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puter-readable medium, such as a floppy disk device, a hard 
disk device, an optical disk device, or a tape device, a flash 
memory or other similar solid state memory device, or an 
array of devices, including devices in a storage area network 
or other configurations. A computer program product can be 
tangibly embodied in an information carrier. The computer 
program product may also contain instructions that, when 
executed, perform one or more methods, such as those 
described above. The computer program product can also be 
tangibly embodied in a computer- or machine-readable 
medium, such as the memory 304, the storage device 306, or 
memory on the processor 302. 

The high-speed interface 308 manages bandwidth-inten­
sive operations for the computing device 300, while the 
low-speed interface 312 manages lower bandwidth-inten­
sive operations. Such allocation of functions is exemplary 
only. In some implementations, the high-speed interface 308 
is coupled to the memory 304, the display 316 (e.g., through 
a graphics processor or accelerator), and to the high-speed 
expansion ports 310, which may accept various expansion 
cards (not shown). In the implementation, the low-speed 
interface 312 is coupled to the storage device 306 and the 
low-speed expansion port 314. The low-speed expansion 
port 314, which may include various communication ports 
(e.g., USB, Bluetooth, Ethernet, wireless Ethernet) may be 
coupled to one or more input/output devices, such as a 
keyboard, a pointing device, a scanner, or a networking 
device such as a switch or router, e.g., through a network 
adapter. 

The computing device 300 may be implemented in a 
number of different forms, as shown in the figure. For 
example, it may be implemented as a standard server 320, or 
multiple times in a group of such servers. In addition, it may 
be implemented in a personal computer such as a laptop 
computer 322. It may also be implemented as part of a rack 
server system 324. Alternatively, components from the com­
puting device 300 may be combined with other components 
in a mobile device (not shown), such as a mobile computing 
device 350. Each of such devices may contain one or more 
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or an OLED (Organic Light Emitting Diode) display, or 
other appropriate display technology. The display interface 
356 may comprise appropriate circuitry for driving the 
display 354 to present graphical and other information to a 
user. The control interface 358 may receive commands from 
a user and convert them for submission to the processor 352. 
In addition, an external interface 362 may provide commu­
nication with the processor 352, so as to enable near area 
communication of the mobile computing device 350 with 

10 other devices. The external interface 362 may provide, for 
example, for wired communication in some implementa­
tions, or for wireless communication in other implementa­
tions, and multiple interfaces may also be used. 

The memory 364 stores information within the mobile 
15 computing device 350. The memory 364 can be imple­

mented as one or more of a computer-readable medium or 
media, a volatile memory unit or units, or a non-volatile 
memory unit or units. An expansion memory 374 may also 
be provided and connected to the mobile computing device 

20 350 through an expansion interface 372, which may include, 
for example, a SIMM (Single In Line Memory Module) card 
interface. The expansion memory 374 may provide extra 
storage space for the mobile computing device 350, or may 
also store applications or other information for the mobile 

25 computing device 350. Specifically, the expansion memory 
374 may include instructions to carry out or supplement the 
processes described above, and may include secure infor­
mation also. Thus, for example, the expansion memory 374 
may be provide as a security module for the mobile com-

30 puting device 350, and may be progranmied with instruc­
tions that permit secure use of the mobile computing device 
350. In addition, secure applications may be provided via the 
SIMM cards, along with additional information, such as 
placing identifying information on the SIMM card in a 

35 non-hackable manner. 

of the computing device 300 and the mobile computing 40 

device 350, and an entire system may be made up of multiple 
computing devices communicating with each other. 

The memory may include, for example, flash memory 
and/or NVRAM memory (non-volatile random access 
memory), as discussed below. In some implementations, a 
computer program product is tangibly embodied in an 
information carrier. The computer program product contains 
instructions that, when executed, perform one or more 
methods, such as those described above. The computer 
program product can be a computer- or machine-readable 
medium, such as the memory 364, the expansion memory 
374, or memory on the processor 352. In some implemen­
tations, the computer program product can be received in a 

The mobile computing device 350 includes a processor 
352, a memory 364, an input/output device such as a display 
354, a communication interface 366, and a transceiver 368, 45 

among other components. The mobile computing device 350 
may also be provided with a storage device, such as a 
micro-drive or other device, to provide additional storage. 
Each of the processor 352, the memory 364, the display 354, 
the communication interface 366, and the transceiver 368, 50 

are interconnected using various buses, and several of the 
components may be mounted on a common motherboard or 
in other manners as appropriate. 

