
ag nm 2007-SLDM-128 

IPSJ SIG Technical Reports 2007/1/18 

CoDaMa 

t 

T 169-8555 *]&»#r1&K:*Aft 3-4-1 

E-mail: tkohara@yanagi.comm.waseda.ac.jp 

(HW/SW) 

XML £^-X£Lfc CDFG (Control Data Flow Graph) J*f£7 U-A^-^gSlt"*. CDFG 

f CFG (Control Flow Graph) £x~^<Z)»En£gt"DFG (Data Flow Graph) TflWcStt*. HW/SW 

(System On a Chip) 

-7-K CDFG, XML, 7U-A7-i7, HW/SW tS!^ 

CoDaMa: An XML-based Framework for Manipulating CDFGs 

Shunitsu KOARAt, Youhua SH?, Nozomu TOGAWAt, Masao YANAGISAWA*, and Tatsuo 

OHTSUKlt 

f Dept. of Computer Science, Waseda University 

3-4-1 Okubo, Shinjuku-ku, Tokyo, 169-8555 Japan 

E-mail: fkohara@yanagi.comm.waseda.ac.jp 

Abstract This paper proposes an XML-based framework to manipulate CDFGs (Control Data Flow Graphs) for 

HW/SW (Hardware / Software) co-synthesis systems or high-level synthesis systems. A CDFG is composed of CFG 

(Control Flow Graph) and DFGs (Data Flow Graphs). In HW/SW co-synthesis systems or high-level synthesis 

system, CDFGs are often adopted as an internal representation of input application programs. The systems ex 

plore design space automatically with various optimization algorithm in order to synthesize hardware and software 

which satisfy performance requirements and design constraints. However, with the increased scale of the recent SoC 

(System On a Chip) applications, synthesis systems require implemented more advanced functions, and it would 

result in increased development efforts. In the proposed framework, developers implement algorithm as modules and 

construct the synthesis systems by combination of the modules in order to improve development productivity. The 

developers can implement algorithm and construct the systems easily by using XML descriptions as intermediate 

representation of application programs and providing the input/output interface. 
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(D soc 

(System On a Chip) 7"/'J ̂ ya > , ^ 3 i5T CoDaMa 7 U-J+y-

2. 

U y—> > Time-to-Market 

. [1] tt, A-

, [1], [3], [7], [8] 

i§ VHDL frt> CDFG 

JC CDFG 

VHDL ̂ 6 CDFG 

, CDFG 

ftfcOHDL (Hardware 

Description Language) 

. [7], [8] te* 

h SUIF (Stanford 

[4],[10] 

University Intermediate Format) 

. [7] 

•fey JV 1 ot:of 1 

. [3] 

£ 4"fHJf£iS (HIR: High level Intermediate Representation) <hi£ 

, A tK^^1^^^ (LIR: Low level Intermediate Representation) 

HIR T©&aEi8ffc8B. HIR^SLIR^^XtftW. LIR TO 

, LIR j&> e> 7-fe >^ U 

b 

HCDFG (Control Flow Data Graph) 

\f\ CDFG \$fflffl(Dffin$:%'t CFG (Control Flow Graph) 

DFG (Data Flow Graph) 

HW/SW 

, [5] 

DFG 

i, XML IB 

©XML tt [3] WHIR 

/-A7-^ TCoDaMaJ (Control Data (l) 

flow graph Manipulation framework) %:M-£irZ>. CoDaMa h U fcf =l — 

(2) XML 7 HJ fa.-
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(3) 7 HJ tin.-

(1) H 

, suif 

CoDaMa 

module 

(2) £m>T, [3] 

. [1] 

1 CoDaMa t^a.-

(3) H"3^T, [3], [7], [8) «3> 

3. 

