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Programming Language
Vs

Programming System



Interacting with a Compiler
Vs

Interacting with a System



Operating Systems

"An operating system is a collection of things that
don't fit into a language. There shouldn't be one.”
-- Dan Ingalls



Unix + Shell + Emacs

Plan 9 / Oberon



System

A system is a group of interacting or interrelated elements
that act according to a set of rules to form a unified whole.

A system, surrounded and influenced by its environment,
is described by its boundaries, structure and purpose and expressed in
its functioning.



CPUL: Tasks: 16 total, 1 running
Mem[iiii Piiiii} Load average: 0.12 0.04
Supl Uptime: 00:00:50

/sbinszinit
/sbin/udevd --daemn
dhclient3 —-e IF_ME
/sbin/sgetty 38400
/sbin/sgetty 38400
/sbin/sgetty 38400
/sbin/sgetty 38400
/bin/login ——
/sbin/sgetty 38400
/sbins/syslogd -u s
/binsdd bs 1 if /p
s/sbinsklogd -P /va
susr/sbhinzatd
susr/sbhin/cron
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|Home(H) | Network(N) |System(S) |Ets(E) |App(A)|Doc(D)|Plugin(P)recon:proc_count(memory, 35) Interval:1500ms | ODays 0:1:19

|Erlang/0TP 22 [erts-10.6] [source] [64-bit] [smp:4:4] [ds:4:4:10] [async-threads:1] [hipe] [dtrace]

S Count/Limit 5 Stat Info

|Proc Count | 74/262144 | Version | 22.2 | Active Task {IFL

|Port Count | 4/65536 | ps -o pcpu | 0.4% | Context Switch | 153987

|Atom Count 17961/1048576 ps -0 pmem 0.5% Reds(Total/SinceLast | 46553122/95492

| Total | 35.5375 MB | 100.0% | Binary 1.0249 MB | 02.88% | IO Output | 364.3145 KB/7.2813 KB

|Process | 15.9133 MB | 44.78% | Code 7.7241 MB | 21.74% | 10 Input | 8.8525 KB/24 B

|Atom | 481.6416 KB | 01.32% | Port Parallelism (+spp) | Gc Count | 6988/14

| 1.1406 MB | 03.21% | RunQueue | Gc Words Reclaimed | 74880677/277557
00.33% |3 . 00% 00.00% |7
00.01% . 00° 00.01% |8

IName or Initial Call Reductions| MsgQueue |Current Function
|group:server/3 1948386| 0 |group:more_data/6
|erl_prim_loader 8316160 | |erl_prim_loader:loop/3
|disk_log:init/2 27655 |disk_log:loop/1
|application_controller 113080 | |gen_server:loop/7
|erlang:apply/2 17830 | |shell:shell_rep/4
| code_server 288594 | | code_server:loop/1
| rebar_agent 1208920 | |erlang:hibernate/3
| kernel_sup 2745 |gen_server:loop/7
|file_server_2 31102| |gen_server:loop/7
|erlang:apply/2 468 | |observer_cli_store:loop/1
|init 4237 | |init:loop/1
|user_drv 35744| |user_drv:server_loop/6
|application_master:start_it/4 320] |application_master:loop_it/4
| Logger_sup 747| |gen_server:loop/7
| Logger 872 | |gen_server:loop/7
| Logger_std_h_ssl_handler 236| |gen_server:loop/7
|httpc_profile_sup 498 | |gen_server:loop/7
| Logger_std_h_default 232| |gen_server:loop/7
|disk_log_server 348| |gen_server:loop/7
|ssl_admin_sup 455 |gen_server:loop/7
|httpc_rebar 324 | |gen_server:loop/7
|kernel_safe_sup 480| |gen_server:loop/7
|erlang:apply/2 1447 | | to:execute_request/2
| tls_server_sup 337| |gen_server:loop/7
|disk_log_sup 335]| |gen_server:loop/7
| tnet_gethost_native 289 | | inet_gethost_native:main_loop/1
|httpc_sup 334 | |gen_server:loop/7
| inets_sup 347 | |gen_server:loop/7
|dtls_sup 329| |gen_server:loop/7
|tls_sup 332| |gen_server:loop/7
|ssl_connection_sup 331 |gen_server:loop/7
|ssl_sup 331]| | gen_server:loop/7
|application_master:start_it/4 |application_master:loop_it/4
| Logger_proxy |gen_server:loop/7
inet_db en_server:loop/7

