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Indirect	
  Branches	
  Are	
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area()

if s->type == Circle

else if s->type == Rect

else if s->type == Square

else

RCPO

area()

if (obj is type B)
    r = B::func( );
else if (obj is type C)
    r = C::func( );
else if (obj is type D)
    r =  D::func( );
else
    r = obj->func( );

p0 = (obj is type B);
p1 = (obj is type C)
p2 = (obj is type D)
 
p0: r = B::func( );
p1: r = C::func( );
p2: r = D::func( );

if( !(p0 | p1 | p2))
     r = obj->func( );

  r = obj->func( ); PredicationRCPO Predication



Challenge:	
  Non-­‐Reconvergence	
  &	
  Large	
  
Number	
  of	
  Targets
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G
ld r8, [rip+0x5e]
ld edi, [rsi*4+0x42]
movsxd rcx, r8  
ld r10, [rcx*4+0x42]
cmp edi, r10
jnz LC

ld edx, [rsi*4+0x7d]
cmp edx, 0x6
jz I

D
ld ecx,  [rip+0x58]
ld esi,   [rip+0x81]
lea edi, [rsi+rcx*1]
cmp edi, edx
jz J

E
ld edx, [rcx*8+0x10]
test edx, edx
jz K

B
ld r8,   [rip+0x5b]
ld edi,  [rsi*4+0x92]
movsxd rcx, r8
ld r10, [rcx*4+0x92]
cmp edi, r10
jnz H

A
ld  r9,  [rax*8+0x94]
jmp r9
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F
ld r8, [rip+0x39]
ld edi, [rsi*4+0x46]
movsxd rcx, r8  
ld r10, [rcx*4+0x46]
cmp edi, r10
jnz M
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ExploiCng	
  Predictability:	
  Benefit	
  from	
  Next	
  Branch	
  Bias
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second approach would be to mark the DBB entries as invalid on one of these exceptional control flow events and suppress any

branch predictor updates using an invalid DBB entry.

We size the DBB empirically. In practice, the number of outstanding decomposed branches is small; there tends to be

significant back-pressure in the in-order due to head-of-line blocking in the issue stage. We found that 16 entries were more than

sufficient, resulting in a 4-bit DBB index that needs to be stored with resolution instructions. In our implementation, each DBB

entry contains 24 bits: 16 bits for the indices into the branch prediction table hierarchy and 8 bits for the prediction metadata.

The DBB itself requires one read and one write port

7. Experimental Evaluation

In our evaluation, we use LLVM 3.5, PTLSim [44], and the SPEC 2006 and 2000 benchmark suites. As it is not profitable to

decompose all branches, we use a profile-guided strategy to select the set of branches to transform. We run the TRAIN input

sets to completion in PTLSim to collect branch bias and predictability. We transform forward branches1 whose predictability

exceeds bias by at least 5%; this heuristic provided the best overall performance. Code generation is handled by LLVM at the

-O3 level with PGO and SSE2 vectorization.

For performance evaluation, we use REF input sets. We select hot spots for simulation using Intel’s Software Development

Emulator [5]; simulation is up to 10B dynamic instructions. We simulate three different width in-order superscalars (2-wide,

4-wide, and 8-wide, with configuration parameters shown in Table 1). For our experimental system, PTLSim was extended with

a decoupled branch buffer (DBB, as described in Section 6) as well as the support for speculative compilation as discussed in

Section 4.2, including “shadow registers” which allows the compiler to re-use architectural registers for speculative computations

and commit them when resolution instructions commit.

Key Structures Configuration Parameters
Bpred PTLSim default: GShare, 24 KB 3-table direction

predictor, 4K-entry BTB, 64-entry RAS
Front-End 5 stages, Experimentally Varied 2/4/8 wide

Fetch/Decode/Dispatch, 32-entry FetchBuffer
Execution Ports Experimentally Varied 2/4/8
Functional Units Up to 2 x LD/ST, 2 x INT/SIMD-Permute, 4 x 64-bit

SIMD/FP, 1-cycle bypass
L1 Caches 8-way 32 KB L1-D$, 4-way 32 KB L1-I$, 64B lines,

4-cycle latency
L2 Cache 16-way 256KB Unified, 12-cycle latency
L3 Cache 32-way 4MB LLC, 25-cycle latency
Miss Handling 64-entry Miss Buffer, 64-entry Load Fill Request

Queue
Main Memory 140-cycle latency

Table 1: Machine Configuration Parameters

1Backwards-taken branches i.e. loop branches tend to be highly biased and highly predictable and are ably handled by well-known loop transformations such
as modulo scheduling.
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  averaged	
  bias:	
  WAB)
• richards:	
  4%	
  PDS,	
  41%	
  WAB	
  
• m88ksim:	
  0.4%	
  PDS,	
  57%	
  WAB
• Geomean:	
  1.1%	
  PDS,	
  62%	
  WAB 15
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Performance:	
  PHP

• Specnorm:	
  1.4%	
  PDS,	
  18%	
  WAB
• run:	
  0.6%	
  PDS,	
  	
  49%	
  WAB
• Geomean:	
  1.4%	
  PDS,	
  37%	
  WAB
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Performance:	
  Python	
  

• regexdna:	
  2.7%	
  PDS,	
  	
  	
  72%	
  WAB
• revcomp:	
  1.0%	
  PDS,	
  	
  	
  90%	
  WAB
• Geomean:	
  1.8%	
  PDS,	
  73%	
  WAB
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Efficiency
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Conclusions
• Straighaorward,	
  low-­‐cost	
  “enabling”	
  transforma<on
–Leverages	
  DBT	
  profiling	
  and	
  specula<on	
  facili<es	
  

• Modest	
  Hardware	
  Requirements
• Leverages	
  Advances	
  In	
  Indirect	
  Branch	
  Predic<on
• Good	
  Performance	
  across	
  Integer	
  and	
  Floa<ng	
  Point
• Maintains	
  the	
  Efficiency	
  of	
  the	
  In-­‐Order
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