Two Approaches to Interprocedural

Data Flow Analysis

Micha Sharir Amir Pnueli

Part Two: The Call String Approach

12.06.2010 Nikolai Knopp 1



Functional approach

main

'main

f(rmain'nl)

f(nz»emain)

€main

12.06.2010 Nikolai Knopp 2



Functional approach

main

'main

f(rmain'nl)

a*b avail.?

f(nz»emain)

€main

12.06.2010 Nikolai Knopp 3



Functional approach

main

'main

f(rmain:nl)

a*b avail.?

f(nz»emain)

€main

12.06.2010 Nikolai Knopp 4



Functional approach

main
U

"main

f(rmainrnl)

r arllln»nz) (T) =1
¢ ( [))
a*b avail.?

np

f(nz»emain)
€main €p

12.06.2010 Nikolai Knopp 5



Motivation for a different approach

= Avoid expensive functional compositions

= Possibility to trade off precision vs.
performance to reduce complexity
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1. Definition of a new DF problem (L*, F*)

2. Proof: Solution to (L*,F*) = MOP solution
3. Feasibility and precise variants

4. Approximative solution
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Recap: Interprocedural Graphs

Two representations:
. G=(UyN,,UyE,) E,=EJUE} E°=UE;,’
2. G*=(Uy,N,, E") E* = E°UE! D

s p
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Call String (CS) approach
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Basic idea
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Definition: Call strings

main

decomposed as:

\\,‘ q1 p]
c, S >
p]+1
= (¢1Cp ) =y ET _

call string (CS)to g in G~.
A €T is empty call string (j = 0 in main).

\? dj+1

» I = space of valid call strings in G*

» CM:IVP - I' with CM(q) =y
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New DF framework

« (L', F") = “Extended” version of (L,F)
= Uses interprocedural flow graph G*
= [*: Values € L tagged with call strings €T

= F*: For data set £ € L* apply edge effect to call
string and value
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Value domain L*

s =T > L semi-lattice

m T*=‘}/|—)T
m J_*=‘)/|—)J_
= A pointwise in L:

GNP =) NET)

= “¢ € L* maps call strings y
to values in L propagated
via all paths g e CM~1(y)”
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Value domain L*

s =T > L semi-lattice

m T*=‘}/|—)T
m J_*=]/|—)J_
= A pointwise in L:

GNP =) NET)

‘ )
. ¢ € 1 maps call strings y ,_{ (2

to values in L propagated (({c165¢5), T

Y

via all paths g e CM~1(y)”
bati> 4 ) £(e)) = 1
E((cy)) =1
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Edge effects domain F*

» F*:=L" > L* embeds edge effects from F
into L* domain

= For(m,n) e E*and data ¢ ={..,(y',v'),..} e L’

at m, data atn is f;, (&) ={..,(y,v),..}

= update each y' to reflect (m,n) taken:
y =y o(mmn)

= propagate effect f,,,) € L applied to each v':
V= fmn(')



CS update operation °

» o: ' X E* - I" updates call strings along edges
main p
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CS update operation °
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)

| (c1) o (Tp» Cz) = {c1)
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np
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CS update operation °

» o: ' X E* - I" updates call strings along edges
main p

)

| (c1) o (Tp» Cz) = {c1)

I.Interproc. .y o0, n) = (e,
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np
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CS update operation °

» o: ' X E* - I" updates call strings along edges
main p

)

: (c1) o (Tp» Cz) = {c1)

(cy) o (Cz»rp) = (c1, Cz)‘\

1. Interproc.

2. Call
3. Return

(O)

np

(cicp) o (ep; nz) = (C1>,’
(c1) o (naep) = (c1)

€p
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CS update operation °

» o: ' X E* - I" updates call strings along edges
main p

)

: (c1) o (Tp» Cz) = {c1)

I.Interproc. .y o0, n) = (e,

2. Call :
3. Return

4. invalid (c163) © (ep nZ) - <C1>, -

(c1) o (nz,ep) = (1)

(c;) o (ep,7y) undef.r
\

(cq) o (ep, nl) =2
(cicy) 0 (ep, nl) undef.

€p
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CS update operation °

» o: ' X E* - I" updates call strings along edges
main p

) * __Aelam)=(a)
' (cq) o (cl,rp) undef.

