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* communicates over socket
* ascll or binary protocols
* synchronous or asynchronous protocols

e.g. cassandra, memcached, kafka, http?2
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reusability
speed
concurrency
safety
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Design process
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Design #1

socket
H

service
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Design #1 problems

e connect/ open overhead
* setup overhead
* NO connection limit (one per request)
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Design #2
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Design #2 problems

* how do | find my server? registered name”?
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Design #3

clients
(gen_server )
o
pool mana ger
(gen_server ) O -
g \
-— O<——> eeeeee
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Design #3 problems

* single point of contention (pool manager)
* two messages per call (bufter bloat)
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Design #4
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Design #4 problems

e concurrency?
* Nno pipelining
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Design #4 problems

handle_call(Request, From, State) —>

%% send request
%% receive / decode response

{reply, Response, State}.
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Design #5

handle_call(Request, From, #state {queue = Queue} = State) —=>

%% send request

{noreply, State#state {queue = queue:in(From, Queue)}}.
handle_info({tcp, Socket, Data}, #state {queue = Queue} = State) —>

%% decode response

{{value, From}, Queue2} = queue:out(Queue),
gen_server:reply(From, Response),
{noreply, State#state {queue = Queue2}}.
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Design #5

client socket

(gen_server)

N —p

service
queue
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Design #5 problems

e safety?
* NO back pressure

6 Oadgear



Design #6

process

+
backlog

client
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socket
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Design #6 problems

e speed?
* gen_server is not optimal
* gueue Implementation is not optimal
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Design #7

process

backlog
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Shackle’s architecture
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shackle pool

SUpPpP

orts random or round robin strategy

everages ETS (no manager)

NO E

'S contention since it only does reads

very

ow overhead (almost constant time)
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shackle backlog

e protects from out of memory (OOM)

* |everages ETS (no manager)

* one backlog per server

 ETS update counter (fast and atomic)
* write_concurrency true

Oadgear
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shackle backlog

—-spec check(server_name(), backlog_size()) —> boolean().

check(ServerName, BacklogSize) >
case increment(ServerName, BacklogSize) of
[BacklogSize, BacklogSize] —-> false;
[_, Valuel when Value =< BacklogSize —> true
end.

increment(ServerName, BacklogSize) ->
UpdateOps = [{2, 0}, {2, 1, BacklogSize, BacklogSize}],
ets:update_counter(7ETS_TABLE_BACKLOG, ServerName, UpdateOps).

" Oadgear



shackle_server

* uses proc_lib

* only asynchronous calls
* pinary matching

* jolists
* skinny
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shackle _queue

e leverages ETS
* faster than stdlib queue module
* |tems can be out of order

* NO contention since items are keyed by
server name (one producer / consumer)

Oadgear
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Building a client with Shackle
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shackle client behaviour

* init/O
* setup/2
* handle_request/2
* handle_data/2
* terminate/
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init/0

setup/0

handle_request/2

handle_data/2

terminate/2

—
-

—
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Arithmetic service

 TCP over port 8080

* session setup

* supports two operations:
e addition
e multiplication
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request:
“INIT™

response:
HOK!!
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Operations

request:
request id (tinyint), operator (tinyint), operand
(tinyint), operand (tinyint)

response:
request id (tinyint), result (smallint)
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-record(state, {
buffer = <<>>,

request_counter = 0

}).

—-spec init() —->
{ok, State :: term()}.

init() —>
{ok, #state {}}.
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—-spec setup(Socket :: inet:socket(), State :: term()) —>
{ok, State :: term()} |
{error, Reason :: term(), State :: term()}.

setup(Socket, State) —=>
case gen_tcp:send(Socket, <<"INIT">>) of
ok —> case gen_tcp:recv(Socket, @) of
{ok, <<"0K">>} —> {ok, State};
{error, Reason} —> {error, Reason, State}
end;
{error, Reason} —> {error, Reason, State}
end.
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handle request/2

-spec handle_request(Request :: term(), State ::

{ok, RequestId :: external_request_id(), Data ::

State :: term()}.

handle_request({Operation, A, B}, #state {
request_counter = RequestCounter
} = State) —=>

RequestId = request_id(RequestCounter),
Data = request(RequestId, Operation, A, B),

{ok, RequestId, Data, State#state {
request_counter = RequestCounter + 1

).

term()) —
iodata(),
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Protocol encoding

—define (MAX_REQUEST_ID, 256).
—-spec request_id(non_neg_integer()) —-> tiny_int().

request_id(RequestCounter) —>
RequestCounter rem ?MAX_REQUEST_ID.
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Protocol encoding

—-spec opcode(operation()) —> 1..2.

opcode(add) —> 1;
opcode(multiply) —> 2.

