx eax,al . , 
•ub ebx~•ax . (256-DIA.40) , 
1IOV eax,100000000 . 1000000*100 , 
xor edx,edx . zero out dividand , 
div .me . , 

J:AX-sf'*100•(1000000*100)/(256-J»Od0) 
lllOV .mc,eax . JIBX•sf'*100 , 
1IOV ecx,ebx . , 
shr ecx,1 . J:CX-( s~*100 )/2 , 
1IOV eax,1693440000 . 16934400*100 , 
cai1 CompCD . compute CD1 i and SIUU7 , 
push edx . save muui , 
mov es.i,eax . J:S%•CD17 , 
mov eax,24Si600000 . , 
call CompCD . compute BAX•CD25 and ZDX-BRR25 , 
pop ebx . m-muui , 
cmp edx,ebx . is abs(mm25)<cs(J:a1Ui) , 
jl short cc4 . y.s, got.the.value , 
lllOV eax,eai . ... cn-c:D17 , 
or ax,02000h . ••t Select CLJUi , 

CC4: mov word ptr LAsl::IClk,ax . update Legacy AUclio Clk reg , 
and ax,SJ:L1"1NASlt . get rid of' aelcllc.17 , 
mov dh,J'ilterSO . a value of' 100 or 200 , 
div dh .. ro-<:Dxx/J'ilterSO , 
dac al . l'Dm(CDxx/J'ilterS0)-1 , 
mov LA.abl'Cllc.;al . ••t th• audio reg , 
popad . , 
ret · . , 

CompCllc. •ndp 

J:NJ)lJ' ;---------------------->USZTABLJ: 
;-------------------------------------------------------------------------

40 DetenU.ne what Play or bcord case to use lty length 
; l:nput: cm-count f'rom ccmaand 

output : t>X and vaecaa.x 
; •ex • count +1 

;----~---------------------------------------------~----------------------
45 Struc'J?ab db 1,3,4,S,1 

Vaecase proc near 
movsx ecx,clx . get eonnand count , 
i.nc •ex bump by one for true count 
IDOV amcnt,ecx save f'or later 

50 push eex ; save 
mov di,4 . ca•• ' for silence , 
bt SWi tch, SW_ SILZNCJ!: .. is this silence , 
jc short UCl yea, go number ••• get out 
xor di,di . get i.ndex , 
•ub ecx,ADBOl'2 . reduce sis• by a hal.f buff er , 55 

'UCO: sub · ecx,ADBOl'2 reduce sis• by a half' buff er 
j• short UCl ; got last part 
.inc di. . b1mlp to next index , 
jmp short 'UCO ; go look aga.in 
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UC1: lllOV cl.,cs:Stz:ucTa):)(di.) 
mov HumbStruc,c1 
sh1 di.,1 
mov UseCaseX,di. 
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; get number of' ~f'ers 
; save 1.t 
; doub1• 1.nct.x 
; save f'or 1ater use 

S :mov M111tZntx,O 
pop ecx 

set 1.nterrupt number to sero 
; restore count 

ret ; get out 
usecase endp 

;-------------------------------------------------------------------------
10 ; Bouti.n• to s- 1.f'DNA 1.sha1ted before starti.ng p1ay/record 

;--------------------------~-----------------~----------------------------StartPll proc near 
bt SWi.tch,SW~DNA_BALT . is DNA ha1 ted , 
jnc short Startftl . no, don't set pause pri.mary , 

15 . st,zeam , 
or eax,PRZ_ST_S'l'OP set pause bi.t 

StartPRl:mov LAsbPadr,eax . update primary stream reg , 
StartPR2:mov &1,HumbStruc get number f'or thi.s op 

lllOV l::Jyte ptr L&sbPbc,&1 . update primary stream :buf'fer , 
20 . count , . l::Jy wri. Ung anyt:hi.ng to 1. t , 

bts SWitch,SW_DMA_PROG . set DNA 1.n progress bi.t , 
ret 

StartPR Udp 

25 ;-------------------------------------------------------------------------
; Bui.1d P1ay AUdio Structure and move data 

Znput: AL- top l::Jyte of' dword2 of' audi.o structure . , DX• 1ength from cOllW!Ulnd 

·-------------------------------------------------------------------------, .. 
30 B1dPly proc near 

mov bx,word ptr P1ay1+2 

bt 

; gttt top word of' 1st audi.o 
; struct 

; 1.s thi.s stereo 
35 jc 

; dword 
W1ag,»LADtOm: 
short B1d.Ply0a 
bx,AS _ :a«>NO 

; yes, a1ready set to stereo 
make 1. t 1ef't mono 

40 

45 

so 

55 

or 
B1dPlyOa:ca11 Use Case 

B1d.Ply0b: 

bt 
jc 
ca11 

SWi, tch, SW_ SZLl:HCI: 
short B1dP1yOb 
GetDMA 

Zl'Dl:I' SDIOLA'.l!Z 
push· ax 
mov &1,byte ptr 01~ 
mov LastPll,&1 
mov ax,word.ptr 01clloasbCND+1 
DICllV Last.LEN,ax 
pop ax 

ZNDZI' ;-----------------~---->SDCOLAT.B 

jmp .word ptr cs:P1yT[dil 

whi.ch case to use ••• DZ-case*2 
BCXacount+l 

; is thi.s si1ence 
; yes, slip the DNA stuff 
; get DNA count and address 

; jump to proper routi.~ 

·-------------------------------------------------------------------------, . . 

; 'l'his jmp ta):)ie branches to a routi.ne for an Ac:ti.on for each DSP cmd 

; category · 

·-------------------------------------------------------------------------, . . : . . 

P1yT: dw Ol'l'SBT BldP1y1 ; <• f'u11 buffer 
dv OFFsBT B1dP1y2 <= f'u1l+ha1£ ~fer 
dw. Ol'l'SBT B1dP1y3 . <• fu11+£u11 ~£er , 
dv Ol'l'SBT B1d.P1y4 . <• £u11+£u1l+ha1f' :buf'fer , 

ii 
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; <• silence (for 1 less if 
; l'ITl'h) 

;-------------------------------------~-----------------------------------case 1 : <• full buffer 
5 ;-------------------------------------------------------------------------Bl.d.Plyl: mov es:[Play1+7-ABbegin),al . save top byte of DW 2 , 

IDOV es:[Play1-ABbegin],cx . set length , 
or bx,AS_LAST+AS_IN'.r . , 
mov es: [Play1+2-ABbegin] ,bx . save top word of DW 1 , 

10 bts !rJpe%nt,PlayLast%nt . say only one interrupt , 
jmp Bl.d.Ply7 . go to C0111110n part , 

;-------------------------------------------------------------------------; case 2 : <• full buff er+half buffer 

:-------------------------------------------------------------------------15 Bl.d.Ply2: mov es: (Play1+7-ABbegin) , al . save top byte of DW 2 , 
lllOV es:[Play2+7-ABbegin),al . save top byte o:f DW 2 , 
mov es:[Play3+7-ABbegin),al . save top byte of DW 2 , 
mov word ptr es:[Playl-ABbegin),ADBU1'2; set length 
mov word ptr es: [Play2-ABbegin] ,ADBUl'2; set length 
sub ec:x,ADBUI' . , 20 
mov word ptr es:[Play3-ABbegin],c:x; set length 
mov amcntx,cx . , 
mov es:(Play2+2-ABbeginJ,bx . save top word o:f DW 1 , 
or bx,AS _ IN'.r . , 
lllOV es: [Play1+2-ABbegin] ,bx . save top word of DW 1 , 25 
or bx,AS_LAST . , 
mov es:[Play3+2-ABbegin],bx . save top word of DW 1 , 
jmp Bld.PlyS . go to common part , 

:-------------------------------------------------------------------------30 case 3 : <• full buffer+full buffer 

35 

40 

45 

50 

55 

:----------------------------------------------~--------------------------BJ.d.Ply3: mov es:[Play1+7-ABbegin),al save top byte of DW 2 
mov ea:[Play2+7-ABbeginJ,al save top byte of DW 2 
mov es:(Pl.ay3+7-ABbegin),al ; save top bYte of DW 2 
mov es: [Pl.ay4+7-ABbegin) , al . save top byte Of DW 2 , 
lllOV word ptr es: [Play1-ABbeginJ ,ADBUl'2; set length 
lllOV word ptr es: [Play2-ABbegin] ,ADBUl'2; set l.ength 
IDOV word ptr es: [Play3-ABbegin) ,ADBU1'2; -t length 
sub ec:x,ADBU1'2*3; 
mov word ptr es: (Play4-ABbegi.n) , ex; set length 
mov amantx,c:x ; 
IDOV es:[Pl.ay3+2-ABbegin),bx . save top word of DW 1 , 
or bx,AS_IN'.r : 
mov es: (Pl.ay1+2-ABbegi.n] ,bx . save top word of DW 1 , 
lllOV es:[Pl.ay2+2-ABbegin],bx .. save ·top word of DW 1 , 
or bx,AS_LAST 
IDOV es: [Play4+2-ABbeginJ ,bx . save top word of DW 1 , 
jmp short BJ.d.PlyS . go to c01111110n part , 

;-------------------------------------------------------------------------. , Case 4 : <• full+full+half buffer 
:------------------------~------------------------------------------------BJ.d.Ply4: mov es:[Play1+7-ABbegin),al save top byte of DW 2 

lllOV es:[Pl.ay2+7-ABbeginJ,al . save top byte of DW 2 , 
lllOV es:[Play3+7-ABbegin),al . save top byte of DW 2 , 
lllOV es: (Pl.ay4+7-ABbegi.nJ ,al ; sav. top byte of DW 2 
mov es:(Pl.ayS+7-ABbegin],al . save top byte of DW 2 , 
lllOV word ptr es: [Playl-.ABbegi.nJ ,ADBUl'2; set length 
mov word ptr es: [Pl.ay2-ABbegin) ,ADBUl'2; set length 
lllOV word ptr es:[Play3-ABbegin),ADBU1'2; set length 
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mov 
sub 
mov· 
llOV 
IDOV 
or 
IDOV 

IDOV 
IDOV 

or 
IDOV 

BldPl.y5: bts 
BldPl.y&: IDOV 
BldPl.y7: IDOV 

JllOV 

mov 
pwsh 
IDOV 

IDOV 
DDUG2 '**' 
DDUG2 '*S'. 
DDUG2 •n• 
mBUG2 'Tis' 
J>J:BUGR DS 
m:BUG •.: . 
DZBUGR Sl 
DDUG ' ' 
DDUGR. BS 
DDUG I ! I 

DDUGa Dl 
DEBUG ' ' 
DDUGR ex 

sJµ: 
.rep 
test 

.js 
lllOVSV 

BldPly8: ~st 
j• 
movsb 

BldP1y9: pop 
mov 

PCf /US95/13865 
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word ptr es: [Pl.ay4-AB!»egin] ,ADBUP2; set l.ength 
•cz ,AD8UI' shl 1 ; 
word ptr es: [Jll.ayS-ABbegin] ,me; set l.ength 
CNDant.x, ex ; 
es: [Jllay4+2-Aabegin] ,bx ; save top word of' DW 1 
l::m,AS~DIT · ;-
es: [Jllay1+2-ABbegin],bx ; save top word of' DW 1 
es: [Jllay2+2-Aabegin] ,bx ; save top word of' DW 1 
ea: [Play3+2-ABbegi.nl ,bx ; save top word of' DW 1 
bx,AS_L&ST ; 
es: [Plays+2-ABbegi.n] ,bx ; save top word of' DW 1 
Typelnt,Pla]pNul.tint ; say only one i.nterrupt 
cz,ADBUI' ; f'i.11 both buf'f'ers 
cli,~P.layRec:-ABbegi.n ; offset i.n auclio buffer 
si., mAof'f' ; move ma data to VBAM 
ax,DGLseg . ; 
els ; 

; els,ax 
cll,cl ; save low byte of count 

ax,2 ... mlike cl.Oub1• word , 
movsd . move· them· , 
cll,2 . i.s there a word to move , 
short·BldP.lyl . no , . y.s, move a word , 
cll,1 i.s there another byte to move 
short Bl.dPly9 . no , . y.s. move the byte , 
els 
mAof'f'~, Si. . a&va i.n case , 

·-------------------------------------------------------------------------, . . .. 