1] : (c1) o (Tp» Cz) = {c1)
. nterprOC. (C1)°(Cz,7'p) — (C]_;CZ)‘\

)

2. Call C2
3. Return
4. invalid (c162) ° (epyma) = {cr) "

(c1) o (nz,ep) = (1)

(c;) o (ep,7y) undef.r
\

______________ ep

(c1) © (ep» nl) = A
(cicy) 0 (ep, nl) undef.
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o consistent with IVP

= y' o (m,n) =y only defined iff:

1. (By definition)
A path q' € IVP(r,,4i,, m) exists with CM(q") =y’

2. (Lemma)
q = q'||(m,n) lies in IVP(1,4in,m) and CM(q) =y

= "o only updates and yields call strings
for interprocedurally valid paths”
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Edge effects domain F*

» F*:=L" > L* embeds edge effects from F
into L* domain

= For(m,n) e E*and data ¢ ={..,(y',v'),..} e L’

at m, data atn is f;, (&) ={..,(y,v),..}

= update each y' to reflect (m,n) taken:
y =y o(mmn)

= propagate effect f,,,) € L applied to each v':
V= fmn(')



Edge effects f;,,

Definition: Let (m,n) € E*, fi;,n) € F,§ € L".

(e D),
{«clcz), T)} :
f(mlcz)
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Edge effects £,

Definition: Let (m,n) € E*, fi;,n) € F,§ € L".

(e D),
{«clcz), T)} :
f(mlcz)

((Cl )) T); *
{(<c1 c2), T)} fimen(®)
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Edge effects £,

Definition: Let (m,n) € E*, fi;,n) € F,§ € L".

i

f
Vyer
fann(@) )= -

f(m,cz)

Co

(<c1>,l,} . B ()
(<C1C2>J T)
(), B, . B ey ©Ue)
SINCS 2
(C1C2);T)} fimey
, if 3y’ with
B GC0) B S
1 else

12.06.2010

Nikolai Kn

\

opp 36



Edge effects domain F*

Define F* € L* - L* such that

1. F* smallest set containing
{(fomlmmn) € B} U {id,}

2. F* closed under functional composition and A



Lemma: Properties of F*

F { monotone
distributive

} in [ = F*{ monotone} in 7

distributive

2. F distributive in L = F* continuous in L*:

For an infinite collection {&,},-; € L* and
(m,n) € E*:

f(?n,n) (/\ €k> — /\f(jn,n)(fk)
k k
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Dataflow equations x;;

= The dataflow problem for (F*, L*):
xr . ={(4,T)}

. x;; — /\(m,n)EE* (f(ﬂ;n,n) (x;;l)) neN" — {Tmain}
= Claim:

3 maximum fixed-point solution (MFPr¢ for

{x::t}nEN*
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Proof: Existence of max. FP solution

= [teratively solving the equations yields decreasing
(F* monotone) chains
W > D)y e N,

Then vy €T

@) = @)
a decreasing chain in L with limit limx;,(y) (exists as
L bounded).

= x; = lim x:W possibly infinite but well-defined

[—>00 n
= {x;, },,en+ IS maximal FP solution to DF problem.
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Maximum FP solution of (L, F)

= |nitialise {x;},,en+ With

cxn ={(A M)

m x;;(o) — | * n e N* — {Tmain}

s Resultif T

= finite: Any iterative algorithm terminates and
reaches MFP.

= infinite: Iteration may diverge, intermediate steps
unsafe approx. of MFP
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main p
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main p
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matn ( {a) D),
) (<C162> T) \\T'p
f { (oD } )
("mainC1) (<C1C2) T) ‘
3 |
— {4,1)} f(cl'rp) f(c (c2 Tp)\ :
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matn ( {a) D),
) (<C1C2) T) \\Tp
f { (oD } )
("mainC1) (<C1C2) T) ‘
3 |
— {4,1)} f(cl'rp) f(c (c2 Tp)\ :
{ ({c1), D), } .
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Chapter summary

Call string approach:

= New dataflow problem on top of (L, F)
= Data “tagged” with propagation history
= Interprocedural flow explicit

» Existence of MFP¢
= No functional compositions
= Only iteratively computable if T finite
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1. Definition of a new DF problem (L%, F*)

2. Proof: Solution to (L*, F*) = MOP solution

3. Feasibility and precise variants

4. Approximative solution
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MOP solution and MFPs

= This chapter: Show that MOP solution
Yn = /\{fq: q € IVP(Tmain»n)} (T)

can be acquired from MFPs.

