
Analytic,	+irst-principles	performance	modelling	of	
distributed-memory	applications	is	not	available

due	to	a	wide	spectrum	of	effects	cause	by	noise	and	complex	
interplay	between	code,	message	passing	library	and	cluster

We	propose
a	non-linear	physical	coupled	phase	oscillators	model

Bridging	the	gap:	a	theoretical	model	for	a	comprehensive	
insight	of	global	consequences	on	performance	in
(non-)equilibrium	states	of	(ir)regular	applications
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Validation	by	applying	one-to-one	
mapping	between	simulated	ODE	system	
model		and	practical	application	traces	
ported	into	same	graphical	visualization
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Fig. 4: The delay propagation mechanism in the most simple setting: A long execution delay (spanning several execution
phases) is injected at MPI rank 5 and time step 1. Communication is in eager mode, and unidirectional from process i to i+1
after each execution phase. The injected delay causes a waiting phase (red bar) at rank 6 and, after another execution phase, at
rank 7, etc.. The idle wave propagates through the system at a fixed speed due to the regularity of execution phases. Note that
the width of the communication phases has been exaggerated for clarity; communication accounts for only about 0.2% of the
runtime.

different domains with different communication characteristics
(e.g., intranode vs. internode) will change the picture, but this
is outside the scope of this work.

A. Basic flavors of delay propagation

It can be expected that the different communication pa-
rameters described in Section II-C cause different idle wave
propagation patterns. Figure 5 shows a scan of all eight combi-
nations of eager/rendezvous protocol, periodic/open boundary
conditions, and unidirectional/bidirectional non-blocking next-
neighbor communication, again running only one process per
node. In all cases the communication was implemented by first
initiating nonblocking MPI_Isend/MPI_Irecv calls to all
neighbors of a process and then calling MPI_Waitall.

Figure 5(a) depicts the same situation as in Figure 4 (eager,
unidirectional, nonperiodic) but shown for the full set of 18
ranks. Due to the open boundary conditions, the idle wave runs
out at the last process. This changes with periodic boundaries
(Figure 5(b)): The idle wave wraps around until, after 17 steps,
it hits the process on which the delay was injected. There it dies
out because process 5 is still busy receiving the outstanding
eager messages from above, and as soon as the idle period on
rank 4 ends, everything is in sync again.

Figures 5(c) and (d) show the situation for eager but
bidirectional communication. Idle waves must now propagate
in both directions from the injection but die out at the boundary
for a nonperiodic process chain. In the periodic case, they wrap
around and meet at rank 14 where they cancel. This is the first
indication that idle waves must be a nonlinear phenomenon
that cannot be adequately described by a linear wave equation.

With larger messages, the rendezvous protocol kicks in
(lower row in Figure 5). In this case, even with unidirectional
communication (Figures 5(e), (f)) the idle wave must propagate
in both directions because rank 4 cannot get rid of its messages
to rank 5 as long as the injected delay lasts. The general pattern
is thus the same as for bidirectional eager-mode communication
(Figures 5(c), (d)).

Finally, with bidirectional rendezvous-mode communication
(Figures 5(g), (h)) the idle wave propagates twice as fast,

because two neighbors of the delayed process are blocked in
either direction.

These observations are entirely expected when looking at the
basic mechanisms of point-to-point communication, but several
questions come to mind: Does the interaction of propagating
idle periods have a more intricate phenomenology than shown
with these simple and controlled experiments? What is the
speed by which an idle wave ripples through the system? Does
system or application noise change the overall picture? And
what is the role of system topology, specifically the intranode
multicore structure of the cluster? These questions will be
addressed in the following sections.

B. Interaction of propagating delays

As demonstrated in the previous section, idle waves can run
out at process chain boundaries or cancel completely when
hitting each other. Since delays of different duration might
be injected in random ways across the whole communicator,
the question arises what happens in more complex scenarios.
Figure 6 shows the result of three experiments on 100
MPI processes with bidirectional eager-mode communication
and periodic boundary conditions running on ten sockets
(five nodes) of the InfiniBand cluster. Of course, the intra-
node communication characteristics differ from the InfiniBand
parameters, but this is of no significance here. Delays were
injected on local rank 5 of every socket. For equal delays
(Figure 6(a)) we observe the expected cancellation after five
hops. If delays on odd sockets are just half as long (Figure 6(b)),
partial cancellation occurs and the (originally) longer idle
periods continue to propagate until they cancel with their
symmetric counterparts from the next even socket. With random
injections (Figure 6(c)), the longest initial delays cause idle
waves that survive until they run out by other mechanisms
(in our case, by the termination of the program after 20 time
steps).

These experiments point to an important hypothesis, namely
that idle waves can survive for a long time on a non-noisy
system, but might be damped away by deliberate injection of
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Fig:	Delay	propagation	in	MPI	parallel	programs	

Fig:	Modelled	runtime	per	time	step	normalized	to	slowest	
process	at	first,	two	intermediate	and	last	time	steps.	

MPI	program	results	were	similar	and	thus	not	added	here	