[SHoNCNoNONORONONONONONONoNoRONONONONONONoNoRONONONONoNoNoNoNONONONO]




localhost

Update every m

Phoenix LiveDashboard Selected node

Home )S Data Met Request Logger

System information System limits
Erlang/OTP 24 [erts-12.0.2] [source] [64-bit] [smp:8:8] [ds:8:8:10] | Atoms 2.5%
threads:1] [jit] [x86_64-apple-darwin20.5.0] (]
Erlang's stdlib Ports 0.0%
3.15.1
Uptime Total input Total output Processes 0.1%
13m 105.2 KB 1.4 MB
Run queues Memory

:;’“' ;PU 'g UE O

@ Atoms 8 Binary
i Code ETS
Environment @ Code T
@ Processes @ Other
USER
Total usage: 48.9 MB
ROOTDIR

Phoenix LiveDashboard was made with love by # Dashbit & & DockYard
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Programming Systems



Lisp Machines



Display Debugger on Peek

Abort Exit Edit function Breakpoints
Proceed Switch windows Find Frame Monitor
Return Help Backtrace Exit traps
Reinvoke Bug Report Source code Call traps

Proceed without any special action

Allow process to continue

Return to Lisp Top Level in Dynamic Lisp Listener 1
Restart process Dynamic Lisp Listener 1

Backtrace Operation on SI :LIISP—TDP-II_EUELI:
process:Process-eL|  Clear trap—on-exit for this frame
process:Process-MA|  Disassemble the function for this frame

® soLsprocess wAIt | Edit this frame’s function
sticon-seLecT-per1|  ReiNvoke this frame
cpa:coman-Loor-E|  Return from this frame
SIPROPERTY SYS:DTPI Set the current frame
Tosnrteotiricatr|  oet the current frame (detailed)

PROCESS: sWITH-PrROC| el trap-on-exit for this frame]

SI:LISP-COMMAND-LO : | .
a1i1ep_Tor-Levec:| Show this function’s argument list

O Marking and vanking menu
Fresentation debugging meny

Inspect history| System mend
Window operation menu

SI:LISP-COMMAND-LOl - Show arguments with which frame was called

SCL:PROCESS-WAIT
@ ENTRY: 2 REQUIRED, @ OPTIONAL, REST ARG ;Creating PROCESS::WHOSTARTE

2 PUSH NIL 3;Creating PROCESS: :ARGUMENTS
4 START-CALL-INDIRECT #’PROCESS:PROCESS-WAIT

& PUSH FP|2 3PROCESS: s WHOSTATE

18 PUSH-INDIRECT #’PROCESS::VERIFY-FUNCTION

7 PUSH FP|3 3LISP:FUNCTION

12 PUSH LP|@ 3PROCESS: : ARGUMENTS

12 FINISH-CALL-APPLY-4-RETURN

[]Break:

s-A, (RESUME»: Proceed without any special action
s-B, <@EoORT>»: Allow process to continue

s-Cz Return to Lisp Top Level in Dynamic Lisp Listener 1
s-Dz: Restart process Dynamic Lisp Listener 1
+ Set Current Frame SCLIPROCESS-NRIT

Nl

sh-Mouse-L, -M, -R: Set trap-on-exit for this frame.

Arguments, locals, and specials

Arg @ (PROCESS::WHOSTATE): "Await Exposure"

Arg 1 (LISP:FUNCTION): #<Compiled function TV:iSHEET-EXPOSED-P 268511687372>
Rest Arg: (#<DYNAMIC-LISP-LISTENER Dynamic Lisp Listener 1 20086482557 deexp
Local 3 (PROCESS::ARGUMENTS): (#<DYNAMIC-LISP-LISTENER Dynamic Lisp Listener

To see other commands, press Shift, Control, Meta-Shift, or Super.