= Chapter outline:
1. Define MOP
2. Show MOP-c = MFP
3. Extract results x;, € L from MFP
4. Using MOP and MFP,¢, show x;, = MOP
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MOP solution for call strings (MOPc<)

= Propagation of data along paths in G*
For g = (",,4in) S1» > Sk, ) € pathg«:

fa = Fsm) © Fesiens) © 7 Fesnsn) © Frmaimis)

= Call string MOP solution (MOPs)
Vn € Nt y, = /\{fq*(x:main) i q € pathg-(Tnain, Tl)}

main
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MOP solution for call strings (MOPc<)

= Propagation of data along paths in G*
For g = (",,4in) S1» > Sk, ) € pathg«:
fa = Tsum © s © 7 ° Fisusn) © frmamesy)

= Call string MOP solution (MOPs)
Vn e N*: y, = /\{fq*(x,’fmain) : q € pathg:(Tygin, ™)}

. N
main | pathg- 2 1vP |
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Valid-path-only propagation

Lemma:
Let n € N*,q € pathg«(T,4in, 1), Y € T'. Then

1. q €IlVP(rygn,m) and CM(q) =y
e fr(x:  )(y) defined

2 [ (i) @) = fo(TD)

= “MOP.s only contains paths in IVP and for each
such pyields the same result as (L, F)”
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Valid-path-only propagation (Proof)

By induction on i(q) for g = (7,,4in, S1) - » Sk, N):

= [(q) =0: Letn€eN".
q = (rmain) € IVP(Tmain'rmain) = CM(Q) = A

i (fmain) = {4, T} only def. for 2 with T = £, (T).

s |H:
Iff g € IVP(1,,,4i,, 1), 1(q) < k and y = CM(q)

then f7(x7,,0,) (D) = f,(T).

12.06.2010 Nikolai Knopp 60



Valid-path-only propagation (Proof)

= |H:
Iff g € IVP(r,4,,1),1(q) < k and y = CM(q)

then f7(x; () = f,(T)
. 1S: 1(q) = k.

)
’ Fmain

n fq*(x:main)()/) = f(Sk;n) (x;'kk)
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Valid-path-only propagation (Proof)

= |H:
Iff g € IVP(r,4,,1),1(q) < k and y = CM(q)

then f7(x; () = f,(T)

= IS: 1(q) = k.
[ ’ 'main
msk—1 q' y =y o(m,n), y' =CM(q')
q<
Sk f(;’ (x;:main)(y,)
\ n fq*(x:main)()/) = f(sk,n) (x;k)
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Valid-path-only propagation (Proof)

= |H:
Iff g € IVP(r,4,,1),1(q) < k and y = CM(q)

then f7(x; () = f,(T)
. 1S: 1(q) = k.

.
. Tmain

/ y=y'o(mmn), y =CM(q')

Sk-1 (4

Sk

far (i) V=" fr (T

\ n fq*(x:main)()/) = f(sk,n) (x;k)
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Valid-path-only propagation (Proof)

= |H:
Iff g € IVP(r,4,,1),1(q) < k and y = CM(q)

then £ (x; (D) = f,(T)
= |S: 1(q) = k.

.
- Tmain

/ y=y'o(mmn), y =CM(q')

Sk-1 (4

Sk

(e )Y )= (T

\ n fq( rmaln)()/) f(skn)(fq (T)) = fq(T) m

12.06.2010 Nikolai Knopp 64



MFPCS — MOPCS: x;; — y;;

Theorem: (L, F) distributive = vn e N*: x;, =y,
Proof:
" x;, <y, Let g € pathg = (Tqiny S1y oo r Sy 1) -

L
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MFPCS — MOPCS: x;; — y;:

Theorem: (L, F) distributive = vn e N*: x;, =y,
Proof:
" x;, <y, Let g € pathg = (Tqiny S1y oo r Sy 1) -

* * *
xSl S f(rmainysl) (xr‘main)

x5, < f(s, 5)(x5,) By monotonicity

= X;; = fq* (x;‘main)
. . § MOP;s = Nq fq*
Xp = f(sk,n)(xsk) = x;kl < /\q fq*(x* )

Tmain
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MFPCS — MOPCS: x;; — y;:

