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chapter 25. Bears, ETS, Beets



ETS

Erlang Term Storage

efficient iIn-memory database included with the Erlang VM
store large amounts of data with constant access time
supports ONLY tuples

no transactions

DETS (disk-based ETS)



ETS AM2517] (1)

S erl

1> ets:new(ingredients, [set,

ingredients

2> ets:insert (ingredients,
true

3> ets:lookup (ingredients,
[ {bacon,great}]

4> ets:insert (ingredients,
Lrue

3> ets:lookup (ingredients,
[ {bacon, awesome} ]

4> ets:delete (ingredients,
true

5> ets:lookup (ingredients,

[]

{bacon,

bacon) .

{bacon,

bacon) .

named table]) .

great}) .

awesome},

cabbage) .

cabbage) .

{cabbage,

alright}) .



ETS AH2517] (2)

S erl

1> ets:new(table, [ordered set, named table]).
table

2> ets:insert (table, [{a, 10}, {z, 70}, {c, 20}1).
true

3> ets:first (table).

4> ets:next (table, a).

4> ets:last(table).



S erl
1> ets:new(table,
table
2> ets:insert (table,

true
3> ets:match (table,
[[1]]

4> ets:match object (table,

[{items, 1, 1}]
5> ets:select (table,
[{items, 6, 7} ]
6> ets:select(table,
[{items, 6, 7}]

[bag,

{items,

ets:fun2ms (fun (N =

ETS match & select

named table]) .

[{items, 1,1},
{items, 6,7},
{items, 3,4},
{items,1,2}]) .

'S1', 'S1'}).

|$1', 'Sl'}).

{items,

[{{items, 'S1', "' "}, [{'>","'S1",5}],["'S_

{items, X, })

when X > 5 => N end)).



chapter 26. Distribunomicon



Erlang 2| O1E4?
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e functional language
e semantics for concurrency
e supports distribution
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"Distributed programming is like being left alone
in the dark, with monsters everywhere."



Bad news

Distributed Erlang is still leaving you alone in the dark.



Good news

Erlang gives you some tools. (not solutions)

e many nodes (VMs) can connect & communicate with each other
o extending multiple process concept to many nodes



Tools

Erlang gives you

net_kernel
global

rpc

remote shells
dist _ac



Fallacies of Distributed Computing
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http://www.rgoarchitects.com/Files/fallacies.pdf
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. The network is reliable
. There is no latency
. Bandwidth is infinite

"he network is secure
'opolgy doesn't change

"here is only one admin
ransport cost is zero

"he network is homogeneous




CAP Theorem

Consistency, Availability, Parition tolerance € 2% 2tEst=71 E7+s56ILCY...



connecting nodes

S erl —-sname hi
(hi@cmbp) 1>

$ erl -sname ho
(ho@cmbp) 1> net kernel:connect node (hilcmbp) .
Lrue

(ho@cmbp) 2> net kernel:i (hi@cmbp) .

Node = hi@cmbp

State = up

Type = normal

In = 17

Out = 16

Address = 127.0.0.1:60313
ok

(ho@cmbp) 2> nodes ()
[hil@cmbp]



epmd

Erlang Port Mapper Daemon

node (VM) O] A=l ZHo| Aol E[= T2 M|A

o —start _epmd false MOZE epmd AMZ X|&tet £ USLILCE
StLES| A|AEIO)| SHLFRE AR LT,
7| 2™MO 2 4369 ZEE AEEHLLCY,
O|E£0| =HZI 2= node = epmd Of| XtA12| 0|52 SEEHLILCE.

o node 0| CHSH port BE = epmd £ Eal| 23| &tL|Ct.

o MZ& node = cluster 0| £t node & StLtEtE HZAL|M LIT{X| hode 2]

ol=S of & gt



https://github.com/erlang/otp/blob/d6285b0a347b9489ce939511ee9a979acd868f71/lib/erl_interface/src/prog/erl_start.c#L181
http://erlang.org/doc/apps/erts/erl_dist_protocol.html#protocol-between-connected-nodes

sending messages

S erl -sname hi
(hi@cmbp) 1> register (shell, self()).
true

S erl -sname ho

(ho@cmbp) 1> register (shell, self()).

