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ROUTING DIRECT MEMORY ACCESS 
REQUESTS IN A VIRTUALIZED 
COMPUTING ENVIRONMENT 

BACKGROUND 

0001. An input/output memory management unit 
(IOMMU) may provide communication between a direct 
memory access (DMA)-capable device (e.g., a graphics card, 
a network card, a sound card, etc.) and main memory. The 
IOMMU may translate a virtual memory address, identified 
in a direct memory access request received from the DMA 
capable device, into a physical address of the main memory. 
The IOMMU may be configured such that memory access 
may be provided to the DMA-capable device without being 
routed via a central processing unit (CPU). For example, the 
IOMMU may receive, from the DMA-capable device, a 
memory access request that identifies a virtual memory 
address, and may look up the virtual memory address in a 
page table that maps the virtual memory address to a physical 
memory address. Information stored in the physical memory 
address may then be read from or written to by the DMA 
capable device. 

SUMMARY OF EXAMPLE EMBODIMENTS 

0002. According to some possible embodiments, a 
method may include receiving, by a device, a direct memory 
access request that identifies a virtual address. The method 
may include determining, by the device, whether the virtual 
address is within a particular range of virtual addresses. The 
method may include selectively performing, by the device, a 
first action or a second action based on determining whether 
the virtual address is within the particular range of virtual 
addresses. The first action may include causing a first address 
translation algorithm to be performed to translate the virtual 
address to a physical address associated with a memory 
device when the virtual address is not within the particular 
range of virtual addresses. The second action may include 
causing a second address translation algorithm to be per 
formed to translate the virtual address to the physical address 
associated with the memory device when the virtual address 
is within the particular range of virtual addresses. The second 
address translation algorithm may be different from the first 
address translation algorithm. 
0003. According to some possible embodiments, a device 
may include a controller, and the controller may receive, from 
a peripheral device, a memory access request that identifies a 
virtual address value. The controller may determine, based on 
information stored in a memory accessible by the controller, 
whether the virtual address value is included in a particular 
range of virtual addresses values. The controller may selec 
tively perform a first action or a second action based on 
determining whether the virtual address value is included in 
the particular range of virtual addresses values. The controller 
may perform the first action when the virtual address value is 
not included in the particular range of virtual address values. 
The first action may include causing a first address translation 
algorithm to be performed to translate the virtual address 
value to a physical address value that identifies a memory 
location in a memory device. The controller may perform the 
second action when the virtual address value is included in the 
particular range of virtual address values. The second action 
may include causing a second address translation algorithm 
to be performed to translate the virtual address value to the 
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physical address value. The second address translation algo 
rithm may be different from the first address translation algo 
rithm. 
0004. According to some possible embodiments, a system 
may receive a memory access request that identifies a virtual 
address value. The system may determine whether the virtual 
address value is included in a particular range of virtual 
addresses values. The system may selectively perform a first 
address translation algorithm or a second address translation 
algorithm, to translate the virtual address value to a physical 
address value associated with a memory device, based on 
determining whether the virtual address value is included in 
the particular range of virtual address values. The system may 
perform the first address translation algorithm when the vir 
tual address value is not included in the particular range of 
virtual address values. The system may perform the second 
address translation algorithm when the virtual address value 
is included in the particular range of virtual address values. 
The second address translation algorithm may be different 
from the first address translation algorithm. The system may 
route the memory access request and information that iden 
tifies the physical address value toward the memory device 
based on selectively performing the first address translation 
algorithm or the second address translation algorithm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 FIG. 1 is a diagram of an overview of an example 
embodiment described herein; 
0006 FIG. 2 is a diagram of an example system in which 
embodiments described herein may be implemented; 
0007 FIG. 3 is a flow chart of an example process for 
assigning memory registers to be used when routing direct 
memory access requests in a virtualized computing environ 
ment; 
0008 FIGS. 4A and 4B are diagrams of an example 
embodiment relating to the example process shown in FIG.3: 
0009 FIG. 5 is a flow chart of an example process for 
routing direct memory access requests in a virtualized com 
puting environment; 
0010 FIGS. 6A-6E are diagrams of an example embodi 
ment relating to the example process shown in FIG. 5; and 
0011 FIGS. 7A and 7B are diagrams of another example 
embodiment relating to the example process shown in FIG.5. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

0012. The following detailed description of example 
embodiments refers to the accompanying drawings. The 
same reference numbers in different drawings may identify 
the same or similar elements. 
0013 A peripheral device with a direct memory address 
(DMA) capability may operate in a virtualized computing 
environment by providing memory access requests to an 
input/output memory management unit (IOMMU). The 
IOMMU may translate a virtual address, identified in the 
memory access request, to a physical address associated with 
a block of main memory. In this way, the IOMMU may 
provide communication between the peripheral device, oper 
ating in a virtualized computing environment, and the main 
memory. However, routing memory access requests via the 
IOMMU may be slow and/or costly because of an amount of 
computing power required by the IOMMU to perform an 
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address translation algorithm, as well as an amount of com 
puting power required to perform various other IOMMU 
processes. 
0014 To speed up the routing of memory access requests, 
certain requests may be excluded from IOMMU processing. 
For example, requests that identify an address associated with 
a frame buffer used to refresh pixels of a display device may 
be excluded from IOMMU processing. However, such exclu 
sion raises security issues, and may not provide memory 
address translation necessary to operate the peripheral device 
in a virtualized computing environment. Embodiments 
described herein provide a mechanism for routing memory 
access requests via a fast route to main memory if certain 
conditions are satisfied, and for routing memory access 
requests via a slow route to main memory if the conditions are 
not satisfied. Both routes provide memory address transla 
tion, and thus permit a peripheral device to operate in a 
virtualized computing environment while improving perfor 
mance of the peripheral device. 
0015 FIG. 1 is a diagram of an overview 100 of an 
example embodiment described herein. As shown in FIG. 1, a 
DMA-capable device (e.g., a peripheral device) may provide 
a DMA request, that identifies a virtual address, to a routing 
controller. The routing controller may include a device that 
makes a routing decision to determine whether the DMA 
request is to be routed via a first route that uses an IOMMU to 
process the request, or a second route that does not use an 
IOMMU to process the request. The routing controller may 
analyze the request to determine whether one or more condi 
tions are satisfied. For example, the routing controller may 
determine whether routing via the second route is enabled, 
whether the virtual address is within a range of virtual 
addresses to be routed via the second route, whether a 
requested type of access (e.g., read access, write access, etc.) 
is permitted, or the like. The routing controller may use an 
assigned set of registers to perform this analysis. 
0016. As further shown in FIG. 1, if the conditions are not 
satisfied, the routing controller may route the DMA request 
via a first route. The first route may include an IOMMU, 
and/or may include processing the memory access request 
using a first address translation algorithm, to translate the 
virtual address to a physical address associated with the main 
memory. After performing address translation, the IOMMU 
may route the direct memory access request, including infor 
mation that identifies the physical address, to a memory con 
troller for routing to main memory. 
0017. On the other hand, if the conditions are satisfied, the 
routing controller may route the DMA request via a second 
route. The second route may not include an IOMMU, and/or 
may include processing the memory access request using a 
second address translation algorithm that is different from 
(and faster than) the first address translation algorithm. In this 
case, the routing controller may use the assigned set of reg 
isters to determine a physical address from the virtual 
address, and may route the DMA request to a memory con 
troller, for routing to main memory, using the physical 
address. 

