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Register Allocation

» Deciding what values to hold in what registers

« Register allocation

« Select the set of variables that will reside in registers at each point in the program
* Register assignment
* Pick the specific register that a variable will reside in
« Finding an optimal assignment of registers to variables is NP-complete
» The order in which computations are performed can affect the efficiency of
the target code

« Some computation orders require fewer registers to hold intermediate result

* NP-complete
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Chaitin’s Algorithm

N J

* The first register allocation algorithm that made use of coloring of

the interference graph for both register allocation and spilling

THUNDER Research Group g.!f_f“’;la’
Seoul National University -~ ¢4 % Lecture 21 - Register Allocation 3
AgTHER #S 2P

S



Samsung DS

System Architect/Expert
2022

© Jaejin Lee

Live Variables

» Avariable x is live at a point p if the value of x at p could be used
along some path in the flow graph starting at p
« Usedin
» Register allocation
« Code motion in loops
« Elimination of useless assignments (dead code elimination)

« Detect live variables using a data-flow analysis technique

e Data flows backwards

j=i+4
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~ Interference Graph

* Interference
A condition that prevents variables a and b from being allocated to

the same register

* The nodes in an interference graph represent temporaries or

symbolic registers
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Interference Graph (cont'd)

* An edge connects the nodes for a and b iff there is an interference

between a and b

« Avariable is live if it holds a value that may be needed in the future

« At any non-move instruction that defines a in a block n, add
interference edges (a, b) for all b € out[n]

« At any move instruction MOVE a, ¢ (e.g.,a: = ¢) in a block n, add

interference edges (a, b) for all b € (out[n] - {c})
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Interference Graph (cont'd)

v in[1] = {c}
=0 out[1] = {a,c}
22— A in[2] = {a,c}
out [2] ={b,c}

3 c:=c‘-|'-b in[3] = {b,c} e c

out [3] ={b,c}

AT} in [4] = {b,c}
' out [4] = {a,c}
speito—] | 1ol e

out [5] = {a,c}

return c in [6]
out [6
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Graph Coloring

* Each node in the interference graph represents a temporary. Each
edge indicates a pair of temporaries cannot be assigned to the
same register

 Color the interference graph using as few colors as possible, but

no pair of nodes connected by an edge may be assigned the
(=) a

O ORNO0
e N

wp  THUNDER Research Group ?aﬁ;_f“’;{b"
Seoul National University %@% Lecture 21 - Register Allocation 8
ACisE HE oA e

same color




Samsung DS
System Architect/Expert
2022

© Jagjin Lee

Graph Coloring (cont'd)

If our target machine has K registers, and we can K-color the

graph, then the coloring is a valid register assignment

If there is no K-coloring, some of variables and temporaries should

be kept in memory (spilling)

Register allocation is an NP-complete problem

We use a linear approximation algorithm
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Coloring by Simplification

« Assume that our machine has K registers

 (Build) Construct the interference graph (G)

* (Simplify) Repeatedly remove nodes of degree less than K and push it on a
stack. Suppose G contains a node m with fewer than K neighbors. It G — {m}
can be K-colorable, so can G

* (Spill) If the simplification step produces a graph that has nodes only of
significant degree (nodes of degree >= K), mark some node for spilling and
push it on the stack. Continue simplification

 (Select) Rebuild the original graph by repeatedly adding a node from the top
of the stack and select a color for the node. If it is not a potential spill node,
there is always a color for the node. If the node is a potential spill node and
there is no color available, it becomes an actual spill

* (Start over) If there were any actual spills, rewrite the code and goto step 1
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At the Beginning

Available machine registers: ro, r1, r2, and r3

t2=11-1

t4 =13

t6 =15
Li:t2=1t2+1

t4=14-1

t7 = M[SP-8]

t8 = M[SP-12]

if (t7 <=18) goto L2

t6 =t7

L2:t8 =t2

if (t4 >= 0) goto L1

t9 = t6+t8

return tg
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Simplification
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t1,t3,t5,t9

e . )
to6
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Spilling and Simplification
t1,t3,15,t9,(t6)
0 t1,t3,15,t9,(t6),t2,14,t7,t8
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Selection and Rewriting the code

t8: ro
t7:r1
t4:r2
t2:r3

t6 is an actual spill
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L1:

t2=t1-1

t4 = t3

t6 =15

M[SP-16] = t6
t2=t2+1
ta=t4-1

t7 = M[SP-8]

t8 = M[SP-12]

if (t7 <=18) goto L2
t6 =t7

M[SP-16] = t6

t8 =12

if (t4 >= 0) goto L1
t10 = M[SP-16]

to =t10 + t8
return tg
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t2=1t1-1

t4 = t3
t6 =15

t2=t2+1

t4=t4 —1

t7 = M[SP-8]

t8 = M[SP-12]

if (t7 <=18) goto L2
t6 =t7

t8 =t2
if (t4 >= 0) goto L1

t9 = t6+t8
return tg
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Building a New Interference Graph
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Simplification
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t1,t3,t5,t6

t1,t3,15,t6,t2,14,t7,t8,t9,t10
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Selection

* t10: rO
¢ t9: 10
* t8: r1
° t/:r2
o t4:r3
o t2: 10
* t6:r

o t5:r1
e t3: 12
e t1:r3
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