(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

9 March 2017 (09.03.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/039899 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
HO4L 12/855 (2013.01) HO4L 12/841 (2013.01)
HO04L 12/863 (2013.01)

International Application Number:
PCT/US2016/044538

International Filing Date:
28 July 2016 (28.07.2016)

Filing Language: English
Publication Language: English
Priority Data:

14/843,883 2 September 2015 (02.09.2015) US

Applicant: INTELL. CORPORATION [US/US]; 2200
Mission College Blvd., Santa Clara, CA 95054 (US).

Inventor: STALLEY, Sean O.; 1824 SE Gerhard Dr.,
Hillsboro, Oregon 97123 (US).

Agent: MUGHAL, Usman A.; Green, Howard, &
Mughal, LLP, ¢/o CPA Global, 900 Second Avenue South,
Suite 600, Minneapolis, Minnesota 55402 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

2017/039899 A1 I 000 10 OO0 00O O 00

(54) Title: APPARATUS AND METHOD TO INCREASE THROUGHPUT OF A TRANSMITTER

A0 2020
{e.g., in-fight calis
10 arrive) 203
208 (data) 202a (e.g., fixed sized
| Transmitter {Tx) o9, credm&ianoe) recsiver queLs)
N e.g., buffers, FIFG 7
21 \
Packet-N 09(e. Fackel-1 4—{4 | )—> 1,
/ busfrer) : Vi !
T / .
2010y 200 . s % Receiver (R} 202
ETNED [ |, |
payidad heatier {linky

patamsters)

208 (e.g., N\)\T

Logic
208

207 (... ONGOF MDFE
—~

{e.g.. cells in qusue)

Fig. 2
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the I/O interface to a receiver, wherein the logic can vary a number of packets sent prior to the transmitter receiving an Acknow-

O ledgement (ACK) signal, and wherein the logic can vary a packet length of the number of packets.
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APPARATUS AND METHOD TO INCREASE THROUGHPUT OF A TRANSMITTER

CLAIM FOR PRIORITY

[0001] This application claims priority to U.S. Patent Application Serial No. 14/843,883,
filed on 02 September 2015, titled “APPARATUS AND METHOD TO INCREASE
THROUGHPUT OF A TRANSMITTER,” and which is incorporated by reference in

entirety.

BACKGROUND

[0002] In a credit-based flow control, a sender (e.g., a transmitter) can only transmit a
packet to a receiver if the sender has credits to use. As such, when the sender runs out of
credits, it must wait to get credits back from the receiver before transmitting another packet.
When the receiver finishes processing the recetved packets from its buffer(s), i signals a
retum of credits to the sender, which increases the credit limit by the restored amount {e.g.,
up to a predetermined credit linmut). The credits are stored n credit counters and decremented
when used. When the credits reach the credit imit (1.e., when the available credits are zero),
the sender stops transmutting packets. The advantage of this scheme (compared to other
methods such as wait states or handshake-based transfer protocols) is that the latency of
credit return generally does not affect performance, provided that the credit limit 18 not
encountered. However, this assuraption 1s not generally met.

[0003] One way to avoid the impact on performance (i.e., to avoid idle time of the
sender and thus to avoid lower sender throughput) is to increase the number of credits (i.e.,
increase the credit oty and/or the size of the recetving buffer. Increasmg credit limit may
require mcreasing the recerving buffer size to avoid a boitleneck al the recetver end.
However, imcreasing the receiving buffer size is not possible dynamically as hardware 15

defined at the time of manufacturing and is a constant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The embodiments of the disclosure will be understood more fully from the
detailed description given below and from the accompanying drawings of various
embodiments of the disclosure, which, however, should not be taken to limit the disclosure to
the specific embodiments, but are for explanation and understanding only.

[0005] Fig. 1 illustrates a credit-based flow control with fixed-length packets

resulting in large idle times and thus lower throughput for a transmitter.
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[0006] Fig. 2 illustrates a credit-based flow control system with fixed length receiver
buffer(s) and logic to transmit variable-length packets to improve throughput of a transmitter,
according to some embodiments of the disclosure.

[0007] Fig. 3 illustrates a credit-based flow control system with multiple hosts and
switches having logic to transmit variable-length packets to improve throughput of the
transmitter, according to some embodiments of the disclosure.

[0008] Fig. 4 illustrates a credit-based flow control with variable-length packets
resulting in small idle times and thus higher throughput of the transmitter, according to some
embodiments of the disclosure.

[0009] Fig. 5 illustrates a plot showing optimization of the number of data splits ‘N’
and associated tradeoffs to achieve small idle times and thus higher throughput of the
transmitter, according to some embodiments of the disclosure.

[0010] Fig. 6 illustrates a flowchart of a method to determine optimal value of the
number of data splits “N’ by monitoring available number of credits, according to some
embodiments of the disclosure.

[0011] Fig. 7 illustrates a flowchart of a method to determine an optimal value of the
number of data splits ‘N’ using Round-Trip Time (RTT), according to some embodiments of
the disclosure.

[0012] Fig. 8 illustrates a host with machine-readable storage media having machine
executable instructions to perform the method(s) of Fig. 6 and/or Fig. 7, according to some
embodiments of the disclosure.

[0013] Fig. 9 illustrates a smart device or a computer system or a SoC (System-on-
Chip) having apparatus to transmit variable-length packets to improve throughput of a

transmitter, according to some embodiments.

DETAILED DESCRIPTION

[0014] Fig. 1 illustrates a credit-based flow control 100 with fixed-length packets
resulting in large idle times and thus lower throughput. Here, Transmitter 101 (or sender)
sends packets to Receiver 102 via Link 104 so long as Transmitter 101 has credits to transmit
packets. In this example, Transmitter 101 starts sending Data Packet 1 to Receiver 102 over
Link 104. Data Packet 1 has a header informing Receiver 102 about the length of the payload
and other attributes about the packet. Data Packet 1 includes a payload which is the data
itself. The time to send Data Packet 1 to Receiver 102 is considered ACTIVE TIME of
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Transmitter 101. In this example, Transmitter 101 has enough credits to send one data packet
over link 104 to Receiver 102.

[0015] Once Transmitter 101 finishes sending Data Packet 1, it waits for an
acknowledgement (ACK) signal from Receiver 102. Here, Transmitter 101 runs out of
credits after completing transmission of Data Packet 1 and cannot send Data Packet 2 to
Receiver 102. Transmitter 101 can only send Data Packet 2 once its credit is reloaded back
to its credit limit. For that, Transmitter 101 has to wait for Receiver 102 to send the ACK
signal. Receiver 102 upon receiving the end of the packet (e.g., the end of the payload),
queues that data and then sends an ACK signal to Transmitter 101. As such, after the packet
is sent, Transmitter 101 must wait a Round-Trip Time (RTT) to get credits back before
sending another packet.

[0016] Here, RTT generally refers to the length of time it takes for a signal to be sent
plus the length of time it takes for an acknowledgment (ACK) of that signal to be received.
This time delay therefore consists of the propagation times between the two points of a
signal.

