Verifying and timing
concurrent instruments

Dominic Orchard



thanks to Sam Aaron for some of these slides & inspiration



A talk about...

* Verification
* Analysis

* Programming
e Music

e Outreach

e Education
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ns meta-ex.shader
iuse [overtome. Live)
irequire [shadertone.tone :as t)

t/start-fullscreen “resources/shaders/fireball.glsl"

t/start-fullscreen “resources/shaders/sine_danceigls\™
t/start-fullscreen “resources/shaders/electron.glsl”

t/start-fullscreen “resources/shaders/spectrog
33 this puts the FFT data in iChanneld

i: previous frame in iChamnell
itextures |iovertome-audio :

Qlsl"
a3 texture of the

t/start-fullscreen “resources/shaders/menge
33 this puts the FFT data in iChanneld
33 previous frame in iChamhell

t/start-fullscreen “resources/shader
itextures | jovert

glsl"

t/start-fullscreen “resou /shodersfﬁve.olsl" itextures | iovertone-a\
wdio | \
tlsurt-fullscmo..!r&oumlshm"/sth“.glsl'

itextures :overtone-sudio "resources/textures/granite.png" “reso\
urces/textures/towel.png" |

J

t/stop
demo 5 # (sin-osc:kr 0.3) (saw (200 101))

t/start-fullscreen 'mmlshﬁaulswlm.glsl'/i textures [“resour\
ces/textures/buddha_». jpg" | ™\

defsynth vwv

let [a (+ 300 (+ SO (sin-osc:kr (/13)))) - | &
b (+ 300 (* 100 (sin-osc:kr (/ 15)))) - -
- (tap “a" 60 (a2k a))
_ (tap "b" 60 (a2k b)))
(out @ (pan2 (+ (Sin-0sc a)
(sin-osc b))))
def v wwv

t/start-fullscreen "resources/shaders/vwv.glsl® ——
:user-data { “iA" (atom {:synth v :tap “a"})
"i8" (atom {:synth v :tap "b"}) )\

o

kill v
stop

-1 @ee—F2 shader.clj- -~ ALl (8,54) "(Clojure cider [meta-ex

~UU= _ grumb

" ns meta-ex.grusb
o Liuse lovertone Al
. Imet 3 t.mixer| ‘ \

- - -m 1l \

J

‘; :) Inspired by an ex e in eoriy .chipter'.. of the :

defsynth grumble speed 6 1 1 out-bus 1
let [snd (mix (map fle ( (o % f k
(+ (1f-noiselikr lag speed 60 ) 3y
(line:kr 1 =1 30 :action FREE)))) /
} 2) 2]1)))
psczkr 50))) 1

/2

(out out-bus (» amp (’f-g°
] !
defsynth grusble speed 6 freg-mul 1 ¢ amp 1 v |
m{w@x(-of('(m(-tf L 100)) .
& (max @ (+ (1f-nois ! speed 60 )
~n * \2 ~ (line: ~1 30 :action PREE))))
\ N3 ;
(out out-bus (» (g

U ;'znm (sin-osc:
\
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Demo #|

play, sleep, loops, iteration



Statement Real

Duration Time
A, play :C
e —————— Aa
Ay play :E
e e T T T T T T Aa+Ab
A, play :G
e T Aa+Ab+AC
sleep 1
T Aa+Ab+AC+1
Ay play :F
e .. ] Aa+Ab+AC+1+Ad
A, play :A
I ————————— Aa+Ab+Ac+1+Ad+Ae
Ay play :C
. .. .| Aa+Ab+AC+1+Ad+Ae+Af
sleep 0.5
e e e e Aa+Ab+AC+1+Ad+Ae+Af+O.5
Aq play :G
e Aa+Ab+AC+1+Ad+Ae+Af+O.5+Af
Ay play :B
I Aa+Ab+AC+1+Ad+Ae+Af+O.5+Af+Ag
A, play :D
....................................... Aa+Ab+AC+1 +Ad+Ae+Af+O.5+Af+Ag+Ah