0018. The second address translation algorithm may be 
less complex than, and may be performed faster than, the first 
address translation algorithm. Additionally, or alternatively, 
the second route may exclude Some processing performed by 
the IOMMU on the first route. Thus, the second route may 
provide the DMA request to main memory more quickly than 
the first route. In this way, the routing controller may provide 
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increased performance for DMA-capable devices operating 
in a virtualized computing environment, while also providing 
enhanced security by analyzing DMA requests. 
0019 FIG. 2 is a diagram of an example system 200 in 
which embodiments described herein may be implemented. 
As shown in FIG. 2, system 200 may include one or more 
peripheral devices 210-1 through 210-N (Na1) (hereinafter 
referred to collectively as “peripheral devices 210, and indi 
vidually as “peripheral device 210), a routing controller 220, 
an IOMMU 230, a memory controller 240, and a main 
memory 250. Devices of system 200 may connect via wired 
connections, wireless connections, etc. 
0020 Peripheral device 210 may include one or more 
devices capable of accessing main memory 250, via direct 
memory access, independently of a central processing unit. 
For example, peripheral device 210 may include a DMA 
capable device. Such as a graphics processing unit (GPU), an 
accelerated processing unit (APU), a network interface card, 
a Sound card, a disk drive, a motherboard, or the like. In some 
embodiments, peripheral device 210 is a computing device 
with remote DMA access to main memory 250 of another 
computing device. As another example, peripheral device 210 
may include a processor core with DMA access to main 
memory 250 of another processor core. Peripheral device 210 
may generate a DMA request (e.g., based on an input and/or 
an instruction), and may provide the DMA request to routing 
controller 220. 

0021. Routing controller 220 may include one or more 
devices capable of receiving, processing, routing, and/or pro 
viding a DMA request. For example, routing controller 220 
may receive a DMA request from peripheral device 210, and 
may analyze the DMA request to determine whether to route 
the DMA request via a first route or a second route to memory 
controller 240 and/or main memory 250. As shown, the first 
route may include IOMMU 230, and the second route may 
not include IOMMU 230. Additionally, or alternatively, the 
first route may include more processing of the DMA request 
than the second route. Thus, the first route may be a slower 
route than the second route. Routing controller 220 may 
provide the DMA request to IOMMU 230 or memory con 
troller 240, based on the analysis of the DMA request. In 
Some embodiments, routing controller 220 determines a 
physical address from a virtual address included in the DMA 
request. Additionally, or alternatively, routing controller 220 
may provide the DMA request to another device to determine 
the physical address. While shown as being external to 
peripheral device 210, in Some embodiments, routing con 
troller 220 is integrated within peripheral device 210. Addi 
tionally, or alternatively, system 200 may include multiple 
routing controllers 220 that each control routing associated 
with one or more peripheral devices 210. 
(0022. IOMMU 230 may include one or more devices 
capable of receiving, processing, and/or providing a DMA 
request. For example, IOMMU 230 may receive a DMA 
request from routing controller 220, and may process the 
DMA request before providing the DMA request to memory 
controller 240 and/or main memory 250. IOMMU 230 may 
process the DMA request by, for example, translating a vir 
tual address to a physical address, Verifying that access and/or 
an access type requested in the DMA request is permitted, etc. 
In some embodiments, IOMMU 230 uses a first algorithm, to 
process DMA requests routed via the first route (e.g., to 
perform address translation), that is different than a second 
algorithm used by routing controller 220 and/or another 
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device when the DMA request is routed via the second route. 
In some embodiments, IOMMU 230 is electronically coupled 
to peripheral device 210 via a peripheral component intercon 
nect (PCI) bus, via a PCI express bus, etc. 
0023 Memory controller 240 may include one or more 
devices capable of managing a flow of information going to 
and from main memory 250, and/or capable of reading from 
and/or writing to main memory 250. For example, memory 
controller 240 may receive a memory access request from 
IOMMU 230 via a first route from peripheral device 210, or 
may receive a memory access request from routing controller 
220 via a second route from peripheral device 210. The 
memory access request may identify a physical address of 
main memory 250, may identify an operation to be performed 
in association with the physical address (e.g., a read opera 
tion, a write operation, etc.), and/or may identify information 
(e.g., data, an instruction, etc.) to be read from and/or written 
to the physical address. Memory controller 240 may read 
information from or write information to main memory 250 
based on the memory access request. 
0024 Main memory 250 may include one or more devices 
that store information. For example, main memory 250 may 
include random access memory (RAM), a read-only memory 
(ROM), etc. Main memory 250 may store information iden 
tified by a physical memory address. 
0025 System 200 may perform one or more processes 
described herein. System 200 may perform these processes in 
response to a processor executing instructions (e.g., Software 
instructions) stored by a computer-readable medium, such as 
main memory 250. A computer-readable medium is defined 
herein as a non-transitory memory device. A memory device 
includes memory space within a single physical storage 
device or memory space spread across multiple physical Stor 
age devices. 
0026. The number of devices shown in FIG. 2 is provided 
as an example. In practice, system 200 may include additional 
devices, fewer devices, different devices, or differently 
arranged devices than those shown in FIG. 2. Additionally, 
one or more of the devices of system 200 may perform one or 
more functions described as being performed by another one 
or more devices of system 200. 
0027 FIG. 3 is a flow chart of an example process 300 for 
assigning memory registers to be used when routing direct 
memory access requests in a virtualized computing environ 
ment. In some embodiments, one or more process blocks of 
FIG. 3 are performed by routing controller 220. In some 
embodiments, one or more process blocks of FIG. 3 are 
performed by another device or a group of devices separate 
from or including routing controller 220. Such as peripheral 
device 210, IOMMU 230, memory controller 240, and/or 
main memory 250. 
0028. As shown in FIG. 3, process 300 may include 
assigning a base address register and a length register that 
define a range of virtual addresses to be used to make routing 
decisions associated with memory access requests (block 
310). For example, routing controller 220 may assign a base 
address register and a length register. The base address reg 
ister may store information that identifies a base address 
associated with a range of virtual addresses (e.g., a base 
virtual address that identifies one end of a range of virtual 
addresses), and the length register may store information that 
identifies a length of the range (e.g., a quantity of virtual 
addresses included in the range). Together, the base address 
and the quantity of addresses may define a range of virtual 
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addresses to be used by routing controller 220 to make routing 
decisions associated with memory access requests. 
0029. As an example (using simple address values), 
assume that the base address register identifies a base address 
of 1,001. Further, assume that the length register identifies a 
quantity of 500 virtual addresses. Based on these two values, 
routing controller 220 may determine a range of 500 virtual 
addresses from 1,001 to 1,500, inclusive. When routing con 
troller 220 receives a memory access request that identifies a 
virtual address that does not fall within this range, then rout 
ing controller 220 may route the memory access request via a 
first route that includes IOMMU 230. On the other hand, 
when routing controller 220 receives a memory access 
request that identifies a virtual address that falls within this 
range, then routing controller 220 may route the memory 
access request via a second route that does not include 
IOMMU 23 O. 

