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DIRECT RING 3 SUBMISSION OF PROCESSING JOBS

TO ADJUNCT PROCESSORS

Background

[0001 ] This relates generally to computers and particularly to computer systems

that include adjunct processors.

[0002] As used herein, an adjunct processor is anything, other than a central

processing unit, used in conjunction with a central processing unit but attached to the

system as a peripheral. Examples of adjunct processors include graphics

processors, network interface cards and adapters, and Universal Serial Bus

adapters, to mention a few examples.

[0003] Commonly, only a ring 0 software driver can submit a task to an adjunct

processor by programming the memory mapped registers on the device. So when an

application running on a system wants to assign a task to an adjunct processor, it

must initiate a switch from ring 3 to ring 0 and then back again. These ring 0 to ring

3 transitions are expensive in terms of processor cycles.

Brief Description Of The Drawing

[0004] Some embodiments are described with respect to the following figures:

Figure 1 is a schematic depiction of one embodiment of the present invention;

Figure 2 is a system flow chart from one embodiment of the present invention;

Figure 3 is a flow chart for the ring 0 driver in accordance with one

embodiment of the present invention;

Figure 4 is a flow chart for the doorbell block registers according with one

embodiment of the present invention;

Figure 5 is a flow chart for the adjunct processor scheduling core according to

one embodiment of the present invention; and

Figure 6 is a flow chart for an application in one embodiment.



Detailed Description

[0005] In accordance with some embodiments, transitions to ring 0 , each time an

application wants to use an adjunct processor, are avoided, saving central processor

operating cycles and improving efficiency. Instead, initially each application is

registered and setup to use adjunct processor resources in ring 3 .

[0006] Figure 1 shows a typical computer system architecture adapted according

to one embodiment of the present invention. The system 10 includes a central

processing unit (CPU) 12 . While a single central processing unit is shown, multicore

processing units may also be used. The central processing unit is coupled to a

system agent or chipset 14. A ring 0 driver 24 executes on the central processing

unit 12 .

[0007] The system agent or chipset is connected to a system memory 20 which

typically is a dynamic random access memory (DRAM). An application 22, that may

wish to use an adjunct processor resource, may be stored at least temporarily in the

system memory 20. The system memory 20 may include a virtual address space 20

addressable through an aperture 30 that does not enable access to an entire

addressable virtual space. Also contained in the virtual address space 20 may be

command buffers 36.

[0008] The virtual space may include a write back space 32 including a doorbell

page 34. The doorbell page 34 may be addressed in order to indicate when an

application wants to use an adjunct processor resource. This page may be

monitored by hardware and when something is written to the page by ring 3

application, the adjunct processor resource is made available to an application

program that has preregistered to use that resource without transitioning (again) to

ring 0 . The same mechanism can also be used by a ring 0 driver for using an

adjunct processor resource.

[0009] Also coupled to the system agent or chipset 14 is an adjunct processor

16 . Again an adjunct processor is any other processor connected as a peripheral to

a system including a central processing unit. Examples of frequently used adjunct

processors include graphics processor units, network interface cards and adapters,

and Universal Serial Bus cards and adapters, to mention some examples. An adjunct



processor may be comprised by multiple engines that can be invoked to perform

specific tasks. Examples of adjunct processor engines include rendering engine,

video decoding engine, video encoding engine, copy engine, etc.

[001 0] The adjunct processor 16 includes doorbell block registers 26. The

doorbell block registers monitor the doorbell page 34 in virtual memory 20 to

determine when the page has been written to. When the page has been written to,

the doorbell block registers consider that the doorbell has been "rung" and this

means that an application program wishes to use an adjunct processor resource. An

example of an adjunct processor resource, in the case of an adjunct processor 16

that is a graphics processing unit, is a particular graphics processing engine 18 .

[001 1] The doorbell block registers 26 signal a scheduling core 28, via an

interrupt with a doorbell vector, when a doorbell page write is detected. The

scheduling core 28 is responsible for scheduling operations of the adjunct processor

16 . The scheduling core 28 then schedules the job needed by the application 22 in

the engine 18 .

[001 2] Thus in some embodiments, two phases are involved. In a first phase, in

ring 0 , the application program effectively registers with the system agent or chipset

14 to set up a mechanism that, thereafter, can be accessed in ring 3 . Thereafter, the

application can use resources of the adjunct processor without necessitating a

transition from ring 3 to ring 0 operation and back again. This saves processing

cycles and improves efficiency in some embodiments. The adjunct processor may

provide multiple instances of such doorbell registers to allow multiple applications to

submit tasks to it.

