Vol. 45 No. 5

goooooooo

0oooooooo veRIwiooouooo HbLoooooo

0O o o of
0O o o of

O o o of o o o of
O o o of

goooobooOo0oooooobo vLwoooooooooooooooooooooo0oooo
gooo0obo0OoO00000 HDLOOOOOOOO0OO0OO0OO0O0O0O0O0000O0O0O0O0O0000000
gboooooooooooobooooooboboOoOoOoOOOOOOOOOOO0OOOobOOoOoooooo
gooooooOO0o0O0O0OoOO0OO0O0000O00000O00000O0O00OOO0O0OOO0O0OOODODO
gooOoooooooovoLiwoOOoooooooooooooooooooooooooooooo
gobooooooooooooooooooboobooOoOoOoOOOOO0bObOOOOOOooboOoooo
goooooooooO0ooobooboobooooooooooooooOoOOobOObOObOOOob0O00O0oooo
o000o0o0oOooooboob0ooog8boboO s000oobooboo0noooooooooooooon
000 HDLOODOOODOOODOOODOO 2%0000000000000

HDL Generation Method for Configurable VLIW Processor

YUKI KOBAYASHI, SHINSUKE KOBAYASHI,t KEISHI SAKANUSHI, f
Y OSHINORI TAKEUCHIT and MASAHARU IMATt

This paper proposes a synthesizable HDL code generation method using a processor speci-
fication description based on a configurable VLIW processor model. The proposed approach
can change the number of pipeline stages, the number of slots, and a dispatching rule that
manages issued operations assigned to resources, and these parameters and each instruction
behavior are represented in the processor specification description. The control logic including
the pipeline controller, the decode logic, and the data path for VLIW processor are generated
from the processor specification. Designers can explore ASIP design space using the proposed
approach effectively, because the amount of description is small and the modification cost
is also small. Using this approach, it took about eight hours to design 36 VLIW processors.
Moreover, this approach provides a 82% reduction on the average compared to the description
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of the HDL code.
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Fig. 1

VLIW processor model.
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Slot SlotD) (Slot2 (Slot3 - (Slotn)
PN

Resource \RG 1][RG 2HRG 3][RG 4] [RG 5] [RG 6]
Group

.[RG k]

Operation ..
Group

ALUO EXTO ADD ADDI, ADDU, MULT, MULTU
SUB, SUBI, SUBU, ..

(a) Dispatch Model

i slot_opegroup {
1 {Slotl: OG1, Slot2: OG1, Slot3: OG3, ... },
{ Slotl: OG1, Slot2: 0G2, Slot3: OG1, ... },

Pk

1 opegroup_resgroup {

i OGLl:RG1, RG4, RG6;
0G2: RG2, RGS;

H s’Iot_resgroup{
Slotl: RG1, RG2, RG3;
Slot2: RG4, RG5;

(b) Dispatch Rule Description

02 0000000O0ODOO0OO0O
Fig.2 An example of the dispatching model.
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micro_operation ADD {
wire [31:0] srcoO;
wire [31:0] srcl;
wire [31:0] res;
stage 2 {
src0 = GPR.readO (rs0) ;
srcl = GPR.readl (rsl);

stage 3 {
wire [3:0] flag;
<res, flag> = ALU.add(src0,srcl);

séage 5 {
null = GPR.writeO (xrd, res);
i
}i
(@ (b)
03 0OO0000OO0OOOO0OoDOOOoOoOoOoooOboDOoOoboOoOoo
DFG OO
Fig.3 An example of micro operation description and
DFG generated from the description.
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Fig.4 An example of merging DFGs.
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Fig.5 Control paths of Scalar processor and VLIW

processor.
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Fig.6 Execution model of VLIW processor.
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Fig.7 An example of Tzpp.

goboobOoooboobobooboboooo
JoooooooonoO VLIWODOOoDoooo
gooo
(3) DOOO0OOO
goooo vLiwiooobooooooooog
0o0oOd00bOoooOO0ooOoooDooooooo
0odoo0oOooooobooooo
(4) 0DOOOOOO0OO
gob0 3gobooooobooooboboo
gooo
3.4 O000O0O0OOOOOOOO
gooooooo voLIwoooobooooobog
do00OoO00ooO0bOO0o00O0ooO0O0oooOOHDL
Jooo0oooboo0oooobooboooboooo
Joddooobooooooooooboooooono
gooog IbpP O
s € Slot,og € OG,rg € RG,

IDP(s) = (og,79) (6)
gboobooooboobbooboboooooo
o000 Tzpp O IDPOOOOODOOOOODOOO
O0Slet00000O0O0O0OGOOOOOOOOO
00000o00oRGUOODOOOOODOOODOOODOO
070 TxrppO0O0OOD0OOO70000000000OO
{0G01, 0G02, OGO01, OG04} 000 VLIWDO OO
0000o00ooooooooooog RGO1ORGO3O
RGO4ORGOSO0 0000 O00DODOOODOOODO
voLIiwioOoOoOOoOOoOooooooooooooooo
ooooooooooooo()yoooooooooo
oooooooooooooo@) vLIwooooo
godbdoooooobobooboouoboboooboo
000000 UOOooooooooooooooo
Jobooooooo vVvhIiwoooooomoooo
JoobodoooooDooboDooobobooooooono
00000boO0000D00oo00oooo0odTIzpp O
goooo

RGO1 RGO5 RG10 RG15
Opegroup-Resgroup RGO6 RG11
RGO1, RG04, RG09, RG13 /\
,
;_ RGO2, RGOS, RG06, RG10, RG11, RG14([} SIot-ReSgroup Neea,
£ ¥
RG03, RGOB (Slot 24Sot 3}Stot 4
RGO7, RG12 RGOL RG04{RGO8{RG13
RGO2 RGO5IRG09{RG14
RGO1, RG15 RG03 RGO6iRG10}RG15
RGO7 JRG111
RGO1, RG04, RG09, RG13 :RGlZE

.....

08 0OO0O0OOOODOOOOOOOOOOOObObOOOOoOoOo
Fig.8 An example of enumeration of resource groups
that are available in each slot.
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Fig.9 An example of a resource conflict among resource

groups of slots.

~

boolean function selectResgroup(
s: Slot,
res_set: set of Resource,
rg-set: set of Resource group ) {
each rg in pattern[s].resgroups {
if ( rg.resource not in res_set ){//no conflict
if( s.next = null ){
rg_set += rg;
adopt( rg_set ); // done.
return true; }
else if ( true = selectResgroup(
s.next, res_set + rg.resources,
rg-set + rg ) ) // recursive call.
{ return true;

return false; }

010 0O0O0O0OO0OOODOOODOOOODOO
Fig.10 Resource group decision algorithm.
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and Active( ResgM )
then out <=in0
if Decoded( OpeB, ResgN )
and Active( ResgN )

] i, insert _,
. . aselector
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0o
Fig.11 DFGs merge and selector insertion in the VLIW
processor generation.
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Table 1 Parameters of designed VLIW processors.
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Fig.12 Trade-off between HW area and execution time
of FIR filter application.
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