0030. In some embodiments, the range of virtual 
addresses maps to a range of physical addresses that represent 
a frame buffer stored in main memory 250. The frame buffer 
may store color values for pixels to be provided on a display 
device, and may be accessed by peripheral device 210 (e.g., a 
GPU) to periodically refresh the pixels (e.g., by obtaining a 
color value for a pixel and providing the value to the display 
device, which may display the pixel based on the color value). 
0031. As further shown in FIG.3, process 300 may include 
assigning a relocation register to be used to translate a virtual 
address to a physical address (block 320). For example, rout 
ing controller 220 may assign a relocation register. The relo 
cation register may store information that identifies a reloca 
tion value. The relocation value may be used by routing 
controller 220 to translate a virtual address, identified in a 
memory access request, to a physical address associated with 
main memory 250. 
0032. In some embodiments, routing controller 220 may 
modify the base address value, the length value, and/or the 
relocation value. For example, routing controller 220 may 
receive an indication that the range of virtual addresses and/or 
a portion of the range is associated with an error (e.g., a 
memory error). In this case, routing controller 230 may 
modify the base address and/or the length (e.g., if the erroris 
associated with virtual memory). Additionally, or alterna 
tively, routing controller 230 may modify the relocation value 
(e.g., if the error is associated with physical memory). Rout 
ing controller 220 may notify another device (e.g., peripheral 
device 210, IOMMU 230, etc.) of the change. 
0033. A set (e.g., triplet) of registers that includes the base 
address register, the length register, and the relocation register 
may operate together to assist routing controller 220 in mak 
ing routing decisions associated with memory access 
requests. In some embodiments, routing controller 220 
assigns multiple sets of registers (e.g., Zero sets of registers, 
four sets of registers, eight sets of registers, etc.). In this case, 
the entire group of multiple sets may be enabled or disabled 
(e.g., using a routing control field associated with IOMMU 
230) to enable or disable routing decisions (e.g., for a particu 
lar peripheral device 210, for a set of peripheral devices 210, 
for all peripheral devices 210, etc.). 
0034 Additionally, or alternatively, a particular set of reg 
isters may be enabled or disabled using an enable field, as 
described herein in connection with block 330, to enable or 
disable the use of the particular set of registers when making 
routing decisions (e.g., for one or more peripheral devices 
210). Additionally, or alternatively, routing controller 220 
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may set access control for a particular set of registers and/or 
a particular set of peripheral devices 210 using an access 
control field, as described herein in connection with block 
340. 

0035 Routing controller 220 may store an indication of a 
relationship between a base address register, a length register, 
and a relocation register (e.g., a set of registers). For example, 
routing controller 220 may store each register, in the set of 
registers, at adjacent memory addresses (e.g., in a memory 
mapped input/output (MMIO) address page). 
0036) As further shown in FIG.3, process 300 may include 
assigning an enable field for enabling or disabling routing of 
memory access requests via different routes (block 330). For 
example, routing controller 220 may assign an enable field. In 
some embodiments, the enable field is included in the relo 
cation register. Routing controller 220 may use the enable 
field to determine whether to make a routing decision for a 
memory access request (e.g., to choose one route of multiple 
routes), or to forward memory access requests via a single 
route. For example, when the enable field indicates that rout 
ing is disabled, then routing controller 220 may forward a 
memory access request via a first route that includes IOMMU 
230. On the other hand, when the enable field indicates that 
routing is enabled, then routing controller 220 may analyze a 
memory access request to determine whether to route the 
memory access request via the first route or a second route 
that does not include IOMMU 230. 

0037. In some embodiments, routing controller 220 con 
trols routing for multiple peripheral devices 210. In this case, 
routing controller 220 may assign a set of enable fields that 
indicate which peripheral devices 210 are associated with 
routing decisions. For example, routing controller 220 may 
make routing decisions for memory access requests received 
from a first set of peripheral devices 210, and may not make 
routing decisions for memory access requests received from a 
second set of peripheral devices 210 (e.g., may forward 
requests received from the second set of peripheral devices 
210 to IOMMU 230). Routing controller 220 may determine 
whether to make routing decisions for a memory access 
request, received from a particular peripheral device 210, 
based on information stored in the set of enable fields. 

0038. As further shown in FIG.3, process 300 may include 
assigning an access control field for permitting or denying a 
requested access type (block 340). For example, routing con 
troller 220 may assign an access control field. In some 
embodiments, the access control field is included in the relo 
cation register. Routing controller 220 may use the access 
control field to determine whether to permit or deny a 
requested access type (e.g., read access, Write access, no 
access, etc.) identified by a memory access request. 
0039. In some embodiments, routing controller 220 con 

trols routing for multiple peripheral devices 210. In this case, 
routing controller 220 may assign a set of access control fields 
that indicate whether to permit or deny a requested access 
type associated with a set of peripheral devices 210. For 
example, routing controller 220 may apply a first access type 
(e.g., read access) to memory access requests received from a 
first set of peripheral devices 210, and may apply a second 
access type (e.g., read/write access) to memory access 
requests received from a second set of peripheral devices 210. 
Routing controller 220 may determine an access type to be 
applied to a memory access request, received from a particu 
lar peripheral device 210, based on information stored in the 
set of access control fields. 