[001 3] Initially, the application expresses its intent to use the adjunct processor

resource by performing an open adjunct processor call. This open processor call

may be issued by the application in ring 3 and is transmitted to a ring 0 driver 24 via

a user mode driver, and a run time driver, in some embodiments.

[0014] The ring 0 driver 24 creates a context identifier in a process address

space. This identifier is then provided back to the application 22. The process



address space is an existing space in some embodiments that identifies what

process is currently being worked on.

[001 5] Then the ring 0 driver picks a page out of a set of pre-allocated pages to

assign to an application. In one embodiment 256 pages may be available. In some

cases the pages may be accessed in virtual address space 20 through an

aperture 30.

[001 6] The adjunct processor page is then mapped into the process address

space. This means that the page 34 is mapped into the process address space.

The address of this page, called the doorbell page, is provided by the ring 0 driver 24

to the doorbell block registers 26 in the adjunct processor 16 . This sets the doorbell

block registers 26 up to monitor the page 34. Then when the application writes to

the doorbell line of the page, the doorbell block registers 26 monitor is triggered.

The registers 26 send a doorbell rung message to the scheduling core 28 on the first

doorbell ring resulting from a write to the page 34. The doorbell block registers store

a vector of doorbells that were rung.

[001 7] In one embodiment each doorbell block has 256 vectors that correspond

to the 256 pre-allocated pages in virtual memory space 20. If any doorbell was rung

(because any page was written to), the doorbell block registers generate an interrupt

into the scheduling core 28 indicating that something has happened and that the

scheduling core needs to find out what that is.

[001 8] The scheduling core then reads the 256 doorbell vectors to see which

doorbell was rung. The doorbell block registers 26 get a snapshot, in some

embodiments, of all doorbells that were rung between the last message and the

current doorbell status check. Once the read is done, the doorbell block registers

can clear any doorbell vectors and wait for the next ring.

[001 9] The scheduling core then inspects all the doorbell identifiers. Next the

scheduling core uses the page address obtained as described above in order to

obtain the queue contents. The scheduling core updates the engine run list with the

new job that has been requested by the application.



[0020] As a result, after the initial setup phase, an application can cause

workloads in an engine 18 to be handled without needing switch to ring 0 again. Any

number of subsequent jobs may be handled for the application, but the application

only has to access ring 0 one single time.

[0021] In general, an application initiates the operation described herein by

registering itself as an application that may need to use an adjunct processor. In

effect, the application is indicating that it will be submitting work in the future and that

it needs an identifier and a doorbell page, to indicate any engines that may be used

in the future. The application sets up all the necessary structures to use the engine

by itself. All that is needed by the ring 0 driver 24 is the application's address space

and command buffers 36 in some embodiments.

[0022] All the necessary information then gets transferred by the ring 0 driver into

the system agent or chipset 14. The ring 0 driver registers and then lets the

scheduling core know that there is an application that has been registered by

assigning it an identifier. The ring 0 driver also can provide a doorbell-to-command

queue mapping by providing such a table to the scheduling core. The driver 24 then

gets out of the way and, thereafter, anytime the application submits work to the

central processing unit, the central processing unit writes to a pre-allocated location

(where the command buffers are) and writes to the doorbell. Then the central

processing unit work is done and the adjunct processor can go about executing the

job.

[0023] Referring to Figure 2 , the overall sequence is divided into a part, on the

left, done by the central processing unit and/or chipset and a part, on the right, that is

done by adjunct processor resources. The flow begins with the application 22

making a call to a ring 0 driver to indicate that it has a job that needs to be done in

an adjunct processor as indicated in block 40. In particular the application requests

work, as indicated in block 44. Then the flow goes to the adjunct processor doorbell

block registers 26 which detect any rung doorbells in the pre-assigned page for the

application, as indicated in block 46.

[0024] Block registers 26 tell the scheduling core that work has arrived as

indicated in block 48. The scheduling core 28 then inspects the page and identifies



the engine that needs to do the work, as indicated in block 50. Next, the scheduling

core 28 passes the job on to the engine 18 to perform the work as indicated in

block 52. Of course this assumes that the application is already registered.

[0025] Figure 3 illustrates a sequence for a ring 0 driver 24. Generally this

sequence is implemented in software or firmware but it could also be implemented in

hardware. In software and firmware embodiments it may be implemented by

computer-executed instructions stored in a non-transitory computer-readable

medium such as a magnetic, semiconductor or optical storage.