[0017] During the time Transmitter 101 completes sending Data Packet 1 and waits
for ACK signal to arrive from Receiver 102, Transmitter 101 is idle, which is indicated by the
IDLE TIME. This IDLE TIME degrades the throughput of Transmitter 101 because
Transmitter 101 could have been sending data but for the lack of credits, and thus has to wait
for the ACK signal to reload its credits. The term “throughput™ here generally refers to data
packets transmitted per second or data packets transmitted per time slot. After Transmitter
101 receives the ACK signal, credits are reloaded. As such, Transmitter 101 is now capable
of resuming transmitting of the next data packet—Data Packet 2.

[0018] Some embodiments describe a scheme (apparatus and/or method) to increase
throughput of a transmitter by sending data in a series of shorter packets than sending data in
one large packet as shown with reference to Fig. 1. In some embodiments, logic is provided
to determine the optimal number ‘N’ of packets to split the data for transmission into such
that IDLE TIME is reduced or eliminated altogether. In some embodiments, the logic is
operable to adjust the number ‘N’ on the fly. As such, throughput can be adaptively or
dynamically adjusted depending on one or more parameters (e.g., Round-Trip time, current
number of credits (or available credits), length of data, etc.).

[0019] By modifying the packet size without changing the receiver buffer (or queue)
size, smaller fixed-length buffers can be used at the receiver end (i.e., less hardware) while

increasing throughput at the transmitter end, in accordance with some embodiments. The



WO 2017/039899 PCT/US2016/044538

apparatus and method of various embodiments maximizes the time spent sending payload,
and minimizes the time spent sending headers or being idle. Other technical effects will be
evident from the various embodiments and figures.

[0020] In some embodiments, the scheme can be applied to any host that supports
credit-based flow control without having to modify the receiver side. For example, the
scheme of various embodiments can be applied to the Internet Protocol (IP), Transmission
Control Protocol (TCP) (e.g., based on the version RFC 675 of December 1974, and the most
current one), Media Agnostic Universal Serial Bus (MA USB) (e.g., as defined by Media
Agnostic Universal Serial Bus Specification Release 1.0 of February 25, 2014), Peripheral
Component Interconnect Express (PCle) (e.g., as defined by PCI Express 3.1 Specification
Released October 8, 2014), and other protocols that support credit-based flow control.

[0021] In the following description, numerous details are discussed to provide a more
thorough explanation of embodiments of the present disclosure. It will be apparent, however,
to one skilled in the art, that embodiments of the present disclosure may be practiced without
these specific details. In other instances, well-known structures and devices are shown in
block diagram form, rather than in detail, in order to avoid obscuring embodiments of the
present disclosure.

[0022] Note that in the corresponding drawings of the embodiments, signals are
represented with lines. Some lines may be thicker, to indicate more constituent signal paths,
and/or have arrows at one or more ends, to indicate primary information flow direction. Such
indications are not intended to be limiting. Rather, the lines are used in connection with one
or more exemplary embodiments to facilitate easier understanding of a circuit or a logical
unit. Any represented signal, as dictated by design needs or preferences, may actually
comprise one or more signals that may travel in either direction and may be implemented
with any suitable type of signal scheme.

[0023] Throughout the specification, and in the claims, the term "connected" means a
direct connection, such as electrical, mechanical, or magnetic connection between the things
that are connected, without any intermediary devices. The term "coupled" means a direct or
indirect connection, such as a direct electrical, mechanical, or magnetic connection between
the things that are connected or an indirect connection, through one or more passive or active
intermediary devices. The term "circuit" or “module” may refer to one or more passive
and/or active components that are arranged to cooperate with one another to provide a desired

function. The term "signal" may refer to at least one current signal, voltage signal, magnetic



WO 2017/039899 PCT/US2016/044538

signal, or data/clock signal. The meaning of "a," "an," and "the" include plural references.
The meaning of "in" includes "in" and "on."

[0024] The term “scaling” generally refers to converting a design (schematic and
layout) from one process technology to another process technology and subsequently being
reduced in layout area. The term “scaling”™ generally also refers to downsizing layout and
devices within the same technology node. The term “scaling” may also refer to adjusting
(e.g.. slowing down or speeding up —i.e. scaling down, or scaling up respectively) of a signal

frequency relative to another parameter, for example, power supply level. The terms

2% ¢ 2% << 2 ¢,

“substantially,” “close,” “approximately,” “near,” and “about,” generally refer to being

within +/- 10% of a target value.

2% ¢

[0025] Unless otherwise specified the use of the ordinal adjectives “first,” “second,”
and “third,” etc., to describe a common object, merely indicate that different instances of like
objects are being referred to, and are not intended to imply that the objects so described must
be in a given sequence, either temporally, spatially, in ranking or in any other manner.

[0026] For the purposes of the present disclosure, phrases “A and/or B” and “A or B”
mean (A), (B), or (A and B). For the purposes of the present disclosure, the phrase “A, B,
and/or C” means (A), (B), (C), (A and B), (A and C), (B and C), or (A, B and C).

[0027] For purposes of the embodiments, the transistors in various circuits and logic
blocks described here are metal oxide semiconductor (MOS) transistors or their derivatives,
where the MOS transistors include drain, source, gate, and bulk terminals. The transistors
and/or the MOS transistor derivatives also include Tri-Gate and FinFET transistors, Gate All
Around Cylindrical Transistors, Tunneling FET (TFET), Square Wire, or Rectangular Ribbon
Transistors, ferroelectric FET (FeFETs), or other devices implementing transistor
functionality like carbon nanotubes or spintronic devices. MOSFET symmetrical source and
drain terminals i.e., are identical terminals and are interchangeably used here. A TFET
device, on the other hand, has asymmetric Source and Drain terminals. Those skilled in the
art will appreciate that other transistors, for example, Bi-polar junction transistors—BJT
PNP/NPN, BiCMOS, CMOS, eFET, etc., may be used without departing from the scope of
the disclosure. The term “MN” indicates an n-type transistor (e.g., NMOS, NPN BJT, etc.)
and the term “MP” indicates a p-type transistor (e.g., PMOS, PNP BJT, etc.).

[0028] Fig, 2 illustrates credit-based flow control system 200 with fixed length
receiver buffer(s) and logic to transmit variable-length packets to improve throughput,
according to some embodiments of the disclosure. In some embodiments, credit-based flow

control system 200 comprises Transmitter (Tx) 201, Receiver (Rx) 202, link 204, and Logic
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205 which is operable to determine the number ‘N’ of packets to split the data for
transmission into such that IDLE TIME is reduced or eliminated altogether. So as not to
obscure the various embodiments, a simplified version of Transmitter 201 and Receiver 202
are illustrated. However, a person skilled in the art would appreciate that other components
such as transmitter input-output (I/O) driver, compensation circuits, logic gates, and analog
circuits are not shown for simplicity purposes but may be needed for implementing the entire
transmitter.

