
SSA: Static Single Assignment

Uses of SSA

• Used in almost all modern compilers
• gimple form in GCC (version 4 in April 2005)
• Open 64

• OpenUH, UPC, AMD, Loongson compiler
• LLVM 
• Jikes RVM
• Java HotSpot VM
• Mono’s Mini JIT compiler
• Crankshaft for Chromium V8 JavaScript engine (Dec. 2010)
• PyPy’s JIT compiler
• Android’s Dalvik VM’s JIT compiler
• Single-assignment C (SaC)
• Boomerang decompiler
• ML compiler MLton (Matthew Fluet at RIT)
• LuaJIT
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History of SSA

• Two IBM groups
• Kenneth Zadeck et al. on optimization
• Ferrante et al. on control dependence
• info session before paper submission to POPL 1986
• joint paper in ACM Transactions on Programming Languages 

and Systems in 1991
• First academic and industry implementations

• Rice compiler, Keith Cooper
• SGI’s MIPSpro compiler, Fred Chow, Shan Sun

• Preston Briggs’ interview
• took four years for SSAPRE in a commercial compiler

• Kennedy et al. TOPLAS 1999
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Static Single Assignment (SSA)

• Size of a def-use graph
• SSA

• each static definition defines a 
new name

• each use has a single static 
definition

• Meet operation
• x <- Φ(y, z)
• placement

• Naive SSA insertion
• Algorithm?
• How many Φ functions are needed?
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Def-Use vs. SSA
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Control Flow in Data Flow

63

• How to identify the earliest meeting 
point of two values?

• Dominance frontiers DF(n)
• a block f is in DF(n) if

1.  n dominates a predecessor of f
2.  n does not strictly dominate f

• implications
• f is a join point
• one of the predecessors of f is 

dominated by n 
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Dominators
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• Dominator analysis
• Dom(n) definition

• Data flow equation

• Initialization

• Convergence
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Computing Dominance Frontiers
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• Dom to DF
• backward alg. [EAC, Fig. 9.10]
• forward alg., linear time [AK, 

Fig. 4.9]
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for each join j
   for pred p
      for all nodes n in dom tree 
             from p up till IDOM(j)
         j is in DF(n)

SSA Algorithm

1. CFG
2. compute Dom
3. compute DF
4. insert phi
5. rename
6. reaching def
7. “destruct” SSA
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Example 1

• IDOM    DF  phi  renaming  reach  destruction
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a = 1 a = 2

b = a

A: B:

C:

Example 2

• IDOM    DF  phi  renaming  reach  destruction
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This problem arose from tl
copy tbtdings manipulation 

"i::":b]11t-"" 

of:n un-sgli.t critical edge and

l":,_cr: ", I 
. i by rordrr g i 1, J[1 il: ffi :il:,:;11 i;'"t;?"-.l i:li.* ",! l,i:ioop. I hts extended i r's lifetime. Then, the copy_insertion algorittrm replaced

the o-tunction at the toD or the loop fiy d;h;;;;;"";;-, in each or
that.blocks predecessori. This inserts the copy i, < 

-i, 
ai rhe bottom ofthe

block-ar a point  where i  1 is st i l l  l ive.

,_^11y"td 
the lost-copy problem, the compiler must detect when it tries to

rnsert a copywhose target is stilllive.when this happe.r., ii-r.i"opytt 
" 

uutrr"
to a temporary name and rewrte subseque* d; ;;i;;';;;tren name

TT3::."y]"-porary 
This rewriting step can be do.r" _iti_r'J ,tep moo"rr"a

:rl'ff.'"H"Jf$iTri'f|,:H;h: *ttom risht paner in rigure s.rz shows

The Swap problem

T^"_:i-" 
prop€rty.of o-functions that lets the insertion algorithm introduce

them in.any order gives rise to the swap problem. \A/hen u ut;"t 
"r,""rt"r, 

utt it,
p-tunctions are assumed to execute concurrently before any other starement
in the block. All the o_functions in.the uf."t i""J-ifl"ii'Jpirop.tate i.rprt
parameters at the same time. Then, they redefine thei. turg"t-iar"r, uf f ut tfru
same tlme.

Figure 9.lB shows a simnle example of the swap problem. The left side
shows the original code, a srrnnte.looi ,h;l ;;;;fr"i,;iiT o, 

^ 
u.,o ,. ,n"

center shows the code converied ,"'.r" i"i..' 'rrj';"'#;;;i" aggressive
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Original Code

Joe

I
x1 <- o(xo,y,  )
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After Naive

Copy Insertion

ssA Form,

Copies Folded

FrcuRE 9.18 An Example of the Swap problem


