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Phi | osophi cal (both stated and unst at ed)

* Strongly typed
-- Avoids risks of C
-- Lets conpiler detect many programerrors

* Dynam c all ocation with garbage collection
-- Avoids pitfalls of managi ng all ocation

* Avoi d redundant work
-- Doesn't require separate interface declarations
* Conpiler extracts interface directly from code
* Distinction of global vs. |ocal determined by first character of nane
-- Variable declarations (rely on type inference)

Exanpl e code:

type MyStruct struct { # Type Decl aration
i Field int # Note reversed ordering & | ack of sem col ons
Rfield float32 # Case of field selectors matters

}

[Contrast to C declaration:

typedef struct {
int iField;
float Rfield;
} MyStruct

# Co:

# No semi col ons

# Ordering of type vs. nane reversed
# Upper vs. |ower case nanes natters

ms .= MyStruct{1l, 3.14} # Automatically determ nes that ns of type MyStruct

/1 Pointer to structure

p := &WStruct{Rfield:15. 0} # Like C, & takes address of sonething. Can use it anywh
ere

# Field Rfield set to 15.0, iField set to O

/1 Field selection sane either way
p.iField = ms.iField # Note mi xing of pointer vs structure. Conpiler figures
t his out

I/ Alternative
var g *MyStruct = new MyStruct) # New does allocation & returns pointer. Like malloc
g.Rfield = 15.0

* Handy features
-- Mninize distinction between pointer and object pointed to
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-- Most sem colons inferred automatically

-- Milti-assignnent, multiple return val ues

-- Order of type declarations reversed

-- Simpler and nore powerful loop & switch statenents.
-- Blank identifier

*

Avoid Iimtations / weaknesses / risks of C(++)

-- Lack of bounds checking on arrays

-- Miutabl e strings

-- Ability / need to do casting

-- Nuances of signed vs. unsigned & other arithmetic type issues
-- Separate bool ean type.

* Powerful built-in data types
-- Variable length arrays (slices)
-- Dictionaries (maps)

* Cl eaner concurrency
-- Designed fromoutset to support nulticore programm ng
-- Low nul tithreadi ng overhead
+ But carries limtation of non-preenptive scheduling

* Benefits of OO while avoiding arcane & inefficient features
-- (bjects, but no type hierarchy
-- "CGenerics" using dynam c type checking

* |Inmportant capabilities
-- Slices: Variable | ength sequences
-- Maps: Dictionaries
-- Ceneric interfaces, rather than class hierarchy
-- Control via switch & for + range
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Let’s | ook at some code exanpl es:

buf b: I nplementation of FIFO buffer
eration

Qper ati ons:

NewBuf : Create new buffer

Insert: Insert elenment into buffer
Front: Get first el enent

Renpve: Get & renpve first el enment
Fl ush: C ear buffer

/1 Linked list element

type BufEle struct {
val []byte
next *BufEl e

}

func NewBuf () *Buf {
return new Buf)

}
func (bp *Buf) Insert(val []byte) {
ele := &BufEl e{val : val}
Kin Go
if bp.head == nil {
er
/1 Inserting into enpty
bp. head = ele
bp.tail = ele
} else {
bp.tail.next = ele
bp.tail = ele
}
}

Rest of code straightforward

Mon Sep 12 17:08:47 2011

using linked list + tai

poi nter. Single-threaded op

in buffer w thout changing buffer
from buffer

Structure definition
[Ibyte is a slice of bytes

Returns buffer with both pointers = ni

Decl aration gives sonething |ike methods
Note al l ocation plus taking address. This is O

Standard inplementation of list with tail point

st
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Witing test code.