; Start pl.ayi.ng the buffer by updati.119 the Audio rags 
45 ; -------------------------------------~~------~------:------"!"'.----------------

50 

BldPlyX: IDOV 

call 

ret 

eax,D_P.lay 

Start.a 

; setup Primary Stream addr for 
; pl.ay 

; start JI.lay /l'ac: if' i. t i.s not 
; hal.tecl 

;---------------------------------------------~---------------------------
; Case 5 : <~ sil.ence 

;------------------------~--------------------~---~-----------------------
Bld.Plys: mov 

55 or 
es: [:Play1+7-ABbeCJi.n) ,al. ; sa,,. top byte of' DW 2 
l:ax,AS_LAST+AS_DIT+AS_MUB; ••t up ~or si.lence 
es: [Pl.ay1+2-ABbeCJi.n] ,m ; sa..,. top word of' DW 1 mov 

bts 
mov 
jcxs 

~Int, Sile.ncelnt ; say only on• interrupt 
word ptr es:[P.lay1-ABbegin],Of'f'f'f'h ; set leng~ to max 
short Bl.dP.lyX ; i.f' i.t was sero make one less 

f 

ii 
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IDOV 

jmp 
B1dPl.y endp 
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es:[Pl.ay1-ABbegin],cx 
Bl.dPl.yX 

PCfJUS'5/13165 

; no, use l.ength in Co"llU'"d 
; go to comon part . • 

·------------------------------------------------------------------------­, 
S ; UD Pl.ay with Audi.o Structures al.ready built by Bl.dPly 

10 

15 

:-------------------------------------------------------------------------
AD>Ply proc near 

mov Mill t%ntx, O . -t interzupt number to zero , 
cal.l GetllMA . get ma count and address , 
cmp UsecaseX,O ; will it a1l fit in buf'f'ezos 
jne short AD>Ply5 . no, • 

;--------------~-------------------------~--------------------------------; <• ful.l buffer 

;-------------------------------------------------------------------------):)ts 
lllOV 

jmp 

TJpe%nt,PlayLastZnt 
cx,word ptr CMDcnt 
short AIDPly7 

; say only one interzupt 
; 99t amount in buffer 
; 90 to COlllllOn part 

;------------------------------------~------------------------------------; > ful.l. buff er 

20 ;-------------------------------------------------------------------------AD>PlyS: bts 
mov 

AD>Pl.y7: mov 
mov 

TJpe%nt,Pl.ayMul.t:Int 
ex, JU>BUF 
c:ti.,Bu~l.a~c-ABbegi.n 

si., mAoff 

; say only one i.nterzupt 
; fill. both buffers 
; offset in auc:ti.o buffer 
; move ma data to VRAM 

25 lllOV ax,DIAseg 

30 
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push 
mov 
lllOV 

DBBUG2 '**' 
DDUG2 '*A' 
DZBUG2 'PF' 
J>BBUG2 'Tm' 
DZBUGR DS 
l>BBUG I : I 

DDUGR SI 
DDUG ' ' 
J>BBUGR J:S 
l>BBUG I : I 

DDUGR DJ: 
DDUG ' ' 
DDUGR. ex 

•hr 
rep 
test 
j• 
movsw 

AD>Pl.y8: test 
j• 
movsb 

AD>Pl.y9: pop 
mov 

ds 
ds,ax 
dl,cl 

cx,2 
movsd 
dl,2 
short AI»Pl.y8 

dl,1 
.short AD>Ply9 

ds 
. mAoffx, si 

. , 

. , . • 

; save l.ov byte of count 

make doubl.e word . move them , . is there a word to move • 
no . yes, move a word • 
is there another byte to move . no , . yes move the l:>yte , 

next. buffer 

;-------------------------------------------------------------------------Start pl.ayi.nq the buffer by updatinq the AUdi.o regs 

;-----------------------------------------------~-------------------------call. 

ret 
AD>Pl.y endp 

Startl'R2 ; start Play/twc i.f it is not 
; halted 

; . , 
·-------------------------------------------------------------------------, . 
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; lhdld Record Audio Structure and move data 
; . , 

Input: AL- top hyteofdvord2 of audio structuze 
DX• length from eommand 

PCl'/US'5/13865 

:------------------~------------------------------------------------------5 Bldltec proc near 
mew bx, word pt.r •c1+2 : get top word of 1st audio 

; struc:t 

bt 
10 jnc 

or 
Bldltec:Oa:bt 

jc 
or 

15 BldltecOb:c:al.l 

c:al.l 
jmp 

; dword 
SW.itch,SW SII.BNCE 
short 111di.c:oa 
bx,AS_NDT& 
mf&flag,Ma«>m: 
short Blem.cob 
bx,AS_BMORO 
UseCase 

GetEIMA 
word ptr cs:•c:!l'[di] 

.is th.is 9.ilenc4t 
; no, noZli&l· 
; 11111te. .it 
: is thJ.s stereo 

y.s, already set to stereo 
; make i. t l•:f"t mono 
; wb.ic:h case to use •.• DI-case*2 
; zcx-c:ount+l 
; get ma count and address 
: jump to proper rout.ine 

:-------------~-----------------------------------------------------------
20 ; fti.s jmp table branches to a routine for an Action for each"DSP c:md 

; category 

25 

30 

35 

:-------------------------------------------------------------------------
dw 
dw 
dw 
dw 

Ol'l'SZT BldRac1 
OITSZ'!l' B10.c2 
OITSJ:'!l' BldRec3 
Ol'J'SJ:!l' 11ldltec:4 

; <• full ~fer 
; <• ~l+hal.f buffer 
; <• fUll+full buffer 
; <• full+~l+hal.f buf'fer 

:-------------------------------------------------------~-----------------
case 1 : <•.full buffer 

;-------------------------------------------------------------------------
Bleat.cl: mov es: [ .. c1+7-ABbegJ.n] ,al . save top :byte of DW 2 , 

mov ea: [Rec1-ABbeg.inl , ex ; set length 
mov CNDc:ntx, ex . set amount to process , 
or bx, AS_ LAST ; one and last 
lllOV es: C•c:1+2-AJU:M1gJ.nl ,bx . save top word of DW 1 , 
bts TJpeint, .. c:i.astint . aay only one .inter.rUpt , 
jmp Blcta.c:7 . go to c0111DOn part , 

;--------------------------------------------------~-~--------------------
; case 2 : <• full buffer+half buffer 

;-----------------------------------~-------------------------------------
4 O Blcta.c2: mov 

mov 
mov 
mov 
mov 

es: [•c:1+7-ABbeg.in] ,al ; save top byte of DW 2 
es: [Rec2+7-ABbeg.in] ,al ; save top byte of D1i 2 
es: C•c3+7-ABbeg.inJ , al ; aave top byte o~ Z>W 2 
word. ptr es: [Rec1-ABbeg.in) ,ADB1Jl'2 ; set length 
word ptr ea: [Rec2-ABbegJ.nJ ,ADBUl'2; 8et length 
eex,ADBUI' 45 sub 

mov 
mov 
llOV 

mov 
50 . or 

llOV 

jmp 

word ptr es: [Rec3-AIU:MlgJ.n] ,ex; set length 
CNDc:ntx, ex ; 
ea: [Rec1+2-.&Bbegin] ,bx ; 
es: C•c2+2-ABbeg.inJ ,bx 

sav9 top· word o~ DW 1 
save top word of DW 1 

; 3zd is last bx, AB_ L&S!l' 
. es: C•c3+2-ABbeg.inJ ,bz 
Blda.c5 

; 8ave top word of DW 1 
; go to ccmaon part 

·-----------------------------------------------~-------------------------, 
case 3 : <• full buffer+:f"u11 buffer 

SS ;-----------------------------------------------•-------------------------
Bldaac3: mov 

.mov 
llOV 

llOV 

es: C•c:1+7-ABbeginJ , al 
es:[ltac2+7-ABbeg.in),al 
es: C•c3+7-ABbeginJ ,al 
es:[•c4+7-ABbeg.in),&l 

; save top byte of Z>W 2 
save top byte of :CW 2 

; save top byte of· :CW 2 
; save top byte of D'W 2 

ii 
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mov word ptr es: [Recl-ABbegin] ,ADBOl'2; ••t 1.ength 
mov word ptr es: [Rec2-ABbegin] ,ADBOl'2; set 1.ength 
mov word ptr es: [l\ec3-ABbegi.nJ ,At>B01'2; set 1.ength 
sub ec:x, ADBtJ1'2*3; 

5 mov word pt:r es: [l\ec4-ABbeginJ ,ex; set length 
lllOV CNDcntx,c:x . , 
lllOV es: (ltec1+2-ABbegin] ,bx . save top word o!' 1>1f 1 , 
mov es: (ltec2+2-ABbegin) ,bx . save top word o!' DW 1 , 
mov ••: (:Rec3+2-ABbegin) ,bx . save top word o!' 1>1f 1 , 
or bs,AS_:LAS'l' . 4th is l.ast , 10 
mov ••: (:Rec4+2-Dbegin] ,bx ; save top word o!' DW 1 
jmp short Bl.dRecS . go to ccmaon part , 

;-------------------------------------------------------------------------
; case 4 : <• ful.1.+f'ul.l.+hal:f bu:f:fer 

15 ;-------------------------------------------------------------------------

Bl.cm.c4: mov es:(:Rec1+7-Dbegin],al. . save top byte of DW 2 , 
mov es: (ltec2+7-ABbegin] ,al. save top byte of' D1f 2 
mov es: (Rec3+7-Ubegin] ,al. . save top byte of DW 2 , 
mov es:[:Rec4+7-Dbegin],al. . save top byte of DW 2 , 20 
mov es: [1tec5+'1-Dbegin] ,al. . save top byte of DW 2 , 
mov word ptr es:·(a.c1-ABbegin] ,ADBOl'2; set 1ength 
lllOV word ptr es: (Rec2-ABbegin] ,ADBUF2; set 1•ngth 
mov word ptr es: (Rec3-ABbeginJ ,ADBtJJ'2; set 1ength 

25 mov word ptr es: [Rec4-ABbegin] ,ADBOl'2; set 1ength 
sub ec:x,ADBUI' shl. 1 ; 
mov word ptr es:[RecS-ABbegi.n],cx; -t l.ength 
mov CNDcn.tx, ex· . , 
lllOV es: [1'ec1+2-ABbegi.n] ,l:m . save top word of' DW 1 , 
mov es: [ltec2+2-ABbeginJ ,bx . save top word of DW 1 , 30 
mov es: [Rec3+2-ABbegin) ,bx . save top word o!' DW 1 , 
mov es: (ltec4+2-ABbegin) ,bx . save top word of DW 1 , 
or l:m, AS _:LAST. . 5th is 1.ast I 

lllOV ••: (Rec5+2-ABbegin] ,bx . save top word of DW 1 , 
bts T3tPelnt,Rec:teil.tlnt . say onl.y one interrupt I 35 Bl.cm.cS: 

40 

Bl.cm.c'1: lllOV ax,ctao:ff ; start DNA. o:ff-t 
lllOV DMA.o:ffx,ax . make it next buf'fer , 

:-------------------------------------------------------------------------. 
I Start recording a buffer by updating the AUdio regs 

·-------------------------------------------------------------------------, . 

mov 

cal.l. StartPR 

; set up Primary Stream addr for 
; play 

; start Pl.ay/Rec J.f it is not 
; hal.ted 

45 ret ; 
sicmec endp 
;************************************************************************* 
; Am Record with Audi.o Stz:uctures al.ready buJ.l.t 
:************************************************************************* 

50 AmRec proc near 
mov Mlll.tXntx,O set i.nter~t number to zero 
cal..l GetDMA. ; pt DNA. count and address 
bts T3tPeXnt,1'ecMl1l.tXnt ; start vi.th 1st interrupt 
mov ax,DMAo:f:f ; start DNA. offset 

55 mov ~:ffx,ax ; make it next buffer ;.-------------------------------------------------------------------------
Start recording a bu:ff'er by updati.ng the Audio regs 

;-------------------------------------------------------------------------mov al.,Numbstruc ; pt number of structures used 
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; update pr.imary stream buf'fer 
; count 
:by writing anything to it 

; set ma in progress bit 
5 ret . , 

AD>Rec endp 

;---------------------------------------------~---~-----------------------; %nitiate a J)J.rect p1ay. 