" Xp = Yn _
By inductionon i: Vi>=0,ne N*: x,";(‘) > Vn
= i=0:
N = Tongin * %o =LY = fo (5 00n) = Vi

. x(0) e * *
N # Tyain * Xn = 17 >y,

= |H:
vi<kneN: x>y
= |S: .
Cont.+Dist.
(ke+1) oy 7 fine
*(K+1) ger * * * *
Xn — /\ f(mn) ( ) = /\ f(m,n)(ym) = Yn
(mn)€EE* (m,n)€EE*
m
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Result for (L, F) from MFPs

Define x;, € L as follows:

Xy = /\ Xn (¥)

yer
[ (e D), Xy = X7 (2) Axp({e)) A
L Gaehm b T
({c1c5€5), T), = 1IATA-
\ J =T

Claim: x;, is the MOP solution in (L, F)
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MFP_., = MOP

Theorem: For eachne N*: x,, =y,

Proof:
n= /\x;i()/) Def xn
yer
o MFP=
= /\{fq (xrmam)(y)lq € pathG*(rmain'n)} MOPCS
yer
= \{fa(D1a € IVP Grnqin,m) sth. CM(q) =y} Oy valid path
yer
CM (D nIvpe
= A\Ua(Dlg € VP (i) e
= Yn "
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Chapter summary

= Shown:
= Get MOP solution from MFP

= Conversion x; — x,, straightforward and without
functional composition

= Call string approach is actually useful

= But: Computing MFP.¢ still problematic
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1. Definition of a new DF problem (L%, F*)

2. Proof: Solution to (L*,F*) = MOP solution
3. Feasibility and precise variants

4. Approximative solution
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= Observation: L finite = functional approach
converges, CS approach not necessarily

» ldea: Ensure termination of CS approach by
limiting to finite CS subset I, €T

= Show: Can be done for all (L, F) with finite L
without losing precision
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Redefinitions using I,

= [, is finite subset of T fulfilling:
If y € I, and y’ initial subtuple of y =y’ €T,

» JVP' :={q € IVP |V prefix q'of q: CM(q") € T}
= Let o, only act in I,

= discards y’ entirely iff y' o, (m,n) ¢ T,
= o, iS consistent with IVP’
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Definitions: DF analysis with I,

Now consider (L, F§) with L :=T, — L finite

= Dataflow equations now iteratively solvable

xh = /\ x5 (¥) (MFP.))

Y€l

= MOP solution using only paths in IVP’
Yy = [\Ufa(©) 1 q € IVP' Gingin, 1)} (MOPrso)
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MO PCSO == M FPCSO

Theorem:vn € N*: xp,, = ¥n,

Proof:

= Completely analogous to MOP-.=MFP- proof by
replacing T',IVP,o by T, IVP',0,

= No reasoning about infinite meets or continuity
of F; required
u
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Motivation: CS of limited length

main p

{ (<C1>' 1)) }
- r{(}» T)} (S€1C2>» T) !

4 I f (ﬂ;np,nz) \

* ' (e D,
f(rmainrcl) ,’, {(<C122>; T)} ,

@ 57 T Teany)

laenm)
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Motivation: CS of limited length

main (), D),

4 ((c162), T), g
- r{m(j,; ) \«Clczcz) T) i ‘\
: { (e D), } (pma) |
f(rmainrcﬂ (<C1C2> T) |‘
D (@) Ty Fo " '|
{ ({cy), 1), } !
(<C1C2>, T)
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Motivation: CS of limited length

main C (e D),
(<C1C2)i T);
- ;{m(cf}vi » (({c162€2), T) £
* ‘ ((C1>, 1)' | (Tp’nZ) ‘\
f(rmam c1) ((Clcz) T) |‘
: \
|

,,f ((Clczcz) T)
— {,1)} () “(ezrph

{églc)al)n} |

A
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Motivation: CS of limited length

( (<C1>' 1);
) (<C1C2)JT);
\(<C1 C5C3), T)

f (e 1), } frpms)

FECTS))
- FH \((C102C2) T)