*H5Ttt CoDaMa 7 W-A 7-* fc 

J6IC CoDaMa 7 U-A 7-^7 ̂  

$ cat input.xml | module 1 | module2 -i input2.dat | module3 -o output3.dat > output.xml 

m 2 UNIX '> 

3.2 

CoDaMa 7 l/ 

(Program; 

(Subprogram; 

t^f. 7^'J >T-z/3 >\t 1 "3© Prog 

T*-5. yn^^Ati, «&® Subp 

W&<K Var (Variable;^ 

. Prog tJRf* Var 

3.1 

Program XML (Prog-XML) £H&8. CoDaMa 71/ 

7-^t<k*^J^S/X7LAW^tt. UNIX x 

UNIX '> 

1 

© HIR>&>&*WUfc. Subp tt 1 O© CFG 

. Subp tST* Var tt Subp 

(Arg) T*-5. CFG 

, DFG 

Prog-XML 

T3. CoDaMat^a-J^Affl^SB 1 C^t. 

Prog-XML ©tele, a—tf (W«#) *«»@ 

#S. Prog-XML ©A* tffl^li-ett-^tl, UNIX yXf 

-mz CDFG 

1 "^©source /-H, 

Prog-XML CoDaMa ̂  

. CoDaMa 

, CoDaMa t^ii-

, CoDaMa 7 1/-Ay-^7T^ CDFG 

, Prog, Subp, Var, CFG, DFG 

CoDaMa U 

3.2.1 

CoDaMa 7 l/-A7-^Ttt, Prog-XML 
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Prog 

yi-;i/^ CoDaMa 3 > h D — 

Hg<hRubyl*i§[6] (Dfc 

3.2.2 XMLfBiZli 

fc Prog-XML ©IBJfi^J^^f. 

Prog, Subp, Var 

CFG Node 

h U 

DFG Node 

<prog name="example"> 

<vars> 

<var name="x" type="int" /> 

<var name="y" type="int" /> 

</vars> 

<subps> 

<subp name="funcl" type="int"> 

<vars> 

<var name="a" type="int" /> 

<var name3'^11 type=rlint" /> 

</vars> 

<cfg> 

<nodes> 

<node nid="0" /> 

<node nid="10" /> 

</nodes> 

<edges> 

<edge source_nid="0" target_nid="l" /> 

<edge source_nid="9" target_nid="10" /> 

</edges> 

<dfgs> 

<dfg did="0"> 

<nodes> 

<node nid="0" class="input" name="a" /> 

<node nid="l" class="input" value="l" /> 

<node nid="2" class="operation" name="sub" 

control_step="l" /> 

<node nid="3" class="output" name="b" /> 

</nodes> 

<edge source_nid="0" target_nid="2" 

target_idx="0" /> 

<edge source_nid="l" target_nid="2" 

target_idx="l" /> 

<edge source_nid="2" target_nid="3" 

source_idx="0" /> 

</edges> 

</dfg> 

</dfgs> 

</cfg> 

</subp> 

</subps> 

</prog> 

15 Prog-: (-SB) 

CFG Edge t DFG Edge <D&M7 h U bf i-

K i: ̂  —dr «y h y — H &¥£&'?%> source_nid <h target_nid 

DFG Oi^^7 h U bf jl- h^^J^-T^ CFG Node <D 

Co 

. Prog-

h U tfiL-

3.3 77 

CoDaMa 

DaMa 

XML 

U <hPf -&. CoDaMa 

y?yx— 
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DFGHandler* dh = ...; 

for (DFGNodelterator i « dh->nodes(); li.endO; 

DFGNodeDescriptor n = *i; 

DFGNodeHandler* dnh = dh->get_node_handler(n); 

. ^ft CoDaMa 

CoDaMa :Ei?3.—)V\ 

7X, CoDaMa ̂ X 

• CoDaMa X^Xf>'> 3 > 

3.3.1 A>H7^7X, CoDaMa 

Co 

DaMa 

£, ProgHandler, SubpHandler, VarHandler, CFGHandler, 

CFGNodeHandler, CFGEdgeHandler, DFGHandler, DFGN 

odeHandler, DFGEdgeHandler tfffl « £ ttT V> S. Z. ti h £ 

CoDaMa 

3.3.2 

H, SubpDescrip-

tor, VarDescriptor, CFGNodeDescriptor, CFGEdgeDescrip-

tor, DFGNodeDescriptor, DFGEdgeDescriptor 

$>0, CFGDescriptor i: DFGDescriptor 

-tn-^tl Subp, CFG Node £ 1 ^ 1 

6 (a)) T. 