[Sun 13 Dec 3:11:26] joswig

ANSI-CL CL-USER: User Input TELNET serving WILDFIRE




Smalltalk
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Phar

The immersive programming experience

Pharo is a pure object-oriented programming language and a powerful environment, focused on
simplicity and immediate feedback (think IDE and OS rolled into one).

|# Pharo
,'\ x -0 Playground
Random>>#see Page >
Variables lfliSlOﬂ l numbers l
Pk.*Core$ v @m -3 m“ = Set new.. . =
. © sharedRandom ace 10 timesRepeat: [ numbers add: 100 atRandom ].
; ini humbers in ]
B Handom Tests ()Collecyon < in spect
()} Matrix ]

53 RecentSubmissions
[ Refactoring-Changes
» [ Refactoring-Core

{} OrderedDictionary
{} SequenceableCollection

"Refer #privateNextSeed and [1] [RubSmalltalkEditor

» [ Refactoring-Critics ()} set Sy
EJ Refactoring-Environmen ¢ Integer x-0 debugit
Elnefaaorfng-res&chansv : »Proceed CiRestart ¥ Into & Over
» 1 Refartnrino.Tocte.Cara A Hier. 2 s —
<« > v Hier. Do 4
seed: aNumber valueWithReceiver:arguments:
debug:receiver:in: [ aCompiledMq.‘

pharo.org



e Concurrency
e Fault tolerance

e Scalability/adaptability

Erlang

Designed to build a specific type View Erlang as a SYSTEM
of system :
with a language, not a

Telecom systems language with concurrency




The Erlang
Language

The result!

Processes

Asynchronous messages,
selective receive

Primitives for error detection
and control

Primitives for managing and

loading code

No mutable, shared, global
data

Functional language -
originally logical

No user defined datatypes!




The BEAM

Designed to run Erlang!

Very close coupling between
Erlang and the BEAM
Directly implements most

language features (all of the

above)
Provides communication with

outside world - ports and
NIFs




Tracing
Introspection

-I-h e Hot Code Loading

External Format
BEAM
SySte m Scheduling

Networking
Remote Shell

Preemptive Multitasking




e Native Languages
( Erlang semantics )
Elixir, LFE, Caramel, ...
e “Skins” on top of Erlang

Languages on the
B EAM e Non-Native Languages

( different semantics )

Luerl (Lua on the BEAM)
e Implemented in Erlang
e Run external to the BEAM




get_file(Host, Path) ->
ok, Bin} = rpc:call(Host, file, read file, [Path]),

file:write file(Path ++ ".copy", [Bin]

armstrongonsoftware.blogspot.com/2006/09/why-i-often-implement-things-from.html



Concuerrer

Concuerror is a stateless model checking tool for Erlang programs. It can be used to detect and debug concurrency errors, such
as deadlocks and errors due to race conditions. Moreover it can verify the absence of such errors, because it tests programs
systematically, unlike techniques based on randomness.

COINICUerror.coim



Partisan

High-Performance Distributed Erlang

C)star 625

Partisan

Partisan is the design of an alternative runtime system for improved scalability and reduced latency in actor applications.
Partisan provides:

» Better scalability by leveraging different network topologies for communication

» Reduced latency through efficient parallel message scheduling for actor-to-actor communication

Partisan is provided as a user library in Erlang and achieves up to an order of magnitude increase in the number of nodes the
system can scale to through runtime overlay selection, up to a 34.96x increase in throughput, and up to a 13.4x reduction in
latency over Distributed Erlang.

github.com/lasp-lang/partisan



RESEARCH-ARTICLE

Scaling Erlang distribution: going beyond the fully
connected mesh

Authors: Adam Lindberg, Sébastien Merle Peer Stritzinger Authors Info & Affiliations

Erlang 2019: Proceedings of the 18th ACM SIGPLAN International Workshop on Erlang « August 2019 « Pages
48-55  https://doi.org/10.1145/3331542.3342572

I ABSTRACT

Distributed Erlang, the process of transparently running Erlang programs over networks, has
a long history of immense usefulness but has problems when distributed systems reach
certain scales. We explain the issues and show research done towards the goal of transparently
enhancing Erlang distribution, so that changes to existing applications and systems can be
avoided. We propose several research directions together with prototype implementations
that all serve the purpose of improving the current status quo. This includes using different
transport protocols, generalizing implementation efforts and incorporating routing protocols
for more dynamic node constellations. We then describe some background and history of
various work to solve Erlang distribution scalability issues. We show that there is much room
for improvement on the Erlang distribution layer without breaking abstractions that

developers are used to and rely on.