Lrue

(ho@cmbp) 2> net kernel:connect node (hilcmbp) .
Lrue

(ho@cmbp) 3> {shell, hi@cmbp} ! {hello, self()}.

(hi@cmbp) 2> receive {hello, Other} -> Other ! "ho there!"

"ho there!"

(ho@cmbp) 4> £lush() .
Shell got "ho there!"
ok

end.



sending messages

ho@cmbp

register(sk

register(shell, self())

net_|

- -

-~

kernel:connect_node(hi@cp

hi@cmbp

nell, self())

- -~

-~

{hello, self()}

"ho there!" l

flush()

"ho there

ho@cmbp

= -

hi@cmbp



spawn

S erl -sname hi
(hi@cmbp) 1>

holcmbp) 1> spawn (hi@cmbp, fun() ->

ho@cmbp) 1> io:format("I'm on ~p~n", [node()])
(ho@cmbp) 1> end) .

IT'm on hi@cmbp

<8490.145.0>

S erl -sname ho
(
(



remote shells

Erlang shell Of|A] ctr1-G = &3l CHE node 0| shell S &g 4= USL|CY.

e shell 2 Hxo| ZT=NAZ HAMEIL|CE
e auto-completion 0| X|&=|X| F&L|Ct.
e () Ex=init:stop() & =E51™ node 7| = E[L| 2|5l OF 2fL|C}.

(hidcmbp) 1>
User switch command
--> h
c [nn] - connect to job
i [nn] - 1nterrupt job
k [nn] - kill job
] - list all 7jobs
s [shell] - start local shell
r [node [shell]] - start remote shell
q - quit erlang
? | h - this message
—_—> j

1 {shell,start, [init]}

2 * {hol@cmbp, shell,start, []}
-—> C
(ho@cmbp) 1>



rpc module

remote procedure call

QA node 2| &L= MFA AEFRQZ SE6H 4 QISL|C

S erl -sname hi
hi@cmbpl>

S erl -sname hu
hulcmbpl>

$ erl -sname ho

ho@cmbpl> rpc:call (hi@cmbp, lists, sort, [[a,e,f,t,h,s,al]).
[a,a,e,f,h,s, t]

ho@cmbp2> Key = rpc:async_call (hi@cmbp, erlang, node, []).
<0.96.0>

hodcmbp3> rpc:yield (Key) .

hi@cmbp

ho@cmbp4> rpc:multicall ([hi@cmbp, hu€@cmbp], erlang, is alive, []).
{[true,true], []}



rpc &

code 2== AtEoH AH node 0| == TS5 =+

-module (my module) .
-export ([say/1]).
say(str) -> 1o:format(Str++" world~n").

S erl -sname hi

hi@cmbpl> ¢ (my module) .

hi@cmbp2> {M, B, F} = code:get_object code (my module).
{my module,<<70,79,82,49,...>>, "/root/my module.beam"}

hi@cmbp3> rpc:call (holcmbp, code, load binary, [M, F, B]).

{module,my module}

hi@cmbp4> rpc:call (hol@cmbp, my module, say, ["hello"]).
hello world

ok

hol@cmbpl> my module:say ("ho").
hello ho
ok



visualixir (1)

https://github.com/koudelka/visualixir

eliocir B d



https://github.com/koudelka/visualixir

visualixir (2)

rpc.call(node, :code, :load_binary, [...

