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Design and Verification of the Class-based Architecture
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ABSTRACT

Together with a new advent of embedded processor developed to support specific application area
and it evolution, a new research of software development to support the embedded processor and its
commercial challenge has been revitalized. Retargetahility is typically achieved by providing target ma-
chine information, ADL, as input. The ADLs are used to specify processor and memory architectures
and generate software toolkit including compiler, simulator, assembler, profiler, and debugger. The
EXPRESSION ADL follows a mixed level approach-it can capture both the structure and behavior sup—
porting a natural specification of the programmable architectures consisting of processor cores, cop—
rocessors, and memories. And it was originally designed to capture processor/memory architectures and
generate software toolkit to enable compiler-in~the~loop exploration of SoC architecture. In this paper,
we designed the class-based ADL based on the EXPRESSION ADL to promote the write-ability, ex~
tensibility and verified the validation of grammar. For this works, we defined 6 core classes and generated
the EXPRESSION’s compiler and simulator through the MIPS R4000 description.
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//OPERATION_SECTION
(OPERATION_SECTION
(OPCODE and
(OP_TYPE DATA_OP)
(OPERANDS (_SOURCE_1_ int_any) (_SOURCE_2_ int_any) (_DEST_ int_any))
(BEHAVIOR ”_DEST_ = _SOURCE_1_ AND _SOURCE_2 "
(ASMFORMAT ( ( COND "dstl=reg,srcl=reg,src2=reg” )
( PRINT "“\t<opcode>\t$<dst1> $<srcl > $<sre2>\n" ) ) )
(IRDUMPFORMAT ( ( COND "dstl=reg,srcl=reg,src2=imm" )
( PRINT "\td\t<opcode>\t($<dst1>N\{$<srel >, <sre2>N\n" ) ) )

)
/7
// INSTRUCTION_SECTION
(INSTRUCTION_SECTION
(WORDLEN 32)
(SLOTS
((TYPE DATA) (BITWIDTH 8) (UNIT ALU1_EX))
(TYPE DATA) (BITWIDTH 8) (UNIT ALU2_EX))
((TYPE DATA) (BITWIDTH 8) (UNIT FALU_EX))
((TYPE DATA) (BITWIDTH 8) (UNIT LDST_EX)}
((TYPE CONTROL) (BITWIDTH 8) (UNIT BR_EX))
)
)
/am
// OPMAPPING_SECTION
(TREE_MAPPING
{ ( GENERIC ( (IADD DSTI1] = REG(1) SRCI1] = REG(2) SRCI2] = IMM(3) ) ) )

( TARGET ( (addu DSTI[1] = REG(1) SRC[1] = REG(2} SRC[2] = IMM(3)) } ) }
/am
)

2 2. EXPRESSION ADL &% A 244
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//ARCHITECTURE_SECTION
{ARCHITECTURE_SECTION
(SUBTYPE UNIT FetchUnit DecodelUnit OpReadUnit ExecuteUnit BranchUnit LoadStoreUnit WriteBackUnit
)
(SUBTYPE PORT UnitPort Port)
(SUBTYPE CONNECTION MemoryConnection RegisterConnection RegisterConnection)
(SUBTYPE STORAGE Storage InstStrLatch PCLatch InstructionLatch OperationLatch)
(FetchUnit FETCH
(CAPACITY 1) (INSTR_IN 4) (INSTR_OUT 4) (TIMING (all 1)) (OPCODES all)
(LATCHES (OUT FetDecLatch) (OTHER pcLatch)) )
)
o
//PIPELINE_SECTION
(PIPELINE_SECTION
(PIPELINE FETCH DECODE READ_EXECUTE WB)
(READ_EXECUTE (ALTERNATE read_execute( read_executel read_execute? read_execute3 read_executed))
(read_execute0( PIPELINE ALU1_READ ALUL_EX »
/s
(DTPATHS
(TYPE UNI .
{ FPRFile ALU1_READ FprReadPort6 FprReadPort6ALUlReadPortl AlulReadPortl)
{ FPRFile ALU1_READ FprReadPort7 FprReadPort7ALUIReadPort2Cxn AlulReadPort2)
/..
Y )
o
//STORAGE_SECTION
(STORAGE_SECTION
(GPRFile (TYPE VirtualRegFile) (WIDTH 32) (SIZE 32) (MNEMONIC "R") )
(FPRFile (TYPE VirtualRegFile) (WIDTH 64) (SIZE 32) (MNEMONIC ") )
/.
)

% 3. EXPRESSION ADL 7 MEAMM
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ADLclass Behavior {

vardef int_normal(DATATYPE INT, REGS
GPRFile[1-28]) ;

vardef float_immediate(DATATYPE FLOAT,
REGS IMM) ;

vardef doublel_retval(DATATYPE DOUBLE,
REGS FPRFEilel0D ;

vardef any_sp(DATATYPE INT, REGS SP) ;

Y/

18] 5. Behavior 822

ADLclass Structure {
CompType UNIT;
CompType STORAGE;
CompType Connection;
CompType PORT;
/.

a8 8. Structure Ealix
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ADLclass OpSpec : Behavior {

void asmFormat(DstRegType Dst, SrcRegType
Srel); :

void asmFormat(DstRegType Dst, SrcRegType
Srcl, SrcRegType Src2);

void irDumpFormat(DstRegType Dst,
SrcReg Type Srel);

void irDumpFormat(DstRegType Dst,
SrcRegType Srcl, SrcRegType Src2);
/..

