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Outline 

●  Course Mechanics 

●  Course Topics/Outline 
•  Networking/Distributed Systems problem statement 

●  Introduction to Computer Networks 



Audience 

●  Who should take this course 
•  Those interested in learning about large-scale network 

services like Google, Youtube, Akamai, Cloud computing... 
Learn how things work “soup to nuts” 

•  Those interested in graduate school 
•  Those interested in top industrial positions 

Google, Microsoft, Cisco, Amazon, Yahoo, Akamai, IBM, 
Apple, etc. 



Specifics 

●  Professor: George Porter, gmporter@cs.ucsd.edu 
•  Group office hours: 3104 CSE (typically Wed 4-5pm, but 

for this week they will be *today* from 4-5pm) 

●  Teaching Staff 
•  Yashar Asgarieh 
•  Jake Maskiewicz 
•  Office Hours: TBD 

●  Course Web Page 
•  http://www.cs.ucsd.edu/~gmporter/classes/wi15/cse124/ 

●  Discussion board & mailing list 
•  https://piazza.com/ucsd/winter2015/cse124/home 
•  Sign up today! 



General Goals 

●  Gain background in networking and distributed systems 
•  Homework, textbook, lectures 

●  Understanding of some emerging (research) issues 
•  Study of relevant research papers 

●  Building large-scale distributed systems 
•  Lectures, programming projects 

●  Overall: emphasize “why” and “how” over “what” 



Non-Goals 

●  Teach the basics of programming, unix, files, ... 
•  Assume familiarity with operating systems C, C++, Java 

●  75 minute soliloquies 
•  Lectures should be interactive! 
•  Occasional in-class demos 
•  Will be incorporating the iClicker this term 

●  Insulate the professor from the students 



Grading 
●  5% Class Participation 

•  Success of class depends on student participation 
•  Piazza, in-class, discussion section, ... 

●  10% Homework 
•  Paper evaluations 

●  40% Exams 
•  15% midterm, 25% final exam 

●  45% Programming projects (3) 
•  Assignment 1: HTTP Server 
•  Assignment 2: MapReduce using Hadoop 
•  Assignment 3: CatContest photo ranking service 



Paper Evaluations 

●  Will read 4-5 research papers on constructing high-
performance distributed systems 

●  1-2 page evaluation of reading for each paper 
●  Evaluations submitted in advance of class  
●  Describe: 

•  Biggest contribution of the paper 
•  Most glaring problem with the work 
•  What the work implies for building robust, scalable 

distributed systems and networks 



Course Projects 

●  3 projects spanning the term 
•  Hands on construction of interesting distributed services 

●  Assignment 1: 
•  Build an HTTP Server in C/C++ 
•  Work in teams of 2 
•  Support subset of HTTP/1.0 and HTTP/1.1 functionality 
•  Details on web page 
•  Due date: Feb 3, 2015 
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Internet History 



Background 

●  1957: USSR launches Sputnik, first artificial earth satellite 
•  U.S. responds by forming ARPA 

●  1962: Licklider’s Galactic Network 
●  1966: Roberts (MIT) Towards a Cooperative Network of 

Time-Shared Computers  
●  1966: “Star Trek” debuts  

●  1967: ACM SOSP Multiple Computer Networks and 
Intercomputer Communication  



1969 Internet Map 



1969 Internet Map 

Q: What was the first message that was sent? 
 
[a]   “Come quick dear Watson!” 
[b]   “LOGIN” 

[c]    A classified military message 

[d]   “LO” then the network crashed... 



10:30pm, October 29, 1969, Los Angeles, CA 

●  UCLA student 
Charley Kline 

●  Keinrock’s lab 
●  “LOGIN” to SRI on 

an SDS Sigma 7 
computer 

●  Only ‘LO’ gets sent 
the 400 miles to 
Menlo Park 

●  1 hour to recover 
from crash 



Spring 2002 U.C. Berkeley -- EECS 





Back to the Future: Cloud Computing 

Google’s Worldwide Data Centers 
http://www.google.com/about/datacenters/inside/locations/ 



Internet Timeline 

●  1971: Tomlinson develops email program, big hit 
●  1972: Telnet 
●  1973: FTP 
●  1974: TCP 
●  1978: TCP split into TCP and IP 
●  1979: USENET established using UUCP between Duke 

and UNC by Tom Truscott, Jim Ellis, and Steve Bellovin  
●  1984: 1000 hosts connected to Internet, DNS introduced 
●  1988: Internet worm brings down 10% of Internet 
●  1991: WAIS, Gopher, WWW released 



Internet Growth Trends 

●  1977: 111 hosts on Internet 
●  1981: 213 hosts 
●  1983: 562 hosts 
●  1984: 1,000 hosts 
●  1986: 5,000 hosts 
●  1987: 10,000 hosts 
●  1989: 100,000 hosts 
●  1992: 1,000,000 hosts 
●  2001: 150 – 175 million hosts 
●  2002: over 200 million hosts 
●  2014: ~1B hosts (~3B users) 

http://www.isc.org/services/survey/ 



Major Course Topics 

●  Internetworking 
•  Not all computers are directly connected 
•  The Internet Protocol (IP) 

●  End-to-End Protocols 
•  E.g., provide the abstraction of a reliable byte-stream over 

error-prone, packet-switched network 
•  Transmission Control Protocol (TCP), Congestion Control 

●  Modern network services 
•  How is Google actually built 
•  Parallel computing 
•  GFS/Map Reduce 



Major Course Topics (cont.) 