Mar. 3, 2016 

0040. As further shown in FIG.3, process 300 may include 
verifying the assigned registers (block 350). For example, 
routing controller 220 may verify the base address register, 
the length register, and/or the relocation register. In some 
embodiments, routing controller 220 verifies the assigned 
registers by ensuring that a particular virtual address trans 
lates to the same physical address when routed via a first route 
(e.g., that includes IOMMU 230 and/or that utilizes a page 
table to perform address translation) and when routed via a 
second route (e.g., that does not include IOMMU 230 and/or 
that utilizes a memory relocation algorithm to perform 
address translation). 
0041. In some embodiments, routing controller 220 
repeats process 300 to set up multiple ranges of virtual 
addresses. Different ranges may be associated with different 
base address values, different length values, different reloca 
tion values, etc. In some embodiments, routing controller 220 
uses a same relocation value (e.g., Stored in a same relocation 
register) for different ranges. Additionally, or alternatively, 
routing controller 220 may use a same enable field and/or 
access control field for different ranges, or may use a different 
enable field and/or access control field for different ranges. In 
this way, routing controller 220 may set up non-contiguous 
ranges of physical memory for faster routing of memory 
access requests (e.g., memory access requests associated with 
graphics processing in a virtualized computing environment). 
0042. When routing controller 220 assigns multiple 
ranges of virtual addresses, routing controller 220 may verify 
the assigned registers by ensuring that multiple ranges of 
virtual addresses, identified by the registers, do not overlap. 
For example, routing controller 220 may define multiple 
ranges of virtual addresses using multiple base address reg 
isters and multiple respective length registers. Routing con 
troller 220 may ensure that multiple ranges do not overlap by 
determining whether a particular virtual address is included 
in more than one range. If routing controller 220 determines 
that multiple ranges overlap, then routing controller 220 may 
provide an error notification and/or may reassign one or more 
registers such that the ranges do not overlap. 
0043 Although FIG. 3 shows example blocks of process 
300, in some embodiments, process 300 includes additional 
blocks, fewer blocks, different blocks, or differently arranged 
blocks than those depicted in FIG. 3. Additionally, or alter 
natively, two or more of the blocks of process 300 may be 
performed in parallel. 
0044 FIGS. 4A and 4B are diagrams of an example 
embodiment 400 relating to example process 300 shown in 
FIG. 3. FIGS. 4A and 4B show an example of assigning 
memory registers to be used when routing direct memory 
access requests in a virtualized computing environment. 
0045. As shown in FIG. 4A, assume that routing controller 
220 assigns a base address register 405. As shown, assume 
that base address register 405 includes a 64-bit register (e.g., 
with bits 0 through 63). Further, assume that bits 0 through 11 
and 52 through 63 are reserved. In some embodiments, the 
reserved bits are used for debugging purposes. Finally, 
assume that bits 12 through 51 (e.g., a total of 40 bits) are used 
to identify a base address with a value of 200. 
0046. As further shown in FIG. 4A, assume that routing 
controller 220 assigns a length register 410. As shown, 
assume that length register 410 includes a 64-bit register (e.g., 
with bits 0 through 63). Further, assume that bits 0 through 11 
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and 52 through 63 are reserved. Finally, assume that bits 12 
through 51 (e.g., a total of 40 bits) are used to identify a length 
with a value of 500. 
0047. As further shown in FIG. 4A, assume that the values 
stored in base address register 405 and length register 410 
define a range of virtual addresses, in a virtual address space 
415, to be routed via a route that does not include IOMMU 
230. As shown by reference number 420, the base address 
identifies the start of the range of virtual addresses, which 
begins with a virtual address of 200. As shown by reference 
number 425, the length identifies how many virtual addresses 
are included in the range. In this case, 500 virtual addresses 
are included in the virtual address range from 200 to 699, as 
shown by reference number 430. 
0048. In some embodiments, virtual address space 415 
represents a range of virtual addresses corresponding to a 
frame buffer stored in main memory 250. The frame buffer 
may store color values for pixels on a display device, and may 
be accessed by a GPU to periodically refresh the pixels. By 
routing memory access requests associated with the frame 
buffer via a faster route that does not include IOMMU 230, 
routing controller 220 may ensure that a display refresh is 
performed more quickly than if the memory access requests 
were routed via a slower route that includes IOMMU 230. 

0049. As shown in FIG. 4B, assume that routing controller 
220 assigns a relocation register 435. As shown, assume that 
relocation register 435 includes a 64-bit register (e.g., with 
bits 0 through 63). Further, assume that bits 2 through 11 and 
52 through 63 are reserved. As shown by reference number 
440, assume that bits 12 through 51 (e.g., a total of 40 bits) are 
used to identify a relocation value with a value of 400. As 
shown by reference number 445, assume that bit 0 is used as 
an enable bit that indicates whether routing controller 220 is 
to make routing decisions for memory access requests. As 
shown by reference number 450, assume that bit 1 is used as 
an access control bit that identifies a type of access permitted 
for memory access requests (e.g., read access, write access, 
read and write access, etc.). 
0050. As indicated above, FIGS. 4A and 4B are provided 
merely as an example. Other examples are possible and may 
differ from what was described with regard to FIGS. 4A and 
4B. 
0051 FIG. 5 is a flow chart of an example process 500 for 
routing direct memory access requests in a virtualized com 
puting environment. In some embodiments, one or more pro 
cess blocks of FIG.5 are performed by routing controller 220. 
In some embodiments, one or more process blocks of FIG. 5 
are performed by another device or a group of devices sepa 
rate from or including routing controller 220. Such as periph 
eral device 210, IOMMU230, memory controller 240, and/or 
main memory 250. 
0052. As shown in FIG. 5, process 500 may include 
receiving, from a peripheral device, a memory access request 
that identifies a virtual address (block 510). For example, 
routing controller 220 may receive, from peripheral device 
210, a memory access request. The memory access request 
includes a direct memory access request, in Some embodi 
ments. Additionally, or alternatively, the memory access 
request may identify a virtual address, such as a guest physi 
cal address associated with peripheral device 210. 
0053. In some embodiments, the memory access request 
identifies an access type associated with the memory access 
request. For example, the memory access request may include 
a request to read information from main memory 250, a 
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request to write information to main memory 250, etc. Addi 
tionally, or alternatively, the memory access request may 
identify information to be read from and/or written to main 
memory 250. 
0054 As further shown in FIG.5, process 500 may include 
determining whether routing is enabled (block 520). For 
example, routing controller 220 may determine whether rout 
ing is enabled by reading an enable bit (e.g., included in a 
relocation register). A value of the enable bit may provide an 
indication of whether routing is enabled (e.g., when the 
enable bit includes a first value. Such as one) or disabled (e.g., 
when the enable bit includes a second value, such as Zero). 
0055. If routing is not enabled (block 520 NO), then 
process 500 may include routing the memory access request 
via a first route to main memory (block 530). For example, if 
routing controller 220 determines that routing is not enabled 
(e.g., if the enable bit indicates that routing is not enabled), 
then routing controller 220 may route the memory access 
request via a first route to memory controller 240 and/or main 
memory 250. 
0056. In some embodiments, the first route to memory 
controller 240 and/or main memory 250 includes IOMMU 
230, and a second route to memory controller 240 and/or 
main memory 250 does not include IOMMU 230. Addition 
ally, or alternatively, the first route may include more process 
ing (e.g., by IOMMU 230), of the memory access request, 
than the second route. Additionally, or alternatively, the first 
route may have a higher latency (e.g., a higher average 
latency) to memory controller 240 and/or main memory 250 
relative to the second route. 