https://dl.acm.org/doi/10.1145/3331542.3342572



e0e
plad

Show Processes

Filter functions i.e. gen_s:call or #t for all traces

qry_com:
v ©

& & acc_lower_bounds/2
8 & acc_upper_bounds/2
8 & add_types2/3
8 & add_types_to_filter/2
8 & break_out_timeseries/3
8 & check_if_timeseries/2
8 @ col_index_and_type_of/2
& & compile/3
8 & compile_select_clause/2

riak_kv_qgry_compiler

8 & compile_select_col/2

8 & compile_select_col_stateless/2
8 & compile_select_col_stateless2/3
& & compile_where/2

8 & compile_where_clause/3

& ™ expand_query/4

8 & expand_where/3

@ & extract_options/1

& & extract_stateful_functions/2

& & extract_stateful_functions2/3
& & finalise_aggregate/2

8 ¥ finalise_aggregate2/3

< | ) >

\ Hide Modules ‘\ Refresh Modules.

8 & find_quantum_field_index_in_key/ «

erlyberly-1462009440221@mac connected to devi@127.0.0.1

Proc 10:44:03.32

| . o977 *
| Erlang Memory | xrafAnaIysIs || Disconnect || Preferences | Tweet
\ Traces | <0.24802.5> riak_kv_qry_compiler:my_mapfoldl/3 X |
Functlon arguments Result
#Fun<riak_kv_qry_compiler.1.55826920> v {
[
[ g vl
‘ vl Wil
v { sint64
identifier timestamp
vl ]
POLITISY ]
] [1
} }
]
v Stack Trace (13)
~

riak_kv_gry compiler:compile_select clause/2
unknown function
riak_kv_gry_compiler:compile_select_clause/2
riak_kv_gry compiler:compile/3

unknown function
riak_kv_qgry_compiler:compile/3
riak_kv_gry:do_select/2

riak_kv_ts_svc:sub_tsqueryreg/4

github.com/andytill/erlyberly



Pid
<0.25.0>
<0.3.0>
<0.11.0>
<0.12.0>
<0.143.0>
<0.20.0>
<0.0.0>
<0.32.0>
<0.21.0>
<0.138.0>
<0.139.0>
<0.22.0>
<0.29.0>
<0.132.0>
<0.31.0>

<

code_server
erl_prim_loader
kernel_sup

rex

net_kernel

init

erlyberly_tcollector

user_drv

o
|
x ) ¢
Hide Processes || Show Modules | Refresh Modules || Erlang Memory ‘ ‘

Filter on process pid and registered name

Reductions

195169
166812
48198
42641
11453
8085
4771
4146
2435
2078
1705
1413
936
833
533

OO0 OO0 0O 0O O 0O OO o ol o O

V'S
| —1
xref Analysis | Disconnect

| Preferences

erlyberly-1462099934987@mac connected to e@mac

Processes @ 11:52:15.208

| 37

‘ 9 Refresh | ‘ c Start Polling ‘ Traces :‘ Process State for kernel_sup X ‘

A
4

141848
20688
33480
972288
12784
7896
20688
141848
4880
229520
141848
1864
7896
7896
1864

24
48
72
72
80
72
16
128
72
64
24
24
64
88
176

A

Heap Siz... ‘% Stack Si.

- D
name = {local, kernel_sup}
one_for_all

X
v
v {
#Pid<e@mac.34.0>
(BB kernel_safe_sup
v
vi
supervisor
start_link
vl
{local, kernel_safe_sup}
kernel

safe

github.com/andytill/erlyberly



¢ ALl calls to lists:seq(A,B), with 100 calls printed at most:
recon_trace:calls({lists, seq, 2}, 100

%% ALl calls to lists:seq(A,B), with 100 calls per second at most:
recon_trace:calls({lists, seq, 2}, {100, 1000}

%% ALl calls to lists:seq(A,B,2) (sequences increasing by two) with 100 calls at most:
recon_trace:calls({lists, seq, fun([_,_,2]) -> ok end}, 100

%% ALl calls to iolist_to_binary/1 made with a binary as an argument already
%% (a kind of tracking for useless conversions):
recon_trace:calls({erlang, iolist_to_binary,
fun([X]) when is_binary(X) -> ok end},
10

%% Calls to the queue module only in a given Pid, at a rate of 50 per second at most:
recon_trace:calls({queue, '_', '_"}, {50,1000}, [{pid, Pid}]

%% Print the traces with the function arity instead of literal arguments:
recon_trace:calls(TSpec, Max, [{args, arity}]

