EE201A VLSI Architectures and Design Methods Spring 2003 Class Project

EE201A - Homework 3

Memory Analysis of the Embedded Webserver

After the introductory steps of compilation and testbench design, the webserver code
holds no more secrets for us.We can now start considering the issues for embedded imple-
mentation. The overal target for the webserver design isto optimize for performance, rela-
tive to theinitial mapping from Homework 1.

Aswith so many problems in embedded system design, optimizations at a high level of
abstraction have far more impact than detailed peephol e optimizations. For the case of the
webserver in this project, * high level’” means: target-independent C source code level. The
next two phasesin the project will consider optimization of the memory architecture of the
embedded webserver. At high level, the memory architecture of your design istangiblein
the way the code workswith arrays. If we can modify the source code such that the size of
the arrays shrinks for example, we will need fewer background memory locations.

First, we will perform analysis of array accesses, and following the analysis we will apply
optimizing transformations to our code. We will use the ATOMIUM tool to help us ana-
lyze and tranform our C code. ATOMIUM isatool that allows you to find out the number
of writes and the number of reads of any background (array) variable of your C program.
ATOMIUM works largely automatic and does not require you to do extensive rework of
your C source code.

atomium

!

Instrumented
C code ato.data

!

atomium lib —( gcce )

Executable

packets.txt —( simulate )

atorep

The design flow will will follow with ATOMIUM is shown in the figure above. We start
with C code for the web server (ui p_hw3). This code is processed and transformed by
ATOMIUM into instrumented C code. The instrumentation adds extra code to your orig-
nal program that executes transparantly, but at the same time tracks and counts access to
arrays. The transformed program can be compiled and run as you normally would do with
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the original code. We will use the same testing approach for ui p_hw3 aswe did with
Homework 2 (ui p_hw2). That is, we prepare atext file packet s. t xt that contains
hexdumps of the packets that are received by the webserver. After the ssimulation, afile
ato.datais created that contains profiling information on the array accessesin the program
during simulation. This file can be postprocessed by a utility at or ep, which creates a
text report or a browsable (html) report. The kind of questions you can answer using this
report are for example: How many reads are done from the array uip_buf and at which
placesin the source code ? What is the peak memory usage of arrays during the entire sim-
ulation ?

To complete Homework 3, take the following steps:

1. Loginto your SEAS account. The atomium tools are installed on seasnet (solaris) under
[ ul eel cl ass/ ee201a/ cbi n/ at om um Everybody will work on the same plat-
form for this homework. If you have no SEAS account yet, go ahead and request one
usinghtt p: / / ww. seas. ucl a. edu/ acct app. Keepin mind it takes at |east
one day to activate an account. Do not wait until last minute. The manuals for ATOM-
IUM arefoundin /w cl ass. 01/ ee/ ee201a/ cbi n/ at om um v1. 2. 2/
doc. Youdon't need to worry about command line options and so on - the package
ui p_hwa3 that you will use has amakefile that runs all toolsin the design flow for you.

2. Download the package ui p_hw3 from the project homepage. Unzip the package under
your SEAS account. There are two directories in this package: (a) at onmi um : inthis
directory you run atomium (b) packet gen/ : in thisdirectory you create a test set of
packets (see 3.). When you type ‘make’ inat om uni, the webserver code is compiled
according to the design flow shown earlier. When you type ‘ make report’, the smula-
tion isrun to create the profile data. The codein ui p_hw3 isfunctionally identical to
that of ui p_hw2, but some modifications have been done to comply with the require-
ments of ATOMIUM towards C code. The modifications are al related to the use of
macro’ s and the include file structure. If you are familiar with the C filesinui p_hw2,
you will readily find your way around in ui p_hw3.

3. The stimuli file packets.txt is not yet created for uip_hw3. The program in packet -
gen can help you to create the required packets.txt. In this directory, type ‘make’ to
create an executable packet gen. Createthefile packet s. t xt by running:

packetgen > packets.txt

By making modifications to packetgen.c, you will be able to create different traces.
We will require the following two traces for the ATOMIUM simulations. All packets
will come from a host 128.97.0.1 (ethernet AA:BB:CC:AA:BB:CC) and will be
directed to the webserver at 128.97.88.190 (ethernet 00:BD:3B:33:05:71). The two
tracesto use are:

(a) A seriesof 1000 ping-request packets, addressed to the webserver. The program
packet gen. ¢ asfoundinui p_hw3 creates this sequence for you.

(b) A series of 1000 webpage downloads from the webpage (slashdot your device!).
The sequence of packetsfor a‘webpage download’ is: SYN, (server replies SY NACK),
ACK, (server replies ACK), ‘GET /", (server replies several ACK) and 4 more ACK
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from which the last one also resets the TCP connection, i.e. it isa ACK-RST packet.
Each webpage download has to come from a different source port, starting at 0x8000,
then 0x8001 and so on.

Y ou will need to modify packetgen.c such that it creates atrace of packets like (b)
instead of (a).

4. Run atomium (‘make report’) for each of the packet sequences created with step 3. Use
output redirection to simulate faster (* make report >output’). For each report, take a
close look at the html output using your browser and locate the following three pieces
of information
(a) Thethree array variables with the most accesses.

(b) The five functions with the most local accesses to background variables.
(c) The peak memory usage (counted in array locations)

5. You'redone!

What toturn in

*> Deadline: Thursday April 24, 2003, 12 noon at Marilyn’s desk.

*> 1 page containing your name, and contact E-mail. In addition, also provide alink to
your EE201A project webpage and post the following items. The two packet traces for
‘ping’ (3a) and ‘web server access' (3b).

In the report, include the results of (4) asfollows:

TABLE 1. Three Most accessed array variables

Variable Elements Writes Reads
uip_buf XXX yyy 77z

TABLE 2. Five Most access-intensive functions

L ocal
Function Activations  Writes L ocal Reads
chksum XXX yyy 77z

also include Peak Memory Usage = XXxx

*> Good Luck, usethe Class Bulletin Board for any questions!
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