●  Naming 
•  Given a name for an Internet resource how do you find it? 

●  Remote Procedure Call 
•  Client/Server systems 

●  Distributed operating systems/file systems 
•  How do you break down a centralized service to run across 

multiple machines? 
Client/server, peer-to-peer 



Major Course Topics (cont.) 

●  Replication/Fault Tolerance 
•  Copy service contents for increased availability, 

performance 
•  Data consistency? 

●  Security 
•  How to ensure authenticity and integrity of data trasnsmitted 

across machines 
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Some Definitions 

●  Host – computer, iPad, ... 
●  Packet – unit of transmission across a network 
●  Link – transmit bits 

•  Wire or wireless, broadcast or switched (or both) 

●  Switch – move bits between links 
•  Packet switching: stateless, store & forward 
•  Circuit switching: stateful, cut through 

 



Types of Connections 

●  Point-to-point 

●  Multiple access 



Types of Connections 

●  Switched 



Circuit-Switched Networks 



Circuit-Switched Networks 

Pre-allocate resources 
 per connection 

Fixed route 
per connection  



Packet-Switched Networks 
Route determined 

hop-by-hop 
(fault tolerance)  

No connection 
establishment. 

Global cooperation 
to maximize performance.  



Circuit-Switched vs. 
Packet-Switched Networks 

●  Circuit-switched networks 
•  Traditionally used for telephone networks (ATM) 
•  Pre-allocate resources per connection 
•  Pre-determine route on connection setup 
•  Fixed bandwidth requirements per-connection 

●  Packet-switched networks 
•  Internet 
•  No pre-determined allocation of resources (coming though) 
•  No connection setup, no pre-determined route 

More fault tolerance 

•  Efficient utilization in the face of bursty traffic patterns 



Types of Connections 

●  Interconnection of networks 

R R 

R 



Q: Why packet switching? 

Much of the Internet’s success has been its basis in packet 
switching.  In this context, what is the primary advantage of 
packet switching vs. circuit switching? 
 

[a] Packet switching is more reliable than circuit switching 

[b] Packet switching is more efficient/cheaper than circuit 

switching 

[c] Packet switching is faster than circuit switching 



Q: Why packet switching? 

Much of the Internet’s success has been its basis in packet 
switching.  In this context, what is the primary advantage of 
packet switching vs. circuit switching? 
 

[b] Packet switching is more efficient/cheaper than circuit 

switching 

In the ARPAnet/Internet, wide-area links are scarce 
and expensive.  Packet switching enables statistically 
multiplexing these expensive links over many 
users/connections, increasing efficiency. 



Internet – Network of Networks 

●  Network delivers packets (& locates nodes) 
●  Router (gateway) moves packets between networks 
●  Minimum possible requirements on underlying networks 
●  Software layer: IP interoperability on top of any potential 

network or link layer 
•  Modem, Ethernet, token ring, cell phone, ADSL, cable 

modem, smoke signals, pigeons… 



How is the Network Characterized? 



Simple Network Model 

●  Network is a pipe connecting two computers 
 
 
 
 
●  Basic Metrics 

•  Bandwidth, latency, overhead, error rate, and message size 

Packets 



Performance Metrics 

●  Bandwidth: number of bits transmitted per unit of time 
●  Latency = Propagation + Transmit + Queue 

•  Propagation = Distance/SpeedOfLight(*) 
•  Transmit = 1 bit/Bandwidth 

●  Overhead 
•  # secs for CPU to put message on wire 

●  Error rate 
•  Probability P that message will not arrive intact 

Latency 

Bandwidth 



Bandwidth vs. Latency 

Latency: 1 ms Latency: 100 ms 

Bandwidth: 1 Mbps 1,008 µs 100,008 µs 
Bandwidth: 100 Mbps 1,000 µs 100,000 µs 

1 Byte Object 

Latency: 1 ms Latency: 100 ms 

Bandwidth: 1 Mbps 80.001 s 80.1 s 
Bandwidth: 100 Mbps .801 s .9 s 

10 MB Object 

⇒  Desirable network qualities based on application semantics 



What Type of Pipe Do You Want? 



Performance Metrics Confusions 

●  Mega versus Mega, Kilo versus Kilo 
•  Computer architecture: Mega à 2^20, Kilo à 2^10 
•  Computer networks: Mega à 10^6, Kilo à 10^3 

●  Mbps versus MBps 
•  Networks: typically megabits per second 
•  Architecture: typically megabytes per second 

●  Bandwidth versus throughput 
•  Bandwidth: available over link 
•  Throughput: available to application 



How to Measure Bandwidth? 

 1) Measure total time to receive all packets at receiver  

Slow bottleneck link 

 2) Measure how slow link increases gap between ACK’s  

1 

2 



How to Measure Latency? 

Measure round-trip time (assumes symmetric links)  

start 

stop 



How to Measure Error Rate? 

 Measure number of packets acknowledged  

Slow bottleneck link 

Packet  
dropped 



Google Cloud Demo 



Asia Data Center: Changhua County, Taiwan 



Europe Data Centers 

Dublin Hamina, Finland 

St. Ghislain, 
Belgium 


