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Getting and compiling 
GCC



Getting GCC

• Main website: http://gcc.gnu.org

• Use Subversion: http://subversion.tigris.org

• svn co svn://gcc.gnu.org/svn/gcc/trunk gcc

• ‘svn up’ in the directory ‘gcc’ to get in sync





SVN checkout



Compiling GCC

• Create a directory, for instance ‘gcc-obj’

• This is the target of the compilation

• cd gcc-obj

• $GCCSRC/configure

• Use ‘--enable-languages=c’ for C only

• Use ‘--disable-bootstrap’ for slow machines

• make



Configure



Make



Using GCC

• Considering ‘loop.c’ is an example code

• The ‘cc1’ (cc one) executable is in ‘gcc-obj/gcc’

• gcc-obj/gcc/cc1 -O2 -fdump-tree-ivopts loop.c

• It generates ‘loop.s’

• Dump after ‘ivopts’ pass in ‘loop.c.086t.ivopts’

• Note: use ‘make install’ for full installation



Example



Execute cc1



Assembly code



GIMPLE dump





How to add an 
optimization pass in GCC



Adding a pass: checklist
✓ New pass in file ‘gcc/gcc/mynewpass.c’

✓ Edit ‘gcc/gcc/passes.c’ (new pass)

✓ Edit ‘gcc/gcc/tree-flow.h’ (prototype)

✓ Edit ‘gcc/gcc/tree-pass.h’ (pass prototype)

✓ Edit ‘gcc/gcc/common.opt’ (new option)

✓ Edit ‘gcc/gcc/doc/invoke.texi’ (doc)

✓ Edit ‘gcc/gcc/timevar.def’ (timing)

✓ Edit ‘gcc/gcc/Makefile.in’ (new target)



New pass file

• New C file in gcc/gcc

• Name: tree-loop-distribution.c

• Pass gate

• Pass function

• Pass structure describing the pass

• The pass is executed for each function



Pass function and gate



Pass structure



Terse name

const char *name;

Terse name of the pass used as a 
fragment of the dump file name.

gcc/cc1 -O -ftree-loop-distribution -fdump-tree-ldist



Gate function

bool (*gate) (void)

If non-null, this pass and all sub-
passes are executed only if the 

function returns true.



Function for execution

unsigned int (*execute) (void)

This is the code to run. If null, then 
there should be sub-passes 

otherwise this pass does nothing.



Hierarchy of passes

struct tree_opt_pass *...;

Passes are chained and can have 
sub-passes.



Pass number

int static_pass_number;

Used as a fragment of the dump file 
name. 



Variable for timing

unsigned int tv_id;

The timevar id associated with this 
pass.



Properties

unsigned int ...;

Passes can require, provide and/or 
destroy some properties.



Things to do...

unsigned int ...;

Things to do before and after the 
pass.



Letter for RTL dumps

char letter;

Letter used for RTL dumps.



GCC file: passes.c
Adding the pass in the pass hierarchy 

init_optimization_passes()



tree-flow.h / tree-pass.h
Prototypes for pass function and structure.



common.opt
Command line option and internal flag.



Doc: invoke.texi
Documenting the pass for the GCC manual.



Timing: timevar.def
Variable used for timing and identification in the timing 

report.



Makefile.in



Testsuite



Test
gcc-obj/gcc/cc1 -O 
  -ftree-loop-distribution
  -fdump-tree-ldist 
  loop.c



Preparing a patch

• In ‘gcc/gcc’ issue a ‘svn diff > mypatch’

• Edit the patch to add a ‘Changelog’

• Apply: patch -p0 < mypatch







Case study:
loop distribution

DO i=2,N
  S1
  S2
ENDDO

DO i=2,N
  S1
ENDDO
DO i=2,N
  S2
ENDDO

DO i=2,N
  S2
ENDDO
DO i=2,N
  S1
ENDDO

DO i=2,N
  S2
  S1
ENDDO



Why loop distribution?

• Typical pass in compiling technology

• Especially for the source-to-source community

• Can increase parallelism and cache hits

• (Can decrease performance and cache hits)

• Goal: help the vectorizer of GCC



How to distribute?

• Build a data dependence graph with levels

• Find the Strongly Connected Components

• Rewrite the new loops according to a 
topological sort of the SCCs

• Produces the maximal number of parallel loops 
for a data dependence graph with levels

Algorithm by Allen, Callahan, and Kennedy
(simplified version for a loop nest of depth one)



How in GCC?