[0029] In some embodiments, Logic 205 analyzes one or more parameters 207 to
determine the number ‘N’ (i.e., 206) of packets to split data 208 such that IDLE TIME is
reduced or eliminated altogether. Examples of the one or more parameters 207 include: time
spent idle by Transmitter 201; number of available credits left for Transmitter 201; total
number of credits assigned to Transmitter 201; or Round-Trip time (RTT) between an 1/0O
interface of Transmitter 201 and Receiver 202. Here, Tx 201 has buffer 209 which sends ‘N’
packets (i.e., Packet-1 to Packet-N) as a plurality of pairs of header and associated payload.
For example, Packet-1 has header 201a; and associated payload 201bi, and Packet-N has
header 201ax and associated payload 201bn. In some embodiments, buffer 209 is a chain of
storage elements. For example, buffer 209 is a First-in-First-out (FIFO). Other examples of
buffer 209 are a chain of registers or system memory.

[0030] In some embodiments, the length of the header for each packet is the same.
For example, the length of the header for Packet-1 is the same as the length of the header for
Packet-N. In some embodiments, header 201ai is the same as other headers of the packet.
For example, header 201a; is the same as header 201ax. As such, header 201a1, 202az, etc.
are also referred to as header 201a. In some embodiments, header 201a informs Receiver 202
about the attributes of the packet (e.g., length or size of payload). In some embodiments,
Logic 205 can vary a number of packets sent prior to the transmitter receiving an
Acknowledgement (ACK) signal. In some embodiments, Logic 205 can vary a packet length
of the number of packets.

[0031] In some embodiments, packets are sent by Transmitter 201 to Receiver 202,
where Receiver 202 stores or queues the received packet and then sends an ACK signal to
Transmitter 201 indicating that the packet was successfully received. In some embodiments,
Receiver 202 has a fixed sized queue 203. In some embodiments, fixed sized queue 203 has
section 202a to maintain a credit balance of Transmitter 201. In some embodiments, fixed

sized queue 203 has section 202b that maintains a count of the packets which are in-flight
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(i.e., expected to be received but not received yet). In some embodiments, fixed sized queue
203 has section 202¢ which are received packets or cells in a queue for further processing.
[0032] Transmitter 201 spends credits by transmitting packets to Receiver 202. The
number of credits required to send a packet is based on the amount of data the packet
contains. Initially, the sender (i.e., Transmitter 201) is given or allotted enough credits to fill
the Receiver’s queue 203. While the embodiments are described with reference to splitting
data into ‘N’ packets with individual headers, the embodiments are applicable to other
Protocol Data Units (PDUs).

[0033] For example, protocols in which information is delivered as a unit among peer
entities of a network and that may contain control information such as address information or
user data can also apply the scheme of various embodiments. In some embodiments, when
Transmitter 201 receives the ACK signal, it reloads its credits and begins to transmit again.
However, Transmitter 201 remains active by sending split-up data as packets to Receiver 202
up until Transmitter 201 runs out of credit. Here, the first ACK received by Transmitter 201
is far enough in time that Transmitter 201 continues to transmit the packets to Receiver 202
before having to wait for the ACK signal.

[0034] In some embodiments, Logic 205 determines an optimal value of “N’° which is
the lowest value of ‘N’ that eliminates the time waiting for credits. This optimal value of ‘N’
is the value that achieves the maximum throughput, in accordance with some embodiments.
For this value of ‘N,” Transmitter 201 always has just enough credits to send the next packet
out, in accordance with some embodiments. Increasing the value of ‘N’ beyond the optimal
value may give Transmitter 201 more credits, but may result in more time sending headers
and less time sending payload.

[0035] In some embodiments, Transmitter 201 is able to transmit an entire buffer of
data before needing an ACK signal to return credits. This may result in bursty behavior,
where Transmitter 201 sends as many packets as they can (i.e., a burst) and then waits for
more credits before it engages in a next burst. The ACK signals arrive at Transmitter 201 one
RTT after each data packet has finished sending. In some embodiments, ACK signals arrive
at the same rate the data packets were sent. As a result, Transmitter 201 ends up sending
buffer-sized bursts of packets, each occurring one RTT after the first packet of the previous
burst, in accordance with some embodiments.

[0036] In some embodiments, Logic 205 logically splits buffer 209 into enough
packets so that the time between bursts can potentially be eliminated. The following

derivation illustrates how Transmitter 201 spends time during each burst.
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[0037] Regardless of how many packets are used, Transmitter 201 spends the same
amount of time transmitting payload in each burst, in accordance the some embodiments.
This time (i.e., tpgy10aq) can be expressed as:
tpaytoaa(® =B ... (1)
where ‘B’ is the time to send one full buffer of payload and ‘n” is the number of packets in
each burst.
[0038] The amount of time spent in a burst transmitting headers 201a is directly
proportional to the number of packets sent (i.e., ‘n’), in accordance with some embodiments.
This time spent in a burst transmitting headers (i.e., tpeqqer) can be expressed as:
theadger(n) = Hn ... (2)
where ‘H’ is the time to send one header.
[0039] The time it takes Transmitter 201 to send an individual packet (i.e., t,qcker)
can also be calculated as:
tpackee(M) =H+2 .. (3)
[0040] The time between the start of bursts is one RTT plus the time to transmit the
first packet. This burst time (i.e., t5,5;) can be expressed as follows:
thurst(M) = RTT + tyaepec() ... (4)
[0041] The amount of time ‘t” Transmitter 201 spends idle varies, in accordance with
some embodiments. In some embodiments, if Transmitter 201 never runs out of credits,
Transmitter 201 never spends any time idle. In some embodiments, if Transmitter 201 does
run out of credits, Transmitter 201 must wait for the ACK signal(s) to return before sending
more packets. Any time not spent sending a packet is time spent idle. In the case when ‘n’
packets are sent in a burst, and the rest of the time is idle, idle time (i.e., t;4;,) can be
expressed as:
tiate (M) = tpyrst (M) — Ntpgekec (M) ... (5)
Or, simplified as:
tiaie(n) = RTT + (1 = Mtpgckec(n) . . . (6)
[0042] To maximize throughput, idle time should be completely eliminated, in
accordance with some embodiments. Maximum throughput can be achieved using the
following assumptions. First, idle time is set to zero and the above equation is solved which

results in:

RTT = (n— 1)tpacket(n) (D
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[0043] This means, to eliminate idle time, Logic 205 should pick ‘n” such that “n-1"

packets can be sent in one RTT. One way to approximate the optimal ‘n” value is given as:
-1
tiate(n) = RTT — (=2) (B +nH) .. . (8)

The above equation is a solved solution for idle time, in accordance with some embodiments.
Assuming that the headers are much smaller than the payload (i.e., ‘B’ is much greater than

“nH”) (e.g., 201ais smaller in bit-size than payload 201b1), then

n—1

tiae(n) ~ RTT — (T) B...(9)
[0044] Setting idle time to zero provides an approximation for the optimal ‘n’ value

which can be expressed as:

nz(L)...(IO)

B—RTT
[0045] Using the above value for ‘n’ (same as ‘N’), Transmitter 201 can maximize its
throughput for a given credit limit and use a fixed sized receiver buffer, in accordance with
some embodiments.

[0046] Fig. 3 illustrates credit-based flow control system 300 with multiple hosts and
switches having logic to transmit variable-length packets to improve throughput, according to
some embodiments of the disclosure. It is pointed out that those elements of Fig. 3 having
the same reference numbers (or names) as the elements of any other figure can operate or
function in any manner similar to that described, but are not limited to such.