:------------------------------------~-----~~-~---------------------------10 B1dDirP1y proc near 

15 

mov eax,AR_DirP1ay 

mov 
mov 

inc 

ret 

I.AsbPadr,eax 
es:(Buft>irP1ay-ABbegin],dl 

:byte ptr LAsbPbc 

; -t Primary Stream addr for dir 
; p1ay . , 

; save· .. in audio buffer for direct 
; p1ay 

; update prim&ry stream buffer 
; count 

; :by writing anything to it . , 
20 B1dDDU'ly.endp . , 

; ---------------------------.:---------.-~-~--------~------------------------
; Build Audio Structurtt for p1ay 1 :byte of Direct Reeord 

;---------~-------.----------------·------------------.----------------------

BldDJ.r!Wc: proc: near 
25 mov eax,AR_Di:r:Rec ; -t Primary Stream addr for dir 

30 

35 

40 

45 

50 

55 

mov I.AsbP,adr ,eax 
bts Type%nt,Directlnt 
inc :byte ptr LAsbPbc 

ret 
B1dDIRRec: endp 

; rec •.. · 
; 

set direct record .. to interrupt 
; update pr.imary stream buffer 

; count 
; :by writing anytJUng to it . , . , 

·-------------------------------------------~-----------------------------, . . . 

; 
; Routine to bui.ld. two :bytes from the two lai»les 

Input: DLs conventiona1 mixer values 
OUtput:nx- new mixer values . , 

·-------------------------------------------------------------------------. . 

B1dMix35 proc near 
mov si, o~fset NixTB35 
jmp short Blc:INiz 

B1dMix35 endp 
B1dNixt6 proc: near. 

mov si,offset Nidabt6 
jmp short B1c:INiz 

B1c:INizt6 elldp 
Blc:INiztS proc near 

mov si, offset MixTabtS. 
BldNix:xor bx,bx 

IDOV b1,ah 
•hr bx,4 
mov dh,:byte ptr cla: (si] (bx] 

mov b1,ah 
and bx,O:fh 
mov dl,:byte ptr ds: (si) [bx) 

ret 
BldMix45 endp 

use 3 bit to 5 bit conversion 
; 90 to coaDOn point 

; use 4 bit to 6 bit c:onversJ.on 
; go to common point 

; use 4 bit to .5 bit conversion 
; sero ind8x 

; get rJ.d ~f 1ow nibb1e 
; get corresponding value for low 

; ·lai»le 
; put nibbies in ind8x 
; get rJ.d of high nibb1e 
; ·get corresponding value for high 

; lai»le 

ii 
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;-----------------~-----~------------------------------------------------. , out_ Val 
outputs an asci.i. char i.n AL to CClN1 

5 ;-------------------------------------------------------------------------
out_Val proc near 

push edx 
:tl'Dlll' CCMl 

mov ·mc,03f8h 
10 ZLSJ: 

mov dx, 02f8h 
JIHD:tl' 

out dx,al ; out to CClN1 or CCH2 
ax: 

15 D'DEI' CClN1 

JIHD:tl' 
20 

mov dx,03fdh 

mov dx, 02fdh 

al,dx 
al,020h 
short ax 
ec:lz 

. , 
; is it ready 

; no 

25 out_Val 

in 
test 
jz 
pop 
ret 
endp 

;-------------------------------------------------------------------------
; Rag_ Bex 
; converts a 16 bit a:eg in AX to hex in Bmcval 
; ----------------------------------------·--------------------------------

30 Rag_Bex proc 
push 
push 
pop 
push 
xor 
mov 
•hr 
mov 
mov 
JDOV 

and 
mov 
mov 
mov 
•hr 
mov 
lllOV 

mov 
and 
lllOV 

lllOV 

;-------------------------------------------------------------------------
;·~1e to convert SB 3/4 bi.t mixer values to S/& bit values 

;-------------------------------------------------------------------------
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; NOTE: computed use l'REQ.PAS program 
MixTab46: db 20,22,24,26,29,31,33,35,37,39,41,43,45;47,49,51 
M:LxTab45: db 1,2,4,6,9,11,13,15,17,19,21,23,25,27,29,31 
MizTab35: db 31,27,22,18,13,9,5,1 

5 D'DJ:I' USJ:TABLE 

;------------------------------------------------~------------------------. table to convert convenUon&l. constant to c:1ock cliv:isor ~or best ~req , 
; avai.lable 

;-----------------------------------------------~-------------------------10 ClkTab: dv 030D'h ; co- .f335 Selc:1k17• 1 
dv 0187Bh . CD- 6267 Se1c:1k17• 0 , 
dv 01862h ; co- 62.f2 Selc:lk17• 0 
dv 018.fAh . co- 6218 Selc:lk17• 0 , 
dv 01831h . co- 6193 Selc:lk17• 0 , 

15 dv 01819h . co- 6169 Selc:1k17• 0 , 
dv 01800h . co- 614.f Selc:1k17• 0 , 
dv 017Z7h . co- 6119 Selc:1k17• 0 , 
dv 017Cl'h . co- 6095 Selc:1k17• o. , 
dv 017B6h ; co- 6070 Selc:lk17• 0 

20 dv 03046h . co- .f166 Selc:1k17• 1 , 
dv 03035h co- .fl.f 9 Selc:1k17• 1. 
dv 03024h ; co- .f132 &elc:1k17• 1 
dv 01754h co- 5972 Selc:1k17• 0 
clv 03002h ; co- 4098 Selc:1k17• 1 

25 dv 01'723h . co- 5923 Selc:1k17• 0 , 
dv 01'70Ah . co- 5898. Selc:1k1'7• 0 , 
clv 0161'2h . co- 587.f ·Se1c:1k17• 0 , 
dv 016D9Ji ; co- 58.f9 Selclk17• 0 
dv 016C1h ; co- 5825 Selc:1k17• 0 

30 dv 016A8h ; Cl)c 5800 Selc:1k1'7• 0 
dv 01681'h co- 5'7'75 Selc:1k1'7• 0 
dv 016'77h . CD• 5'751 Selc:1k17• 0 , 
dv 0165Zh ; co- 5'726 Selc:1k17• 0 
dv 021'59h . co- 3929 Selc:1k17• 1 , 

35 dv 0162Dh . co- 567'7 Se1c:1k17• 0 , 
dv 021'3'7h ; co- 3895 Selc:1k17• 1 
dv 021'26h . co- 38'78 Selc:1k17• 1 , 
dv 021'15h . co- 3861 Selc:1k1'7• 1 , 
dv 02!'0.fh co- 384.f Selc:1k1'7~ 1 

40 dv 015B2h . co- 5554 Selc:1k17• 0 , 
dv 02D2h . co- 3810 Selc:1k17• 1 , 
dv 01581h co- 5505 Selc:1k1'7• 0 
dv 01568h . co- 5C80 Selc:1k1'7~ 0 , 
dv 01550h Cl)c 5.f56 S.lc:1k1'7• 0 

45 dv 01537h co- 5431 Selc:1k17• 0 
dv 01511'h ; co- 5.f0'7 Selc:1k17• 0 
dv 01506h . co- 5382 Se1Clk17• 0 , 
dv 014Dh . co- 5358 Selc:lk17• 0 , 
dv 014D5h . CD• 5333 Selc:1k1'7• 0 , 

50 dv 02ZCAh . CD• 3658 Selc:1k1'7• 1 , 
dv 02J:39h ; co- 36.f 1 Selc:1k1'7• 1 
dv 02Z28h ; co- 3624 Selc:1k17• 1 
dv 02Z1'7h co- 3607 Selc:1Jt17• 1 
dv 01.fSAh . . co- 5210 Selc:1lt17• 0 , 

55 dv 02t>1'5h . co- 3573 Selc:lk17• 1 , 
dv 01429h . CD• 5161 Selc:1k1'7• 0 , 
dv 01410h co- 5136 Selc:1k1'7• 0 
dv 0131'8h co- 5112 Selc:1lt17• 0 
dv 013Dl'h CD=- 5087 sttlc:1k17• 0 

~I 
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dw 013C1h . CDs 5063 8elcl.k17• 0 , 
dw 013Uh . CDs 5038 S.lcl.k17• 0 , 
dw 01396h CDs 5014 S.lcl.k11• 0 
dw 013'7Dh . CDs 4989 S.lcl.k1'7• 0 , 

5 dw 01364h . CDs 4964 Selcl.k17• 0 , 
dw 0134Ch . co- 4940 Selcl.k17• 0 I 

dw 02D3Bh ; co- 338'7 Selclk17• 1 
dw 02D2Ah . co- 33'70 Selclk1'7• 1 , 
dw 02D19h . CDs 3353 S.lcl.k17• 1 , 

10 dw 02D08h . CDa 3336 S.lclk1'7• 1 , 
dw 012D1h co- 481'7 Selcl.k1'7• 0 
dw 02CB6h . co- 3302 Selclk1'7• 1 , 
dw 012AOh . CDs 4'768 Selcl.k1'7• 0 I 

dw 0128'7h . co- 4'743 Selclk1'7• 0 , 
15 dw 0126J'h . CDa 4719 Selclk1'7• 0 , 

dw 01256h . CDa 4694 Selclk17• 0 , 
dw 0123Dh ; CDa 4669 S.lclk17• 0 
dw 01225h . CDa 4645 Selclk1'7• 0 , 
dw 0120Ch . CDa 4620 Selclk1'7• 0 , 

20 dw 0111'4h CD- 4596 S.lclk1'7• 0 
dw 011DBh CDa 4571 S.lclk1'7• O 
dw 02C3Dh . CDa 3133 S.lclk1'7• 1 , 
dw 011.Uh ; CDa 4522 Selclk1'7• 0 
dw 02C1Bh co- 3099 Selclk1'7• 1 

25 dw 02COAh ; CDa 3082 Selclk17• 1 
dw 02B1'9h . CDa 3065 Selclk17• 1 , 
dw 02U8h . CDa 3048 Selclk17• 1 , 
dw 01121'h .. co- 4399 Selclk1'7• 0 , 
dw 02BC6h . Cl)a'' 3014 S.lclk17• 1 , 

30 dw 010J'&h . CDa 4350 Selclk1'7• 0 , 
dw 010J:5h . CD- 4325 Selcl.k1'7• 0 , 
dw OlOCDh . CDa 4301 Sel:cl.k17• 0 , 
dw 010B4h . CDa 42'7& Selclk1'7• 0 , 
dw 0109Ch . CD- 4252 S.lcl.k17• 0 , 

