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® explicit parallel threads

® parallel arrays, tuples, bindings, case
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® Concurrent ML
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® spawn, channel, send, recy, etc...

® parallel arrays
® map, reduce & & Z 5 [C1TD

® parallel tuples, parallel bindings, parallel case
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Infrastructure for Nested Scheduler
e f5l: Round-Robin, Gang Scheduling

e GC > CML, parallel arrays, etc (€ 2 W T dik1o7& L




® Fiber
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Fiber

® first-class continuation CxkiH

type fiber = unit cont
fun fiber f = let

cont k () = (f();stop())

in k end . f() Z3E1T
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® Fiber Local Storage (FLS)
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Preemption
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Virtual Processor (vproc)
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® Ready Queue, Scheduler Stack
o AT Va1—JlcLDEEFTNS ()




® VProc c&Dkb—7
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Infrastructure for
Nested Scheduler
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Scheduling Operations

® Primitive
® datatype signal = STOP | PREEMPT of fiber
type action = signal -> void

val forward : signal -> void

Ready Queue (CXI T DI1R1E

® Operations

o
® val run : (action * fiber) -> void
o
o

® spawn, stop, preempt, yield, migrateTo
o Utility
® mask, unmask, atomicYield, concurrent queue




AT 31—7DFKIR

® datatype signal = STOP | PREEMPT of fiber
o RT IV a—TMNRITE>TFI

e STOP: AL wW RAEIKT

e PREEMPT: AL v FZTTARY KU,
AVTFARNAA Y F

® type action = signal -> void
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o fiber DEIT

Primitive

run : (action * fiber) -> void
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Primitive

o XTI 1—SDELT

® forward
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: signal -> void
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Ready Queue

® enq : fiber -> unit

o IRTED vproc D 1 —IC fiber ZEN

® deq : unit -> fiber

o IRTED vproc DF 2 —M5 fiber ZEXD T

® enqOnVP : (vproc * fiber) -> unit
o D vproc M 1 —IC fiber Z &N
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o AL v RKRDAERL

fun spawn f =

enq (fiber (fn () =>

Spawn

Fiber Local Storage @?]J,Hﬁ'ﬂﬁ)

setFls (newFls ());
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Stop, Yield

o ALY RZRTZES

fun stop () = forward STOP
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fun yield () = fﬁﬂ%ﬁ;@@ continuation % B3 |

let cont k X = X in
forward (PREEMPT k)

end [ﬁg—:jl—icr_jul‘/793‘/%E%i@’ﬂ])




Migration

o EITHDAL Y KRZMMD vproc [CHE]

fun migrateTo vp =
let
val fls = getFls ()
cont k x = ( setFls fls; x)
In TFLS ZBR U i E Z3%1T9 % continuation )
enqOnVP (vp, k);

stop ()
end
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Utility Functions

® atomicYield : unit -> void
® scheduler stack WS AT 2 —F%ZHDH
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® concurrent queue
® non-blocking queue

® emptyQ, addQ, remQ




51): Round-Robin

¢ Uniprocessor . Jval roundRobin : signal -> void }

cont roundRobin sgn =

case sgn of

STOP => dispatch () =
_ continuation 2 C
) . — | P,REEMPT k => Ready Queue CC)\*L%]
AT2a1—7% | |et val fls = getFls ()

Round-Robin & U
—C?;\nl/ \y°|<'\n¢é cont k’ () = ( setFls fls ; throw k () )

TAAINY F in enq k’ ; dispatch () end
\ .
cont dispatch () = run (roundRobin, deq ())




Load Balancing

o vproc HVidle RREICTR o Tc & &
o {th® vproc [CTEHARVIC thief AL v KR Z AR

o thief AL v NIZERIED vproc %z N,
T937% load B’HB/a5. ALY RZTTD
vproc ICEEIS B3




{4]: Gang Scheduling
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e parallel arrays (C C /A3
® Gang Scheduling A3 D future DA FX

fun future thunk =
let val fut = newFutureCell thunk in
addQ (getReadyQueue (),
fiber (fn () => futureStealAndEval fut) ) ;
fut /\

end[gﬁﬁd) Ready Queue ZHE L. #Z ZIT fiber 7&7\115}




val gq = initGanQueue ()
val fls = getFls () [:\:1—(;: fiber KV 13 LIZBETF D

cont gsAction sgn = let (A7 Y2~ 7R EEES
cont dispatch () = case remQ ngof
NONE => ( atomicYield () ; dispatch () )
| SOME k => (' setFls fls ; run (gsAction, k) )

In * 1 —I(C fiber NHANITEFNZ
case sgn of E179 B(AT Y 1—7F Gang)
STOP => dispatch ()
| PREEMPT k =>

(addQ (gq, k) ; atomicYield () ; dispatch () )
A
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Speedup

Evaluation

"Raytracer"
"Barnes—Hut"
"Merge sort"

"Bitonic sort"
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