[0026] The ring 0 driver 24 sequence begins by receiving a call from an

application as indicated in block 54. A context identifier (or process identifier) is

created in block 56. Then a doorbell page is selected as indicated in block 58. That

page is mapped to the process address space in block 60.

[0027] Thereafter, the page address is written to the doorbell block registers as

indicated in block 62. The application is notified of the doorbell page address as

indicated in block 64.

[0028] The sequence of operation of the doorbell block registers 26 is indicated

in Figure 4 . This sequence may be implemented in software, firmware and/or

hardware. In software and firmware embodiments it may be implemented by

computer-executed instructions stored in a non-transitory computer-readable

medium such as an optical, magnetic or semiconductor storage.

[0029] In some embodiments, the sequence begins upon detecting the ringing of

a doorbell as indicated in diamond 66. Then the doorbell rang message is sent to

the scheduling core as indicated in block 68. The registers store the vector of the

rung doorbells as indicated in block 70, so that this information is available to the

scheduling core.

[0030] Moving to the operation of the scheduling core 28, shown in Figure 5

according to one embodiment, the sequence may be implemented in software,

firmware and/or hardware. In software and firmware embodiments it may be



implemented by computer-executable instructions stored in a non-transitory

computer-readable medium such as a magnetic, semiconductor or optical storage.

[0031] In one embodiment the sequence begins as indicated in block 72 by

reading the doorbell status vector to determine which doorbells have been rung.

Then the page address is used to get the queued contents as indicated in block 74.

Finally the engine, that is the subject of the application request, has its rung list

updated to schedule the job.

[0032] Finally, turning to Figure 6 , a sequence, implemented for example by the

central processing unit 12 , may be implemented in hardware, software and/or

firmware. In software and firmware embodiments it may be implemented by

computer-executed instructions stored in a non-transitory computer-readable

medium such as a magnetic, optical or semiconductor storage.

[0033] In one embodiment, the sequence begins with initialization as indicated in

block 78. Then a doorbell allocation is requested as indicated in block 80. The page

address for the doorbell is obtained as indicated in block 82. Next a workload is

created as indicated in block 84. Finally, the doorbell is rung as indicated by the

arrow labelled door bell write in Figure 1.

[0034] The doorbells may be implemented in different ways. In one embodiment

the doorbells may be implemented in the write back space. The ring 0 driver and the

application agree on the memory page to be used in the write back space. The use

of the write back space may be advantageous because some operating systems

prefer to use the write back space compared to other cacheable memory locations

including uncacheable space, or write combining space.

[0035] The application then operates through the user mode driver, that attaches

to the application, down through a chain to eventually arrive at the ring 0 driver. The

write back space is a system memory location. When the application asks for a

page, the application in effect asks for a write back page and the operating system

grants it. Then the ring 0 driver picks a cache line password to monitor in order to

determine when a bell has been rung. It also informs the registers 26 as well as the

application of the particular cache line being monitored.



[0036] The register block 26 monitor the chosen cache line to determine if there

is a write to that cache line. For each doorbell page, the ring 0 driver allocates

backing pages with write back attributes. When a write back page is used as a

doorbell page, the hardware monitors only a piece of the doorbell page and in some

embodiments that piece is a four kilobyte piece as opposed to the whole page.

[0037] The selection of a cacheline (64 bytes) to monitor in one embodiment is

done by the ring 0 driver. The ring 0 driver may use an algorithm to select different

locations in different pages so that the ways in the cache do not become over

subscribed. Sixty-four bytes is a cache line and it tells the application which line will

be monitored. In some embodiments the selected page must be a pinned page and

the cache line is selected based on an algorithm to prevent oversubscription.

[0038] In other embodiments, the doorbells may be selected in the adjunct

processor's virtual address space aperture window. Here the ring 0 driver can

specify a given range (or 4 sub-ranges) as the doorbell range. The doorbell range

generally falls within the aperture of the adjunct processor. Then the system agent

or chipset monitors writes to the first cache line of each page that constitutes the

doorbell range. The ring 0 driver can selectively enable monitoring of each of the

256 available doorbells, using a memory-mapped input/output (MMIO) register in

some embodiments.

[0039] For each doorbell page, the ring 0 driver allocates backing pages with

uncacheable attributes. Each doorbell page may be pinned in some embodiments.

The first cache line is the doorbell address that the system agent monitors. It

contains the work queue tail pointer. The page cannot be write-combining since this

may cause the first cache line write to happen before the queue contents update,

due to reordering. The second cache line contains the head pointer of the queue.