• Use of existing GCC infrastructure

- Loops + Dependences + SSA graph + GIMPLE

• New algorithms and data structures in GCC

- Data dependence graph + SCC computation

• Manipulating GCC trees for code generation

- Distributed loops



Example 1: C code



Example 1: GIMPLE dump



S0 : D.2623_24 = c[i_19]

S1 : a[i_19] = D.2623_24

f:0

S3 : D.2625_28 = a[D.2624_27]

f:1

S2 : D.2624_27 = i_19 - 1

f:0

S4 : D.2626_29 = D.2625_28 + 1

f:0

S5 : b[i_19] = D.2626_29

f:0

S6 : i_31 = i_19 + 1

Ex
am

pl
e 

1:
 R

D
G



S0 : D.2623_24 = c[i_19]

S1 : a[i_19] = D.2623_24

f:0

S3 : D.2625_28 = a[D.2624_27]

f:1

S2 : D.2624_27 = i_19 - 1

f:0

S4 : D.2626_29 = D.2625_28 + 1

f:0

S5 : b[i_19] = D.2626_29

f:0

S6 : i_31 = i_19 + 1

Ex
am

pl
e 
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D
G

Partition 1



S0 : D.2623_24 = c[i_19]

S1 : a[i_19] = D.2623_24

f:0

S3 : D.2625_28 = a[D.2624_27]

f:1

S2 : D.2624_27 = i_19 - 1

f:0

S4 : D.2626_29 = D.2625_28 + 1

f:0

S5 : b[i_19] = D.2626_29

f:0

S6 : i_31 = i_19 + 1

Ex
am

pl
e 
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D
G

Partition 2



Example 1: partition graph

 P1(0): S0;S1;S6;  P1(0)

 P2(0)

f:1

 P2(0): S2;S3;S4;S5;S6;



Example 1: SCC graph
Strongly Connected Components

 P1(1): S0;S1;S6;  P1(1)

 P2(2)

f:1

 P2(2): S2;S3;S4;S5;S6;

Two parallel loops



Example 2: C code



S0 : k.26_30 = (unsigned int) k_13

S1 : D.2626_31 = i_34 * k.26_30

f:0

S2 : D.2627_32 = (int) D.2626_31

f:0

S3 : a[i_34] = D.2627_32

f:0

S5 : D.2629_36 = a[D.2628_35]

f:1

S4 : D.2628_35 = i_34 - 2

f:0

S6 : D.2630_37 = D.2629_36 + k_13

f:0

S7 : b[i_34] = D.2630_37

f:0

S9 : D.2632_41 = b[D.2631_40]

f:1

S8 : D.2631_40 = i_34 - 1

f:0

S14 : D.2636_48 = c[D.2631_40]

f:0S12 : D.2635_44 = D.2634_43 + D.2632_41

f:0

S10 : i_42 = i_34 + 1

S11 : D.2634_43 = a[i_42]

f:0

S15 : D.2637_50 = b[i_42]

f:0

a:1

f:0

S13 : c[i_34] = D.2635_44

f:0

f:1

S16 : D.2638_51 = D.2636_48 + D.2637_50

f:0

a:1

f:0

S17 : D.2639_52 = D.2638_51 + k_13

f:0

S18 : D.2640_53 = (unsigned int) D.2639_52

f:0

S19 : D.2641_54 = D.2640_53 + i_34

f:0

S20 : D.2642_55 = (int) D.2641_54

f:0

S21 : d[i_34] = D.2642_55

f:0

Ex
am
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e 
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S0 : k.26_30 = (unsigned int) k_13

S1 : D.2626_31 = i_34 * k.26_30

f:0

S2 : D.2627_32 = (int) D.2626_31

f:0

S3 : a[i_34] = D.2627_32

f:0

S5 : D.2629_36 = a[D.2628_35]

f:1

S4 : D.2628_35 = i_34 - 2

f:0

S6 : D.2630_37 = D.2629_36 + k_13

f:0

S7 : b[i_34] = D.2630_37

f:0

S9 : D.2632_41 = b[D.2631_40]

f:1

S8 : D.2631_40 = i_34 - 1

f:0

S14 : D.2636_48 = c[D.2631_40]

f:0S12 : D.2635_44 = D.2634_43 + D.2632_41

f:0

S10 : i_42 = i_34 + 1

S11 : D.2634_43 = a[i_42]

f:0

S15 : D.2637_50 = b[i_42]

f:0

a:1

f:0

S13 : c[i_34] = D.2635_44

f:0

f:1

S16 : D.2638_51 = D.2636_48 + D.2637_50

f:0

a:1

f:0

S17 : D.2639_52 = D.2638_51 + k_13

f:0

S18 : D.2640_53 = (unsigned int) D.2639_52

f:0

S19 : D.2641_54 = D.2640_53 + i_34

f:0

S20 : D.2642_55 = (int) D.2641_54

f:0

S21 : d[i_34] = D.2642_55

f:0

Ex
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S0 : k.26_30 = (unsigned int) k_13