Wite code in file "bufb_test.go" in sane directory
I nclude test function(s) named Test XXXX
Run gomake test (or make test if have GOROOT set)

/1 Convert integer to byte array # Denonstration of JSON narshaling. Trivia
case
func i2b(i int) [Jbyte {
b, _ :=json.Marshal (i) # Note multi assignnent and bl ank identifier
return b
}

/1 Convert byte array back to integer
func b2i (b [Jbyte) int {

var i int
j son. Unmar shal (b, &)
return
}
func TestBuf (t *testing.T) { # Called by test code. Mist have single
ar gunment
/1l Run same test ntest tines
for i :=0; i < ntest; i++ { # Note for loop. Like C, but no parenthe
ses
bp : = NewBuf ()
runtest(t, bp)
if !bp. Empty() {
t. Logf ("Expected enpty buffer™)
t.Fail ()
}
}
}
func runtest(t *testing. T, bp *Buf) {
inserted := 0
removed := 0
enptycount := 0
for removed < nele { # Note for loop is like while |oop
if bp.Empty() { enptycount ++ }
/1 Choose action: insert or rempve
insert := I(inserted == nele) # Cannot insert if have done all insertio
ns
if inserted > removed && rand.Int31n(2) ==
insert = false # Randomly choose whether to insert or re
nove
if insert {
bp. I nsert (i 2b(inserted))
inserted ++
} else {
v := b2i (bp. Remove())
if v I=renoved {
t.Logf ("Renmoved %. Expected %\n", v, renoved)
t.Fail ()
}
removed ++
}
}
}

Weakness of this code: Requires data in byte slices. Can always use marshaling, but that
seens inefficient.
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Using interface types. Go's version of tenplates / generics
File bufi.go
Sane idea, but use dynamically-typed buffer data

| mpl enentation: Interface data dynamcally typed. Carries type information with it.
Qperation x.(T) converts x to type T if possible, and fails otherw se.

/1 Linked list elenent

type BufEl e struct {

val interface{} # interface defines required capabilities of val. None h
ere

}

Rest of code basically the sane

next *Buf El e

Now | ook at testing

Case 1: Feed slices of byte arrays.
func btest(t *testing.T, bp *Buf) {
inserted := 0
removed := 0
enptycount := 0
fm.Printf("Byte array data: ")
for renpved < nele {
if bp.Empty() { enptycount ++ }
/| Choose action: insert or renove
insert :=I(inserted == nele)
if inserted > renpbved && rand. I nt31n(2) == 0 {
insert = fal se

}
if insert {
bp. I nsert (i 2b(inserted)) # Not hi ng special required here
inserted ++
} else { # This is interesting
X := bp.Renmove() [/ Type = interface{}
b := x.([]byte) [l Type = []byte # Assign type to val ue.
v = b2i(b)
if v !=renoved {
t.Logf ("Removed %. Expected %\n", v, renoved)
t.Fail ()
}
renoved ++
}

}
fnt.Printf("Enpty buffer %/ % tines\n", enmptycount, nele)

}

Sane thing, but for integer data. Just |ook at conversion part

X
Vv

bp. Renove() [// Type = interface{}
X. (int) [l Type = int

More interesting: Use random choices on type. Code nust figure out type of object:

# Insertion
if rand.Int31n(2) == 0 {
/1 Insert as integer
bp. I nsert (i nserted)
} else {
/1 Insert as byte array
bp. I nsert (i 2b(inserted))
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# Renoval

X := bp.Renove() [/ Type = interface{}

var iv int
switch v := x.(type) {

case int:
iv = v
case []byte:
iv = b2i(v)
defaul t:
t.Logf ("Invalid data\n")
t.Fail ()



04- go. t xt Mon Sep 12 17:08:47 2011 7

Anot her exanpl e: UDP proxy. Serves as interface between server & set of clients.