[0047] Credit-based flow control system 300 comprises a plurality of hosts (e.g., Host
301, 302, and 304) and a plurality of switches (e.g., Switch 303 and 305), where each host
and switch has Logic 205 which is operable to cause its transmitter to transmit variable-
length packets to improve throughput, according to some embodiments of the disclosure.
Credit-based flow control system 300 illustrates that Host 301 sends N1, packets as discussed
with reference to ‘N’ in Fig. 2, to Switch 303 such that the throughput of Host 301 is
improved (i.e., increased over the throughput of system 100). Referring back to Fig. 3, the
dotted line shows the ACK signal received by the sender that can be used for reloading the
credits at the sender end.

[0048] In some embodiments, Host 302 sends packets Nz, as discussed with reference
to ‘N’ in Fig. 2, to Switch 305 such that the throughput of Host 302 is improved (i.e.,
increased over the throughput of system 100). The dotted line shows the ACK signal
received by Host 302 that can be used for reloading the credits at Host 302.
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[0049] In some embodiments, Switch 303 also behaves as a transmitter and sends
packets N3, as discussed with reference to ‘N’ in Fig. 2, to Switch 305 such that the
throughput of Switch 303 is improved (i.e., increased over the throughput of system 100).
The dotted line shows the ACK signal received by Switch 303 that can be used for reloading
the credits at Switch 303.

[0050] In some embodiments, Switch 305 has multiple links for transmitting and
receiving packets and ACK signals. In some embodiments, Switch 305 behaves as a
transmitter and sends N4 and Ns packets, as discussed with reference to “N” in Fig. 2, to Host
304 such that the throughput of Switch 305 is improved (i.e., increased over the throughput of
system 100). In this example, Host 304 behaves as a receiver of multiple links. The dotted
line shows the ACK signals received by Switch 305 can be used for reloading the credits at
Switch 305. In this example, Switch 305 maintains credits for two different types of packet
transmissions—one with packets N4 and another with packets Ns.

[0051] Fig. 4 illustrates credit-based flow control 400 with variable-length packets
resulting in smaller idle times and thus higher throughput (compared to system 100),
according to some embodiments of the disclosure. Itis pointed out that those elements of
Fig. 4 having the same reference numbers (or names) as the elements of any other figure can
operate or function in any manner similar to that described, but are not limited to such. Fig. 4
is described with reference to Fig. 1 and Fig. 2.

[0052] In Fig. 1, Transmitter 101 uses all of the available credits to send one large
packet with payload that entirely fills the receiver buffer and uses all the credits. As such, to
send additional payload (or packet), Transmitter 101 has to wait for the ACK signal from
Receiver 102. This causes long idle times, and thus lower throughput.

[0053] In a case where the sender only uses half of the total credits to send a packet
with payload that fills half the receive buffer, after sending the first packet, the sender has
half of the total credits remaining. In one such embodiment, the sender can use these
remaining credits to send a second packet immediately without having to wait for the ACK
signal. As such, the second half of the credits are used. After sending out the second packet,
the sender may then wait for an ACK signal containing credits before sending another packet
to Receiver 202. By dividing the payload into two separate packets (i.e., N=2), the amount of
time sender 201 spends waiting for credits is reduced compared to the IDLE TIME of Fig. 1,
in accordance with some embodiments.

[0054] In some embodiments, ‘N’ can be scaled adaptively. For example, depending

on the available credits and the length of incoming data 208, Logic 205 may update the value

10
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of ‘N’ dynamically to maximize the throughput. As such, ‘N’ is not fixed but is a function of
one or more parameters (e.g., RTT, available credits, size of data 208, etc.). In one example,
if Logic 205 sets N=3, then data is divided into at least three packets. If three packets are
sent, each using 1/3 of the credits, even less time is spent waiting for credits compared to
system 100 of Fig. 1. To generalize, in some embodiments, sender 201 can send ‘“N” number
of packets each using 1/Nth of the total credits. By choosing a value of ‘N’ that is large
enough, the time waiting for credits can be eliminated and data can be sent constantly, in
accordance with some embodiments.

[0055] Credit-based flow control 400 shows Transmitter 201 transmitting five packets
(i.e., N=5) over Link 204 to Receiver 202 before receiving an ACK signal from Receiver
202. As such, the IDLE TIME is significantly reduced compared to the IDLE TIME of
system 100 of Fig. 1. In some embodiments, the IDLE TIME can be further reduced by
increasing the value of ‘N’ to be greater than 5.”

[0056] Fig. 5 illustrates plot 500 showing the optimization of the number of data
splits ‘N’ and associated tradeoffs to achieve smaller idle times and thus higher throughput,
according to some embodiments of the disclosure. Itis pointed out that those elements of
Fig. 5 having the same reference numbers (or names) as the elements of any other figure can
operate or function in any manner similar to that described, but are not limited to such. Here,
x-axis is ‘N’ and y-axis is percentage of Time.

[0057] Plot 500 illustrates three waveforms—3501, 502, and 503. Waveform 501
represents the percentage of time spent by a sender (e.g., Transmitter 201) waiting for credits
as a function of “N.” As the value of ‘N’ increases, the time spent waiting for credits
decreases. As such, with a sufficiently large value of ‘N, the time spent waiting can be
eliminated altogether.

[0058] Waveform 502 represents the percentage of time spent by the sender
transmitting data as a function of ‘N.” The percentage of time spent by the sender
transmitting data increases as ‘N’ increases until IDLE TIME is eliminated. Once IDLE
TIME is eliminated, increasing ‘N’ may have a negative effect on the percentage of time
spent by the sender transmitting data. The maxima of waveform 502 (which is the top of the
waveform 502) provides the value of ‘N’ for which Transmitter 201 has the highest
throughput. In some embodiments, Logic 205 choses ‘N’ to be the maxima of waveform
502.

[0059] Waveform 503 represents the percentage of time spent by the sender

transmitting header as a function of ‘N.” In some embodiments, the number of headers sent
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by Transmitter 201 is equal to the number of packets sent. As such, the percentage of time
spent by Transmitter 201 transmitting headers increases as ‘N’ increases. In some
embodiments, a mathematical model of the three waveforms—501, 502, and 503—can be
used by Logic 205 to determine the optimal “N” that results in the highest throughput.

[0060] Fig. 6 illustrates flowchart 600 of a method to determine optimal value of the
number of data splits ‘N’ by monitoring available number of credits, according to some
embodiments of the disclosure. It is pointed out that those elements of Fig. 6 having the
same reference numbers (or names) as the elements of any other figure can operate or
function in any manner similar to that described, but are not limited to such.

[0061] Although the blocks in the flowchart with reference to Fig. 6 are shown in a
particular order, the order of the actions can be modified. Thus, the illustrated embodiments
can be performed in a different order, and some actions/blocks may be performed in parallel.
Some of the blocks and/or operations listed in Fig. 6 are optional in accordance with certain
embodiments. The numbering of the blocks presented is for the sake of clarity and is not
intended to prescribe an order of operations in which the various blocks must occur.
Additionally, operations from the various flows may be utilized in a variety of combinations.
[0062] At block 601, Logic 205 initializes the value of “N” to be equal or greater than
one. After the initialization process, at block 602, Logic 205 waits for Transmitter 201 to
send data to Receiver 202. In some embodiments, Logic 205 waits for credits to arrive if
Transmitter 201 is out of credits. At block 603, Logic 205 makes a determination about
whether credits are available. If no credits are available, the process proceeds to block 607.
If credits are available, then the process proceeds to block 604,

[0063] At block 607, Logic 205 increments ‘N’ by one (i.e., N=N+1). The updated
value of ‘N’ is then used for splitting data 208, in accordance with some embodiments. The
process then proceeds to block 602.

