
Let’s make another 
instance of our 

framework!



Very Busy Expressions

Very Busy Expressions Analysis

An expression is very busy at the exit from a label if, no matter what
path is taken from the label, the expression is always used before any of
the variables occurring in it are redefined.

The aim of the Very Busy Expressions Analysis is to determine

For each program point, which expressions must be very busy at
the exit from the point.

Example:
point of interest
+if [a>b]1 then ([x:= b-a ]2; [y:= a-b ]3) else ([y:= b-a ]4; [x:= a-b ]5)

The analysis enables a transformation into

[t1:= b-a ]A; [t2:= b-a ]B;
if [a>b]1 then ([x:=t1]2; [y:=t2]3) else ([y:=t1]4; [x:=t2]5)
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<latexit sha1_base64="qA1JUOHl8JxWWH7CXHFRHX33F7c="></latexit>

An expression is very busy at the exit from a label if, no
matter what path is taken from the label, the expression is
always used before any of the variables occurring in it are
redefined.



Check List
<latexit sha1_base64="8Yq+0jfA6W17/qko5Fyq1M487VI="></latexit>

- Define the semi-lattice: dataflow facts and how to combine them!

<latexit sha1_base64="4YAEvIVGlVREqRhrghIZZgRADZU="></latexit>

- Decide on the direction of the analysis: forward vs backward.

<latexit sha1_base64="g8Z6KE+5ZRaVzOEOKsz3ILHLHGA="></latexit>

- Sanity check: the corresponding order should make sense!

<latexit sha1_base64="eavTrQJ7h+NjObCszN7rKHduaPw="></latexit>

- Design the transfer functions:

<latexit sha1_base64="NDgZv3mLBDvC8CJJE9U1tie+D0s="></latexit>

- How does each statement a↵ect the dataflow facts?

<latexit sha1_base64="iik0rQnw50RMsD36dvUAjJaUxPQ="></latexit>

- Sanity check: Monotonicity!

<latexit sha1_base64="uDHoloeitOU/sPTv/ESzv7kYfVc="></latexit>

- Decide on the initial values.



The Design Process
Very Busy Expressions Analysis – the basic idea
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x := a

N = (X\
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[ {all subexpressions of a}| {z }
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Very Busy Expressions: Formal Setup

<latexit sha1_base64="VhtPxqn2CM9Zug8eNr719kOnW38="></latexit>

Transfer Functions:

<latexit sha1_base64="AxMezla41hkZfyPKElIsciVhuKw="></latexit>

Domain: complete meet semi-lattice (D,\, D)

<latexit sha1_base64="rzQqarddf38HcZ5/jK00cYXqRGk="></latexit>

Dataflow Facts: D = P(Exp)

<latexit sha1_base64="ehQII6xEU0rt9Zc1GH87Fr/okhM="></latexit>

Direction: Backward

<latexit sha1_base64="qSpvsTXfkrwdr00kMOsutN4HOdU="></latexit>

V B•(l) =

⇢
; l = exitT

(l,l0)2flow V B•(l0) otherwise

unlike live variables: here we want the greatest fixed point!

<latexit sha1_base64="P1AaZe5p6F8j1dtTKLVHh1aDxhA="></latexit>

V B�(l) = RD•(l) \ {exp|var(exp) \ write(l) 6= ;}
<latexit sha1_base64="rbspFx+oMX2YQYOlmUk/e5kHVe0="></latexit>

[ computed(l)



Reaching Definitions

Live Variables Very Busy ExpressionsReaching Definitions

<latexit sha1_base64="4CUtRJk9cgKDvKlqy3dOy9cpayo="></latexit>

P(Exp)
<latexit sha1_base64="9s2xv28BdXiN/yKPTcQf9K2E/u0="></latexit>

P(Var)
<latexit sha1_base64="7yt+1dq+AFxPB6Bc+4t+XHq9Nys="></latexit>

P(Var ⇥ Loc)

<latexit sha1_base64="mmVDwtOXMijjtEVTMYFvQ3obwIU="></latexit>

Exp
<latexit sha1_base64="U8w7Ca7OQbmEYnyUf9ZbxAyTqOk="></latexit>

;

<latexit sha1_base64="w5z/hq5XnCWwbIr1eCWmIPVod3E="></latexit>

L
<latexit sha1_base64="Ri7iFR2P8qkLYpMy6QokoKF06jU="></latexit>u

<latexit sha1_base64="XNuwuEVH09fLcpGlXbZZD7ChkVM="></latexit>v <latexit sha1_base64="1YEmiUtRoDa3lhHIr7RcpmLzeMY="></latexit>✓<latexit sha1_base64="W9/QtA1tl4i1aDiLYJhRVV4AzPc="></latexit>◆

<latexit sha1_base64="XHgJT/nQQajDcE97RtU9FiS+udQ="></latexit>[ <latexit sha1_base64="XLWHSIa4YAWKzCskGqaNrnCIHqA="></latexit>\

<latexit sha1_base64="n6ta4IXd7QjT8sQDBuescdHrwiE="></latexit>?

<latexit sha1_base64="XHgJT/nQQajDcE97RtU9FiS+udQ="></latexit>[

<latexit sha1_base64="U8w7Ca7OQbmEYnyUf9ZbxAyTqOk="></latexit>

;

<latexit sha1_base64="W9/QtA1tl4i1aDiLYJhRVV4AzPc="></latexit>◆

<latexit sha1_base64="MACWLE17OjJUofWskVel8X7/zGs="></latexit>

Forward
<latexit sha1_base64="BuYFfQ0up62vbqSFYP2Pd5pUr2Q="></latexit>

Backward
<latexit sha1_base64="BuYFfQ0up62vbqSFYP2Pd5pUr2Q="></latexit>

Backward



Reaching DefinitionsThe best solution

[y := x]1;

[z := 1]2;

while [y > 0]3 do

[z := z ⇥ y]4;

[y := y� 1]5

od;

[y := 0]6
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{(x, ?), (y, ?), (z, ?)}

{(x, ?), (y,1), (z, ?)}

{(x, ?), (y,1), (y,5), (z,2), (z,4)}

{(x, ?), (y,1), (y,5), (z,2), (z,4)}

{(x, ?), (y,1), (y,5), (z,4)}

{(x, ?), (y,5), (z,4)}

{(x, ?), (y,1), (y,5), (z,2), (z,4)}

{(x, ?), (y,6), (z,2), (z,4)}
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Reaching Definitions: Formal Setup
<latexit sha1_base64="Ssbv46mfgiQnZrErpztkAI3UXCQ="></latexit>

Dataflow Facts: D = Vars ⇥ Locs

<latexit sha1_base64="FFmGMA5BRKDkoN+yV24Ul8YgjN0="></latexit>

Domain: (D,[, ;, D)

<latexit sha1_base64="u1WvIx1D7UMpZSGP5GsJK+lUOMc="></latexit>

Direction: Forward

<latexit sha1_base64="VhtPxqn2CM9Zug8eNr719kOnW38="></latexit>

Transfer Functions:
<latexit sha1_base64="ZXSVB6GyG9U+OVrxaS2/luDMnbQ="></latexit>

RD�(l) =

⇢
Var ⇥ {?} l = initS

(l0,l)2flow RD•(l0) otherwise

<latexit sha1_base64="38ewe2LOFgj/WVg1OSfzvjtJts0="></latexit>

RD•(l) = RD�(l) \ write(l)⇥ Locs [ write(l)⇥ {l}