%% Matching the filter/2 functions of both dict and lists modules, across new
%% processes only:
recon_trace:calls([{dict,filter,2},{lists,filter,2}], 10, [{pid, new}]

%% Tracing the handle_call/3 functions of a given module for all new processes,
%% and those of an existing one registered with gproc:
recon_trace:calls({Mod,handle_call,3}, {1,100}, [{pid, [{via, gproc, Name}, new]

%% Show the result of a given function call, the important bit being the
%% return_trace() call or the {return_trace} match spec value.
recon_trace:calls({Mod,Fun,fun(_) -> return_trace() end}, Max, Opts
recon_trace:calls({Mod,Fun,[{'_"', [], [{return_trace}]}]}, Max, Opts

ferd.github.io/recon



Boot into the BEAM



WIRELESS EMBEDDED SYSTEMS

GRiSP: A BASE TO BUILD ON

AN ERLANG VIRTUAL MACHINE ON BARE-
METAL BOARD

Create amazing Internet of Things designs without soldering or dropping down to C.

LA R RN Abibin bbb

More at GRiSP.org

Abban

grisp.org



[\ NERVES

Craft and deploy
bulletproof
embedded software

Nerves is a complete loT platform and infrastructure for you to
build and deploy maintainable embedded systems.

GET STARTED

nerves-project.org



Kry10 Secure Platform

Secure, Robust, Fast, Easy

The Kry10 Secure Platform (KSP) is a breakthrough Operating System and
Support Service built on the world-class selL4®, Erlang, and Elixir

technologies.

LEARN MORE

kryl0.com



Programming for the BEAM
Vs

Programming in the BEAM



Test do

e, async: true

test "it works" do
assert Hello.world() == "hello

end

Evaluated @

require Axor

model =
Axon.input({nil,
|> Axon.flatten()
Finished in 0.00 seconds (0.08s as |> Axon.dense (128

|> Axon.dense (]

Randomized with seed 398770 Evaluated @

%{ X id ’ - . ’

input_4 ( in




Let’s Grow and Improve the System



One More Thing



EFLFE

Elixir Flavoured Lisp Flavoured Erlang

3 Business in the Front

e# Aliens in the Back

An LFE to Elixir Transpiler

github.com/marianoguerra/efe#eflfe-elixir-flavoured-lisp-flavoured-erlang




efe pp-Ife file.conf my-code.lfe



(defmodule ping_pong
(export ...)
(behaviour gen_server)) ; Just indicates intent

(defun start_link ()
(gen_server:start_link
#(local ping_pong) 'ping_pong '() '()))

;3 Client API

(defun ping ()
(gen_server:call 'ping_pong 'ping))

;3 Gen_server callbacks

(defrecord state
(pings 0))

(defun init (args)
“#(ok ,(make-state pings 0)))

(defun handle_call (req from state)
(let* ((new-count (+ (state-pings state 1))
(new-state (set-state-pings state new-count)))
“#ireply #(pong ,new-count) ,new-state)))

(defun handle_cast (msg state)
“#(noreply ,state))

(defun handle_info (info state)
“#(noreply ,state))

(defun terminate (reason state)
'ok)

(defun code_change (old-vers state extra)
“#(ok ,state))

defmodule :ping_pong do
use Bitwise
@behaviour :gen_server
def start_link() do
:gen_server.start_link({:local, :ping_pong}, :ping_pong, [], [1)
end

def ping() do
:gen_server.call(:ping_pong, :ping)
end

require Record
Record.defrecord(:r_state, :state, pings: 0)

def init(args_o0) do
{:0k, r_state(pings: 0)}
end

def handle_call(req_0, from_0, state_0) do
new_count_0 = r_state(state_0, :pings) + 1

(
new_state_0 = r_state(state_0, pings: new_count_0)
{:reply, {:pong, new_count_0}, new_state_0}

end

def handle_cast(msg_0, state_0) do
{:noreply, state_0}
end

def handle_info(info_0, state_0) do
{:noreply, state_o}
end

def terminate(reason_0, state_0) do
1ok
end

def code_change(old_vers_0, state_0, extra_0) do
{:0k, state_0}
end

def unquote(:"LFE-EXPAND-EXPORTED-MACRO")(_, _, _) do
ino
end
end




Thanks

Robert Virding % @rvirding
Mariano Guerra % @warianoguerra