~5 dw 01083h . CDa 422'7 S.lcl.k17• 0 , 
dw 02B50h . CD- 2896 Selclk1'7• 1 , 
dw 01052h . CDa 4178 Selcl:k17• 0 , 
dw 02B2J:h . CDa 2862 Selcl:k17• 1 , 
dw 02B1Dh . co- 2845 Selcl.:k1'7• 1 , 

40 dw 02BOCh . CDa 2828 Selcl:k1'7• 1 , 
dw 02Al'Bh . CDa 2811 Selcl:k17• 1 , 
dw OOJ'D7h . co- '4055 Selcl:k17• 0 , 
dw ODDlh CDa 2'777 Selcl.k11• 1 
dw OOl'A.6h . CDa 4006 Selcl.k1'7• 0 , 

45 dw 001'8Dh CD- 3981 Selclk1'7• 0 
dw 001'75h . CDa 3957 Selclk17• O , 
dw 001'5Ch . CD- 3932 Selcl.Jt17• 0 , 
dw 001'44h . CDa 3908 Selcl.Jt17• 0 , 
dw 00!'2Bh . CDa 3883 Selcl:k17• 0 , 

50 dw 00!'12h . CD-. 3858 8elcl.:k1'7• 0 , 
dw OOBl'Ah CDa 3834 Selcl.k17• 0 
dw 02A.41h ; CDa 2625 Selclk17• 1 
dw 02A30h CD- 2608 Selclk17• 1 
dw 021'.ll'h . CD- 2591 Selcl.Jt17• 1 , 

55 dw 02A0Bh . CDs 2574 Selcl:k1'7• 1 , 
dw OOZ71'h ; CDa 3'711 Selclk17• 0 
dv 029BCh CDa 2540 Selclk17• 1 
dw OOJ:4J:h CD- 3662 Selclk1'7• 0 
dw OOJ:35h . CD• 3637 Selclk17• 0 , 
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dw OOB1Dh . CD- . 3613 S.lclk1'1• 0 , 
dw OOZ04h . CD- 3588 Selclk17• O , 
dw OOJ:mCh . CD• 356' Selc1k11• 0 , 
dv OODD3h CDa 3539 .S.1c1k1'7• 0 

5 dw OODBAh ; CD- 3514 Sel.c1k1 '7• 0 
dw OODA2h . CDs 3490 .Selclk1'1• o ,, 
dw OOD89h . CDa 3465 Selclk1'7• O , 
dv 02943h . CDs 23'71 S.lclk1'7• 1 , 
dv 00D58h . =- 3416 Selclk1'7• 0 , .. 

10 dv 02921h ; CDa 233'1 .Sel.c1k1 .,_ 1 
dw 02910h CDa 2320 Sel.c1k1'7• 1 
dw 0281Th . CDa 2303 Sel.c1k17•. 1 , 
dw 028Dh CDa 2286 Sel.c1k17• 1 
dw OOCDDh . CD- 3293 Selcl.k17• 0 , 

15 dw 00CC:5h . CDa 3269 S.lclk17• O , 
dv OOCACh 1·. CDa 3244 Selclk17• O 
dv OOC93h ; CDa 3219 Selcl.k17• o 
dv OOC7Bh ; cD- 3195 S.lc1k17• 0 
dv OOC62h . CDa 3170 Se1c1k1'1• 0 , 

20 dw OOC4Ah CD- 3146 Selc1k17• 0 
dv OOC31h CD- 3121 Selc1k17• 0 
dw 02856h . CDa 2134 Selclk17• 1 , 
dv OOCOOh . Cl>- 3072 Se.lclk17• 0 , 
dv 02834h ; CDa 2100 Sel.cl.k17• 1 

25 dv 02823h CDa 2083 Se.lc1k1'7• 1 
dv 02812h =- 2066 Sel.cl.k17• 1 
dw 02801h . ·.CD- 2049 S.1clk17• 1 ,. 
dv OOB8!5h . CD- 2949 Sel.clk17• 0 , 
dw 027Dl'h . CDa 2015 S..lc1k1'7• 1 , 

30 dv OOB54h ; CD- 2900 Selc1k1'7• 0 
dv OOB3Bh ; ·=- 2875 Selc1k17• 0 
dw 00B23h . CD- 2851 S.lclk17• o ,. 
dv OOBOAh . CDa 2826 Selc1k17• 0 , 
dv OOA1'2h . CDa 2802 S.lcl.k17• 0 , 

35 dv OOAD9h CDa 27'77 Se.lc1k17• 0 
dv OOAC1h co- 2'753 Selc1k1'7• 0 
dw OOAAlh . co- 2128 Selc:lk17• 0 , 
dv 02'747h . CDa 1863 Selc1k17• 1 , 
dv OOA7'7h . CDa 21'79 Selcl.k17• 0 , 

40 dv 02725h . CDa 1829 S..lclk17• 1 ,. 
dv 02714h . Cl)a 1812 Se.lclk1'7• 1 , . 
dw OOA2Dh ; CDa 2605 Se.lcl.k17• 0 
dv 0261'2h . co-. 1'778 8elc:lk17• 1 , 
dv 0091'Ch . CDa 2556 Selc1k1'1• 0 , 

45 dv 009Z3h . CDa 2531 Selclk17• 0 , 
dv 009CBh CDa 2507 Selcl.k17• 0 
dv 009B2h CDa 2482 Se.lc1k1'7• 0 
dv 0099Ah CDa 2458 Selc1k1'7• 0 
dv 00981h ; CDs 2433 aelclk1'1• 0 

so dv 00968h . CDa 2408 S.1cl.k17• 0 , 
dw 00950h CDa 238C Se.lc1k1'7• 0 
dv 0093'7h . CDa 2359· Selc1k17• 0 .. 
dw 00911'h . co- 2335 S.l.clk17• O , 
dv 00906h . ·CD• 2310 S.lcl.k17• 0 , 

55 dv 02627h . CD- 1!5'75 Se.lcl.k1'1• 1 , 
dv 008D5h CDa 2261 .8elcl.k1'1• 0 
dv 02605h . =- 15Cl Sel.clk1'7• 1 , 
dv 0251'4h . co- 1524 Sel.cl.k,17• 1 , 
dv 025Z3h CD• 1507 Selclk17• 1 

ii 
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dw 00873h . ·CD= 2163 Selclk17• 0 , 
dw 0085Ah . CD= 2138 Selclk17• 0 , 
dw 00842h ; co- 2114 Se1clk17• 0 
dw 00829h . CD= 2089 Se.lclk17• 0 , 

5 dw 00810h . CD• 2064 Se.lclk17• 0 , 
dw 007J'8h ; co- 2040 Se.lclk17• 0 
dw 007Dl'h . co- 2015 Se.lclk17• 0 , 
dw 007C7h . co- 1991 Selclk17• 0 , 
dw 007Allh . co- 1966 Selclk17• 0 , 

10 dw 0253Ah . co- 1338 Se.lclk17• 1. , 
dw 0077Dh . co- 1917 Se.lclk17• 0 , 
dw 02518h . co- 1304 Se.lclk17• 1 , 
dw 02507h . co- 1287 Se.lclk17• 1 , 
dw 0241'6h ; co- 1270 Selclk17• 1 

15 dw 024Z5h . co- 1253 Se.lclk17• 1 , 
dw 00702h ; co- 1794 ·s.1clk17• 0 
dw 024C3h . co- 1219 Selclk17• 1 , 
dw 006D1h . co- 1745 Se.lclk17• 0 , 
dw 006B8h . co- 1720 Selclk17• 0 , 

20 dw 006A0h . co- 1696 Se.lclk17• 0 , 
dw 00687h ; co- 1671 Se.lclk17• 0 
dw 00661'h co- 1647 Be.lclk17• 0 
dw 00656h . co- 1622 s.1clk11• o , 
dw 0244Dh . co- 1101 Se.lclk17• 1 , 

25 dw 00625h . co- 1573 Selclk17• 0 , 
dw 0242Bh . co- 1067 Se.lclk17• 1 , 
dv 0241Ah co- 1050 Se.lclk17• 1 
dw 02409h . co- 1033 Se.lclk17• 1 , 
dw 0231'8h . co- 1016 Se.lclk17• 1 , 

30 dw OOSUh . co- 1450 Selclk17• 0 , 
dw 023D6h . co- 982 Se.lclk17• 1 , 
dv 00579h . co- 1401 Selclk17• 0 , 
dw 00560h . co- 1376 Selclk17• 0 , 
dw 00548h co- 1352 Se.lclk17• 0 

35 dw 00521'h . CD• 1327 Se.lclk17• 0 , 
dw 00517h ; CD• 1303 Selclk17• 0 
dw 0041'Bh . co- 1278 Selclk17• 0 , 
dw 004B5h . co- 1253 Selclk17• 0 , 
dw 004CDh . co- 1229 Se.lclk17• 0 , 

40 dv 004B4h co- 1204 Selclk17• 0 
dv 0232Dh . co- 813 Selclk17• 1 , 
dw 00483h ; CD• 1155 Se.lclk17• 0 
dw 0230Bh . co- 779 Selclk17• 1 , 
dw 022J'Ah CD• 762 Se.lclk17• 1 

45 dv 022Z9h ; co- 745 Selclk17• 1 
dw 00421h ; CD= 1057 Selclk17• 0 
dw 00408h . CD• 1032 Se.lclk17• 0 , 
dw 003!'0h . CD= 1008 Se.lclk17• 0 , 
dw 003D7h . co- 983 se1c1k11- 0 , 

50 dw 003Dh CD= 958 Se.lclk17• 0 
dw 003A6h . co- 934 Selclk17• 0 , 
dw 0038Dh . co- 909 Selclk17• 0 , 
dw 00375h CD• 885 Selclk17• 0 
dw 0035Ch . co- 860 Se.lclk17• 0 , 

55 dw 02240h co- 576 Selclk17• 1 
dw 0032Bh . CD• 811 Se.lclk17• 0 , 
dw 0221Zh . CD= 542 Selclk17• 1 , 
dw 0220Dh ; CD• 525 Se.lclk17• 1 
dw 0211'Ch •. CD= 508 Sel.cl.Jr.17• 1 , 
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dw 
dw 
dw 
dw 
dw 
dv 
dw 
dv 
dv 
dv 
dw 
dv 
dw 
dw 
dv 
dv 
dw 
dv 
dw 
dw 
dv 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dv 

021BBh 
002BOh 
021C9h 
00271'h 
002_66h 
0024Bh 
00235h 
0021Dh 
00204h 
02153h 
001D3h 
02131h 
02120h 
02101'h 
0201'&h 
00158h 
020DCh 
00127h 
0010Bh 
OOOF6h 
OOODDh 
OOOC5h 
OOOACb 
0009,3h 
000'7Bh 
00062h 
OOOtAh 
00031h 
02011h 

_; =­
=­: =-
=­; co-

; ~-; =­
; co-
; co­
; ·~ 

; =­
: CD­
: -en­
; co-; =­
; Cl)8 

: =­
: CD-.. ;· =­: =­
: en­
; Cl)a 

: =­; =­: =­; =-
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491 Se1cl.k1'7• 1 
688 S.1cl.k17• 0 
457 Se1cl.k1'1• 1 
63,1 S.l.cl.k17• 0 
614 S.1cl.k17• 8 
590 Se1clk17• 0 
565 S.1clk17• 0 
5C1 Sel.cll17• 0 -
516 S.1c1k17• 0 
331 Bel.cl.kl 7• 1 . 
4 67 S.l.clkl '1• 0 . 
305 S.1clk17• 1 
288 S.1c:lk17• 1 
271 S.l.clk17• 1 
254 S.lcl.k17• 1 
344 S.lcilk17• 0 
220 Sel.c:ll1'7• 1 
295 S.lclk17• 0 
270 Sel.clk17• 0 
246 S.1c::lk1'7• 0 
221.S.l.c:lk17• 0 
197 S.l.c::lk17• 0 
172 S.lc:lk17• 0 
147 S.l.clkl 7.• 0 
123 Sel.clk1'1• 0 