-spec request(tiny_int(), operation(), tiny_int(), tiny_int()) —->
binary().

request (RequestId, Operation, A, B) —>
<<RequestId, (opcode(Operation)), A, B>>.
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handle data/2

-spec handle_data(Data :: binary(), State ::

term()) —

{ok, [Response :: response()], State :: term()}.

handle_data(Data, #state {
buffer = Buffer
} = State) —=

Data2 = <<Buffer/binary, Data/binary>>,
{Replies, Buffer2} = parse_replies(Data2,

{ok, Replies, State#state {
buffer = Buffer2

k.

[1),
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Protocol decoding

—-spec parse_replies(binary()) —>
{[response()], binary()}.

parse_replies(<<Reqld:8/integer, A:16/integer, R/binary>>, Acc) >
parse_replies(R, [{ReqIld, A} | Accl);

parse_replies(Buffer, Acc) —>
{Acc, Buffer}.
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terminate/1

—-spec terminate(State :: term()) —> ok.

terminate(_State) —>
shackle_utils:info_msg(?MODULE, "terminating~n", [1]),
ok.

" Oadgear



Starting client pool

—spec start() —
ok | {error, shackle_not_started | pool_already_started}.

start() —
shackle_pool:start(?POOL_NAME, ?CLIENT_TCP, I
{port, 7PORT},
{reconnect, true},
{socket_options, I
binary,
{packet, raw}
1}
1, |
{pool_strategy, random}
1).
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Starting client pool

—type client_option() ::

{ip, inet:ip_address() | inet:hostname()} |
{port, inet:port_number()} |

{protocol, protocol()}
{reconnect, boolean()}
{reconnect_time_max, time()} |

{reconnect_time_min, time()} |

{socket_options, [gen_tcp:connect_option() | gen_udp:option()]}.

—type protocol() :: shackle_tcp | shackle_udp.
—type time() :: pos_integer().
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Starting client pool

—type pool_option()
{backlog_size, backlog_size()} |
{pool_size, pool_size()} |
{pool_strategy, pool_strategy()}.

—type backlog_size() :: pos_integer() | infinity.
—type pool_size() :: pos_integer().
—type pool_strategy() :: random | round_robin.
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Starting client pool

1> arithmetic_client:start().
ok

T 127.0.0.1:54269 —> 127.0.0.1:8080 [AP]
49 4e 49 54 INIT

T 127.0.0.1:8080 —> 127.0.0.1:54269 [AP]
4f 4b OK

Oadgear
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Calling clients

—spec add(tiny_int(), tiny_int()) —> pos_integer().

add(A, B) —>
shackle:call(?POOL_NAME, {add, A, B}).

—spec multiply(tiny_int(), tiny_int()) —> pos_integer().

multiply(A, B) —=>
shackle:call(?POOL_NAME, {multiply, A, B}).
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Calling clients

2> arithmetic_client:add(5,10).
15

T 127.0.0.1:54269 —> 127.0.0.1:8080 [AP]
00 01 05 @a

T 127.0.0.1:8080 —> 127.0.0.1:54269 [AP]
00 00 of

Oadgear
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Calling clients

3> arithmetic_client:multiply(2,6).
12

T 127.0.0.1:54269 —> 127.0.0.1:8080 [AP]
01 02 02 06

T 127.0.0.1:8080 —> 127.0.0.1:54269 [AP]
01 00 0Oc

Oadgear
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Casting clients

—-spec add_async(tiny_int(), tiny_int()) —> {ok, request_id()}.

add_async(A, B) —>
shackle:cast(?POOL_NAME, {add, A, B}).

—-spec add_receive(request_id()) —> pos_integer().

add_receive(RequestId) ->
shackle:receive_response(RequestId).
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Tips & tricks
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Performance tips

* pattern match everything

* use Iolists when you can

* keep your client lean

e use ETS for shared state

* measure, measure, measure
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* make profile
* fprotx
e cachegrind
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- en e - G O Q ™ - o

o0 Flat Profile {shackle_server,handle_msg,2}
: Types Callers All Callers Callee Map Source Code
Search: (No Grouping) d
Incl. Distance  Called Caller
Incl. Self  Called Function Location I 100.00 5 0 m Undeﬁr?eq (_pseUdo) )
W 3223 3.48 39951 || {shackle_server,handle_ms... shackle_server fu 100.00 4 17 {proc_lib,init_p,5} (proc_lib) _
I 1294 345 19935 g {shackle_server,handle_ms... shackle_server fZuw 100.00 3 16wl {proc_lib,init_p_do_apply,3} (proc_lib)
W 3541 3.18 39967 m {shackle_server,loop,1} shackle_server B 100.00 2 16 1l {shackle_server,init,5} (shackle_server)
| 1242 297 20000 m {shacklecall,2} shackle B 100.00 1 39951 M {shackle_server,loop,1} (shackle_server)
| 8.31 2.83 20000 m {shackle_pool,server,1} shackle_pool
2.68 2.68 100879 ml {erlang,setelement,3} erlang

