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Parallel programing



Structured Parallelism I



Algorithmic skeletons



I



Bulk Synchronous Parallelism



I



Fonctional Parallele Programing
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Algorithmic Skeletons Data Parallelism



Roots I



Cole 1989



I



Distributed data structures



I



Patterns of parallel programs



I



Collectives operations (map)



I



Reduction (scan)



I



Distribution / balancing operations



Pros Separation of programing model and execution model I



Easy to use



I



Optimised implementation for each targeted architecture



Cons I



Limited number of data structures and operations
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Bulk Synchronous Parallelism (BSP) Execution model Roots Valiant & McColl, ann´ees 90



three models I



Abstract architecture



I



Execution model



I



Cost model



BSP computer I I I



p memory/processor couples (of speed r ) One communication network (of speed g ) One synchronisation unit (in time L)
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Cost model T (s) = max0≤i l) r bh x l (gr y ⊗r r) + + bh y (l ⊕l gl x) r BH PROP



BH PROP parallelizable



Parallel ( heatSeq ) (parallel (f := heatSeqBH ... ))
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property of heat function            



heat [ ] bh [ ] heat [a] bh [a] heat (x ++ y)          bh (x ++ y)   heatSeq



l l l l l



r r r r r



= = = = =



lr=



heatSeqBH



[] [] [Formula a l r] [k a l r] heat x l (hd option y > l) r bh x l (gr y ⊗r r) + + bh y (l ⊕l gl x) r BH PROP



BH PROP parallelizable



Parallel ( heatSeq ) (parallel (f := heatSeqBH ... ))
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1 Coq embedding of BSML 2 Correct parallelisation 3 Correct Programs Construction using Skeletons 4 Extraction and experimentation



Extraction 5 Conclusion & Perspectives
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Extraction Coq PRIMITIVES



Module Type PRIMITIVES. Parameter bsp p : nat. Axiom bsp pLtZero : 0 < bsp p. Parameter par : Type → Type.



BSML Programs and Proof of correctness



Parameter mkpar : ∀ f : processor → A, { X : par A | ∀ i : processor, get X i = f i }. Parameter apply : ∀ (B : Type) (vf : par (∀ a :A, B)) (vx : par A), . . . Parameter put : ∀ (vf : par (processor → A)), . . . Parameter proj :∀ (v : par A), . . . End PRIMITIVES.



Extraction BSML PRIMITIVES



module Primitives : PRIMITIVES with type α par = α Bsml.par = struct



BSML Programs
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let bsp p = nat of int (Bsml.bsp p) type α par = α Bsml.par let mkpar f = Bsml.mkpar (fun i → f (nat of int i)) let apply = Bsml.apply let put vf = parfun (fun f → compose f int of nat) (Bsml.put(parfun (fun f → compose f nat of int)vf)) let proj v = compose (Bsml.proj v) int of nat end
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Experimentation



implantation BH extraite implantation BH extraite défonctorisée implantation directe extraite implantation directe extraite défonctorisée implantation non certiﬁée 80 70



I



MIReV - PCs clusters



I



16 processors



I



Un-functorisation to enable compiler optimisation



J. Tesson, Constructive algorithmics in Coq.



time(sec.)



60 50 40 30 20 10 0 500000 1e+06



2e+06



3e+06



4e+06



5e+0



size



FraDeCoPP



42 / 48



1 Coq embedding of BSML 2 Correct parallelisation 3 Correct Programs Construction using Skeletons 4 Extraction and experimentation 5 Conclusion & Perspectives
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Conclusion - http://traclifo.univ-orleans.fr/SDPP Modelisation of BSML Correct parallelisation Skeletons



Applications



Sequential



Primitives Properties & stdlib Sequential implementation list distribution BH others (map,filter,last,...) Heat equation Heat equation BH Counting tower building Maximum prefix sum LIFO’s Coq library : lists, vector, algebra
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Specifications 30 216 60



Proofs 0 464 35



91 622 456 403 199 186 35 105 110 1995



15 602 884 226 363 57 0 59 0 2827



4508
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Conclusion



Development of BSML programs in Coq I



I



Programing style similar to usual BSML Extraction of parallel programs directly usable



Proof BSML programs in Coq I



Strongly specified programs



I



correct and composable parallelisation



Algorithmic skeletons I



Eases the development of parallel programs (automates the parallelisation)



I



Correctness proof done once and for all
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Perspectives BSML Primitives + imp´ erative style Reasonning on cost Algorithmic Skeletons New skeletons Programs and correctness proofs



Extraction



Extracted BSML Programs



BSML primitives implementation



Un-functorisation and BSML compilation verified



Parallel Executions
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Thank you for your attention Questions ?



