
�������� ���	
��
����
������
�������

�
���������
�����
���
���

����� ��			�	��
�!���
�
�
"�����������
��������#��"#�� ���$

%&'()*+*,-+.+./)012345

%,6789:;<,9=89>?.@,;(==,@6A;8=;B''<CDEDF;GHHDF
?.I;<%J

%&'(;45)KL.,;D001

MNOPQRSTPOUVW
NXXYWZZ[[[\[]\UT̂ZM_Z̀aMbcYOYSdOVOV̂cefghij

QklmWQnOYSdOVS\NXodpRQq\jfQqeefZgrZgeQqfWshWgiQtOdduvdXQbwYQk
xuXSPXQRSTPOUVW

NXXYWZZ[[[\[]\UT̂ZM_Z̀aMbcYOYSdOVOV̂
yvXNUTPW

zSVTO{Q|T}PX}{Q̀OSdPSVpQ~]�pQ�tT}PX}{�[]\UT̂�p
Q�OoQ�SXX}PpQ�OPOXOV̂Q��OSVXOPXpQ~]�pQ�ÔOXudQb�vOYoSVXQ�UTYUTuXOUVpQ��̂�[]\UT̂�p
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• 

5/3/2021 Network Performance Effects of HTTP/1.1, C881, and PNG

HTTP/1.1 leaves the TCP connection open between consecutive operations. This technique is called "persistent

connections,“ which both avoids the costs of multiple opens and closes and reduces the impact of slow start.

Persistent connections are more efficient than the current practice of running multiple short TCP connections in

parallel.

By leaving the TCP connection open between requests, many packets can be avoided, while avoiding multiple

RTTs due to TCP slow start. The first few packet exchanges of a new TCP connection are either too fast, or too

slow for that path. If these exchanges are too fast for the route (common in today's Internet), they contribute to

Internet congestion.

Conversely, since most connections are in slow start at any given time in HTTP/1.0 not using persistent

connections, keeping a dialup PPP link busy has required running multiple TCP connections simultaneously

(typical implementations have used 4 TCP connections). This can exacerbate the congestion problem further.

The "Keep-Alive" extension to HTTP/1.0 is a form of persistent connections. HTTP/1.1's design differs in minor

details fiom Keep-Alive to overcome a problem discovered when Keep-Alive is used with more than one proxy
between a client and a server.

Persistent connections allow multiple requests to be sent without waiting for a response; multiple requests and

responses can be contained in a single TCP segment. This can be used to avoid many round trip delays,

improving performance, and reducing the number of packets further. This technique is called "pipelining" in
HTTP.

HTTP/1.1 also enables transport compression of data types so those clients can retrieve HTML (or other)

uncompressed documents using data compression; HTTP/1.0 does not have sufficient facilities for transport

compression. Further work is continuing in this area [26].

The major HTTP/1.1 design goals therefore include:

0 lower HTTP's load on the Internet for the same amount of "real wor ", while solving the congestion

caused by HTTP

o HTTP/1.0's caching is primitive and error prone; HTTP/1.1 enable applications to work reliably with

caching

0 end user performance must improve, or it is unlikely that HTTP/1.1 will be deployed

HTTP/1.1 provides significant improvements to HTTP/1.0 to allow applications to work reliably in the face of

caching, and to allow applications to mark more content cacheable. Today, caching is often deliberately defeated

in order to achieve reliability. This paper does not explore these effects.

HTTP/1.1 does not attempt to solve some commonly seen problems, such as transient network overloads at

popular web sites with topical news (e.g. the Schumacher—Levy comet impact on Jupiter), but should at least

help these problems.

This paper presents measured results of the consequences of HTTP/1.1 transport protocol additions. Many of

these additions have been available as extensions to HTTP/1.0, but this paper shows the possible synergy when

the extensions to the HTTP protocol are used in concert, and in with changes in content.

Range Requests and Validation

To improve the perceived response time, a browser needs to learn basic size information of each object in a page

(required for page layout) as soon as possible. The first bytes typically contain the image size. To achieve better

concurrency and retrieve the first few bytes of embedded links while still receiving the bytes for the master

document, HTTP/1.0 browsers usually use multiple TCP connections. We believe by using range requests

HTTP/1.1 clients can achieve similar or better results over a single connection.
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connection and pipelining design. HTTP/1.1 primarily relies on pipelining rather than introducing new HTTP

methods to achieve the performance benefits documented below. As this paper makes clear, both pipelining and

persistent connections are needed to achieve high performance over a single HTTP connection.

Pipelining, or batching, have been successfully used in a number of other systems, notably graphics protocols

such as the X Window System [1_5] or Trestle [E], in its original RPC based implementation.

Touch, Heidemann, and Obraczka [i] explore a number of possible changes that might help HTTP behavior,

including the sharing of TCP control blocks [19] and Transaction TCP (T/TCP) [1_7], [Q]. The extended length

of deployment of changes to TCP argued against any dependency of HTTP/1 .1 on either of these; however, we

believe that both mechanisms may improve performance, independently to the improvements made by

HTTP/1 . 1. T/TCP might help reduce latency when revisiting a Web server after the server has closed its

connection. Sharing of TCP control blocks would primarily help HTTP/1.0, however, since the HTTP/1.1 limits

the number of connections between a client/server pair.

In independent work, Heidemann [1] describes the interactions of persistent connections with Nagle's algorithm.

His experience is confirmed by our experience described in this paper, and by the experience of one of the

authors with the X Window System, which caused the original introduction of the ability to disable Nagle's

algorithm into BSD derived TCP implementations.

Simon Spero analyzed HTTP/1.0 performance [Q] and prepared a proposal for a replacement for HTTP.

HTTP/1.1, however, was constrained to maintain upward compatibility with HTTP/1.0. Many of his suggestions

are worthwhile and should be explored further.

Style sheets have a long history in the Web [30]. We believe that the character of our results will likely be

similar for other style sheet systems. However, we are not aware of any prior work investigating the network

performance consequences of style sheets.

Test Setup

Test Web Site

We synthesized a test web site serving data by combining data (HTML and GIF image data) fiom two very

heavily used home pages (Netscap_e and Microsoft) into one; hereafter called "Microscape". The initial layout of

the Microscape web site was a single page containing typical HTML totaling 42KB with 42 inlined GIF images

totaling 125KB. The embedded images range in size from 70B to 40KB; most are small, with 19 images less

than 1KB, 7 images between 1KB and 2KB, and 6 images between 2KB and 3KB. While the resulting HTML

page is larger, and contains more images than might be typical, such pages can be found on the Web.

First Time Retrieval Test

The first time retrieval test is equivalent to a browser visiting a site for the first time, e.g. its cache is empty and

it has to retrieve the top page and all the embedded objects. In HTTP, this is equivalent to 43 GET requests.

Revalidate Test

This test is equivalent to revisiting a home page where the contents are already available in a local cache. The

initial page and all embedded objects are validated, resulting in no actual transfer of the HTML or the embedded

objects. In HTTP, this is equivalent to 43 Conditional GET requests. HTTP/1.1 supports two mechanisms for

cache validation: entity tags, which are a guaranteed unique tag for a particular version of an object, and date

stamps. HTTP/1.0 only supports the latter.
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