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A workflow is an abstraction that models a complex and modular working
process as a set of steps and their inter-dependencies.
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A hybrid workflow is a workflow
whose steps can span multiple,
heterogeneous, and independent
computing infrastructures.
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Failures: soft error

Input data Output data

w9 %

Application raises
an exception
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Failures: fail-stop error
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Fault tolerance

A workflow manager is fault tolerant when it can continue the execution correctly even if a
failure occurs.

Our contribution

if input data are available, then retry failed step
otherwise rollback of steps which output data are lost

Recovery of the failure is delegated to a new sub-workflow. This sub-workflow is called
recovery-workflow.

A synchronization mechanism is necessary to manage dependencies across concurrent
recovery-workflows.
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Formalization: grammar

Workflow syntax

W::=«1, D, t) Il (W, W)

ti=p ot (e L) (e t) Tt e
u ::= exec(s,I, 0) // tran(v, 1)) // tran(v, 1) /
rec(x)

v ii=d [/ mJ L I ok [/l ok, // err (x)

x ::=s J/ D, 1/ d 1/ m, 1



Formalization: grammar

Workflow syntax

(1, b, t) Il (w,, W)
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Formalization: grammar

Workflow syntax

W

(1, b, t) Il (w,, W)

where D1 1s

D,

L,

represents all traces in the workflow

M(s,) is the mapping steps-locations
d is the dataset

m_.
si

are the messages that driver sends to locations



Formalization: grammar

Workflow syntax

(L, D, ty I (W, W)

l"l " t1't2 " (t1 | t2) " (t1 + t2) " g t " 0



Formalization: grammar

Workflow syntax

W

(1, Dy, ty Il (W, W)
::= l‘l " t1't2 " (t1 | t2) " (t1 + tz) " g t " 0

Actions: p

Operators: “.", “|", °
Empty trace 0O

Pointer denoting which is the current execution of

the trace t: " t

n

=
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Formalization: grammar

Workflow syntax

W

(L, D, ty I (W, W)

t bl et I (e 1 ty) I (g + ) 7t e

g ::= exec(s,I, 0) || tran(v, 1)) | tran(v, 1) |
rec(x)
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Formalization: grammar

Workflow syntax

W

(L, D, ty I (W, W)

T

bl IF (e 1) I (e, +t) I~ t o

u ::= exec(s, I, 0) [ tran(v, 1)) |l tran(v, 1)) |
rec(x)

v i:=d || m_ || m, | | ok |l ok, Il err (x)

S
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Formalization: grammar

Workflow syntax

W

(L, D, ty I (W, W)

T

bl IF (e 1) I (e, +t) I~ t o

u ::= exec(s,I, 0) || tran(v, 1)) | tran(v, 1) |l
rec(x)

Vv d || m_ || m ok |l ok, Il err (x)

S d, 1 ”

sllpo, 1d 11 m,1

S

X ..
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Formalization: rule act

[ = M(s)
<ld,D1_d, init(t(s).1).t > | (I, Dy, t) —)(ld,Dzd,:n;‘f t(s),1). 1 > | <l,D1_,t >

(IN1T)

if I(s) Z Di AN ms € Di, X ={err(D,l)} where D={d|d€ I(s) AN d& D;}
if I(s) CD; X ={0(s),Mg} where My ={mg,;|de€ O(s)} v X ={err(s)}

<l, D;, exec(s, I, O '.t> — <l, (D;\{m.})UX, exec(s, I, O). t>

(ExXEC) {

if v € {d,ms}, then X =0 and V = {v,0k,} VV = {err(v,l3)}
v E Dll

if v={mg,,0kq,0km,}, then X = {v} and V = {v}

<ll-.Dll-. tran(v, ls ‘.t1> I <l2,D12, tran(v ‘.t2> —
<11,D[1 X, tran(v, l2). t1> | <12,D12 V", tran(v, l1). t2>

(TRANS)

v=-err(z) A err(z) € D; wherez = {s,(D,l),(d,1l),(ms,1)}
<l, D;, tran(wv.l *.t> | <ld, D"d’ tran(v, ! ».td> —
<l,D1_ (v}, tran(v, l4). t> | (ld, Dy, U{v ', tran(wv, l).Dtd rec(a >

(TRANSERR)

err(d,l) € D, AN mg;1 € Dy
Di; = Diy \ {mad,,}

(LosTDATA)
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Formalization: recovery rule actions

err(s) € Dy,

(REC(8))

(la, Diy,ta | "rec(s)) | (I, Di,t(s)) —
<ld,D,d (err(s)}, tq | vec(s)” | 't s > [ 4k By 07] )
Vd; € D such that err(d;,l), M, 1 € Dy,
VYdy, € D such that err(dp,l) € D;, and m,, ;,dp & D dp € I(s,)
(REC(D)) d ho d

(la, Diy,ta | “rec(D,1)) | ||<lj=D1.j,tj> | TT{tx, Dy te) | (1, Du,t)y —
i K

<ldled & L) )ity |rec(D,l) rec( s
H<lj,D1j,tj cran(di, 1)) | (1,,0 | t(s))
j

err(d,l),mg;p € D, A 1€ M(sy) de O(s1)

REC(D
( (D)) (la, Dig,ta | “rec(d. 1)) | (I, Dy, t'y | (I, Dy, t) —
<lde1d L €1 ‘ ““,td |rec(d,l) > | <ll,D1/,t/ tran > |
<l,D[,t tran(d. !l ).conf : )
err(meg, 1 D
(REC(’ITLS)) e e )E td
(la, Diy,ta | "rec(ms, 1)) | (I,Di,t) —
<ld,D1d Lerr(a [)},tq | rec(d,l) tran(w'r‘z._g,l).conf(ok.ms._l)> |

(I, Dy, t | tran ).conf(



Example

Workflow
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Conclusions

>3 Mixed different fault tolerance mechanisms
TC Introduced a semantics for fault tolerant hybrid workflows

Implemented the mechanism in StreamFlow, a hybrid
workflow system




Future works

Deep performance study about the implemented
S mechanism in StreamFlow

3 Extend the semantics with workflow loop

g? Support non-deterministic workflows