0057 Additionally, or alternatively, a memory access 
request routed via the first route may undergo address trans 
lation via a different algorithm than an algorithm used in 
association with a memory access request routed via the 
second route. For example, address translation on the first 
route may utilize one or more page tables to translate a virtual 
address to a physical address. In some embodiments, the first 
route utilizes multiple page tables to perform address trans 
lation. Conversely, address translation on the second route 
may not utilize any page tables. Rather, address translation on 
the second route may utilize a memory relocation algorithm 
that determines a physical address by adding a value to or 
Subtracting a value from another value (e.g., a virtual address 
value, an offset value determined based on the virtual address 
value and a base address value, etc.). In this way, address 
translation on the second route may be faster than address 
translation on the first route (e.g., because memory relocation 
may be faster than using page tables). 
0058 If routing is enabled (block 520 YES), then pro 
cess 500 may include calculating an offset value by compar 
ing the virtual address and a base address (block 540). For 
example, if routing controller 220 determines that routing is 
enabled (e.g., if the enable bit indicates that routing is 
enabled), then routing controller 220 may calculate an offset 
value by comparing the virtual address, identified in the 
memory access request, and a base address. 
0059. In some embodiments, routing controller 220 cal 
culates the offset value as a difference between the virtual 
address and the base address. For example, routing controller 
220 may subtract the base address (e.g., a value that repre 
sents the base address) from the virtual address (e.g., a value 
that represents the virtual address) to calculate the offset 
value. As an example, assuming a base address value of 1,000 
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and a virtual address value of 1,300, routing controller 220 
may calculate an offset value of 300 (1,300-1,000–300). 
0060. As further shown in FIG.5, process 500 may include 
determining whether the virtual address is within a range of 
virtual address associated with routing memory access 
requests (block 550). For example, routing controller 220 
may determine whether the virtual address is within the range 
determined as described herein in connection with FIG. 3. In 
some embodiments, routing controller 220 determines 
whether the virtual address is within the range based on the 
offset value. For example, routing controller 220 may com 
pare the offset value to a first threshold value (e.g., Zero) 
and/or a second threshold value (e.g., a length value, identi 
fied in a length register) to determine whether the virtual 
address is within the range. 
0061 Routing controller 220 determines a set of assigned 
registers to apply to the memory access request, in some 
embodiments. For example, multiple sets of registers may be 
assigned, and routing controller 220 may select a set of reg 
isters to apply to the memory access request. Additionally, or 
alternatively, routing controller 220 may apply more than one 
set of registers to the memory access request until a virtual 
address, identified in the memory access request, is deter 
mined to be within a range of virtual addresses associated 
with a particular set of registers. In this case, routing control 
ler 220 may apply the particular set of registers to the memory 
access request. If the virtual address is not within any of the 
ranges, then routing controller 220 may route the memory 
access request via the first route. 
0062. In some embodiments, a first range of virtual 
addresses overlaps with a second range of virtual addresses. 
In this case, routing controller 220 may select one of the 
ranges, and may apply a set of registers, associated with the 
selected range, to the memory access request. 
0063. If the virtual address is not within the range (block 
550 NO), then process 500 may include routing the 
memory access request via a first route to main memory 
(block 530). For example, if routing controller 220 deter 
mines that the virtual address is not within the range, then 
routing controller 220 may route the memory access request 
via a first route to memory controller 240 and/or main 
memory 250, as described herein in connection with block 
S30. 

0064. In some embodiments, routing controller 220 deter 
mines that the virtual address is not within the range when the 
offset value satisfies a first threshold or a second threshold. 
The first threshold may be equal to Zero, and the second 
threshold may correspond to the length value. For example, 
routing controller 220 may determine that the virtual address 
is not within the range when the offset value is less than Zero. 
For example, assume that routing controller 220 receives a 
memory access request that identifies a virtual address of 900. 
Further, assume that the base address value is 1,000. In this 
example, the offset value is equal to -100 (900-1,000-100). 
Since -100 is less than Zero, this offset value indicates that the 
virtual address of 900 is out of the range (e.g., since the range 
starts at 1,000). 
0065. Additionally, or alternatively, routing controller 220 
may determine that the virtual address is not within the range 
when the offset value is greater than or equal to the length 
value. For example, assume that the offset value is equal to 
300, and assume that the length value is equal to 200. Since 
the offset value is greater than the length value, routing con 
troller 220 determines that the virtual address is not within the 
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range, and routes the memory access request via the first 
route. In this example, the base address value of 1,000 iden 
tifies a starting address of 1,000 for the range, and the length 
value of 200 identifies an ending value of 1,199 for the range 
(e.g., there are 200 values between 1,000 and 1,199, inclu 
sive). The virtual address of 1,300, which generated the offset 
value of 300 (1,300-1,000), is outside of this range. Similarly, 
a virtual address of 1,200, which generates an offset value of 
200, which is equal to the length value, would be outside the 
range. 
0066. Thus, routing controller 220 may determine that the 
virtual address is not within the range when the offset value is 
less than Zero, or when the offset value is greater than or equal 
to the length value. By using the offset value to determine 
whether the virtual address is within the range, routing con 
troller 220 may reduce an amount of computing resources 
required to determine whether the virtual address is within the 
range, relative to directly comparing the virtual address to the 
ending value of the range. 
0067. If the virtual address is within the range (block 
550 YES), then process 500 may include determining 
whether a requested access type is permitted (block 560). For 
example, if routing controller 220 determines that the virtual 
address is within the range, then routing controller 220 may 
determine whether an access type, identified in the memory 
access request, is permitted. 
0068. In some embodiments, routing controller 220 deter 
mines that the virtual address is within the range when the 
offset value satisfies a first threshold and a second threshold. 
The first threshold may be equal to Zero, and the second 
threshold may correspond to the length value. For example, 
routing controller 220 may determine that the virtual address 
is within the range when the offset value is greater than or 
equal to Zero, and when the offset value is less than the length 
value. For example, assume that routing controller 220 
receives a memory access request that identifies a virtual 
address of 1,300. Further, assume that the base address value 
is 1,000. In this example, the offset value is equal to 300 
(1,300-1,000–300). Since 300 is greater than Zero, this offset 
value indicates that the virtual address of 1,300 may be within 
the range (e.g., depending on the length value). 
0069 Continuing with the above example where the offset 
value is equal to 300, assume that the length value is equal to 
500. Since the offset value is less than the length value, 
routing controller 220 determines that the virtual address is 
within the range. In this example, the base address value of 
1,000 identifies a starting address of 1,000 for the range, and 
the length value of 500 identifies an ending value of 1,499 for 
the range (e.g., there are 500 values between 1,000 and 1,499. 
inclusive). The virtual address of 1,300, which generated the 
offset value of 300 (1,300-1,000), is within this range. 
(0070 Routing controller 220 determines whether a 
requested access type is permitted by reading an access con 
trol bit (e.g., included in a relocation register), in some 
embodiments. A value of the access control bit may provide 
an indication of whether a particular type of access (e.g., read 
access, write access, etc.) is permitted or denied. 
0071. If the requested access type is not permitted (block 
560 NO), then process 500 may include routing the 
memory access request via a first route to main memory 
(block 530). For example, if routing controller 220 deter 
mines that the requested access type is not permitted (e.g., 
based on reading the access control bit), then routing control 
ler 220 may route the memory access request via a first route 
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to memory controller 240 and/or main memory 250, as 
described herein in connection with block 530. Additionally, 
or alternatively, routing controller 220 may provide an indi 
cation of an error when the requested access type is not 
permitted. 
0072. As an example, assume that a memory access 
request, that identifies a particular virtual address, includes a 
request to write to main memory 250. Further, assume that the 
access control bit indicates that the particular virtual address, 
or a physical address associated with the particular virtual 
address, is read-only. In this case, routing controller 220 
routes the memory access request via the first route toward 
main memory 250 (e.g., that includes IOMMU 230). 
IOMMU 230 may deny access, may provide an error, etc. 
0073. If the requested access type is permitted (block 
560 YES), then process 500 may include determining a 
physical address, corresponding to the virtual address, by 
combining the offset value and a relocation value (block570). 
For example, if routing controller 220 determines that the 
requested access type is permitted (e.g., based on reading the 
access control bit), then routing controller 220 may combine 
the offset value and a relocation value, identified in a reloca 
tion register, to determine a physical address that corresponds 
to the virtual address. 
0.074 As an example, a memory access request may 
include a read request, and the access control bit may indicate 
that read requests are permitted. Additionally, or alterna 
tively, the memory access request may include a write 
request, and the access control bit may indicate that write 
requests are permitted. In these cases, routing controller 220 
may calculate a physical address, that corresponds to the 
virtual address, based on the virtual address and a relocation 
value identified in the relocation register. 
0075. In some embodiments, routing controller 220 deter 
mines the physical address by combining (e.g., adding, Sub 
tracting, etc.) the offset value and the relocation value. For 
example, assume that routing controller 220 has determined 
an offset value of 300, as described elsewhere herein. Further, 
assume that routing controller 220 identifies a relocation 
value of 400 in the relocation register. Routing controller 220 
may add these values to determine a physical address value of 
700 (300+400–700). 
0076. As further shown in FIG.5, process 500 may include 
routing the memory access request, including the physical 
address, via a second route to main memory (block 580). For 
example, routing controller 220 may route the memory access 
request toward the determined physical address associated 
with main memory 250. In some embodiments, routing con 
troller 220 routes the memory access request via a second 
route to main memory 250. 
0077. As described elsewhere herein, the second route to 
memory controller 240 and/or main memory 250 may not 
include IOMMU 230. Additionally, or alternatively, the sec 
ond route may require less processing, of the memory access 
request, than the first route. Additionally, or alternatively, the 
second route may have a lower latency (e.g., a lower average 
latency) to memory controller 240 and/or main memory 250 
relative to the first route. Additionally, or alternatively, a 
memory access request routed via the second route may 
undergo address translation via a different algorithm than an 
algorithm used in association with a memory access request 
routed via the first route. Additionally, or alternatively, the 
second route may use one or more prediction algorithms (e.g., 
buffering, look-ahead, etc.) to increase performance relative 
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to the first route. Additionally, or alternatively, the first route 
may cause a set of operations to be performed based on the 
memory access request, and the second route may cause a 
subset of the set of operations to be performed based on the 
memory access request. 
0078 Routing the memory access request to main 
memory 250 may cause information to be read from and/or 
written to a physical address that corresponds to a virtual 
address identified in the memory access request. In some 
embodiments, routing controller 220 and/or memory control 
ler 240 provides cache coherency between multiple periph 
eral devices 210 and/or a peripheral device 210 and a central 
processing unit. For example, memory controller 240 may 
provide, to a cache controller of a first device, an indication 
that a second device wrote to a particular physical address of 
main memory 250. The cache controller may modify a cache 
associated with the first device to ensure cache coherency. For 
example, the cache controller may marka cached write opera 
tion, associated with the particular physical address, as 
invalid, or may flush a cached read operation associated with 
the particular physical address. 
0079. In this way, routing controller 220 may provide a 
way to speed up memory access requests associated with a 
particular memory resource. Such as a frame buffer. Addition 
ally, routing controller 220 may permit a peripheral device, 
Such as graphics processing unit, to operate in a virtualized 
computing environment while performing at a level near that 
of a non-virtualized computing environment. 
0080. Although FIG. 5 shows example blocks of process 
500, in some embodiments, process 500 includes additional 
blocks, fewer blocks, different blocks, or differently arranged 
blocks than those depicted in FIG. 5. Additionally, or alter 
natively, two or more of the blocks of process 500 may be 
performed in parallel. 
I0081 FIGS. 6A-6E are diagrams of an example embodi 
ment 600 relating to example process 500 shown in FIG. 5. 
FIGS. 6A-6E show an example of various routing decisions 
that route a memory access request via a first path that 
includes IOMMU 230. 