[0064] At block 604, Logic 205 makes a determination whether credits are less than
1/Nth of the total credits (i.e., the credit limit). If the credits are less than 1/Nth of the total
credits, the process proceeds to block 605. Otherwise, the process proceeds to block 608.
[0065] At block 608, Logic 205 decrements ‘N’ by one (i.e., N=N-1). The updated
value of ‘N’ is then used for splitting data 208, as illustrated by block 605. If the credits are
less than 1/Nth of the total credits, Logic 205 splits data 208 into ‘N’ number of packets as
illustrated by block 605. The process then proceeds to block 606.

[0066] At block 606, the packets are stored in buffer 209. For example, the packets

are queued up for transmission and then transmitted as illustrated by block 602.
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[0067] Fig. 7 illustrates flowchart 700 of a method to determine optimal value of the
number of data splits ‘N’ using RTT, according to some embodiments of the disclosure. Itis
pointed out that those elements of Fig. 7 having the same reference numbers (or names) as
the elements of any other figure can operate or function in any manner similar to that
described, but are not limited to such.

[0068] Although the blocks in the flowchart with reference to Fig. 7 are shown in a
particular order, the order of the actions can be modified. Thus, the illustrated embodiments
can be performed in a different order, and some actions/blocks may be performed in parallel.
Some of the blocks and/or operations listed in Fig. 7 are optional in accordance with certain
embodiments. The numbering of the blocks presented is for the sake of clarity and is not
intended to prescribe an order of operations in which the various blocks must occur.
Additionally, operations from the various flows may be utilized in a variety of combinations.
[0069] At block 701, Logic 205 initializes the value of “N” to be equal or greater than
one. After the initialization process, at block 702, Logic 205 waits for Transmitter 201 to
send data to Receiver 202. In some embodiments, Logic 205 waits for credits to arrive if
Transmitter 201 is out of credits.

[0070] At block 703, Logic 205 makes a determination about whether the time it
takes to send “N-17 packets from Transmitter 201 to Receiver 202 is greater than RTT. If the
time it takes to send “N-1"" packets from Transmitter 201 to Receiver 202 is greater than
RTT, the process proceeds to block 704. Otherwise, the process proceeds to block 707.
[0071] At block 707, ‘N’ is incremented by one (i.e., N=N+1) and the process
proceeds to block 703. At block 703, Logic 205 makes a determination about whether the
time it takes to send “N-2” packets from Transmitter 201 to Receiver 202 is less than or equal
to RTT. If the time it takes to send “N-2" packets from Transmitter 201 to Receiver 202 is
less than or equal to RTT, then the process proceeds to block 705. Otherwise, the process
proceeds to block 708.

[0072] At block 708, Logic 205 decrements ‘N’ by one (i.e., N=N-1). The updated
value of ‘N’ is then used for splitting data 208, as illustrated by block 705. The process then
proceeds to block 706. At block 706, the packets are stored in buffer 209. For example, the
packets are queued up for transmission and then transmitted as illustrated by block 702.
[0073] In some embodiments, the flowcharts of Figs. 6-7 try to achieve the lowest
possible value of ‘N that allows Transmitter 201 to constantly send data (i.e., IDLE TIME is
substantially zero). However, if network conditions change, Logic 205 is operable to

adaptively adjust the value of “N,’ in accordance with some embodiments. For example, if
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RTT changes that causes ‘N’ to become too high or too low, Logic 205 adjusts ‘N’ using
flowchart 700 to a new optimal value (i.e., a value that results in substantially zero IDLE
TIME).

[0074] Fig. 8 illustrates host 800 with machine-readable storage media having
machine executable instructions to perform the method(s) of Fig. 6 and/or Fig. 7, according
to some embodiments of the disclosure. It is pointed out that those elements of Fig. 8 having
the same reference numbers (or names) as the elements of any other figure can operate or
function in any manner similar to that described, but are not limited to such.

[0075] In some embodiments, host 800 comprises Logic 801 (e.g., Logic 205) and
machine-readable storage media 802 coupled to Network 803. In some embodiments, Logic
801 is a microcontroller (e.g., a processor or a finite state machine) which is operable to
execute instructions for increasing (or maximizing) throughput of Transmitter 201 using
variable-length packets while Receiver 202 has fixed-length receive buffers.

[0076] Program software code/instructions 802a associated with flowcharts 600/700
and executed to implement embodiments of the disclosed subject matter may be implemented
as part of an operating system or a specific application, component, program, object, module,
routine, or other sequence of instructions or organization of sequences of instructions referred

to as "program software code/instructions," "operating system program software

code/instructions,” "application program software code/instructions," or simply "software" or
firmware embedded in processor. In some embodiments, the program software
code/instructions associated with flowcharts 600/700 are executed by a terminal device (such
as shown in Figs. 6-7).

[0077] Referring back to Fig. 8, in some embodiments, the program software
code/instructions 802a associated with flowcharts 600/700 are stored in a computer
executable storage medium 802 and executed by Logic 801. Here, computer executable
storage medium 802 is a tangible machine readable medium that can be used to store program
software code/instructions 802a and data that, when executed by a computing device, causes
one or more processors to perform a method(s) as may be recited in one or more
accompanying claims directed to the disclosed subject matter.

[0078] The tangible machine readable medium 802 may include storage of the
executable software program code/instructions 802a and data in various tangible locations,
including for example ROM, volatile RAM, non-volatile memory and/or cache and/or other
tangible memory as referenced in the present application. Portions of this program software

code/instructions and/or data 802a may be stored in any one of these storage and memory
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devices. Further, the program software code/instructions 802a can be obtained from other
storage, including, e.g., through centralized servers or peer to peer networks and the like,
including the Intemet. Different portions of the software program code/instructions and data
can be obtained at different times and in different communication sessions or in the same
communication session.

[0079] The software program code/instructions 802a (associated with flowchart(s)
600/700) and data can be obtained in their entirety prior to the execution of a respective
software program or application by the computing device. Altematively, portions of the
software program code/instructions 802a and data can be obtained dynamically, e.g., just in
time, when needed for execution. Alternatively, some combination of these ways of
obtaining the software program code/instructions 802a and data may occur, e.g., for different
applications, components, programs, objects, modules, routines or other sequences of
instructions or organization of sequences of instructions, by way of example. Thus, it is not
required that the data and instructions be on a tangible machine readable medium in entirety
at a particular instance of time.