Statement Real Virtual
Duration Time Time
A, play :C  |p--=zzz-----ooooooooo oo Fe===== b
..................................... 0+ Aa 0
Ay play :E e - - - e
..................................... 0+ Aa + Ab 0
A, play :G | _____ - =—=
..................................... 0+ Aa + Ab + AC 0
\_
sleep 1 ——
..................................... 1 1
Ay play :F |- == - ===
..................................... 1+ Ad 1
Ag play :A IR N ===
..................................... 1+ Ad + Ae 1
A, play :C | -———————————== - - - -
..................................... 1+ Ad + Ae + Af 1
C—
sleep 0.5
g
..................................... 1.5 1.5
A, play :G Rttt il aiataats
..................................... 1.5+ Ag 1.5
A play :B ey ey _ - -
..................................... 1.5+ Ag + Ah 1.5
A 1) 2 R ey yn— ——-l_TZ===
....................................... 1.5+Ag+Ah+Ai 1.5




A formal semantics for sleep

- Abstract interpretation “time system”
* Denotational semantics (via monads)

* Prove “time safety” = prove semantics
sound wrt. time system

“lemporal semantics for a live coding language™
Aaron, Orchard, Blackwell, FARM 2014



Simplified Sonic Pi v2.0 syntax




lime system

|—|v : virtual time |—]|t : actual time
P;v=E] =[P+ [E] P;sleept]y =~ (|[P]v+t) max [Pl
[Sleep t]v =1 [P; V = Azt ~ [P]t + [Az]t

AT, =0

e.g. P; sleep 2 where |Pli=1, |P|lv=0

5. |P;sleep 2i= (0 + 2) max 1 = 2
|P; sleep 2|y = 2



lime system

|—|v : virtual time |—]|t : actual time
P;v=E] =[P+ |E P;sleept]y =~ (|[P]v+t) max [Pl
[Sleep t]v =1 [P,U _ Azt ~ [P]t 4 [Az]t
AT, = 0
eg. P;sleepl where |P|i= 2, [P]\=0

. |P; sleep 1lt= (0 + 1) maz 2 = 2
P; sleep 1|, =1




lime system

|—|v : virtual time |—]|t : actual time
P;v=E] =[P+ |E P;sleept]y =~ (|[P]v+t) max [Pl
[Sleep t]v =1 [P; V = Azt ~ [P]t + [Az]t

AT, =0

Lemma 1. For any program P then |Pl; > |P|..



Denotational semantics

 State for virtual time

* Read only actual time (updated from OS)

Temporal a = (start time, current time) —
(old vtime — (a, new vtime))

|P|top : Temporal ()

* Paper describes core monadic semantics with Haskell

Temporal a = (Time, Time) —
(VTime — IO (4, VTime))



Time safety

soundness of the denotational semantics

« wrt. virtual time

Lemma 2. |[runTime |P||l, = |P|v

» wrt. actual time (modulo constant sequential overhead)

Lemma 3. [runTime |P||t ~ |Pl:



Demo #2

“live loops”, synchronisation

Two problems
* Thrashing (zero time sleep)

* Deadlock



Preventing thrasing

* Perform virtual time analysis

* Ensure that:

Plv = O

» Current system needs extending to concurrent &
higher-order setting



Extended time system

[P]V:p [E]V:e

se null var
el P;v=FE],=p+e pall 0], =0 el ], =0
slee ac :
sleep 'sleep t|, =t act A’y =0
[cond] [el]v —° [62]\/ il
|if g1 then e else e3], = s max t
[ | P, =1 1 Pl, =1t
ST [spawn :name P]V = () loop) [|oop P]v — 0O
Pl, =1
1terate [ ] n 1s constant

n.times P|, = nt



Extended time system

[P]V:p [E]V:e

se null var
el P;v=FE],=p+e pall 0], =0 el ], =0
slee ac :
sleep 'sleep t|, =t act A’y =0
[cond] [el]v —° [62]\/ il
|if g1 then e else e3], = s max t
Pl =1 Ply=t t>0
[spawn] [loop]
'spawn :name P, = 0 loop P|, = o0
Pl, =1
1terate [ ] n 1s constant