J. Tesson, Constructive algorithmics in Coq.



FraDeCoPP



47 / 48



plan



1 Coq embedding of BSML 2 Correct parallelisation 3 Correct Programs Construction using Skeletons 4 Extraction and experimentation 5 Conclusion & Perspectives
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Annexes



´ Evaluation symbolique



Heat Equation s´ equentiel



Communication : shift



Parall´ elisation correcte complet
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Heat Equation communication
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´ Exemple - Evaluation symbolique BSML



Program Definition Sp : par nat := apply (mkpar (fun p ⇒ (fun i ⇒ i+1))) (mkpar (fun p ⇒ proj1 sig p)).
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´ Exemple - Evaluation symbolique BSML



Goal ∀ p : processor , get Sp p = ‘p + 1. Proof.
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´ Exemple - Evaluation symbolique BSML



intros p. unfold Sp. get (proj1 sig (apply (proj1 sig (mkpar (fun ( : processor ) (i : nat) ⇒ i + 1))) (proj1 sig (mkpar (fun p0 : processor ⇒ ‘p0 ))))) p = ‘p + 1
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´ Exemple - Evaluation symbolique BSML



rewrite (fun V1 V2 ⇒ proj2 sig (apply V1 V2 )).



(get (proj1 sig (mkpar (fun ( : processor ) (i : nat) ⇒ i + 1))) p) (get (proj1 sig (mkpar (fun p0 : processor ⇒ ‘p0 ))) p) = ‘p + 1
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´ Exemple - Evaluation symbolique BSML



rewrite (fun f ⇒ proj2 sig (mkpar f )).



(fun (i : nat) ⇒ i + 1) (get (proj1 sig (mkpar (fun p0 : processor ⇒ ‘p0 ))) p) = ‘p + 1
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´ Exemple - Evaluation symbolique BSML



rewrite (fun f ⇒ proj2 sig (mkpar f )).



(fun (i : nat) ⇒ i + 1) ‘p = ‘p + 1
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´ Exemple - Evaluation symbolique BSML



reflexivity. Qed. Unamed thm is defined
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Fixpoint heatSeq l r dt dx κ (u : list number ) : list number := := match u with | [] ⇒ [] | uI : : u’ ⇒ match u’ with | [] ⇒ [ Formula dt dx κ uI l r ] | uIPlusOne : : ⇒ (Formula dt dx κ uI l uIPlusOne) : : (heatSeq uI r dt dx κ u’) end end.
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getBounds Program Definition getBounds (A :Type)(l r : A) (v : par(list A))(H : ∀ i, get v i 6= nil) : { vr : par A | ∀ (i :processor), get vr i = if ( i == firstProc ) then l else sLast (get v (i-1)) }× { vr : par A | ∀ (i :processor), get vr i = if ( i == lastProc) then r else sHead (get v (min (i+1) lastProc)) } := let tmp := getBoundsAux l r H in ), ( parfun (@noSome A) (parSig (fst tmp) parfun (@noSome A) (parSig (snd tmp) ) ). J. Tesson, Constructive algorithmics in Coq.
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getboundAux Program Definition getBoundsAux (A :Type)(l r : A) (v : par(list A))(H : ∀ i, get v i 6= nil) : { vr : par (option A) | ∀ (i :processor), get vr i = Some ( if ( i == firstProc ) then l else sLast (get v (i-1)) ) } × { vr : par (option A) | ∀ (i :processor), get vr i = Some ( if ( i == lastProc) then r else sHead (get v (min (i+1) lastProc))) } := let msg := put(apply(mkpar(fun (pid :processor) data (dst :processor) ⇒ if ( dst == (pid+1) ) && negb(pid == (bsp p-1)) then Some (sLast data) else if ( dst == (pid-1) ) && (negb(pid == 0)) then Some (sHead data) else None)) (parSig v H) ) in ( applyat firstProc (constantFunPar processor (Some l)) msg (parSig (mkpar(fun pid⇒pid-1)) ), J. Tesson, Constructive algorithmics in Coq.
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Program Definition shift A dec (v : par A) : {vr :par A| ∀ i, get v i = get vr ( (i+dec) mod bsp p) } := let received := put (apply (mkpar (fun (i :processor) l (j :processor) ⇒ if ( j==(( i + dec) mod bsp p) ) then Some l else None )) v) in parfun (@noSome ) (parSig (apply (mkpar (fun (i :processor) (f : processor → ) ⇒ f ((bsp p - (dec mod bsp p) + i) mod bsp p))) received) (fun a ⇒ a 6= None) ) . Next Obligation. . . .
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Parall´elisation correcte fp



join



partition f
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Parall´elisation correcte fp



join



partition f



Composabilit´e : gp ◦ fp ? gp



fp partition



join f
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Parall´elisation correcte fp



join



join f



Parall´elisation correcte composable fp join



gp join



join f
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Fin
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D´ ebut
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