98 Sel.c::lk17• 0 
74 S.l.clk17• 0 
49 S.1c::lk1'7• 0 
17 S.l.clk1'7• 1 
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30 Bl'DII' 
:111111e1eeeaaaeeeeaeeeeeaeeeeeaeeeae1eeeaeaeaaeeaeeeeaeaeaeeaeeeeaeeeeHe 
;*********************.*************************************************** 
; DaT:tALIZA'HOH DATA and com: ;Ls ~reed- up 
:************************************************************~************ 

·35 BndC equ $ ; end o~ coda to save 
Coct.Len equ (BndC-Begj,nc+15)/16 
BtoB db 3*16 dup(255) 

db Q 1_ l 1 2 I 3 I 4 I 5 I • I '7 I 8 I 9 I 255 I 255 I 255 I 255 I 255 I 255 
db 255,10,11,12,13,14,15,255,255,255,255,255,255,255,255,255 

40 db 16 dup (255) 
db 255,10,11,12,13,14,1s,2ss,2ss,2ss,2ss,2ss,2ss,2ss,2s5,2ss 
db 9*16 dup(255) 

CrLf db Oah,Odh, •$ • ,o 
output db 256 dup(O) 

45 lnputL dw O 
Input db 256 dup(O) 
ftPJ:Dx equ 1 
ftnDEC equ 0 
SBZRQ db nnmc,6, 1 SBIRQ- 1 

50 SBIO db ftPBBBX,S, 1 SBIO-' 
SBDMA db ftnDBC,6, ·~· 
VGAIRQ db nnDEc, 1, ·v~ • .· 
l':ILTER db ftnDBC I 7 ,_ 1 l'ILBaa I 
Bl.pl: db I BTSR2 SBI~. SB:QtQ-Dn, SBDNa-n ,l'ILBR-lm, VGAIRQ-nn I I 0 

55 Bl.p2: db where mare hez vaJ.-..es 220 or 240 1 ,0 
Bl.p3: db nn are decUlal. v~ues • , 0 
WarnO db ''llADillG: BTSR2. m .is al.ready l.oaded I I 0 
warnl: db •warni.ng: SBIO can onl.y be 220 or 240 1 ,0 
Wazn2: db •warn.ing: byword not ~ound; de~aul.t ~or SBJ;O .is 220•,o 

f 
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Warn3: db •warni.ng: :Keyword not found; def'ault f'or SBZRQ is 7' ,0 
Warn4a: db •warning: :Keyword not f'ound; default for SBDMA is 1' ,o 
Wa:rn4b: db •warning: SBDM1a. can only be 1,3, or o• ,o 
WarnSa: db 'Warning: :Keyword not.found; def'ault f'or 1'%LTER is so• ,o 
WarnSb: db 'Warning: l'XL'l!Bll can only be so or 100•,o 
Warn6: db •Warning:. Z.yword not found; def'ault for VGAIJlQ is 9' ,O 

;-------------------------------------------------------------------------; RouUne to fJ.nd a keyword in a U.ne of input 
DIPUT: ds:si. poi.nts to keyword . , . , OOTl'OT : U• ~nary value and carry flag clear 

; ; carry :fl.ag set i.f keyword not found 
: --------------------------------------------------------------------------
l'indKey proc near 

IDOV cx,InputL . get l.ength of' comand input , 
lllOV di.,off'set %nput ; get acldr o:f cOlllll&ftd i.nput 
l.odsw . get type/size of keyword , 
lllOV bx, ax . BL-type,BB•si.ze , 
me bh . i:educe size by 1 for compares , 
l.odsb . get 1st char , 

l'1U: repne scasb . look f'or i.t in eonnand input , 
jne short J'llty . not e'V9n 1st char is there , 
push si. . save temp , 
push cli ; 
push ex . , 
lllOVZX cx,bh . get size of keyword , 
repe cmpsb ; is it there 
je short l'K3 ; y.s, 
pop ex . restore regs , 
pop cli . , 
pop si ; 
jmp short l'1U ; 

l'K3: cmp bl.,ftRDJ:C . is i. t mci.mal. , 
jne short ns . no, must be hex , 

;-------------------------------------------------------------------------35 ; Con'V9rt mcimal. value 

40 

45 

50 

55 

:-------------------------------------------------------------------------l'Jt4: xor bx,bx . , 
xor ax,ax ; 
xor cx,ex . , 

l'Jt4a: :mov bl.,es:[cli) . get a deci.mal. code , .., bJ., I I I . end o~ pu:m , 
je short l'lt4b . y.a, get out , 
mov c1, BtoB [bx) . get bJ.nary , 
cmp cl.,9 . i.s i.t ni.ne or 1ess , 
ja abort l'Kx . no, get out wJ.th val.ue-0 , 
mov dx,10 
mul. dx mul.t current value by 10 
add ax,cx add thi.s to J.t 
inc di . bump to .-.t char , 
jmp short l'lt4a . go get nezt one , 

l'lt4b: pop ex ; restore regs 
pop di . , 
pop si. 
cl.c . reg AX conta.i.ns value , 
ret . , 

;-------------------------------~-----------------------------------------con:vert hex value 
:.----------------~------~-------------------------------------------------
l'KS: xor bx,bx . , 
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zor az,ax . , 
zor cx,c:z· ; 

l'ltSa: mov i:.1,es: [di] . pt a ·decimal code , 
Clllp i:.1,•,• . end o:f Paza , 

5 j• abort l'1t5b . y.a, get out , 
mov cl., BtoB [mt] . pt l:a:inary , 
Clllp cl.,15 . :is :it 15 or l••• , 
ja short nz . no, get out vi.th va1u.-O , 
ahl az,4 . make room for new dig.it. , 

10 or &1,cl . or :in aew one , 
inc di . J::nmip to· nut char , 
jmp short l'lt5& . go pt·nat one , 

l'lt5b: pop ex . restore regs , 
pop di . , 

15 pop a.i . , 
Cle ; reg AX conta.inil va1ue 
ret 

l'Bz: pop cx . restore regs , 
pop di 

20 pop a:i . , 
l'lty: ate . , 

ret ; 
J'.indKey endp 

;-------------------------------------------------------------------------
25 : Routine to output a massage 

30 

35 

40 

; DIPU'l': St has o:ffaet to message 

;-------------------------------------------------------------------------
OUtputNsg proc 

puaha 
mov 
mov 
mov 

Clll.: loda)) 
Clllp 

j• 
stom 
loop 

ClN2: mov 
movad 
lllOV 

:int 
popa 
ret 

OUtputMsg endp 

near 

cx,250 
di,o:f:faet output 
dz, di 

&1,0 
short ClN2 

CM1 
ai,o:f:faet Crlo:f 

ah,9 
21h 

; save all regs 
; leave apace :for c:a/'LI' 
pt at:art o:f :bu:f:fer 
save for -••age 
pt a -••age byte 

; is it the end 
; y.s 
; no save it 

and pt nezt one 
pt crl:f 

; move it 
; output -••age vi.a DOS 
; 

45 ;-------------------------------------------------~-----------------------
; ini.tialisat.ion code···•- if copy o:f r.rsa is already loaded 

;-------------------------------------------------------------------------
IRt'.r: .,,, az, sr.rsa_m 

zor cx,cx nozmal. request 
50 int 02fh 

or az,az . i.s it l.oacled , 
jn:z short IRt'.rO . no, proceed to load , 
push cs . , 
pop els make DS-C:S 

55 push. els 
pop es . make Bs-DS-CS , 
OUtMsg WarnO . output warni.ng -•••ge , 
jmp IR%'.r8 and get out 
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:------~-~----------------------------------------------------------------
; i.nitl.al.i.zatl.on code ••• move coaaand line and capi.tal.i.ze it 

;-------------------------------------------------------------------------
DII'l'O: 

Dl%'1'1: 

Dl:t!rlb: 

Dl:t'l'lc: 

push cs 
pop ds 
JllOV 

int 
mov 
mov 
JllOV 

xor 
mov 
mov 
or 
jnz 
jmp 

mov 
c:mp 
j• 
c:mp 
jb 
c:mp 
ja 
sub 
JllOV 

inc 
.inc 
loop 
mov 
i.nc 
push 
pop. 

jmp 

ah,51h 
21h 
••,bx 
di.,of'f'set Input 
si,OBOh 
ex, ex 
c1,es: [si) 
:tnputla, ex 
ex, ex 
short Dl:t'1'1 
Dl:t'1'9 

&l.,es:[si.+1] 
al.,'?' 
short Dl%'1'1d 
al.,'•' 
short DII'1'1b 
al.,'•' 
short DII!rlb 
&l.,32 
ds: [di.) I &l, 

•i 
di. 
Dl:t'l'l 
byte ptr ds: (di) I 1 I 1 

:tnputla 
ds 

•• 
short Dl:t'1'2 

; 

. , . , 
where to put 

; coaaand line is at 080h . , 
; get l.ength of' Command line 
; save . , . , 

slti.p if aero to tezmi.natl.on 
; process 

get a byte 
; is it for he1p 
; yes, CJO output -••age 
; is it a .lower case letter 
; DO . , 
; no 
; make it upper case 
; save in buffer 
; nezt char from ommiand line 
; next c:har for i.nput 
; go get nest ~ 
; save encl of' pazm after last one 
; incremiant l.ength . , 

; 

35 ;-------------------------------------------------------------------------
; output help -••age if ? f'ound i.n i.nput 

;-------------------------------------------------------------------------DII'1'1d: push cs 
pop ds 

40 push ds 
pop •• 
OUtMsg Blp1 
OUtMsg Bl.p2 
OUtMsg Blp3 

45 jmp DII'1'8 

. , 
; make DS-CS 
; 
; make Bs-DS-CS 
; output hel.p -••age• 

; get out with staying i.n memory 

:-------------------------------------------------------------------------.•• fi.nd SBIO- and convert to b.inary word 
; --------------------------.-----------------------------------------------
DIIT2: JllOV s.i,offset SBIO . get keyword , 

50 c&l.l l'i.nd&ty do•• .it exi.•t 
jnc short DII'1'2c . yes, found a value , 
jmp short DII'1'2b . no, not found , 

DfIT2b: OUtMsg Warn2 . output warning -••age , 
jmp short Dl:ET3 . , 

55 Df%T2c:: amp a,x,220h . i.s i.t 220h , 
je short Dl:t'1'2d ; yes, go save v&l.ue 
cmp ax,0240h .is it 240h 
jn• short Dl%'1'2• . no, get out , 

DIIT2d: JllOV VSB_Port,ax . yes, save port for l.ater use , 
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; and go· to next keyword 
output warnJ.ng -•sage 

; ------...,.~~--~--------------------------------------------------------------. , ••• find SB~ and convert to DIT vector number 

5 ;--------------------~--~---------------------------~---------------------

10 

15 

20 

25 

30 

35 

40 

45 

50 

DIIT3: mov si,offset SBmQ ; get keyword 
call l'ind&ay . does it exist , 
jnc short DllT3c . yes, found a va1ue , 
jmp short DfIT3b. . no, notf'ound , 

DllT3b: OUtNsg Warn3 . output.warning -••age , 
jmp short INIT4 . and Skip to next keyword , 

DIJT3c: mov VSB_mQ,al . save JRQ nulilber , 
amp ax,8 . is it a 10-r D\Q , 
jb short DIJT3cl . yes, , 
add ax,70h-8 . no, must be a higher vector , 
jmp short DfIT3e go saV. int vect number 

INJT3d: add ax,8 . make JRQ a vector number , 
DIJT3e: mov VSB_Int,al save int vector nulilber 

•h1 ax,2 compute addr in vector table 
mov wordptr vsa ... vect,ax save virtual SB int v.ct addr 

:---------------~----------------------------------------~----------------••• find SBDIG• and conv.rt to binary ma byte number 

;-------------------------------------------------------------------------DIIT4: ·mov si,offaet SBtlMA ; get keyword 
call l'incm.y . does it exist , 
jnc short DIIT4c. yes, fOulld a value·. 
j..p short DIJT4b no, not found 

DIJT4b: OUtNsg Wai:n4a output warning -••age 
jmp short INJTS and skip to next keyword 

Dl:IT4c: amp al,1 . i• it a 1ega1 va1ue , 
je short DIJT4d . yes , 
amp a1,3 . is it a legal va1ue , 
j• shor:t DfJTold . yes , 
amp a1,0 . is it a legal. value , 
jne short DIJ'.role . no, go output warning , 

DIJT4d: mov VSB_IlNA, al . yes, save value for later use , 
jmp short DIJTS . and slip to next keyword , 

Dl:IT4e: 01,lt:Msg Warn4b output warning -••age 
. ----------------------------------------------------------·---------------, . 