5.05 2.29 20000 m {arithmetic_tcp_client,handl... arithmetic_tcp_client
3.95 1.71 19935 pj {arithmetic_tcp_client,handl... arithmetic_tcp_client

282 1.70 20000 m {shackle_queue,add,2} shackle_queue
281 1.69 20000 m {shackle_queue,remove,2} shackle_queue
1.62 1.62 60000 pu {ets,update_counter,3} ets
3.33 1.21 20016 g {prim_inet,send,3} prim_inet
2.12 1.18 20016 m {erlang,port_command,3} erlang
6.67 1.14 20016 ml {gen_tcp,send,2} gen_tcp
1.14 1.12 39935 p {arithmetic_protocol,parse_... arithmetic_protocol
1.12 1.12 40034 m {ets,insert,2} ets
! 14.09 1.12 20020 W {shackle_profile,-fprofx/0-lc... shackle_profile 951 x

1.65 1.12 20032 pu {inet_db,lookup_socket,1} inet_db

1.65 1.11 20000 m {shackle_pool,server_index,3} shackle_pool
1.64 1.11 20000 m {arithmetic_protocol,request... arithmetic_protocol {shackle_server,handle_msg,2}
1.65 1.11 20000 m {shackle_backlog,check,2} shackle_backlog

0,
1.65 1.11 20000 m {shackle_backlog,decreme... shackle_backlog W _132.23 %
1.64 1.10 20000 m {shackle_pool,options,2} shackle_pool
0.94 0.94 20017 i {erts_internal,port_comman... erts_internal [_120 000 EM
0.56 0.56 20000 M {ets,take,2} ets
| 1298 0.55 20000 m {arithmetic_tcp_client,add,2} arithmetic_tcp_client
3.89 0.55 20016 M {inet_tcp,send,2} inet_tcp
0.55 0.55 20002 pi {ets,delete,2} ets
7.22 0.55 20000 pm {shackle_tcp,send,3} shackle_tcp
1.69 0.55 19935 m {arithmetic_protocol,parse_... arithmetic_protocol —120 000 x [120 000 x [ 119992x
0.54 0.54 20000 m {ets,lookup_element,3} ets
0.54 0.54 20032 M {erlang,port_get_data,1} erlang {arithmetic_protocol,request,4}
0.54 0.54 20017 m {erlang,make_ref,0} erlang

0.53 0.53 20000 m {arithmetic_protocol,request... arithmetic_protocol i
0.53 0.53 20000 pui {arithmetic_protocol,opcode... arithmetic_protocol

0.53 0.53 20000 m {shackle_pool_utils,server_... shackle_pool_utils 120 002 x
0.53 0.53 20000 pf {os,timestamp,0} 0s \

2.01 0.22 2496 pl {shackle_server,handle_ms... <0.43.0>: shackle_server
2.02 0.22 2501 g {shackle_server,handle_ms... <0.47.0>: shackle_server
2.03 0.22 2 500 wmi {shackle server.handle ms... <0.50.0>:shackle server

fprofx.cgrind [1] - Total Time Cost: 201 892 485 4

m 1.64 %

Parts Callees Call Graph All Callees Caller Map Machine Code
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Performance

* removed handle_timing/2
* made round_robin default pool_strategy
* shackle_compiler
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Performance

Timing

1.2K

1.0K
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600
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0
3/7 00:00 3/7 04:00 3/7 08:00 3/7 12:00

== anchor_client

3/7 16:00

3/7 20:00
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anchor (memached binary client)
buoy™ (http 1.1 client)

flare* (kafka producer client)
marina (cassandra 2.1+ client)
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Send

1.4 Mil

1.2 Mil

1.0 Mil

800 K

600 K

400 K

200K

3/7 00:00 3/7 04:00 3/7 08:00 3/7 12:00

== {anchor_client,marina_client,pacingder|_client,rtbo_iplists_client_client}

3/7 16:00

3/7 20:00
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e cluster support (multi host)

improve test coverage

oroperty-based tests
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th/anchor
th/buoy
th/flare
th/marina

th/shackle
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http://github.com/lpgauth/anchor
http://github.com/lpgauth/buoy
http://github.com/lpgauth/flare
http://github.com/lpgauth/marina
http://github.com/lpgauth/shackle

Thank youl!

@|pgauth
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