I0082. As shown in FIG. 6A, and by reference number 605, 
assume that a GPU 210 provides a memory access request to 
routing controller 220. As shown, assume that the memory 
access request identifies a virtual address of 100, identifies an 
access type of write, and identifies some information to be 
written to a physical memory address corresponding to the 
virtual address of 100. Assume that routing controller 220 
receives the request, and determines a value of an enable bit 
stored in relocation register 435. As shown by reference num 
ber 610, assume the enable bit stores a value of Zero, which 
indicates that routing the memory access request via a second 
route to main memory 250 (e.g., a route that does not include 
IOMMU 230) is disabled. Thus, as shown by reference num 
ber 615, routing controller 220 routes the memory access 
toward memory controller 240 via a first route that includes 
IOMMU 23 O. 

I0083. For the purpose of FIG. 6B, assume that routing 
controller 220 receives the same memory access request from 
GPU 210. In this case, however, assume that routing control 
ler 220 determines that routing via the second route is enabled 
(e.g., determines that the enable bit stores a value of one). As 
shown by reference number 620, assume that routing control 
ler 220 determines a base address value of 200 stored in base 
address register 405. As shown by reference number 625, 
routing controller 220 subtracts the base address value of 200 



US 2016/0062911 A1 

from the virtual address value of 100 to generate an offset 
value of -100 (100-200-100). As shown by reference num 
ber 630, routing controller 220 determines that the offset 
value is less than Zero, and thus the virtual address of 100 is 
outside the range of virtual address associated with routing 
via the second route. Thus, as shown by reference number 
635, routing controller 220 routes the memory access toward 
memory controller 240 via a first route that includes IOMMU 
230. 

0084 As shown in FIG. 6C, and by reference number 640, 
assume that GPU 210 provides a different memory access 
request to routing controller 220. As shown, assume that the 
memory access request identifies a virtual address of 800, 
identifies an access type of write, and identifies some infor 
mation to be written to a physical memory address corre 
sponding to the virtual address of 800. For the purpose of FIG. 
6C, assume that routing via the second path is enabled, and 
that the base address value is equal to 200 (e.g., as shown in 
FIG. 6B). 
0085. As shown by reference number 645, assume that 
routing controller 220 subtracts the base address value of 200 
from the virtual address value of 800 to generate an offset 
value of 600 (800-200—600). Since the offset value is greater 
than Zero, routing controller 220 determines to compare the 
offset value to a length value stored in length register 410. As 
shown by reference number 650, assume that routing control 
ler 220 determines a length value of 500 stored in length 
register 410. As shown by reference number 655, routing 
controller 220 compares the offset value to the length value, 
determines that the offset value is greater than the length 
value, and thus determines that the virtual address of 800 is 
not within the range of virtual addresses to be routed via the 
second path. As a result, routing controller 220 routes the 
memory access toward memory controller 240 via a first route 
that includes IOMMU 230, as shown by reference number 
660. 