[0080] Examples of tangible computer-readable media 802 include but are not limited
to recordable and non-recordable type media such as volatile and non-volatile memory
devices, read only memory (ROM), random access memory (RAM), flash memory devices,
floppy and other removable disks, magnetic disk storage media, optical storage media (e.g.,
Compact Disk Read-Only Memory (CD ROMS), Digital Versatile Disks (DVDs), etc.),
among others. The software program code/instructions 802a may be temporarily stored in
digital tangible communication links while implementing electrical, optical, acoustical or
other forms of propagating signals, such as carrier waves, infrared signals, digital signals, etc.
through such tangible communication links.

[0081] In general, a tangible machine readable medium includes any tangible
mechanism that provides (i.e., stores and/or transmits in digital form, e.g., data packets)
information in a form accessible by a machine (i.e., a computing device), which may be
included, e.g., in a communication device, a computing device, a network device, a personal
digital assistant, a manufacturing tool, a mobile communication device, whether or not able to
download and run applications and subsidized applications from the communication network,
such as the Intemet, e.g., an iPhone®, Galaxy®, Blackberry® Droid®, or the like, or any
other device including a computing device. In one embodiment, processor-based system is in
a form of or included within a PDA, a cellular phone, a notebook computer, a tablet, a game

console, a set top box, an embedded system, a TV, a personal desktop computer, etc.
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Alternatively, the traditional communication applications and subsidized application(s) may
be used in some embodiments of the disclosed subject matter.

[0082] Fig. 9 illustrates a smart device or a computer system or a SoC (System-on-
Chip) having apparatus to transmit variable-length packets to improve throughput, according
to some embodiments. It is pointed out that those elements of Fig. 9 having the same
reference numbers (or names) as the elements of any other figure can operate or function in
any manner similar to that described, but are not limited to such.

[0083] Fig. 9 illustrates a block diagram of an embodiment of a mobile device in
which flat surface interface connectors could be used. In some embodiments, computing
device 2100 represents a mobile computing device, such as a computing tablet, a mobile
phone or smart-phone, a wireless-enabled e-reader, or other wireless mobile device. It will
be understood that certain components are shown generally, and not all components of such a
device are shown in computing device 2100.

[0084] In some embodiments, computing device 2100 includes a first processor 2110
having apparatus to transmit variable-length packets to improve throughput, according to
some embodiments discussed. Other blocks of the computing device 2100 may also include
embodiment(s) to transmit variable-length packets to improve throughput. The various
embodiments of the present disclosure may also comprise a network interface within 2170
such as a wireless interface so that a system embodiment may be incorporated into a wireless
device, for example, cell phone or personal digital assistant.

[0085] In one embodiment, processor 2110 (and/or processor 2190) can include one
or more physical devices, such as microprocessors, application processors, microcontrollers,
programmable logic devices, or other processing means. The processing operations
performed by processor 2110 include the execution of an operating platform or operating
system on which applications and/or device functions are executed. The processing
operations include operations related to I/O (input/output) with a human user or with other
devices, operations related to power management, and/or operations related to connecting the
computing device 2100 to another device. The processing operations may also include
operations related to audio I/O and/or display 1/0.

[0086] In one embodiment, computing device 2100 includes audio subsystem 2120,
which represents hardware (e.g., audio hardware and audio circuits) and software (e.g.,
drivers, codecs) components associated with providing audio functions to the computing
device. Audio functions can include speaker and/or headphone output, as well as microphone

input. Devices for such functions can be integrated into computing device 2100, or
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connected to the computing device 2100. In one embodiment, a user interacts with the
computing device 2100 by providing audio commands that are received and processed by
processor 2110.

[0087] Display subsystem 2130 represents hardware (e.g., display devices) and
software (e.g., drivers) components that provide a visual and/or tactile display for a user to
interact with the computing device 2100. Display subsystem 2130 includes display interface
2132, which includes the particular screen or hardware device used to provide a display to a
user. In one embodiment, display interface 2132 includes logic separate from processor 2110
to perform at least some processing related to the display. In one embodiment, display
subsystem 2130 includes a touch screen (or touch pad) device that provides both output and
input to a user.

[0088] 1/O controller 2140 represents hardware devices and software components
related to interaction with a user. 1/O controller 2140 is operable to manage hardware that is
part of audio subsystem 2120 and/or display subsystem 2130. Additionally, I/O controller
2140 illustrates a connection point for additional devices that connect to computing device
2100 through which a user might interact with the system. For example, devices that can be
attached to the computing device 2100 might include microphone devices, speaker or stereo
systems, video systems or other display devices, keyboard or keypad devices, or other /O
devices for use with specific applications such as card readers or other devices.

[0089] As mentioned above, I/O controller 2140 can interact with audio subsystem
2120 and/or display subsystem 2130. For example, input through a microphone or other
audio device can provide input or commands for one or more applications or functions of the
computing device 2100. Additionally, audio output can be provided instead of, or in addition
to display output. In another example, if display subsystem 2130 includes a touch screen, the
display device also acts as an input device, which can be at least partially managed by I/O
controller 2140. There can also be additional buttons or switches on the computing device
2100 to provide I/O functions managed by 1/O controller 2140.

[0090] In one embodiment, I/O controller 2140 manages devices such as
accelerometers, cameras, light sensors or other environmental sensors, or other hardware that
can be included in the computing device 2100. The input can be part of direct user
interaction, as well as providing environmental input to the system to influence its operations
(such as filtering for noise, adjusting displays for brightness detection, applying a flash for a

camera, or other features).
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[0091] In one embodiment, computing device 2100 includes power management 2150
that manages battery power usage, charging of the battery, and features related to power
saving operation. Memory subsystem 2160 includes memory devices for storing information
in computing device 2100. Memory can include nonvolatile (state does not change if power
to the memory device is interrupted) and/or volatile (state is indeterminate if power to the
memory device is interrupted) memory devices. Memory subsystem 2160 can store
application data, user data, music, photos, documents, or other data, as well as system data
(whether long-term or temporary) related to the execution of the applications and functions of
the computing device 2100.

[0092] Elements of embodiments are also provided as a machine-readable medium
(e.g., memory 2160) for storing the computer-executable instructions (e.g., instructions to
implement any other processes discussed herein). The machine-readable medium (e.g.,
memory 2160) may include, but is not limited to, flash memory, optical disks, CD-ROMs,
DVD ROMs, RAMs, EPROMs, EEPROMs, magnetic or optical cards, phase change memory
(PCM), or other types of machine-readable media suitable for storing electronic or computer-
executable instructions. For example, embodiments of the disclosure may be downloaded as
a computer program (e.g., BIOS) which may be transferred from a remote computer (e.g., a
server) to a requesting computer (e.g., a client) by way of data signals via a communication
link (e.g., a modem or network connection).

[0093] Connectivity 2170 includes hardware devices (e.g., wireless and/or wired
connectors and communication hardware) and software components (e.g., drivers, protocol
stacks) to enable the computing device 2100 to communicate with external devices. The
computing device 2100 could be separate devices, such as other computing devices, wireless
access points or base stations, as well as peripherals such as headsets, printers, or other
devices.

