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A fundamental challenge : Scalabllity vs. Precision Changes in Data-flow Equations

A major tradeoff in pointer analysis is achieving both scalability (handling large programs efficiently)
and precision (minimizing false positives and false negatives) as improving one often degrades the
other. Flow-insensitive pointer analysis ignores the order of execution of statements and computes a gqulow(m n) =
single, program-wide points-to set. While this improves scalability, it also introduces redundant : GouO h :
control flow, affecting both soundness and precision. X pulut, —otherwise

Why Coalescing ?
above equation gave incorrect result for some cases, which would result in missing

Makes control flow
redundant
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out on possible chance of coalescing of two basic blocks.
Updated data-flow equation:
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Current data-flow equations checks for Potential RaW or Potential WaW

Increase in scalability and dependency between the pointer statements of the two basic blocks. Using the

efficiency of target analysis
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N, TRef : is used to identify the types of set of locations being read.

Definite Dependencies: If it can be concluded that there exist a dependency

between them without needing any information from caller procedure. TDe f and TRe f are s pht fu rther to ide ntlf'y the set o f locations which
Basic Block n Potential Dependencies: if it cannot be concluded whether they have any . f. . . . .. .

idependency between them or not without any information from caller procedure. are b elng de 'ned dll" 4 tly and mdzr ec tly S lmllal’ ly , 8S€ [ Of locatlons

IStrict Dependencies: Basic blocks 1 and 2 have dependency such that 2 follows bein g rea d direc tly and indirec tly
1 along every control path from 1 to 2. ]

Non-Strict Dependencies: Basic blocks 1 and 2 has dependency such that 2 Above equation gives correct result for checking data dependency.

follows 1 alon_g some control-flow path from 1 to 2.

Updated Coalescing Algorithm

Conservative Nature of Data-flow equation Changes made :

The data-dependency equation which 1s used checks for potential RaW and WaW A .
. se 1t e : : : : store a map ccounting
dependency. But it doesn’t distinguish betweenWaW dependencies which are strict for every Used an of
and which are non-strict. But, Coalescing in presence of WaW dependency which basic block updated A;;)ﬂ?ti;dwhich information
- i i hich st th
are non-strict should be allowed. which stores equation to check uses BFS which W d'c > gres ¢
whether there for potential Licil ependency
exist a potential dependency xp fc.lt Y create:s relation between
partition of basic th t basi
( \ dependency between pointer blocks € current basic
: between the pair of statements. ' block and all other
The Basic Block 1 and 2 have a basic blocks. basic blocks.
potential non-strict WaW dependency.
They are not coalesced due to this Example :
potential dependency. But coalescing the [/ int by e g e b, c
two basic blocks would be sound and void £0
precise because non-strict WaW b Initial control flow for %
X = &a; d f ar
dependency are preserved by the control switch(a) PIOREERIE ,
flow of basic block semantic. J { - x=a
X = &b; 4 ‘2/”/////:::%;/’ l \\\?r\\
break: x=&b x=&c y = &a y = &b
N\‘ | Result after updated
case 2: ‘p=w coalescing analysis
X = &cC;
Confluence Operator as AND o
case 3:
Primarily, a basic block can only be coalesced with one of its successor/predecessor if it can y = ta:
be coalesced with all its successors / predecessors break;
But, consider the given example case 5:
break;
default :
y = &b;
[ START ] f \ break;
l Due to a potential WaW }
p = W;
r ~ dependency between 01 and 04 }

they cannot be coalesced. But

/ basic blocks 01, 02, 03 and 05

r - .| can all be coalesced together as Target Analysis
% |s=&d »|s=8c r=&a they have no potential data _ _ . .
; \ % " dependency between them. But Apart.from .pomts to analy5|s, the_up_dat_ed c_:oalescmg algorlthm can be

used in various other fields of optimisation in terms of scalability. Some

due to confluence being AND, this of them are
5, |*x = &c coalescing of basic blocks cannot
\ l 4 be done due to potential data 1. Ahias Analysis - Distinguishing between must-alias and may-alias
dependency between 81 and 4. 2: Call Graph Analysis - _C)qalescmg s!mllar function call contexts to
[ END ] \ reduce the number of distinct analysis states.

3: Heap and Memory Allocation Analysis - Coalescing objects allocated
at similar sites when their differentiation is not critical.
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