For each client, maintain "connection" identifying client and connection to server.
Must conme from proxy over separate port, so that server can distinguish different clients

/1 Information maintained for each client/server connection
type Connection struct {

Client Addr *net.UDPAddr // Address of the client # Note use of package "ne
tll

}

Si npl e concurrency: Have different "goroutine" for each connection, to manage flow froms
erver
to client

Server Conn *net. UDPConn // UDP connection to server

Basi ¢ schene:
* | ncom ng packet fromclient:
See if already have connection (look up host:port in dictionary)
No: Create one
Send to server al ong connection
* Packet from server:
Read directly by goroutine for connection. Sent over shared port back to client
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/] dobal state
/1 Connection used by clients as the proxy server
var ProxyConn *net. UDPConn

/] Address of server
var Server Addr *net. UDPAddr

# Go map is like a dictionary. Mapping fromone type to anot her
# Can map nost "flat" types. Not structures. So, convert client host + port into string

# Reference structures allocated via "make" (not "new")
/1 Mapping fromclient addresses (as host:port) to connection
var ClientDict map [string] *Connection = nake(map[string] *Connection)

# Need to protect dictionary with lock, since will have concurrent access
# W' |l see in future | esson how to use Go-style concurrency. For now,
# do sonething |ike pthread nutex.

/1 Mutex used to serialize access to the dictionary
var dnmutex *sync. Mutex = new(sync. Miut ex)

func dlock() {
drmut ex. Lock()
}

func dunl ock() {
drut ex. Unl ock()
}

func setup(hostport string, port int) bool {
/1 Set up Proxy
saddr, err := net.Resol veUDPAddr ("udp", fnt.Sprintf(":%l", port))
if checkreport(1, err) { return false }
pudp, err := net.ListenUDP("udp", saddr) # Set up listening port
if checkreport(1, err) { return false }
Pr oxyConn = pudp
VI ogf (2, "Proxy serving on port %\ n", port) # My technique for printing statu

/] Get server address

srvaddr, err := net.Resol veUDPAddr ("udp", hostport)
if checkreport (1, err) { return false }

Server Addr = srvaddr

VI ogf (2, "Connected to server at %\n", hostport)
return true
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Creating connection

/1 Generate a new connection by opening a UDP connection to the server
func NewConnection(srvAddr, cli Addr *net.UDPAddr) *Connection {

conn : = new Connecti on)

conn. dient Addr = cli Addr

srvudp, err := net.Di al UDP("udp", nil, srvAddr) # Note use of :=

i f checkreport (1, err) { return nil } # Check error code

conn. Server Conn = srvudp
return conn

/1 Go routine which manages connection fromserver to single client
func RunConnection(conn *Connection) ({
var buffer [1500] byte # Limt payload to 1500 bytes
for {
/! Read from server
n, err := conn. Server Conn. Read(buffer[0:]) # Pass slice of array
if checkreport(1, err) { continue }
/1l Relay it to client
# Note [0:n] is very imnportant
, err = ProxyConn. WiteToUDP(buffer[0:n], conn.dientAddr)
i f checkreport (1, err) { continue }
VI ogf (3, "Relayed '%’' fromserver to %.\n",
string(buffer[0:n]), conn.dientAddr.String())
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# Key routine

/1 Routine to handle inputs to Proxy port
func RunProxy() {
var buffer[1500] byte

for {
n, cliaddr, err := ProxyConn.ReadFronmlDP(buffer[0:]) # ReadFromreturns
addr ess
if checkreport(1, err) { continue }
VIiogf (3, "Read "%’ fromclient %\n",
string(buffer[0:n]), cliaddr.String())
saddr := cliaddr.String() # Convert address t
o string
dl ock()
conn, found := CientD ct[saddr] # Access dictionary
if !'found {
conn = NewConnecti on(ServerAddr, cliaddr)
if conn == nil {
dunl ock()
conti nue # Failure
}
ClientDict[saddr] = conn # Add entry to dict
i onary
dunl ock()
VI ogf (2, "Created new connection for client %\n",
/1 Fire up routine to nmanage new connecti on
go RunConnecti on(conn) # Start goroutine
} else {
VI ogf (5, "Found connection for client %\n", saddr)
dunl ock()
}
/1l Relay to server
_, err = conn. Server Conn. WiteToUDP(buffer[0:n], ServerAddr)
i f checkreport (1, err) { continue }
}