The processor 352 can execute instructions within the 
mobile computing device 350, including instructions stored 55 

in the memory 364. The processor 352 may be implemented 
as a chipset of chips that include separate and multiple 
analog and digital processors. The processor 352 may pro­
vide, for example, for coordination of the other components 
of the mobile computing device 350, such as control of user 60 

interfaces, applications run by the mobile computing device 
350, and wireless communication by the mobile computing 
device 350. 

propagated signal, for example, over the transceiver 368 or 
the external interface 362. 

The mobile computing device 350 may communicate 
wirelessly through the communication interface 366, which 
may include digital signal processing circuitry where nec­
essary. The communication interface 366 may provide for 
communications under various modes or protocols, such as 
GSM voice calls (Global System for Mobile communica-
tions), SMS (Short Message Service), EMS (Enhanced 
Messaging Service), or MMS messaging (Multimedia Mes-
saging Service), CDMA (code division multiple access), 
TDMA (time division multiple access), PDC (Personal 
Digital Cellular), WCDMA (Wideband Code Division Mul­
tiple Access), CDMA2000, or GPRS (General Packet Radio 
Service), among others. Such communication may occur, for 
example, through the transceiver 368 using a radio-fre­
quency. In addition, short-range communication may occur, 
such as using a Bluetooth, Wi-Fi, or other such transceiver The processor 352 may communicate with a user through 

a control interface 358 and a display interface 356 coupled 
to the display 354. The display 354 may be, for example, a 
TFT (Thin-Film-Transistor Liquid Crystal Display) display 

65 (not shown). In addition, a GPS (Global Positioning System) 
receiver module 370 may provide additional navigation- and 
location-related wireless data to the mobile computing 
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device 350, which may be used as appropriate by applica­
tions running on the mobile computing device 350. 

The mobile computing device 350 may also communicate 
audibly using an audio codec 360, which may receive 
spoken information from a user and convert it to usable 
digital information. The audio codec 360 may likewise 
generate audible sound for a user, such as through a speaker, 
e.g., in a handset of the mobile computing device 350. Such 
sound may include sound from voice telephone calls, may 
include recorded sound (e.g., voice messages, music files, 10 

etc.) and may also include sound generated by applications 
operating on the mobile computing device 350. 

The mobile computing device 350 may be implemented in 
a number of different forms, as shown in the figure. For 
example, it may be implemented as a cellular telephone 380. 15 

It may also be implemented as part of a smart-phone 382, 
personal digital assistant, tablet computer, wearable com­
puter, or other similar mobile device. 

Various implementations of the systems and techniques 
described here may be realized in digital electronic circuitry, 20 

integrated circuitry, specially designed ASICs (application 
specific integrated circuits), computer hardware, firmware, 
software, and/or combinations thereof. These various imple­
mentations may include implementation in one or more 
computer programs that are executable and/or interpretable 25 

on a programmable system including at least one program­
mable processor, which may be special or general purpose, 
coupled to receive data and instructions from, and to trans-
mit data and instructions to, a storage system, at least one 
input device, and at least one output device. 30 

These computer programs (also known as programs, 
software, software applications or code) include machine 
instructions for a programmable processor, and may be 
implemented in a high-level procedural and/or object-ori­
ented progranmiing language, and/or in assembly/machine 35 

language. As used herein, the terms "machine-readable 
medium" and "computer-readable medium" refer to any 
computer program product, apparatus and/or device ( e.g., 
magnetic discs, optical disks, memory, Progranmiable Logic 
Devices (PLDs)) used to provide machine instructions and/ 40 

or data to a progranmiable processor, including a machine­
readable medium that receives machine instructions as a 
machine-readable signal. The term "machine-readable sig­
nal" refers to any signal used to provide machine instruc-
tions and/or data to a programmable processor. 45 

To provide for interaction with a user, the systems and 
techniques described here may be implemented on a com­
puter having a display device ( e.g., a CRT ( cathode ray tube) 
or LCD (liquid crystal display) monitor) for displaying 
information to the user and a keyboard and a pointing device 50 

( e.g., a mouse or a trackball) by which the user may provide 
input to the computer. Other kinds of devices may be used 
to provide for interaction with a user as well; for example, 
feedback provided to the user may be any form of sensory 
feedback ( e.g., visual feedback, auditory feedback, or tactile 55 

feedback); and input from the user may be received in any 
form, including acoustic, speech, or tactile input. 