••• find !':II.BR- should be 50 or 100 .•• doubl.e it for value used 

.; -----------------~--------------------------------------------------------

DIITS: 
Jl'D&I' BWl':tt.T&Jl 

DIJT5a: 
BI.SB 

IDO'V 

IDO'V 

out 
inc 
in 
mov 
test 
j• 
lllOV 

llOV 

dx,VGA_GRP 
al,D46h 
dx,a1 
dx 
al,dx 
ah,50 
a1,08h 
short DIJTSa 
ah,100 
l'ilterSO,ah 

; VGA est to find filter value 
; i.nmx w.:i. th fi.1 ter value .. , 
; get byte with f'ilter value 
; -sume value of 50 
; is bit 3 set 
; no, got va1ue 
; no must be 1 thus value of 100 

and save 

55 mov si,offset l'JI.'l'ZR 
call l'indK9y· 

; get keyword 
; doe• it esist 

jnc short DIIT5c 
jmp short DfJTSb 

DfITSb: OUtMsg WarnSa 

; yes, f'ound a value 
; no, not found 
; output warning --••age 

t 

~I 
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jmp short :INl'l'6 
:INX'l'Sc: cmp ax,50 

je short :INX'l'Sd 
cmp ax,100 
jne short DIJ:'l'Se 

:INX'l'Sd: •hl ax,1 

IDOV l'i1ter50,al. 
jmp short Drl'l'6 

DII'l'Se: OUtMsg WarnSb 
ZNDll' 
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; and skip to.next keyword 
; is it a 1egal. val.ue 

yea, 
; is it a 1ega1 va1ue 

no, output warning message 
doub1e val.ue for l.ater 

; computations 
; and save 
; and skip to next keyword 
; output varni.ng message 

;-------------------------------------------------------------------------. , •.• f'ind VGA:r;ag. and convert to lN'l' vector number 

:-------------------------------------------------------------------------Dll'l'6: mov ai,of'faet VGAlRQ get keyword 
c:a11 l'incm.y does it exi.st 
jnc short Drl'l'6c ; yea, f'ound a va1ue 
jmp short DII'l'6b . no, n.ot found , 

. Drl'l'6b: OUtMsg Warn6 . output warning message , 
jmp short DIJ:'l'9 ; go do termination processing 

Dll'l'6c: mov B'l' _ IRQ, al. . save f'or SC'l' , 
cmp al.,8 . is it a l.ower XBQ , 
jb short DIXT6d ; yea, 
add a1,70h-8 . no, must be a lUgher v.ctor , . number I 

jmp short DIJ:'l'6e . go save int vect number , 
Dll'l'&d: add al.,8 mli.ke J:aQ a vector number 
Dll'l'&e: 
J:l'NDBF SD401.ATE 

mov B'l'_:tnt, a1 . save it , 
DD:IJ' ;---------------------->ROT SDIULA'l'Z 

jmp short DIJ:'l'9 . go do termination processing , 

;--------------------------~----------------------------------------------; terminate because of' being al.ready 1oaded 

35 ;-----------------------------------------------------~-------------------
DIJ:'1'8: mov 

int 
ah,04ch 
21h 

; DOS tez:minate . , 
;-----------.--------------------------------------------------------------; chain into the 2f'h interrupt 

40 ;-------------------------------------------------------------------------:INX'l'9: mov ax,0352f'h get ol.d 2f interrupt routine 
int 21h . , 
mov word ptr cs: [Ol.d2f] ,bx . , 
mov word ptr cs:_[01d2f'+2],es; 

45 mov dx,of'f•et B'l'SR2f . , 
push c:s ; 
pop ds . , 
mov ax,0252f'h . set to our interrupt routine , 
int 21h ; 

50 :-------------------------------------------------------------------------; chain into the Nadia Stream control.1er interrupt vector 

;-------------------------------------------------------------------------
mov ah,03Sh 
mOV a1,cs:B'l'_J:nt ; get ol.d XX interrupt routine 

55 int 21h 
mov word ptr cs:[01dB'l'],bx ; save f'or chaining 
mov word ptr cs:[01dB'1'+2],es; 
mov dx,of'fset B'l'SROO . ••t interrupt vector to ours , 
push cs . , 
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int 
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5 ;--------~~---.-----..... ~-----------------------------------------------------

10 

15 

; Tez:mi.nate program 
; -------------·-------------------------------------------------~----------

IDOV 

llOV 

int 
:ams 
:am 

dx,16+CodeLen 
ax,03100h 
21h 

; paragraphs· to keep 

. , 
DOS tez:mina~ and stay resident 

c 

Ji 
~I 
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CLAIMS 

l. In combination for providing sound to a personal computer, 

a central processing unit (CPU), 

PCl'/US9S/13865 

5 a main memory for the CPU for storing words of sound information, 

a display memory for Storing words of graphics and video and sound information, 

the CPU being programmed to provide commands representing the address of the words of 

sound information in the CPU main memory, the address of the words of sound information to be 

transferred from the CPU main memory to the display memory and the length of the words of sound 

1 o information in a packet to be transferred from the CPU main memory to the display memory, and 

15 

means for transferring the words of sound information from the CPU main memory to the 

display meinory in accordance with the commands from the CPU. 

2. Jn a combination as set forth in claim 1, 

means for processing the words of the sound information in the display memory to recover the 

sound. 

3. Jn a combination as set forth in claim l, 

there being two buffers for the recording of the words of the sound information in the display 

2 o memory, and 

25 

30 

means for altemately providing for the recording of the words of the sound information in each 

individual one of the two buffers in the display memory and for providing· for the simultaneous 

processing of the words of the sound information in the other one of the two buffers in the display 

memory. 

4. In a combination as set forth in claim I, 

means for transferring words of video information into the display memory, and 

means for processing the words of the video information transferred into the display memory to 

recover the video information. 

5. In combination for providing saund to a personal computer, 

a central processing unit (CPU), 

a main memory for the CPU, the main memory storing sound information, 

a direct memory access (DMA) controller, 
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a display memory for storing graphics, video and sound, 

the CPU being programmed to provide commands to the DMA controller indicating the address 

of the sound information in the main memory, and the length of the sound information to be transferred 

from· the CPU main memory to the display memory, 

s means, responsive to the command from the CPU for activating the direct memory access 

controJler to initiate .the transfer of the sound infonnation from the CPU main memory to the display 

memory, for transferring the sound information to the display memory independently of the operation of 

the direct memory access controller. 

10 6. In a combination as set forth in claim S, 

means for processing the sound information transferred to the display memory to recover the 

sound represented by such information. 

7. In a combination as set forth in claim 5, 

15 means for indicating to the DMA controller that the transfer of the sound information from the 

CPU main memmy to the display memory has been completed, 

means, responsive to indication in the DMA controller of the completion of such transfer, for 

providing for the presentation of another command from the CPU for the transfer of information 

relating to a selective one of video, graphics and sound information from the CPU main memory to the 

2 o display memory. 

25 

8. In combination for providing ~·in a personal computer, 

a central processing unit (CPU), 

a main memory for the CPU, 

a display memory, 

the CPU being programmed to provide commands indicating the address of packets of sound 

information in the CPU main memory, and the :number of words of sound information to be transferred 

from the CPU main memory to the display memory, 

amain bus, 

3 o a subsidiary bus, 

means responsive to an individual· one of the commands from the CPU relating to sound for 

providing an indication on the subsidiary bus of an initiation of a transfer of the words of sound 

information from the CPU main.memory to the display memory, 

ii 
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means responsive to such indication on the subsidiary bus for transferring the words of the 

sound infonnation to the main bus, and 

means responsive to the transfer of the words of the sound information to the main bus for 

recording the words of sound information in the display memory. 

9. In a combination as set forth in claim 8, 

means responsive to the completion of the recording of the words of the sound information in 

the display memory for eliminating the indication in the subsidiary bus. 

10 10. In a combination as set forth in claim 8, 

15 

means responsive to the words of the sound information recorded in the display memory for 

recovering the sound represented by the information in such words, 

means for recording packets of video information in the display memory, and means for 

recovering the video represented by the information in the words of video information. 

11. In a combination as set forth in claim 8, 

the words of the sound information being recorded in two separate portions of the display 

memory, 

means for alternately recording the words of the sound information in each individual one of the 

2 o two separate portions of the display memory, and 

25 

means for processing the words· of the sound information previously recorded in the other one 

of the two separate portions of the display memory to recover the sound in such packets. 

12. In combination for providing sound to a personal computer, 

a central processing unit (CPU}, 

a main memory for the CPU, 

a display memory for storing Words of information relating to sound, graphics and video, 

the CPU being programmed to provide commands relating to addresses of the words of the 

sound infonnation in the CPU main memory, the addresses in the display memory to receive the words 

· 3 o of the sound information and the length of the words of the sound information, 

switching means having closed and open states, the switching means being normally in the open 

state, 
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means responsive to the commands providing for the transfer of the words of sound infonnation 

from the CPU main memory to the display memory for closing the switching means, and 

means responsive to the closing of the switching means for transferring the words of the sound 

information from the CPU main memory to the display memory in accordance. with the ·commands from 

s theCPU . 

. 13. Jn a combination as setJorth in c;laim 12, 

· means for determining the number of the words of the sound information transferred from the 

CPU main memory to the display memory at each instant, and 

1 o means for counting the address in which .the words of the sound information is being transferred 

to the display memory at each instant. f 

14. In a combination as set forth in claiin 12, . 

means for processing the words of the sound information transferred to the display memory for 

15 recovering the sound in such words, 

means for transferring the words of video into the display memory, and · 

means for processing the words of the video information transferred to the display memory to 

recover the video information. 

20 15. In a combination as set forth in claim l~ 

the words of the sound information transferred from .the CPU main memory to the display 

memory including information relating to the format of the sound lepresented by the information in such 

words, and 

means for operating upon the words indicating the formats of the sound for providing the sound 

2 5 in accordance with such fonnats. 

