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Plan-do compilation technique is a new, advanced compilation framework for eager data transfer

on distributed-memory parallel architectures. The technique is especially effective for a recent
breed of fine-grained architectures by realizing a high-throughput low-latency communication
scheme, pipelined sends. The compilation of high-level, plan-do style code into low-level, eager data
transfer code is achieved via straightforward application of a set of translation rules. Preliminary
low-level benchmark results on a real parallel architecture, EM-4, exhibit good speedups.
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1: Packet Exchange for a Pipelined Request
Message Send
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(throw i d5)
(throw 1 d6)
(do p3)
(newplan (p4 d7 d8) (arith3-+ d4))
(throw j 47)
(throw 2 d8)
(do p4 p2 pi)
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(t1, tg, t3 new)

(tl, tg, t3 new)
Trf(do py) :: v} (penv, denv) =

if penv(p;) = req-send(ty,12,13)
Tri(do p1) :: r] (penv, denv) =

lf penv(pl) = arith3-+(d1, ('t], t2, ts))
Tr[(throw v, dy) :: r] (penv, denv) =

Tr[r] (penv, denv)

Tr{(newplan p; d; d; (req-send)) :: r]| (penv, denv) =
Tr[r] (penv{p: + req-send(t1,13,t3)}, denv{dy — (p1,1),ds — (p1,2)})

Tr[(nevwplan p; d; d; (make-tuple d3)) :: 7] (penv, denv) =

Tr[r] (penv{p; — make-tuple(ds)}, denv{d, ~ (p1,1),dy — (r1,2)})
Tr{(newplan p; di d; (arith3-+ d3)) = 7] (penv, denv) =

Tr[r] (penv{p: — arith3-+(ds, (11,2, 13))}, denv{d; — (p1,1),d2 — (11,2)})

(get-read-pointer 1, t3) :: (req-send t3 t;)  Tr[r](penv, denv)
Tr[(do p1) = v} (penv, denv) = Tr[r] (penv, denv)

(arith3-+ ity 1y t3) = (Trnsfr[ts, nil, d;] (penv, denv)@ Tr [] (penv, denv))

(Trnsfr[vin, fly, di] (penv, denv)@ - - - @ Trnsfr [vin, fl,, di] (penv, denv))@

where Decomp(vi) = {(vin, f1y),- - -, (v1n, f1,,)}

Trasfr [, nil, d1] (penv, denv) = [(assign v 1), (get-rqst-mbox-on #; i3)]
if denv(d1) = (p1,1) and penv(p;) = reg-send(t;, i, t3)
Trnsfrlu, fl,d1] (penv, denv) = [(setarg-remote v; t; f1)]
if denv(d;) = (p1,2) and penv(p;) = reg-send(ty, ta, t3)
Trnsfru, fl, d1] (penv, denv) = Trasfrv, (i — 1) =: fl, d2]} (penv, denv)
if denv(d;) = (p1,1) and penv(p;) = make-tuple(d;)
Trnsfr v, nil, d1] (penv, denv) = [(assign v t;)]
if denv(d;) = (p1,1) and penv(p,) = arith3-+4(d, (11,12,13)) (for 1 <i < 2)

if penv(p1) = make-tuple(d;)

2: Translation Function from Plan-Do Style Code into Lower-Level Code for Pipelined Sends.
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Plan-Do Style Code

(newplan (p1 di d2) (request-send))
(throw obj1l di1)
(get-rgst-mbox-on ti t2) [*1]
(newplan (p2 d3 d4) (make-tuple d2))
(newplan (p3 d5 d6) (arith3-+ d3))
(throw i d5)

(throw 1 d6)

(do p3)

(setarg-remote t6 t2 (0)) [*2]
(newplan (p4 d7 d8) (arith3-+ d4))
(throw j d7)

(throw 2 d8)

(do p4)

(setarg-remote t9 t2 (1)) [*3]

(do p2)

(do p1)

(request-send t3 t1) [x5]

(get-read-pointer t2 t3)

Lower-Level Code

(assign obj1-0 ti)}

(assign i-0 t4)
(assign 1 t5)
(arith3-+ t4 t5 t6)

(assign j-0 t7)
(assign 2 t8)
(arith3-+ t7 t8 t9)

[*4]

[*1] allocate a message box t2 on the node of t1, [*2] pipelined remote write of i+1,

[*3] pipelined remote write of j+2, [*4] complete the initialization of the message box,

[*5] send the message box address.

3: Generated Lower Level Code for [obj1 <= [(+ i 1) (+ j 2)1]
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4: Latency Comparison Between Pipelined/Non-Pipelined Sends
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