(BI6 (b)) 

3.3.3 

^ti, Subplterator, Varlt-

erator, CFGNodelterator, CFGEdgelterator, DFGNodelter 

ator, DFGEdgelterator &$>%. -f fl/-^^^vx^7 hii* 

Tt-U—^*3if CoDaMa 

Vy Ktt, Prog-XML 

3.3.4 7hUtf 

7 hU bfn- Mi XML f;:& 

Ttt std::string S!Tr . 7 h U tf a.- h tt XML 

. XML 

7nrtr 4 \tCoDaMa 

3.3.5 

. 7 h U If i- httX^WS! (std::string) 

m*mmMte£mwtzM<D7urtf'4\ 

- httt, ^D/tf-r ̂ 7 h U If 3.- h 

3.3.6 

, CoDaMa 

U tfix— 

3.4 X 

CoDaMa ̂ 3.—^ TCyclesCounterJ 

. COCydesCountertt, DFG 

). CoDaMa 7l/-A7-

> h0 control.step 7 h U bf3.-

hO cycles 7 h U If 3.— h©ffiJC-fe 

Step 1. CyclesCouter©^^*;H-> 

DFGNodeXl/^ 

. DFG 

$ ruby $codama/tools/make-skelton.rb -unsplit \ 

CyclesCounter 

$ cd cycles.counter/ 

Step 2. &!?& CoDaMa 

C Til, ControlStep , Cycles : 

#include <codama/extension/control_step.hpp> 

#include <codama/extension/cycles.hpp> //igJP 

class DFGHandler 

: virtual public DefaultDFGHandler<CoDaMa>, 

virtual public extension::Cycles::DFGHandler 

class DFGNodeHandler 

: virtual public DefaultDFGNodeHandler<CoDaMa>, 

virtual public extension::ControlStep:: 

DFGNodeHandler //&U 

Step 3. -f >#— 
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, DFG Node £> ControlStep -h U DFG <D 

Cycles 

void DFGHandler::export properties() 

i 
useCycles:: export .properties () ; 

} 

void DFGNodeHandler::import_properties() 

useControlStep:: import properties() ; 

} 

Step 4. DFGHandler \Z count_cycles J* V y K 

H'f'S. CoDaMaX^7,T->V3 >ICcfcO, Controls tep 

Cycles £ 

void DFGHandler::count_cycles() 

{ 
int cy = 0; 

for (DFGNodelterator i = nodesO; !i.end(); 

DFGNodeHandler* dnh = get_node_handler(*i); 

if (dnh->is_control_step_assigned()) { 

int cs = dnh->get_control_step(); 

if (cy < cs) cy = cs; 

} 

set cycles(cy); 

Step 5. ProgHandler \Z count.cycles ^VyH £ jIJSJQ • ^H 

f 3. uO^Vyh* \t, ±X<D DFGHandler <D count_cycles 

void ProgHandler::count cycles() const 

i 
for (Subplterator si = subpsO; Isi.endO; ++si) { 

CFGHandler* ch = get_subp_handler(*si) 

->get_cfg_handler(); 

for (CFGNodelterator cni = ch->nodes(); 

!cni.end(); ++cni) { 

DFGHandler* dh = ch->get_node_handler(*cni) 

->get_dfg_handler(); 

dh->count cycles(); 

} 

Step 6. main niUlT, ProgHandler <D count.cycles ^ V y 

CyclesCounter::ProgHandler* ph; 

ph = CyclesCounter::parse_prog_xml(); 

ph->import_properties_all(); 

ph->count_cycles(); // jiJn 

-Jl/ fCyclesCouterJ <D3—t4 > 

, 'i£\t3>/U)lV, fXW Prog-XML 

Co-

XML 

4. 

V<D HW/SW tSW' 

m 

HW/SW 

fctf, CoDaMa Tttft CoDaMa t^i^ 

CoDaMa 

5. 

. A-F')i7/V7hI)i7 (HW/SW) 

CDFG (Control Data Flow Graph) tftfls? 1/-A7-

HW/SW ttW 

5, CoDaMa 
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