( ((c1), 1), |
4 ((c162),T),
K«Clczcz) T)
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Motivation: CS of limited length

main ( ((Cl)' 1): )
< ((c162), T),
- {(4,T)} ({c1c262), T),
fmain (((c1Cp05C5), T)J
}‘ (1) 1), }
f(Tmam c1) (<C1C2> T)
WEE 01 ey,
(@D} T (e, ),
4 ((c162),T),
K«Clczcz) T)
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Motivation: CS of limited length

main ( ((Cl)' 1)r )
< ((c162), T),
- {(4,T)} ({c1c262), T),
fmain (((c1Cp05C5), T)J
}‘ (1) 1), }
f(rmam c1) (<C1C2) T)
WEE 01 ey,
(@D} T (e, ),
4 ((c162),T),
K(<C1C2C2> T)

= No information gain on further iteration
= Stop if data tagged by longer CS ,irrelevant”
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Motivation: CS of limited length

M

(4, T}

I'main

(<C1>' 1)) }
(S€1C2>: T) ,'

laenm)

= No information gain on further iteration
= Stop if data tagged by longer CS ,irrelevant”
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Redundant information in analysis

= Why paths of arbitrary length?

= K := number of call sites in program € N
= only possible by recurring on call site(s)

= At each call, analysis arrives with value x € L and
returns with value y € L.
L is finite = |L|* many distinct begin/end value
combinations per call

= |[dea: Recurring on any of the K calls more
than |L|? times is redundant.

12.06.2010 Nikolai Knopp 83



Lemma: Path shortening

Let . . main P1
= (L, F) with L finite

m M =K % |L|2
= K := #(call blocksin G*)
u FO — FM

ThenvneN*:
If g € IVP (7,4, n) then exists
q' € IVP'(1,,4in, N) With

£,(0) = f1(0). (- -
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Lemma: Path shortening (proof)

= Proof: By induction on I(q) := length of q.
= I(q) = 0: A€l and 1 €T,.
= |H: Lemma holds for all paths with I(q) < k,k € N™,
= |S: Letne N, q € IVP(r,,,4,,1),1(q) = k.

Assume q & IVP' (1, 4imp )-
Let ¢’ the shortest prefix with q' € IVP' (1,4, 1).
Then g’ contains M + 1 unreturned calls.

By decomposition Lemma:

a' = qoll (015, ) a1l (c20 1, ) 11w 11(Crtats Topg ) 1Gaa 1
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Lemma: Path shortening (proof)

a' = qoll (1 ) a1 (c20 1, ) 11 11(Emats Topg ) 10001

= M+ 1 calls, but max. M distinct elements. Let (&rﬁ)

a duplicate call. If ¢ returns, let (esn) the return
edge.

= Rewrite g as
qo 11 m5) 11 a1 116 )11 a5 11(ep )11 a3 11(ep,m) ] 4

= Shorter § € IVP (1,4, ) With f; = f, by dropping
redundant parts

= By IH, 3q" € IVP' (1445, 1) for g with f ./ = f, and thus
fq' = 1o
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Lemma: Path shortening (proof)

a' = qoll (1 ) a1 (c20 1, ) 11 11(Emats Topg ) 10001

= M+ 1 calls, but max. M distinct elements. Let (&rﬁ)

a duplicate call. If ¢ returns, let (esn) the return
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redundant parts

= By IH, 3q" € IVP' (1445, 1) for g with f ./ = f, and thus
fq' = 1o
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MOPCSO=MOP

= For M e N > 0, define I}, as set of all y € T with
length < M.

= Theorem:
Let (L, F) a distributive DF framework with L finite,
and I, =T, with M = K = |L|*. Then
Vn € N*:xp, = ¥n

= “If y is too long and gets discarded, a shorter one
in the set represents the same data.”
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Better bounds for M

= M impractically large for most problems
= Lower bounds exists for certain problem

classes.
Example: Decomposable frameworks
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Decomposable frameworks

main p

a*b,2*b
avail.?

€main

L= {{ LAt} {ud, {t, ul, J_} M =50
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Decomposable frameworks

main

a*b,2*b
avail.?

€main

L= {{ LAt} {ud, {t, ul, J_} M =50
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Decomposable frameworks

€main

L= {{ LAt} {ud, {t, ul, J_} M =50
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Decomposable frameworks

a:\?a;ilz.;b

L ={{}{t}, 1}, L, ={{}{u}, 1}, >L=L,xL, M=18
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Bound for decomposable frameworks

= Theorem: Let (L, F) decomposable into k
frameworks (L;, F))¥ ;.
Setting the maximum callstring length to

_ N2
M=K ié?la_t_%}(lLll)

yields y,, =y, Vn € N,
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1 -related frameworks

= Definition: A decomposable DF framework
(L,F) is 1-related if each F; only consists of
constant and identity functions.