[0094] Connectivity 2170 can include multiple different types of connectivity. To
generalize, the computing device 2100 is illustrated with cellular connectivity 2172 and
wireless connectivity 2174. Cellular connectivity 2172 refers generally to cellular network
connectivity provided by wireless carriers, such as provided via GSM (global system for
mobile communications) or variations or derivatives, CDMA (code division multiple access)
or variations or derivatives, TDM (time division multiplexing) or variations or derivatives, or
other cellular service standards. Wireless connectivity (or wireless interface) 2174 refers to

wireless connectivity that is not cellular, and can include personal area networks (such as
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Bluetooth, Near Field, etc.), local area networks (such as Wi-Fi), and/or wide area networks
(such as WiMax), or other wireless communication.

[0095] Peripheral connections 2180 include hardware interfaces and connectors, as
well as software components (e.g., drivers, protocol stacks) to make peripheral connections.
It will be understood that the computing device 2100 could both be a peripheral device ("to"
2182) to other computing devices, as well as have peripheral devices ("from" 2184)
connected to it. The computing device 2100 commonly has a "docking" connector to connect
to other computing devices for purposes such as managing (e.g., downloading and/or
uploading, changing, synchronizing) content on computing device 2100. Additionally, a
docking connector can allow computing device 2100 to connect to certain peripherals that
allow the computing device 2100 to control content output, for example, to audiovisual or
other systems.

[0096] In addition to a proprietary docking connector or other proprietary connection
hardware, the computing device 2100 can make peripheral connections 1680 via common or
standards-based connectors. Common types can include a Universal Serial Bus (USB)
connector (which can include any of a number of different hardware interfaces), DisplayPort
including MiniDisplayPort (MDP), High Definition Multimedia Interface (HDMI), Firewire,
or other types.

[0097] Reference in the specification to "an embodiment," "one embodiment," "some
embodiments," or "other embodiments" means that a particular feature, structure, or
characteristic described in connection with the embodiments is included in at least some
embodiments, but not necessarily all embodiments. The various appearances of "an

embodiment," "one embodiment," or "some embodiments" are not necessarily all referring to

the same embodiments. If the specification states a component, feature, structure, or

characteristic "may," "might," or "could" be included, that particular component, feature,

structure, or characteristic is not required to be included. If the specification or claim refers
to "a" or "an" element, that does not mean there is only one of the elements. If the
specification or claims refer to "an additional" element, that does not preclude there being
more than one of the additional element.

[0098] Furthermore, the particular features, structures, functions, or characteristics
may be combined in any suitable manner in one or more embodiments. For example, a first
embodiment may be combined with a second embodiment anywhere the particular features,

structures, functions, or characteristics associated with the two embodiments are not mutually

exclusive
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[0099] While the disclosure has been described in conjunction with specific
embodiments thereof, many alternatives, modifications and variations of such embodiments
will be apparent to those of ordinary skill in the art in light of the foregoing description. The
embodiments of the disclosure are intended to embrace all such alternatives, modifications,
and variations as to fall within the broad scope of the appended claims.

[00100] In addition, well known power/ground connections to integrated circuit (IC)
chips and other components may or may not be shown within the presented figures, for
simplicity of illustration and discussion, and so as not to obscure the disclosure. Further,
arrangements may be shown in block diagram form in order to avoid obscuring the
disclosure, and also in view of the fact that specifics with respect to implementation of such
block diagram arrangements are highly dependent upon the platform within which the present
disclosure is to be implemented (i.e., such specifics should be well within purview of one
skilled in the art). Where specific details (e.g., circuits) are set forth in order to describe
example embodiments of the disclosure, it should be apparent to one skilled in the art that the
disclosure can be practiced without, or with variation of, these specific details. The
description is thus to be regarded as illustrative instead of limiting,

[00101] The following examples pertain to further embodiments. Specifics in the
examples may be used anywhere in one or more embodiments. All optional features of the
apparatus described herein may also be implemented with respect to a method or process.
[00102] For example, an apparatus is provided which comprises: a transmitter; an
input-output (I/0) interface coupled to the transmitter; and logic to split data for transmission
into a plurality of packets, wherein each packet is stored in a buffer and then transmitted via
the 1/0 interface to a receiver, wherein the logic can vary a number of packets sent prior to
the transmitter receiving an Acknowledgement (ACK) signal, and wherein the logic can vary
a packet length of the number of packets.

[00103] In some embodiments, the logic is operable to analyze one or more parameters
associated with the transmitter to determine the number of packets to generate from splitting
of the data. In some embodiments, the one or more parameters include at least one of: time
spent idle by the transmitter; number of available credits left for the transmitter; total number
of credits assigned to the transmitter; or Round-Trip Time (RTT) between the transmitter and
the receiver.

[00104] In some embodiments, the logic is operable to adaptively split data for
transmission into the plurality of packets according to the one or more parameters. In some

embodiments, the 1/0 interface is to receive the ACK signal from the receiver after the
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receiver receives a first packet of the plurality of packets. In some embodiments, the
transmitter supports a protocol for variable length packets. In some embodiments, the
protocol applies a credit based flow control for transmitting the data. In some embodiments,
the buffer is at least one of: a FIFO; a chain of registers; or a system memory. In some
embodiments, the receiver has a fixed sized buffer.

[00105] In another example, a machine readable storage media having machine
readable storage instructions that when executed cause one or more processors to perform an
operation comprising: initialize ‘N’ to a number greater than or equal to one, wherein ‘N’
represents a number of splits of data into a plurality of packets for transmission by a
transmitter, wherein the transmitter includes a buffer; determine whether credits are available
for the transmitter to transmit packets to a receiver; and increase “N” by one if credits are
available below a threshold.

[00106] In some embodiments, a machine readable storage media has further machine
readable storage instructions that when executed cause the one or more processors to perform
a further operation comprising: split data into ‘N’ number of packets for transmission after
‘N’ is increased by one; and store the “N” number of packets in the buffer.

[00107] In some embodiments, the machine readable storage media has further
machine readable storage instructions that when executed cause the one or more processors to
perform a further operation comprising: transmit a first packet, of the stored “N” number of
packets, to the receiver; and receive an acknowledgement from the receiver. In some
embodiments, the machine readable storage media has further machine readable storage
instructions that when executed cause the one or more processors to perform a further
operation comprising: determine whether the transmitter has more than 1/N of total credits;
and decrement ‘N’ by one when it is determined that the transmitter has more than 1/N of the
total credits.

[00108] In some embodiments, the machine readable storage media has further
machine readable storage instructions that when executed cause the one or more processors to
perform a further operation comprising: split data into “N” number of packets for
transmission after “N” is decremented by one; and store the ‘N’ number of packets in the
buffer. In some embodiments, the machine readable storage media has further machine
readable storage instructions that when executed cause the one or more processors to perform
a further operation comprising: transmit a first packet, of the stored ‘N’ number of packets, to

the receiver; and receive an acknowledgement from the receiver.
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[00109] In another example, a system is provided which comprises: a memory; a
processor coupled to the memory, the processor including an apparatus according to the
apparatus described above; and a wireless interface for allowing the processor to
communicate with another device.

[00110] In another example, a method is provided which comprises: initializing ‘N’ to
a number greater than or equal to one, wherein ‘N’ represents a number of splits of data into a
plurality of packets for transmission by a transmitter, wherein the transmitter includes a
buffer; determining whether credits are available for the transmitter to transmit packets to a
receiver; and increasing ‘N’ by one if credits are available below a threshold. In some
embodiments, the method comprises: splitting data into “N” number of packets for
transmission after “N’ is increased by one; and storing the “N” number of packets in the
buffer.