I0086. As shown in FIG. 6D, and by reference number 665, 
assume that GPU 210 provides a different memory access 
request to routing controller 220. As shown, assume that the 
memory access request identifies a virtual address of 600, 
identifies an access type of write, and identifies some infor 
mation to be written to a physical memory address corre 
sponding to the virtual address of 600. For the purpose of FIG. 
6D, assume that routing via the second path is enabled, that 
the base address value is equal to 200, and that the length 
value is equal to 500. 
0087 As shown by reference number 670, routing control 
ler 220 subtracts the base address value of 200 from the 
virtual address value of 600 to calculate an offset value of 400 
(600-200–400). As shown by reference number 675, routing 
controller 220 determines that the offset value of 400 is less 
than the length value of 500. Based on this determination, 
routing controller 220 determines that the virtual address of 
600 is within the range of virtual addresses associated with 
routing via the second route. 
0088 Assume that FIG. 6E continues the example shown 
in FIG. 6D, and that the virtual address of 600, identified in 
the memory access request received by routing controller 
220, is within the range of virtual addresses associated with 
routing via the second route. As shown in FIG. 6E, and by 
reference number 680, assume that routing controller 220 
determines that an access control bit, stored in relocation 
register 435, stores a value of 1, which indicates that a read 
only access control is enabled. Assume that the memory 
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access request identifies a write operation. As a result, and as 
shown by reference number 685, routing controller 220 
routes the memory access toward memory controller 240 via 
a first route that includes IOMMU 230. However, if the 
memory access request identified a read operation, then rout 
ing controller 220 would determine a physical address that 
corresponds to the virtual address of 600, and would route the 
memory access request via a second route to memory con 
troller 240 (e.g., a route that does not include IOMMU 230). 
I0089. As indicated above, FIGS. 6A-6E are provided 
merely as an example. Other examples are possible and may 
differ from what was described with regard to FIGS. 6A-6E. 
(0090 FIGS. 7A and 7B are diagrams of another example 
embodiment 700 relating to example process 500 shown in 
FIG. 5. FIGS. 7A and 7B show an example of a routing 
decision that routes a memory access request via a second 
path that does not include IOMMU 230. 
(0091. As shown in FIG. 7A, and by reference number 705, 
assume that GPU 210 provides a memory access request to 
routing controller 220. As shown, assume that the memory 
access request identifies a virtual address of 699, identifies an 
access type of write, and identifies some information to be 
written to a physical memory address corresponding to the 
virtual address of 699. As shown by reference number 710, 
assume that routing via the second route is enabled, and that 
write access is also enabled. As shown by reference number 
715, routing controller 220 subtracts the base address value of 
200 from the virtual address value of 699 to calculate an offset 
value of 499 (699-200–499). As shown by reference number 
720, routing controller 220 determines that the offset value of 
499 is greater than Zero, and is less than the length value of 
500. Based on this determination, routing controller 220 
determines that the virtual address of 699 is within the range 
of virtual addresses associated with routing via the second 
rOute. 

0092. As shown in FIG. 7B, and by reference number 725, 
assume that routing controller 220 determines a relocation 
value of 400 stored in relocation register 435. As shown by 
reference number 730, routing controller 220 adds the relo 
cation value of 400 to the offset value of 499 to generate a 
physical address value of 899 (499-400-899). As shown by 
reference number 735, routing controller 220 routes the 
memory access request, including information that identifies 
the physical address of 899, toward memory controller 240 
via a second route that does not include IOMMU 230. 
(0093. As indicated above, FIGS. 7A and 7B are provided 
merely as an example. Other examples are possible and may 
differ from what was described with regard to FIGS. 7A and 
TB. 
0094. The foregoing disclosure provides illustration and 
description, but is not intended to be exhaustive or to limit the 
embodiments to the precise form disclosed. Modifications 
and variations are possible in light of the above disclosure or 
may be acquired from practice of the embodiments. 
0.095 As used herein, a device or a component is intended 
to be broadly construed as hardware, firmware, or a combi 
nation of hardware and software. 
0096. Some embodiments are described herein in connec 
tion with thresholds. As used herein, satisfying a threshold 
may refer to a value being greater than the threshold, more 
than the threshold, higher than the threshold, greater than or 
equal to the threshold, less than the threshold, fewer than the 
threshold, lower than the threshold, less than or equal to the 
threshold, equal to the threshold, etc. 
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0097. It will be apparent that systems and/or methods, as 
described herein, may be implemented in many different 
forms of software, firmware, and hardware in the embodi 
ments illustrated in the figures. The actual software code or 
specialized control hardware used to implement these sys 
tems and/or methods is not limiting of the embodiments. 
Thus, the operation and behavior of the systems and/or meth 
ods were described without reference to the specific software 
code it being understood that software and hardware can be 
designed to implement the systems and/or methods based on 
the description herein. 
0098. Even though particular combinations of features are 
recited in the claims and/or disclosed in the specification, 
these combinations are not intended to limit the disclosure of 
possible embodiments. In fact, many of these features may be 
combined in ways not specifically recited in the claims and/or 
disclosed in the specification. Although each dependent claim 
listed below may directly depend on only one claim, the 
disclosure of possible embodiments includes each dependent 
claim in combination with every other claim in the claim set. 
0099 No element, act, or instruction used herein should be 
construed as critical or essential unless explicitly described as 
such. Also, as used herein, the articles “a” and “an are 
intended to include one or more items, and may be used 
interchangeably with “one or more.” Similarly, a “set' is 
intended to include one or more items, and may be used 
interchangeably with “one or more.” Where only one item is 
intended, the term “one' or similar language is used. Also, as 
used herein, the term “having is intended to be an open 
ended term. Further, the phrase “based on is intended to 
mean “based, at least in part, on unless explicitly stated 
otherwise. 
What is claimed is: 
1. A method, comprising: 
receiving, by a device, a direct memory access request that 

identifies a virtual address; 
determining, by the device, whether the virtual address is 

within a particular range of virtual addresses; and 
Selectively performing, by the device, a first action or a 

second action based on determining whether the virtual 
address is within the particular range of virtual 
addresses, 
the first action including: 

causing a first address translation algorithm to be 
performed to translate the virtual address to a 
physical address associated with a memory device 
when the virtual address is not within the particular 
range of virtual addresses, and 

the second action including: 
causing a second address translation algorithm to be 

performed to translate the virtual address to the 
physical address associated with the memory 
device when the virtual address is within the par 
ticular range of virtual addresses, 
the second address translation algorithm being dif 

ferent from the first address translation algo 
rithm. 

2. The method of claim 1, where the first address transla 
tion algorithm includes an algorithm that utilizes a page table 
to translate the virtual address to the physical address; and 

where the second address translation algorithm includes a 
memory relocation algorithm that calculates the physi 
cal address by combining a relocation value and an 
offset value calculated based on the virtual address. 
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3. The method of claim 1, further comprising: 
determining a base address stored in a memory accessible 
by the device; 

calculating an offset value using the base address and the 
virtual address; and 

where determining whether the virtual address is within the 
particular range of virtual addresses further comprises: 
determining whether the virtual address is within the 

particular range of virtual addresses based on the off 
set value. 

4. The method of claim 3, where calculating the offset 
value further comprises: 

calculating the offset value by determining a difference 
between the base address and the virtual address; and 

where determining whether the virtual address is within the 
particular range of virtual addresses further comprises: 
comparing the offset value to a threshold value; and 
determining whether the virtual address is within the 

particular range of virtual addresses based on com 
paring the offset value to the threshold value. 