n.times P|, = nt



Higher-order time system

- Need to associate (virtual) times to functions

T,v:oke:7ly=n [I’I—elzagT]V:nl I'Feq:oly, =no

b
o THMNe:o>7,=0 PP I'Fejex: 7]y =n+ng+nso

* Has the shape of traditional effect system

I'Cx:0F e:1, F T'-e:05 1 G I' - e2: 0, H

aps - app
I'-Ar.e:0—> 71, O I'-erez:7, FuGuH




Higher-order & dependent

Time may depend on parameters:

define :foo do |t]
sleep t

If implicit, dependent-type style formulation not necessary



Other benefits...

- |DE feedback on analysis to aid programming, e.g.,

play :C4
sleep 0.5 0.5
play :esé
sleep 0.25 0.75
play :g4
sleep 0.15 0.90
How
long is play :as4
this so sleep 0.5 1.40
far?
play :ds4
sleep 0.125 1.925
play :¢5



Preventing deadlocks

» Session-type style analysis

* cue ~ send
* Sync ~ receive

cue :n : n! sync :n : n?’

* Duality => compatibility => no deadlock



Cue/sync session types

live loop :foo do live loop :bar do
sync :B sync :A
cue :A cue :B
play :C3 play :E4
sleep 1.0 sleep 0.5
end end
. B7.AL0 . A7.BLO

B”.Al.L0 # dual(a?.B!l.0)

* Here, incompatibility => deadlock



Cue/sync session types

live loop :foo do live loop :bar do
cue :A cue :B
sync :B sync :A
play :C3 play :E4
sleep 1.0 sleep 0.5
end end
. Al.B7.0 . BL.AZ.0

A!.B?.0 # dual(Bl.A”.0)

« But this time there is no deadlock



Cue/sync session types

AlB?.0 # dual(Bl.A?.0)

* cue is asynchronous

» use sub-typing on sessions

AlLP <: PA!

AlB7.0 <: B”.ALO
B”.Al.0 = dual(Bl.A?.0)



Putting it together

* Virtual time and sessions as effects

['Fe: 7| vtime, session

t,S
T — T



Putting it together

I'-Pls,S Tke:7|t,T ' v:17€el
e T Py — e st LT 00 YT e 0.0
[sleep] lact] :
' sleept|t,0 I'-A"]0,0
[sync] [cue]
'+ syncn|0,n! ['Fcuen|0,n?
'-P|t,S 1 '=P|t,S t>0
spavn] spawn :name P | 0, S lloop ['Floop P | oo, up.(S.p)
I'EP|t,S
iterate n 1s constant
n.times P | nt, up.(S.p)
e :7|s,S Te:7|t,T
[cond]

if g1 thenej elseey: 7| smaxt, S+ T



Putting it together (2)

Dx:obe:7|n(x),S(x)

labs]
) n(:c),S(:U)>

I'EXxe:(z:o 70,0

['Fei:(x:o0) n(x)’s(x)m'\nl,sl ['Fes:o|ng,So

[app) ['Feiep:7|nlez) +ni +ng,51.52.5(e2)



Time safety - extending

|—]|t : actual time
0] = 0
P;sleept]y =~ (|[P]v+t) max [Pl
[Piv=A'le = [Pl + [A]



Time safety - extending

P | 9 where P
Q

Qle= if [P |i< Q"]
then [P']e x '[Q"]c/ [P"]t)

cue :A; P’
sync :A; QF

else |P'];

+ Complicated multiple (non-leading) cues/syncs

» In practice, one sync/cue per looped thread is fine

* Autocueon live loop
+ Optional sync at head



Challenges - “liveness”

- Responsive analysis

 Update AST with changed code, rather than complete re-
analyse

* Online analysis? (during typing)



Conclusions

* Programming with music is really fun
» Great for education
* Interesting verification challenges for music

* Need fast analysis for live-programming
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