The remaining cache lines may contain the workload in the form of pointers to the

batch buffers.

[0040] The techniques described herein may be implemented in various

hardware architectures. For example, graphics functionality may be integrated within

a chipset. Alternatively, a discrete graphics processor may be used. As still another



embodiment, the graphics functions may be implemented by a general purpose

processor, including a multicore processor.

[0041 ] References throughout this specification to "one embodiment" or "an

embodiment" mean that a particular feature, structure, or characteristic described in

connection with the embodiment is included in at least one implementation

encompassed within the present invention. Thus, appearances of the phrase "one

embodiment" or "in an embodiment" are not necessarily referring to the same

embodiment. Furthermore, the particular features, structures, or characteristics may

be instituted in other suitable forms other than the particular embodiment illustrated

and all such forms may be encompassed within the claims of the present application.

[0042] While the present invention has been described with respect to a limited

number of embodiments, those skilled in the art will appreciate numerous

modifications and variations therefrom. It is intended that the appended claims cover

all such modifications and variations as fall within the true spirit and scope of this

present invention.



What is claimed is:

1. A method comprising:

enabling an adjunct processor resource to be used by an application

repeatedly using only one transition from ring 3 to ring 0 .

2 . The method of claim 1 including enabling the application to register to use an

adjunct processor resource.

3 . The method of claim 2 including registering the application using a ring 3 to

ring 0 transition and then enabling the application to use that resource thereafter

without another ring 3 to ring 0 transition.

4 . The method of claim 2 including establishing a region in virtual memory to

indicate when an application wants to use the resource.

5 . The method of claim 4 including enabling the adjunct processor to detect a

write to that region.

6 . The method of claim 5 including enabling the adjunct processor to schedule a

job in response to detecting the write.

7 . The method of claim 2 including providing a ring 0 driver to set up an identifier

to identify said application.

8 . The method of claim 4 including mapping the adjunct processor to said region

using a process address space.

9 . The method of claim 4 including establishing said region as a write back page.

10 . The method of claim 9 including assigning a line of said page and monitoring

said line for a write including a request for an adjunct processor resource.



11. A non-transitory computer readable medium storing instructions to enable a

processor to:

enable an adjunct processor resource to be used by an application

repeatedly using only one transition from ring 3 to ring 0 .

12 . The medium of claim 11 further storing instructions to enable the application

to register to use an adjunct processor resource.

13 . The medium of claim 11 further storing instructions to register the application

using a ring 3 to ring 0 transition and then enable the application to use that resource

thereafter without another ring 3 to ring 0 transition.

14. The medium of claim 12 further storing instructions to establish a region in

virtual memory to indicate when an application wants to use the resource.

15 . The medium of claim 14 further storing instructions to enable the adjunct

processor to detect a write to that region.

16 . The medium of claim 15 further storing instructions to enable the adjunct

processor to schedule a job in response to detecting the write.

17 . The medium of claim 12 further storing instructions to provide a ring 0 driver

to set up an identifier to identify said application.

18 . The medium of claim 14 further storing instructions to map the adjunct

processor to said region using a process address space.

19 . The medium of claim 14 further storing instructions to establish said region as

a write back page.

20. The medium of claim 19 further storing instructions to assign a line of said

page and monitor said line for a write including a request for an adjunct processor

resource.



2 1 . An apparatus comprising:

an adjunct processor having a resource, and

a central processing unit, coupled to said processor, said unit to enable

an application to be used by an adjunct processor resource repeatedly using only

one transition from ring 3 to ring 0 .

22. The apparatus of claim 2 1 , said unit to enable the application to register to

use the adjunct processor resource.

23. The apparatus of claim 2 1 , said unit to register the application using a ring 3

to ring 0 transition and then enable the application to use that resource thereafter

without another ring 3 to ring 0 transition.

24. The apparatus of claim 22, said unit to establish a region in virtual memory to

indicate when an application wants to use the resource.

25. The apparatus of claim 24, the adjunct processor to detect a write to that

region.

26. The apparatus of claim 25, the adjunct processor to schedule a job in

response to detecting the write.

27. The apparatus of claim 22 including a ring 0 driver executed by said unit to set

up an identifier to identify said application.

28. The apparatus of claim 24, the adjunct processor to map to said region using

a process address space.

29. The apparatus of claim 24, said unit to establish said region as a write back

page.

30. The apparatus of claim 29, said unit to assign a line of said page and monitor

said line for a write including a request for an adjunct processor resource.
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