The systems and techniques described here may be imple­
mented in a computing system that includes a back end 
component (e.g., as a data server), or that includes a middle- 60 

ware component (e.g., an application server), or that 
includes a front end component (e.g., a client computer 
having a graphical user interface or a Web browser through 
which a user may interact with an implementation of the 
systems and techniques described here), or any combination 65 

of such back end, middleware, or front end components. The 
components of the system may be interconnected by any 
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form or medium of digital data communication (e.g., a 
communication network). Examples of communication net­
works include a local area network ("LAN"), a wide area 
network ("WAN"), and the Internet. 

The computing system may include clients and servers. A 
client and server are generally remote from each other and 
typically interact through a communication network. The 
relationship of client and server arises by virtue of computer 
programs running on the respective computers and having a 
client-server relationship to each other. 

A number of embodiments have been described. Never­
theless, it will be understood that various modifications may 
be made without departing from the spirit and scope of the 
invention. In addition, the logic flows depicted in the figures 
do not require the particular order shown, or sequential 
order, to achieve desirable results. In addition, other steps 
may be provided, or steps may be eliminated, from the 
described flows, and other components may be added to, or 
removed from, the described systems. Accordingly, other 
embodiments are within the scope of the following claims. 

What is claimed is: 
1. A method comprising: 
obtaining an utterance vector that is derived from an 

utterance; 
determining hash values for the utterance vector accord­

ing to multiple different hash functions; 
determining a set of speaker vectors from a plurality of 

hash tables using the hash values, each speaker vector 
being derived from one or more utterances of a respec­
tive speaker; 

comparing the speaker vectors in the set with the utter­
ance vector; 

selecting a speaker vector based on comparing the speaker 
vectors in the set with the utterance vector; 

determining a speaker identity corresponding to the 
selected speaker vector; and 

outputting data indicating the speaker identity. 
2. The method of claim 1, wherein obtaining the utterance 

vector comprises obtaining an utterance i-vector for the 
utterance, the utterance i-vector comprising parameters 
determined using multivariate factor analysis of the utter­
ance; and 

wherein determining the set of speaker vectors from the 
plurality of hash tables using the hash values comprises 
determining a set of speaker i-vectors from the plurality 
of hash tables, each speaker i-vector comprising param­
eters determined using multivariate factor analysis of 
one or more utterances of a respective speaker. 

3. The method of claim 1, wherein obtaining the utterance 
vector comprises obtaining an utterance vector comprising 
parameters determined based on deep neural network acti­
vations that occur in response to information about the 
utterance being provided to the deep neural network; and 

wherein determining the set of speaker vectors from the 
plurality of hash tables using the hash values comprises 
determining a set of speaker vectors in which each 
speaker vector comprises parameters determined based 
on deep neural network activations that occur in 
response to information about one or more utterances 
of a respective speaker being provided to the deep 
neural network. 

4. The method of claim 1, further comprising: 
identifying one or more media items that include utter­

ances of a speaker corresponding to the selected 
speaker vector; and 

outputting data indicating the identified one or more 
media items. 
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5. The method of claim 1, further comprising: 
determining that the selected speaker vector corresponds 

to a particular user; and 
based at least in part on the determining that the selected 

speaker vector corresponds to a particular user identity, 
authenticating the particular user. 

6. The method of claim 1, wherein determining the hash 
values comprises determining the hash values using one or 
more locality sensitive hash functions. 

7. The method of claim 1, wherein determining the hash 10 

values comprises determining the hash values based on a 
position of the utterance vector with respect to different 
hyperplanes. 

8. The method of claim 1, wherein determining the hash 15 
values comprises: 

determining first hash values for the utterance vector 
based on a first set of hash functions; and 

determining second hash values as different combinations 
of two or more of the first hash values; 20 

wherein determining the set of speaker vectors from the 
plurality of hash tables using the hash values comprises 
determining the set of speaker vectors from the plural­
ity of hash tables using the second hash values. 

9. The method of claim 1, wherein comparing the speaker 25 

vectors in the set with the utterance vector comprises 
determining similarity scores that each indicate a degree of 
similarity of the utterance vector and one of the speaker 
vectors in the set; and 

wherein selecting a speaker vector comprises selecting the 30 

speaker vector that the similarity scores indicate is most 
similar to the utterance vector. 