[00111] In some embodiments, the method comprises: transmitting a first packet, of
the stored ‘N’ number of packets, to the receiver; and receiving an acknowledgement from
the receiver. In some embodiments, the method comprises: determining whether the
transmitter has more than 1/N of total credits; and decrementing ‘N’ by one when it is
determined that the transmitter has more than 1/N of the total credits. In some embodiments,
the method comprises: splitting data into ‘N’ number of packets for transmission after ‘N’ is
decremented by one; and storing the ‘N’ number of packets in the buffer. In some
embodiments, the method comprises: transmitting a first packet, of the stored “N° number of
packets, to the receiver; and receiving an acknowledgement from the receiver.

[00112] In another example, an apparatus is provided which comprises: means for
initializing ‘N’ to a number greater than or equal to one, wherein ‘N’ represents a number of
splits of data into a plurality of packets for transmission by a transmitter, wherein the
transmitter includes a buffer; means for determining whether credits are available for the
transmitter to transmit packets to a receiver; and means for increasing ‘N’ by one if credits
are available below a threshold.

[00113] In some embodiments, the apparatus comprises: means for splitting data into
‘N’ number of packets for transmission after ‘N’ is increased by one; and means for storing
the ‘N’ number of packets in the buffer. In some embodiments, the apparatus comprises:
means for transmitting a first packet, of the stored ‘N’ number of packets, to the receiver; and
means for receiving an acknowledgement from the receiver.

[00114] In some embodiments, the apparatus comprises: means for determining

whether the transmitter has more than 1/N of total credits; and means for decrementing ‘N’
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by one when it is determined that the transmitter has more than 1/N of the total credits. In
some embodiments, the apparatus comprises: means for splitting data into “N° number of
packets for transmission after “N” is decremented by one; and means for storing the ‘N’
number of packets in the buffer. In some embodiments, the apparatus comprises: means for
transmitting a first packet, of the stored “N” number of packets, to the receiver; and means for
receiving an acknowledgement from the receiver.

[00115] In another example, a system is provided which comprises: a memory; a
processor coupled to the memory, the processor having an apparatus according to the
apparatus described above; and a wireless interface for allowing the processor to
communicate with another device.

[00116] An abstract is provided that will allow the reader to ascertain the nature and
gist of the technical disclosure. The abstract is submitted with the understanding that it will
not be used to limit the scope or meaning of the claims. The following claims are hereby
incorporated into the detailed description, with each claim standing on its own as a separate

embodiment.
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CLAIMS

What is claimed is:

1. An apparatus comprising:
a transmitter;
an input-output (I/O) interface coupled to the transmitter; and
logic to split data for transmission into a plurality of packets, wherein each
packet is stored in a buffer and then transmitted via the I/O interface to a receiver,
wherein the logic can vary a number of packets sent prior to the transmitter receiving
an Acknowledgement (ACK) signal, and wherein the logic can vary a packet length of

the number of packets.

2. The apparatus of claim 1, wherein the logic is operable to analyze one or more
parameters associated with the transmitter to determine the number of packets to generate

from splitting of the data.

3. The apparatus of claim 2, wherein the one or more parameters include at least one of:
time spent idle by the transmitter;
number of available credits left for the transmitter;
total number of credits assigned to the transmitter; or

Round-Trip Time (RTT) between the transmitter and the receiver.

4, The apparatus of claim 2, wherein the logic is operable to adaptively split data for

transmission into the plurality of packets according to the one or more parameters.

5. The apparatus of claim 1, wherein the I/O interface is to receive the ACK signal from

the receiver after the receiver receives a first packet of the plurality of packets.

6. The apparatus of claim 1, wherein the transmitter supports a protocol for variable
length packets.
7. The apparatus of claim 6, wherein the protocol applies a credit based flow control for

transmitting the data.
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8. The apparatus of claim 1, wherein the buffer is at least one of: a FIFO; a chain of

registers; or a system memory.

9. The apparatus of claim 1, wherein the receiver has a fixed sized buffer.
10. A system comprising:
a memory;

a processor coupled to the memory, the processor including an apparatus
according to any one of apparatus claims 1 to 9; and

a wireless interface for allowing the processor to communicate with another device.

11. A method comprising:

initializing ‘N’ to a number greater than or equal to one, wherein ‘N’ represents a
number of splits of data into a plurality of packets for transmission by a transmitter, wherein
the transmitter includes a buffer;

determining whether credits are available for the transmitter to transmit packets to a
recelver; and

increasing ‘N’ by one if credits are available below a threshold.

12. The method of claim 11 comprising:
splitting data into ‘N’ number of packets for transmission after ‘N’ is increased by
one; and

storing the “N” number of packets in the buffer.

13. The method of claim 12 comprising:
transmitting a first packet, of the stored “N” number of packets, to the receiver; and

receiving an acknowledgement from the receiver.

14. The method of claim 11 comprising:
determining whether the transmitter has more than 1/N of total credits; and
decrementing ‘N’ by one when it is determined that the transmitter has more than 1/N

of the total credits.

15. The method of claim 11 comprising:
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splitting data into ‘N’ number of packets for transmission after ‘N’ is decremented by
one; and

storing the “N” number of packets in the buffer.

16. The method of claim 15 comprising:
transmitting a first packet, of the stored ‘N’ number of packets, to the receiver; and

receiving an acknowledgement from the receiver.

17. A machine readable storage media having machine readable storage instructions that
when executed cause one or more processors to perform an operation according to any one of

method claims 11 to 16.

18.  An apparatus comprising:

means for initializing ‘N’ to a number greater than or equal to one, wherein ‘N’
represents a number of splits of data into a plurality of packets for transmission by a
transmitter, wherein the transmitter includes a buffer;

means for determining whether credits are available for the transmitter to transmit
packets to a receiver; and

means for increasing ‘N’ by one if credits are available below a threshold.

19.  The apparatus of claim 18 comprising:
means for splitting data into ‘N” number of packets for transmission after ‘N’ is
increased by one; and

means for storing the ‘N’ number of packets in the buffer.

20.  The apparatus of claim 19 comprising:
means for transmitting a first packet, of the stored ‘N’ number of packets, to the
recelver; and

means for receiving an acknowledgement from the receiver.

21.  The apparatus of claim 18 comprising:
means for determining whether the transmitter has more than 1/N of total credits; and
means for decrementing ‘N’ by one when it is determined that the transmitter has

more than 1/N of the total credits.
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22, The apparatus of claim 18 comprising:
means for splitting data into ‘N” number of packets for transmission after ‘N’ is
decremented by one; and

means for storing the ‘N’ number of packets in the buffer.

23.  The apparatus of claim 22 comprising:
means for transmitting a first packet, of the stored ‘N’ number of packets, to the
recelver; and

means for receiving an acknowledgement from the receiver.

24. A system comprising:
a memory;
a processor coupled to the memory, the processor an apparatus according to any one
of apparatus claims 18 to 23; and

a wireless interface for allowing the processor to communicate with another device.
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