Node.spawn_link(node, :gen_server, :start, ..

node1

visualixir_node \ request tray

oo Tteesssessssessessesssssssessesss » node2

e mmmeeeeeeemeeeeeeaanannaad » node3




visualixir (3)

def send _module(node) do
module, binary, filej; = :code.get_object_code(__MODULE__
rpc.call(node code load_binary, [module, file, binary
end

2124 node 2 B & XS MEEIL|CE
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chapter 27. Distributed OTP
Applications



failover & takeover

failover

node

node b

app

node ¢




node_a

failover & takeover

failover

node b

node ¢

app




node_a

failover & takeover

failover

node b

node

app




failover & takeover

takeover

node

node b

app

node ¢




dist ac (distributed application) L=

failover & takeover

A1|A AE5HH failover & takeover £

-

application

master 1

SskF A O
Todgh £ 9
application
controller \l
application application
master 2 master 3

LT,

dist_ac

|

application
master 4




failover & takeover

dist_ac E ArEsH| fIsllA= config L0 distributed 2H0| 2L Ct,

[ {kernel,
[{distributed, [{m8ball,
5000,
[a@cmbp, {b@cmbp, c@cmbp}l}l},
{sync nodes mandatory, [b@cmbp, c@cmbp]},
{sync nodes timeout, 30000}
]
}
].

http://erlang.org/doc/design_principles/distributed applications.html



http://erlang.org/doc/design_principles/distributed_applications.html

m8ball

env Of| MR 32 HE5tH S2I5ts OF3 ZHTHet

—

{application, m%ball,

[{vsn, "1.0.0"},

{description, "Answer vital questions"},

{modules, [m8ball, m8ball sup, m8ball server]},

{applications, [stdlib, kernel, cryptol},

{registered, [m8ball, m8ball sup, m8ball server]},

{mod, {m8ball, []1}},

{env, |

{answers, {<<"Yes">>, <<"No">>, <<"Doubtful">>,

<<"I don't like your tone">>, <<"Of course">>,
<<"Of course not">>, <<"*backs away slowly and

S erl -make

S erl -pa ebin

1> m8ball:ask("hi").
<<"Doubtful">>

runs

away*">>1}}



m8ball

node_a
dist_ac [N » ma8ball » ma8ball_sup » m8ball_server
master
node_b
dist_ac
node_c

dist_ac




m8ball
distributed 284 &0 3742 =EWA 25 HZ20| 7tsL|Ct.

S erl -sname a -config config/a -pa ebin
(a@cmbp) 1>

$ erl -sname b -config config/b -pa ebin
(b@cmbp) 1>

$ erl -sname c -config config/c -pa ebin
(c@cmbp) 1> m8ball:ask("hi").
<<"Of course not">>



m38ball_server.erl

start_link —>
gen_server:start_link(i1global, ?MODULE ?MODULE

stop —>
gen_server:call(iglobal, ?MODULE stop

ask(_Question) —> % the question doesn't matter!
agen server:call(1alobal, ?MODULE auestion

pid EHAI0 {global, NAME} = AFESH, CHE node O|A|= m8ball:askE



ma38ball.erl

takeover [l 23U E|0{OF St= callback 2 F7tgL|Ct.



m8ball

MO HA|Z=l 37H2| node 7H(a, b, c) 25 ASHE|O{OFX| 2 40| A|ZHEIL|LCY.
o m8bhall Y2 Stt2| node K| AMBH ASHEILICE.

WO| HM=Q2l node 7 SE=E[H, CI= node £ failover ElL|LCt.

node 7t CIA| AJE|T 7|= node £ takeover ElLILCE.

REHSEIF? () e MSHSICHE M takeover 7t Bl K| 2= AR UUSLILCE...



o MFOIOZ distributed application 2 A3l& = U= W2 EUXX| 2
o A= Ql5l| Ht= Yol SEEE & [ &elst AN SLIC

- Hd— 1L
o elixir Of|M= OEA AIES = U =X] 28l RSLIC.
o O|0| LHEE| = £0| =0, @ libcluster, swarm, horde & BtE=X| 2235k
MELILCY.
o A O|AHDICZ Fallacies of Distributed Computing 2l EME2
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https://github.com/bitwalker/libcluster
https://github.com/bitwalker/swarm
https://github.com/derekkraan/horde