10. The method of claim 9, wherein determining similar-
ity scores that each indicate a degree of similarity of the 
utterance vector and one of the speaker vectors in the set 35 

comprises determining a cosine distance between the utter­
ance vector and each of the speaker vectors in the set. 

11. The method of claim 10, wherein selecting the speaker 
vector that the similarity scores indicate is most similar to 
the utterance vector comprises: 40 

identifying a smallest cosine distance from among the 
determined cosine distances; 

determining that the smallest cosine distance is less than 
a maximum distance threshold value; and 

based on determining that the smallest cosine distance is 45 

less than the maximum distance threshold value, select-
ing the speaker vector corresponding to the smallest 
cosine distance. 

12. The method of claim 1, wherein each of the speaker 
vectors corresponds to a different speaker; and 50 

wherein the method further comprises providing data 
indicating that the speaker corresponding to the 
selected speaker vector is the speaker of the utterance. 

13. The method of claim 1, further comprising: 
obtaining multiple speaker vectors that each indicate 55 

characteristics of speech of a respective speaker; and 
for each particular speaker vector of the multiple speaker 

vectors: 
determining hash values for the particular speaker 

vector according to each of the multiple different 60 

hash functions; and 
inserting the particular speaker vector into each of the 

plurality of hash tables based on the hash values. 
14. The method of claim 1, wherein obtaining multiple 

speaker vectors that each indicate characteristics of speech 65 

of a respective speaker comprises: 
accessing a set of multiple video resources; and 

20 
generating a speaker vector for each of the multiple video 

resources. 
15. The method of claim 1, wherein determining the set of 

speaker vectors from the plurality of hash tables using the 
hash values comprises: 

determining a different speaker vector for each of the 
plurality of hash tables, wherein each of the different 
speaker vectors is determined using (i) a different hash 
value of the determined hash values and (ii) a different 
hash table of the plurality of hash tables. 

16. A computer-readable storage device storing instruc­
tions that, when executed by one or more computers, cause 
the one or more computers to perform operations compris­
ing: 

obtaining an utterance vector that is derived from an 
utterance; 

determining hash values for the utterance vector accord­
ing to multiple different hash functions; 

determining a set of speaker vectors from a plurality of 
hash tables using the hash values, each speaker vector 
being derived from one or more utterances of a respec­
tive speaker; 

comparing the speaker vectors in the set with the utter­
ance vector; and 

selecting a speaker vector based on comparing the speaker 
vectors in the set with the utterance vector. 

17. The storage device of claim 16, wherein the operations 
further comprise: 

accessing data indicating associations between the 
speaker vectors and respective speakers; 

determining, based on the data indicating the associations 
between the speaker vectors and the respective speak­
ers, a speaker identity corresponding to the selected 
speaker vector; and 

outputting data indicating the speaker identity. 
18. A system comprising: 
one or more computers; and 
a computer-readable storage device storing instructions 

that, when executed by the one or more computers, 
cause the one or more computers to perform operations 
comprising: 
obtaining an utterance vector that is derived from an 

utterance; 
determining hash values for the utterance vector 

according to multiple different hash functions; 
determining a set of speaker vectors from a plurality of 

hash tables using the hash values, each speaker 
vector being derived from one or more utterances of 
a respective speaker; 

comparing the speaker vectors in the set with the 
utterance vector; and 

selecting a speaker vector based on comparing the 
speaker vectors in the set with the utterance vector. 

19. The system of claim 18, wherein obtaining the utter­
ance vector comprises obtaining an utterance i-vector for the 
utterance, the utterance i-vector comprising parameters 
determined using multivariate factor analysis of the utter­
ance; and 

wherein determining the set of speaker vectors from the 
plurality of hash tables using the hash values comprises 
determining a set of speaker i-vectors from the plurality 
of hash tables, each speaker i-vector comprising param­
eters determined using multivariate factor analysis of 
one or more utterances of a respective speaker. 

20. The system of claim 18, wherein the operations further 
comprise: 
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accessing data indicating associations between the 
speaker vectors and respective speakers; 

determining, based on the data indicating the associations 
between the speaker vectors and the respective speak­
ers, a speaker identity corresponding to the selected 
speaker vector; and 

outputting data indicating the speaker identity. 

* * * * * 

22 