30 

16. In combination for providing sound in a personal computer, . 

a central processing unit (CPU),·. 

a main memory for the CPU, 

a display memory for storing words of information relating to graphics, video and sound, 

the central processing unit being programmed to provide commands indicating the address of 

the words of the sound information in the CPU main memory, the address of the words ·Of the sound 

information to be transferred from the CPU main memory to the display memory and the length of the 

packets of the s_ound information to be transferred from the CPU main memory to the display memory, 

Ii 
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a plurality of register means for receiving the words of the sound information from the CPU 

main memory' at a first one of the register means in the plUrality and for transferring the words of the 

sound information from the last one of the register means in the plurality, and 

means responsive to the passage of the words of the sound information from the last one of the 

s register means in the plurality for transferring such words of soulid information into the display memory 

at the addresses specified by the commands from the CPU. 

17. In a combination as set forth in claim 16, 

a CPU ready line, 

1 o means responsive to a filling of the register means in the plurality with words of the sound 

15 

information for producing an inactivation signal on the CPU ready liile, 

peripheral equipment operable by commands from the CPU, and 

means responsive to the production of the inactivating signal on the CPU ready line for 

preventing the CPU from operating the peripheral equipment. 

18. In a combination as set forth in claim 16, 

switch means having open and closed states, the switch means being normally operative in the 

open state, 

means responsive to the words of the sound information from the CPU memocy means for 

2 o closing the switch means, 

25 

the transferring means being responsive to the closure of the switch means for transferring the 

words of the sound information into the display memOfY, and 

means responsive to· the completion of the transfer of the words of the sound infoilnation into 

the display memoIY for opening the switch means, 

19. In a combination as set forth in claim 16, 

a CPU ready line for receiving first and second voltages, 

peripheral equipment operative in accordance with instructions from the CPU, 

means responsive to the first voltage on the CPU ready line for providing for an operation of 

30 the peripheral equipment in accordance with the instructions from the CPU, 

means responsive to the second voltage on the CPU ready line for preventing the operation of 

the peripheral equipment, and 

means for producing the second voltage on the CPU ready line. when the register means in the 

plurality become filled with the words of the sound information. 
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20. In a combination as set forth in claim 16, 

there being first and second addresses in the display memmy, 

means for alternately providing for a transfer of the words of ~e sound information into each 

individual one of the first and-second addresses and for providing for a processing of the.words in the 

s other one of the first and second addresses to recover the sound in such words while the words of the 

sound infonnation are being transferred into such individual one of the first and second addresses. 

10 

21. In combination for providing sound in a personal computer, 

a central processing unit (CPU) for providing commands, 

a CPU majn memory _for storing words of sound information, 

a second memory for storing the words of the sound information, 

the CPU being programmed to provide ce>mmands relating to the address of the words of the 

sound information in the CPU main memory,. and t1\e length of the words of the sound information to be 

transferred from the CPU main memory to the second DlCIDC)ry~ 

15 an adapter card for controlling the initiation of the transfer of the words of the sound 

information from the CPU main memory to the second memory, 

a local bus common with the CPU andthe CPU main memory, 

a controller connected to the local bus for receiving the words of the sound information in the 

CPU main memory after- the initiation of such transfer by the adapter cards, 

2 o means for storing in the second memoay the words of the sound information passing to the 

controJJer, and 

a host bus connected to the controller for introducing to the second memory the words of the 

sound information passing to the controller from the CPU main memory. 

25 22. In a combination as set_ forth in claim 21, 

means responsive to the completion of the transfer of the words of the sound information from 

the CPU main memory to the second memory for indicating to the adapter card that such transfer has 

been completed, and 

means, operatively coupled to the controller upon~ .initiation of the transfer of the words of 

30 the sound information to the second memory and until the indication to the adapter card of the 

completion of such transfer, for prevc;nting the CPU from providing any other commands. 

23. In a combination as set forth in claim 21, 

the second memory constituting a display memory, 

ii 
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means for transferring words of video information into the display memory, and 

means responsive to the words of video· information in the display memory for processing such 

video information to recover the video in such words. 

5 24. In a combination as set forth in claim 23, 

the processing means including the adaptor card. 

25. In a combination as set forth in claim 23, 

switching means having open and closed states and normally operative in the open state, 

lo means responsive to the operation of the switching means in the open state for preventing the 

transfer of the words of the sound information from the CPU main memory to the display memory and 

for providing for the transfer of the words of the sound information from the CPU main memory to the 
display memory in the closed state of the switching means, and 

means for closing the switching means when the transfer of the words of the sound information 
15 from CPU main memory to the display memory is initiated. 

26. In combination for providing sound in a personal computer, 

a central processing unit (CPU) capable of being programmed to issue commands relating to 
sound information, 

2 o a display memory for storing the sound information, 

a CPU main memory for storing sound information, 

the commands including the addresses of the sound information in the CPU main memory and 
the addresses in the display memory, 

an adapter card responsive to the commands from the CPU for initiating the transfer of the 
2 s sound information from the CPU main memory to the display memory in accordance with the addresses 

of the sound information in the CPU main memory and the addresses in the main memory, 

controller means responsive to the initiation of the sound information from the CPU main 
memory to the display memory for transferring the sound information in the CPU main memory to the 
display memory, and 

30 means responsive to the transfer of the sound information from the CPU main memory to the 

display memory for indicating to the adapter card that the transfer of the sound information has been 
completed. 

2.7. In a combination as set forth in claim 26, 
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a bus extending from the CPU. and the CPU .main memory t9 the controller means to transfer 

the sound information from the CPU main memory to the controller means for transfer by the controller 

means to the display memory. 

5 28 In a combination as set forth in claim 26, 

10 

means responsive to the transfer of the. sound information to the display memory for processing 

such sound information to provide the S0111ld represented by the sound information. 

29. In a combination as set forth in daim 28, 

the processing means including the adapter card 

30. .In a combination as set forth in claim 26, 

interrupt controller means, and means responsive to the completion of the transfer of the sowld 

information from the CPU main memory to the display memory for activating the interrupt control 

15 means to indicate to the CPU that such transfer h;as been completed. 

20 

31. In a combination as set forth in claim 30, 

means responsive to the indication to the CPU of the completion of the sound information for 

verifying to the CPU that the interrupt controller means has been activated because of such completion. 

32. In combination for providing sound in a personal computer which also receives and displays 

graphics information, 

a central processing unit (CPU), 

a display memory for storing the graphics data and for. storing information representing the 

2 5. sound to be provided, 

30 

a CPU main memory for storing the sound informatiOn, 

means responsive to a command from. the CPU for transferring the sound information in the 

CPU main memory to the display memory, and 

means for reproducing the sound from the sound information transferred io the display memory: 

33. In a combination as set forth in claim 32, 

the CPU also being programmed to provide commands indicating the format of the sound 

information and the addresses of such format in the CPU main memory and specified addresses in the 

display memory where the format of the sound infonnation is to be transferred, and 

c 

~I 
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means responsive to the format indicating commands for transferring the format of the sound 

information into the specific addresses in the display memoiy. 

34. In a combination as set forth claim 33, 

means for processing the sound information in the particular addresses in the display memmy in 

accordance with the format information in the specific addresses in the display memoiy to recovery the 

sound. 

35. In combination for providing sound in a personal computer which also receives and displays 

1 o graphics information, 

a central processing unit (CPU) capable of being programmed to issue commands, 

a CPU main memoiy for storing words of sound information in a sequence for introduction to 

the personal computer, 

an adapter card, 

15 a display memory for receiving and storing the words of the sound information in the sequence 

from the CPU main memmy, 

means responsive to a command from the CPU for the initiation of a transfer of words of sound 

information in a sequence from the CPU main memoiy to the display memoiy for activating the adapter 

card, and 

2 o means responsive to the activation of the adapter card for obtaining the transfer of the words of 

25 

the sound information in the sequence from the CPU main memoiy to the display memoiy independently 

of the operation of the adapter carci. 

36. In a combination as set forth in claim 35, 

switching mean disposed between the CPU main memmy and the display memoiy and having 

an open state for preventing any transfer of the· words of the sound in(ormation in the words of the 

sound information in the sequence from the CPU main memmy to the display memmy, and 

means for providing for the operation of the switching means in the closed state when the words 

of the sound information in the sequence are to be transferred into the display memoiy from the CPU 

30 main memory. 

37. In a combination as set forth in claim 35, the words of the sound information in the sequence 

including addresses for the words of the sound information in the display memoiy, 



W096/15499 

\ \11111\ \1111\ 1111111111111111 
* C L M S * 

PCI'/US95/13865 

-94-

first counting means for indicatingthe number of the words of the sound information remaining 

to be transferred in the sequenee to the display memmy, 

second counting means for indicating the addresses of the successive words of the sound 

infonnation remaining to be transferred to the display memory;. and 

5 means responsive to each transfer of one of the words of the sound information in the sequence 

to the display memory for decreasing the count in the first counting ineaDs by one (1) integer and for 

increasing the count in the second counting means by one (1) integer. 

38. In a combination as set forth in claim 35, 

1 o means for processing the words of the sound information in the sequence in the display memory 

for recovering such sound. f-

39. In a combination as set forth in claim 38, 

means for recording graphics information in the display memory, and 

15 · means for recording video information in the display memory and far processing such video 

20 

information after its recording in the display memory. 

40. A system for transferring data in a personal computer, said system comprising: 

a main memory for. storing a block of data; 

a first bus operatively coupled to the main memory having a fll'St mode of transferring data 

across the first bus; 

a second bus operatively coupled to the main memory having a second mode of transferring 

data across the second bus; 

a bus device coupled to said second bus, said bus device receiving a request for said fust mode 

2 5 of data transfer such that said bus device causes said block of data to be transferred· across said second 

bus using said second mode of data transfer; and 

such that said bus device causes at least one signal to be generated indicating that said block 

was transferred using said first mode of data transfer. 

30 41. The system of claim 40, wherein first mode of transferring data is direct memory access, and 

wherein the second mode of transferring data is burst mode transfer initiated by a CPU. 

42. The system of claim 40, Wherein the first bus is an expansion bus, and the second bus is a local 

bus. 

ii 
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43. The system of claim 41, wherein the first bus is an expansion bus. and the second bus is a local 

bus. 

44. The system of claim 40, wherein the bus device is a sound processing device,· and the block of 

5 data is a block of sound words. 

45. The system of claim 43, wherein the bus device is a sound processing device, and the block of 

data is a block of sound words. 

10 46. The system of claim 40 :further comprising: 

a central processing unit (CPU); and 

an interrupt service routine capable of being executed by said CPU in response to an interrupt 

request generated from said bus device; 

wherein said bus device generates an interrupt request in response to said request for said first 

15 mode of data transfer causing said interrupt service routine to be executed by said CPU; and 

wherein said interrupt service routine causes said block of data to be transferred across said bus 

using said second mode of transferring data. 

4 7. The system of claim 46, wherein first mode of transferring data is direct memOiy access, and 

2 o wherein the second mode of transferring data is burst mode transfer initiated by a CPU. 

48. The system of claim 40, wherein the at least one signal is a command response issued on the 

second bus. 

25 49. The system of claim 40, wherein the at least one signal is an interrupt request 

50. The system of claim 46, wherein the at least one signal is a command response issued on the 

second bus. 

30 51. The system of claim 46, wherein the at least one signal is an interrupt request. 

52. The system of claim 44 further comprising a display memory for storing words of graphics, 

video and sound information, said display memory being coupled to said bus device; and 
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wherein said b~ock of sound words is transferred between the main memory and the display 

memory. 

53. ·A system for transferring· sound related data across a bus. said system comprising: 

5 a main memory for storing a block of sound related data; 

a central processing unit (CPU); 

a bus operatively coupling said CPU to said main memory; 

a sound processing device coupled to said bus; 

an interrupt service routine capable of being executed by said CPU in response to an interrupt 

1 o from said sound processing device; 

said sound processing device receiving a request to transfer the block.of sound related data f 
across the bus; 

said sound processing device generating an interrupt in response to said request to transfer the 

block of sound related· data across the bus causing said interrupt service routine to be executed by said 

15 CPU; 

said interrupt service routine causing said CPU to transfer said block of sound related data 

across said bus using a burst mode transfer initiated by said CPU. 