5. The method of claim 4, where the threshold value is a 
first threshold value; and 
where determining whether the virtual address is within the 

particular range of virtual addresses further comprises: 
comparing the offset value to a second threshold value, 

the second threshold value being different than the 
first threshold value; and 

determining whether the virtual address is within the 
particular range of virtual addresses based on com 
paring the offset value to the first threshold value and 
further based on based on comparing the offset value 
to the second threshold value. 

6. The method of claim 3, where causing the second 
address translation algorithm to be performed to translate the 
virtual address to the physical address further comprises: 

determining a relocation value Stored in a memory acces 
sible by the device; and 

calculating the physical address by combining the offset 
value and the relocation value. 

7. The method of claim 1, where the second address trans 
lation algorithm translates the virtual address to the physical 
address faster than the first address translation algorithm 
translates the virtual address to the physical address. 

8. A device, comprising: 
a controller to: 

receive, from a peripheral device, a memory access 
request that identifies a virtual address value; 

determine, based on information stored in a memory 
accessible by the controller, whether the virtual 
address value is included in a particular range of Vir 
tual addresses values; and 

Selectively perform a first action or a second action 
based on determining whether the virtual address 
value is included in the particular range of virtual 
addresses values, 
the first action being performed when the virtual 

address value is not included in the particular range 
of virtual address values, and the first action includ 
ing: 
causing a first address translation algorithm to be 

performed to translate the virtual address value 
to a physical address value that identifies a 
memory location in a memory device, and 
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the second action being performed when the virtual 
address value is included in the particular range of 
virtual address values, and the second action 
including: 
causing a second address translation algorithm to 
be performed to translate the virtual address 
value to the physical address value, 
the second address translation algorithm being 
different from the first address translation algo 
rithm. 

9. The device of claim 8, where the controller, when selec 
tively performing the first action, is further to: 

route the memory access request via a first route that 
includes an input/output memory management unit 
(IOMMU); and 

where the controller, when selectively performing the sec 
ond action, is further to: 
route the memory access request via a second route that 

does not include the IOMMU. 
10. The device of claim 8, where the controller, when 

selectively performing the first action, is further to: 
route the memory access request via a first route that has a 

higher average latency to the memory device relative to 
a second route; and 

where the controller, when selectively performing the sec 
ond action, is further to: 
route the memory access request via the second route 

that has a lower average latency to the memory device 
relative to the first route. 

11. The device of claim 8, where the controller, when 
determining whether the virtual address value is included in 
the particular range of virtual addresses values, is further to: 

determine a base address value Stored in the memory acces 
sible by the controller; 

calculate an offset value based on a difference between the 
base address value and the virtual address value; 

determine that the offset value does not satisfy a threshold 
value; and 

where the controller, when selectively performing the first 
action, is further to: 
selectively perform the first action based on determining 

that the offset value does not satisfy the threshold 
value. 

12. The device of claim 11, where the controller, when 
calculating the offset value, is further to: 

calculate the offset value by subtracting the base address 
value from the virtual address value; 

where the controller, when determining that the offset 
value does not satisfy the threshold value, is further to: 
determine that the offset value is less than Zero; and 

where the controller, when selectively performing the first 
action, is further to: 
selectively perform the first action based on determining 

that the offset value is less than Zero. 
13. The device of claim 11, where the controller, when 

calculating the offset value, is further to: 
calculate the offset value by subtracting the base address 

value from the virtual address value; 
where the controller, when determining that the offset 

value does not satisfy the threshold value, is further to: 
determine a length value, stored in the memory acces 

sible by the controller, that represents a quantity of 
virtual address values included in the particular range 
of virtual address values: 
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determine that the offset value is greater than or equal to 
the length value; and 

where the controller, when selectively performing the first 
action, is further to: 
selectively perform the first action based on determining 

that the offset value is greater than or equal to the 
length value. 

14. The device of claim 8, where the controller, when 
determining whether the virtual address value is included in 
the particular range of virtual addresses values, is further to: 

determine a base address value stored in the memory acces 
sible by the controller; 

calculate an offset value based on a difference between the 
base address value and the virtual address value; 

determine that the offset value satisfies a first threshold 
value; 

determine that the offset value satisfies a second threshold 
value that is different from the first threshold value; and 

where the controller, when selectively performing the sec 
ond action, is further to: 
selectively perform the second action based on deter 

mining that the offset value satisfies the first threshold 
value and the second threshold value. 

15. A system, comprising: 
one or more devices to: 

receive a memory access request that identifies a virtual 
address value; 

determine whether the virtual address value is included 
in a particular range of virtual addresses values; and 

Selectively perform a first address translation algorithm 
or a second address translation algorithm, to translate 
the virtual address value to a physical address value 
associated with a memory device, based on determin 
ing whether the virtual address value is included in the 
particular range of virtual address values, 
the first address translation algorithm being per 

formed when the virtual address value is not 
included in the particular range of virtual address 
values, 

the second address translation algorithm being per 
formed when the virtual address value is included 
in the particular range of virtual address values, 

the second address translation algorithm being differ 
ent from the first address translation algorithm; and 

routing the memory access request and information that 
identifies the physical address value toward the 
memory device based on selectively performing the 
first address translation algorithm or the second 
address translation algorithm. 

16. The system of claim 15, where the one or more devices 
are further to: 

selectively perform a first action or a second action based 
on determining whether the virtual address value is 
included in the particular range of virtual address values, 
the first action including: 

routing the memory access request via a first route, 
that includes an input/output memory management 
unit (IOMMU) that performs the first address trans 
lation algorithm, when the virtual address value is 
not included in the particular range of virtual 
address values, and 
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the second action including: 
routing the memory access request via a second route, 

that does not include the IOMMU, when the virtual 
address value is included in the particular range of 
virtual address values. 

17. The system of claim 15, where the one or more devices 
are further to: 

determine a requested access type identified in the memory 
access request, 
the requested access type including at least one of: 

read access, or 
write access; 

determine a permitted access type; and 
where the one or more devices, when selectively perform 

ing the first address translation algorithm or the second 
address translation algorithm, are further to: 
Selectively perform the first address translation algo 

rithm when the permitted access type indicates that 
the requested access type is not permitted, or 

Selectively perform the second address translation algo 
rithm when the permitted access type indicates that 
the requested access type is permitted. 

18. The system of claim 15, where the one or more devices, 
when selectively performing the first address translation algo 
rithm, are further to: 

Mar. 3, 2016 

translate the virtual address value to the physical address 
value using a page table; and 

where the one or more devices, when selectively perform 
ing the second address translation algorithm, are further 
tO: 

translate the virtual address value to the physical address 
value using a memory relocation algorithm that cal 
culates the physical address value by combining a 
relocation value and an offset value calculated based 
on the virtual address value. 

19. The system of claim 15, where the particular range of 
virtual address values is one of a plurality of ranges of virtual 
address values; and 
where the one or more devices are further to: 

Select the particular range of virtual address values from 
the plurality of ranges of virtual address values. 

20. The system of claim 15, where the second address 
translation algorithm translates the virtual address value to 
the physical address value faster than the first address trans 
lation algorithm translates the virtual address value to the 
physical address value. 
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