S1 : D.2626_31 = i_34 * k.26_30

f:0

S2 : D.2627_32 = (int) D.2626_31

f:0

S3 : a[i_34] = D.2627_32

f:0

S5 : D.2629_36 = a[D.2628_35]

f:1

S4 : D.2628_35 = i_34 - 2

f:0

S6 : D.2630_37 = D.2629_36 + k_13

f:0

S7 : b[i_34] = D.2630_37

f:0

S9 : D.2632_41 = b[D.2631_40]

f:1

S8 : D.2631_40 = i_34 - 1

f:0

S14 : D.2636_48 = c[D.2631_40]

f:0S12 : D.2635_44 = D.2634_43 + D.2632_41

f:0

S10 : i_42 = i_34 + 1

S11 : D.2634_43 = a[i_42]

f:0

S15 : D.2637_50 = b[i_42]

f:0

a:1

f:0

S13 : c[i_34] = D.2635_44

f:0

f:1

S16 : D.2638_51 = D.2636_48 + D.2637_50

f:0

a:1

f:0

S17 : D.2639_52 = D.2638_51 + k_13

f:0

S18 : D.2640_53 = (unsigned int) D.2639_52

f:0

S19 : D.2641_54 = D.2640_53 + i_34

f:0

S20 : D.2642_55 = (int) D.2641_54

f:0

S21 : d[i_34] = D.2642_55

f:0Ex
am
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e 

2:
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D
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3)
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Partition 1
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Partition 4

Scalars can be recomputed.



 P1(0): S0;S1;S2;S3;  P1(0)

 P2(0)

f:1

 P2(0): S4;S5;S6;S7;

 P3(0)

f:1

 P3(0): S8;S9;S10;S11;S12;S13;

a:1

 P4(0)

f:1

 P4(0): S8;S10;S14;S15;S16;S17;S18;S19;S20;S21;

a:1

Example 2: partition graph



 P1(1): S0;S1;S2;S3;S4;S5;S6;S7;S8;S9;S10;S11;S12;S13;S14;S15;S16;S17;S18;S19;S20;S21;  P1(1) f:1 a:1f:1 a:1f:1

Example 2: SCC graph

One sequential loop



Example 3: C code
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Exemple 3: RDG



Exemple 3: partition graph

 P1(0): S0;S1;S2;S3;  P1(0)

 P2(0)

f:1

 P2(0): S4;S5;S6;S7;S8;S9;S10;S11;

a:1

 P3(0)

f:1

 P3(0): S12;S13;S14;S15;S16;S17;S18;



Exemple 3: SCC graph

 P1(1): S0;S1;S2;S3;S4;S5;S6;S7;S8;S9;S10;S11;  P1(1) f:1 a:1

 P2(2)

f:1

 P2(2): S12;S13;S14;S15;S16;S17;S18;

One sequential loop
One parallel loop



Sketch of the 
implementation

• ☝The code presented here is simplified

• ☝This is not part of GCC now

• The complete patch can be found on:

• http://www.hipeac.net



tree_loop_distribution ()

current_loops contains the loops of the function
tree_loop_distribution is called for each function



Building dependence graphs



Loop structure of GCC
struct loops

unsigned int num

struct loop **parray

struct loop *tree_root

struct loop

int num = 0

basic_block header

basic_block latch

int depth = 2

int level = 1

struct loop **pred

struct loop *outer

struct loop *inner

struct loop *next

struct loop

int num = 1

basic_block header

basic_block latch

int depth = 1

int level = 2

struct loop **pred

struct loop *outer

struct loop *inner

struct loop *next

struct loop

int num = 2

basic_block header

basic_block latch

int depth = 1

int level = 2

struct loop **pred

struct loop *outer

struct loop *inner

struct loop *next

See gcc/gcc/cfgloop.h



RDG computation

• One vertex per statement of the loop body

• One edge for each scalar dependence (SSA)

• One edge for each data dependence (SCEV)



build_rdg () [1/2]

VEC_alloc () : gcc/gcc/vec.h
compute_data_dependences_for_loop () : gcc/gcc/tree-data-ref.c



loop_is_good_p ()

get_loop_exit_condition () : gcc/gcc/tree-scalar-evolution.c



number_of_phi_nodes ()

phi_nodes () : gcc/gcc/tree-flow-inline.h
PHI_CHAIN () : gcc/gcc/tree.h
is_gimple_reg () : gcc/gcc/tree-gimple.c



check_statements ()



correct_modify_expr_p ()



build_rdg () [2/2]



get_loop_index ()



SSA def-use



dump_rdg ()



Next?

• Topological sort of SCC graph

• For each SCC, create a loop

• Mark it parallel or not according to loop 
carried dependences



More

• http://gcc.gnu.org

• gcc@gcc.gnu.org

• gcc-patches@gcc.gnu.org