= Theorem: In this case, using T, = I';; yields
Vng = Yn VN EN".

= Example: Available expressions is 1-related.
Decomp. into subproblems (L,,F,) for each
expression e with

Le — {T, 1,J_}, Fe — {id'fTifl'fJ_}

12.06.2010 Nikolai Knopp 97



Chapter summary

» |f L finite, MFP iteratively computable on T
= Precision/safeness depending on choice for T

= Enforce termination by limiting max. CS
length

= Precision preserving bounds exist, but only of
theoretical value

= Better bounds exist for special problem classes
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1. Definition of a new DF problem (L%, F*)

2. Proof: Solution to (L*,F*) = MOP solution

3. Feasibility and precise variants

4. Approximative solutions
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= Prefer a safe approximative solution x,, < y,
over MFP; if
= MFP< not (iteratively) computable

= computation not feasible MFP- by time/space
constraints

and computation of ¥, < y, feasible.

=>Accept precision loss for less complexity.
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Reducing complexity of CS approach
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Embedding T into T

= Let * an operation in I with left identity
w € T.

» Encoding function ¢:T - T
= Define o(n) for each callnoden in G*.
= Fory = (cicy ...c,) ET:

o(y) = o(cy) * - a(cy)
and

a(y) = w.
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Transfer relation R,

= For each (m,n) € E*, define transfer relation

R(m,n) € f X f:

= |f (m,n) intraproc.:

VvaeTl: a R(m,n) a

= |f (m,n) interproc.:

o(¥") Rimn) 0(¥)

— p—1
= Rcall — Rreturn

12.06.2010 Nikolai Knopp
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Acceptable paths

Let g = (nq,n,,...,n,) € pathg-.

= Define Rq = R(nl,nz) ° R(nz,ng) ©rn0 R(nk_l,nk)

= q acceptable :o R, # ¢

= Intraprocedurally acceptable paths:
IAP (7,50, 1) = {q € pathg:(Tmain, M) |Rgiw} # (Z)}
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Invalid paths in IAP

W Rg o (y)

CM(q')

CM(q'||(m,n))
a R(m,n) b
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Invalid paths in IAP

CM(q'||(m,n))
a R(m,n) b
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Invalid paths in IAP

CM(q')

CM (g

CM(q'||(m,n))
a R(m,n) b
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Invalid paths in IAP

CM(q')

CM (g

CM(q'||(m,n))
a R(m,n) b
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Invalid paths in IAP

= IAP ("4, 1) 2 IVP(T4in, n))

C|
a R(m,n) b
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Dataflow analysis using I

Now define framework (L, F)
» L =T>L
= For edge (m,n), data in &, is propagated to &,
from all a € T to b € T for which a R, b:

f(ﬂ;n,n) (gm) (b) = /\{f(m,n) (fm (a)) la R(m,n) b}

= As before, define DF equations, the MFP solution

{£:},,en+ (Which exists as T finite), and the MOP
solution 9, using IAP.
= Obviously 7, < y,, so a safe approximation.
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Dataflow analysis using I' (contd.)

= Without proof:

= [ distributive: Xn = V0 < Yy
= [ only monotone: X,<9,<vy,
= Examples:
« T ={w} » ' =7Z/kZ, k €N
gy P w vcall c;e N*:0(c)) =i
x: {w,w} »w axb :=(a+b)modk

= intraproc. analysis = only k call strings
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Summary
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Summary: CS Approach structure

= CS approach makes interprocedural flow
explicit

= Avoids functional composition of propagation
functions

= Keeps track of origin of data by tagging with CS
= Complexity of approach “controlled” by T

12.06.2010 Nikolai Knopp
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Summary: Results of CS approach (1 /2)

Assume (L, F) distributive.

= [ and T finite:

MFP iteratively computable and yields MOP
solution.

= Only L finite:
Iterative calculation of MFP-s will converge
on MOP if T replaced by I}, else likely to
diverge
= Depending on problem, better bounds exist.
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Summary: Results of CS approach (2/2)

All other cases combinations of:
= (L, F) not distributive
= L infinite
= F not bounded

= Convergence then only guaranteed if T
embedded into finite subset T

= Also likely to be the only feasible approach to the
other situations

= Solution then is safe approximation of MOP
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