54. The system of claim 53, wherein said bus is a high speed 1/0 bus, such as a VL local bus. PCI 

2 o local bus or the like. 

55. The system of claim 53 further comprising a display memory for storing words of gi-aphics, 

video and sound information, said display memory being coupled to said sound processing device; 

wherein said block of sound words is transferred between said main memory and the display 

25 memory. 

30 

56. The system of claim 55 further comprising a sound YO device; 

wherein the sound processing device transfers the words of sound information between said 

display memory and the sound 1/0 device at a desired frequency for inputting or outputting sound 

57. The system of claim 55 wherein at least two buffers are provided in the display memory for 

storing the words of sound·information. ·said system further comprising means for alternatively 

providing for the transfer of the words of sound information between each individual one of the two 

ii 
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buffers in the display memory and the main memory and for providing the simultaneous processing of 

the words of the sound infonnation in the other one of the two buffers in the display memory: 

58. The system of claim 53 :further comprising a secondary memory coupled to said sound 

s processing device; and 

wherein said block of sound words is transferred between said main memory and the secondary 

memoiy. 

59. The system of claim 58 further comprising a sound UO device; 

lo wherein the sound processing device transfers the words of sound infonnation between said 
secondary memory and the sound UO device at a desired frequency for inputting or outputting sound. 

60. The system of claim 58 wherein at least twg buffers are provided in the secondary memoiy for 
storing the words of sound information, said system .further comprising means for alternatively 

15 providing for the transfer of the words of sound information between each individual one of the two 
buffers in the secondary memory and the main memory and for providing the simultaneous processing 
of the words of the sound information in the other one of the two buffers in the secondary memory. 

20 

61. A system for processing commands for a bus device in a computer, said system comprising: 

a central processing unit (CPU); 

a bus operatively coupled to said CPU; 

a bus device operatively coupled to said bus, said bus device including at least one register for 
storing data; 

an interrupt service routine capable of being executed by the CPU in response to an interrupt 
2 s request from the bus device; 

the bus device receiving at least a first device related command from said CPU containing 
information to be used for processing at least one subsequent device related command; 

the bus device storing the information from the first device related command in the register; 
the bus device receiving the at least one subsequent device related command requesting that 

3 o device related processing be performed; 

the bus device generating an interrupt request in response to the subsequent device related 
command; 

the interrupt service routine being executed in response to the interrupt request from the bus 
device; 
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the interrupt service routine recovering the information from the register of the bus device and 

using said ·information to perform device related processing in response to said subsequent device 

related command. 

5 62. The system of claim 61 wherein the bus device is a sound device for processing digiti7.ed sound 

1/0 commands. 

63. The system of claim 62 wherein the first device related command contains format or control 

information for the transfer of sound.data across the bus, and the subsequent device related command 

1 o requests that said sound data be transferred across said bus. 

64. The system of claim 62 wherein the first device related command contains information 

indicative of a freqwincy for playing or recording sound related data. 

15 65. The system of claim 61 wherein the subsequent device related command is a request for a direct 

memory access transfer of data and wherein said interrupt service routine processes said subsequent 

device related command using a data transfer technique other than direct memory access. 

66. The system of claim 65 wherein said bus is a high speed 1/0 bus capable of transferring data 

2 o using burst mode transfer initiated by the CPU, and wherein the data transfer technique used by the 

interrupt service routine is the burst mode transfer initiated by the CPU. 

25 

67. The system of claim 65 wherein the interrupt service routine generates a signal indicating that 

the direct memory access transfer of data has been performed. 

68. A system for processing a command in a computer, said system comprising: 

a central processing unit (CPU) for providing the command; 

a bus operatively coupled to said CPU; 

an interrupt controller operatively coupled to said bus, said interrupt controller having at least 

3 o first and second interrupt request lines; 

. a bus device operatively coupled to said bus and said first interrupt request line, said bus device 

having means for receiving the command from the CPU; 

a first intCITUpt service routine capable of being executed by the CPU in response to an 

interrupt request on the first interrupt request line; 

~· 



W096/15499 
\ \Diii\ \Ill\\ Ill!\ Ill~ II l\ll . 

.,. c l PCT/US95/iJB65 

-99-

the bus device and the first interrupt service routi.Jie cooperatively having means for processing 

the command to produce a first result; · 

a second interrupt service routine capable of being executed by the CPU in response to an 

interrupt request on the second intenupt request line, said second interrupt service routine being 

5 configured to perform processing after said command has been processed to produce a second result; 

said first interrupt service routine having means fot converting said first result into said second 

result and for executing the second interrupt service routine. 

69. The system of claim 68 wherein the means for executing said second interrupt service routine is 

1 o an interrupt request generated by the first interrupt service routine. 

15 

70. · · The system of claim 68 wherein the means for ex.Ccuting said second interrupt service routine is 

a simulated interrupt executed by said CPU according to executable instructions in said first interrupt 

service routine. 

71. The system of claim 68 wherein the first result is the completed transfer of data across said bus 

using burst mode data transfer initiated by said CPU, and wherein the second result is the completed 

transfer of data using direct memory access data transfer. 

2 o 72. The system of claim 71 wherein the bus is a high speed 1/0 bus, such as a VL local bus, PCI 

local bus or the like. 

73. A system for emulating a DMA data transfer between a memoiy device and a bus device in a 

computer system having a CPU, an interrupt controller capable of accepting interrupt signals, and a 

2 5 DMA controller capable of causing said DMA data transfer between said bus device and said memory 

device, said DMA controller having a first register for storing a base address and a second register for 

storing a value associated with the number of bytes of said DMA data transfer, said bus device 

generating a first interrupt signal in response to a command to perform said DMA data transfer, said 

system comprising: 

3 o a first interrupt routine executable by said CPU in respo11Se to said first interrupt signal coupled 

to said interrupt controller, said fll'St interrupt routine containing: 

a first routine for obtaining said base address in said first register and said value in said 

second register; 
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a second routine for causing said CPU to control a transfer of data indicated by said 

base address and said value between said bus device and said memmy device; and 

a third routine for generating a second intem.Jpt signal to said interrupt controller upon 

completing execution of said second routine; and . 

5 a second interrupt routine executable by said CPU in response to said second interrupt signal, 

said second interrupt routine comprising a routine for resetting said DMA device to a state it would have 

been had a OMA transfer actually been performed by said DMA device. 

74. The syslem of claim 73 wherein said data transfer controlled by said CPU is a burst mode 

1 o transfer initiated by said CPU. 

15 

75. The system of claim 73 wherein said command originates from a software program. 

76. A computer system comprising: 

a CPU; 

an interrupt controller capable of accepting interrupt signals 

a memory device; 

a bus device; 

a DMA controller capable of causing a DMA data transfer directly between said bus device and 

2 o said memory device; said DMA controller having a first register for storing a base address and a second 

register for storing a value associated with the nmnber of bytes of said DMA data transfer;· 

a first routine executable by said CPU in response to a first interrupt signal coupled to said 

interrupt controller, said first routine obtaining said base address in sai~ first register and said value in 

said second register; 

25 a second routine responsive to said first routine for causing said CPU to control a transfer of 

data indicated by said base address and said value between said bus device and said memory device; 

a third routine for generating a second interrupt signal to said interrupt controller upon 

completing execution ofsaid second routine; 

a fourth routine executable by said CPU in response to said second interrupt signal for resetting 

30 said DMA device to a state it would have been had a DMA transfer actually been performed by said 

DMA device; and 

a circuit for generating said firsi interrupt signal in response to a command to perform said 

OMA data transfer; 

c 
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77. The computer system of claim 76 wherein said transfer controlled by said CPU is a burst mode 

transfer initiated by said CPU. 

78. The computer system of claim 76 wherein said bus device comprises an audio buffer. 

79. The computer system of claim 78 further comprising 

a sound processing device; and 

a circuit for controlling data transfer from said audio buffer to said sound processing device. 

lo 80. The computer system of claim 79 wherein said audio buffer is organized into at least a first 

portion and a second portion, said first portion capable of accepting data from said memory device 

under control of said second routine simultaneous. with said second portion delivering data to said sound 

processing device. 

15 81. The computer system of claim 78 wherein said audio buffer is located in a display memory 

containing graphic or video data. 

82. The computer system of claim 76 wherein said command originates from a software program. 

20 83. A method for generating analog audio signal from digital audio data stored in a first memory 

device.of a computer system in response to execution of an application program, said computer system 

including a CPU, a DMA controller, a second memory device, and a sound processing device for 

changing said digital audio data to said analog audio signal. said application program setting a base 

address and a count in said DMA controller, said method comprising the steps of: . 

25 obtaining said base address and said count from said DMA controller; 

transferring, under control of said CPU, said digital audio data from said first memory device to 

said second memory device; 

setting, upon completion of moving said digital audio data into said second memory device, said 

DMA controller to a state it would have been in had a DMA transfer actually been performed by said 

3 o DMA controller; and 

moving said digital audio data in said second memory device to said sound processing device. 

84; The method of claim 83 wherein said step of transferring data into said second 01emory device 

comprises the steps of: 
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setting up said second memoiy device into at least a first buffer and a second buffer; 

transferring, under the control of said CPU, a portion of said digital audio data into 

said first buffer; and 

generating a control signal when said first buffer is filled; ai1d 

s wherein said step of moving data into said sound processing cievice initiates moving data in 

response to said control signal. 

. 85. The method of claim 84 further comprising ·a step of transferring, uilder control of said CPU, a 

portion of said digital audio data into said second buffer simultaneously. with said step of moving data 

1 o into said sound processing device. 

15 

20 

86. The method of claim 83 wherein said digital audio data is transfetred to said secOnd memmy 

device at a first rate and said digital audio data is moved to said sound processing device at a second 

rate. 

87. The method of claim 83 wherein said step of transferring to said second memory device is a 

burst mode transferring. 

88. The method of claim 87 wherein said second memoiy device contains video and audio data. 

89. The method of claim 83 wherein said first memory device is operatively connected to a first bus 

and said second memory device is operatively connected to a second bus. 

90. The method of claim 89 wherein said :first and said second buses operate at different 

2 s conummication rates. 

91. The method of claim 83 further comprising the steps of: 

· generating an intemlpt upon completion of said step of moving data.to said sound processing 

device; and 

3 o repeating said step of transferring said digital audio data into said second memoiy device. 

92. A system for executing a command issued by an application program to a bus device, said bus 

device containing circuits to generate a first interrupt signal to invoke a first interrupt routine upon 

completion of said command, said system comprising: 

~I 



--·---··-------------------------------------- ··---··---·--

W0'6/1S499 111111111111111111111111111111 PCT/US9S/1386S 
* C L M S * 

-103-

a circuit device containing a circuit for intercepting said cominand and a circuit for generating a 

second interrupt signal upon receiving said command; and 

a second interrupt routine, invocable by said second interrupt signal, for executing a set of 

instructions to perform the same function as would be performed by said bus device in response to said 

5 command, said second interrupt routine :further containing instructions for generating said first interrupt 

signal. 

93. The system of claim 92 wherein said application program issues one or more parameters for the 

execution of said command, wherein said circuit device further contains a circuit for intercepting said 

1 o one or more parameters, and wherein said set of instructions of said second interrupt routine uses said 

one or more parameters. 

94. The system of claim 92 wherein said circuit device further contains a plurality of memory 

registers for storing a plurality of commands and wherein said second interrupt routine contains set of_ 

15 instructions associated with said plurality of commands. 