a8 8. OpSpec e~

asmFormat() We ¥4 Dst, Srel, Sre27} zhe
R 2H 223 (DstRstType, SrcRegType, ... 1ol
w2t EHEHe 4B Z=9 FHE ARG
irDumpFormat() ®¥ 2<% Dst, Srcl, Src27} 2t
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Gxmd)ol e £7 TS NP H g4 w2t &
ook 9 AWy e LMEYE FE8ke g
o] WA o] YA FeEtx W) Mo Aay

OpSpec class

e
ComputeQps LoadStoreQps JumpBranchOps | CoprocessorOps | : SpecialOps | 1 ExceptionOps |
class class class : class : | class ! ; class !
[ | [ |
AddSubQps MulDivOps LogicalOps ShiftOps
class class class class

a8 7. OpSpec Ealiac HBH
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Mol bt M2 gE 9y g2 7R A

ComputeOps 2= 583 7152 2= 4}
A AXE A% FEEA $49 9 ¢ (1
9]¢} o] Aelstm it 7)%5el whet 471A] Akl
g Qatzace] AT YHE A3 operand()
A Fg4e BE ASA F5Ho AEHER
ComputeOpsol] &2l =™ 2z} Al F#zoM 43
AHA ALt F2AE A3t}

ADLclass ComputeOps : OpSpec {
void operand(SrcRegTypel srcl, DstRegType dst);
void operand(SrcRegTypel srcl, SrcRegType2
src2, DstRegType dst);
/.

3% 9. ComputeOps E2i2

Zt Aske] digt 82 9= ComputeOps E#
25 A4 & eHdolde 538 T Wy
32 Ao}t ComputeOps EHAE &3
QAT Wy AN A ostE AddSubOps P 2E
(19 10]7 Zo] Fod & Ay =8 TGk

A A9 S92 AddSubOps, MulDivOps,
LogicalOps, ShiftOps& ©]-&-3t] A48 AAS
o]-&3te] Fxo FoW = G WY FFE
5280 AAZ MIPS R40008] 23 ol Zax

£ A% F AAE A 3T Ve PEe
42004 A3t

ParSlot &&= o}7|d AN 715 BEAE
Zledte RN HEE AYHE eugold
Q&R Aoz FAH Utk A4 &FL AR
g, 27), 4l olF& WiARFE 2tE Slot E &
o s ddch

OpMapping Z#l2E £ 2= dig el =
= Mg gl &3 HAHIE AT J=EFA
vl H (instructionMapping ) WH <) 2 F AR
v} 4 (operandMapping() ¥ ¥4)& ¢35 [2¥
121 Fed T 79 Ay FE o] 83t Ex I
g o 3L F3Pgrt.

operandMapping() W8 4E ©]-83l9 Generic
o iz E9E 4 I dHolH A5 4R
28 A23E Bl JA2EH A9 oA E wA
g 4 e ARJE 718 dE 59, Genericd
"(DATATYPE INT) (CLASSTYPE IMM)"&
MIPS R4000 Z & Al A o)A “int_immediate” 3] A4F
29k A8 4 = H R} operandMapping( INT,
IMM, int_immediate) A% ¥4+2 TH} 423
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--—

ADLclass AddSubOps : ComputeOps {

y/am
I

dst = srcl + src2;

}

int_any add(DstRegType dst, SrcRegType srcl, SrcRegType src2);
int_any sub(DstRegType dst, SrcRegType srcl, SrcRegType src2);

int_any AddSubOps::add(DstRegType dst, SrcRegType srcl, SrcRegType src2) {

I8 10. ComputeOps Sz~

ADLclass ParSlot : Behavior {

h

void Slot(DATATYPE DataType, int Bitwidth, MyString Unit);

a2l 11. ParSlot Eelix
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ADLclass OpMapping : Behavior {

void operandMapping( DataType dataType, RegType regType, TargetType TgtType);
void instructionMapping( MyString genericInstruction, Mystring targetInstruction);

2% 12. OpMapping 2l

ADLclass Component @ Structure {

SUBTYPE PORT UnitPort, Port ;

void capacityAttribute( int );

void instrInOutAttribute( int, int );
void timingAttribute( MyString, int );
void opcodeAttribute( MyString %

oo

SUBTYPE UNIT FetchUnit, DecodeUnit, OpReadUnit, ExecuteUnit ;

SUBTYPE CONNECTION MemoryConnection, RegisterConnection, RegisterConnection ;
SUBTYPE STORAGE Storage, InstStrLatch, PCLatch, InstructionLatch, OperationLatch ;

void latchAttribute( MyString, MyString ),

2% 13. Component Szl
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FetchUnit FETCH ;

/o

FETCH.capacity Attribute(1), FETCHINSTR(4, 4),
FETCH.timingAttribute(all, .1), FECTH.opcodesAttribute(all);

D8 14, HEHE A MY 9S4 1Y

ADIclass Datapath : Structure {

void UniDataPath( MyString Direction, MyString sre, MyString sink, MyString actPath ) ;
void BiDataPath( MyString Direction, MyString src, MyString sink, MyString actPath ) ;

a3 15. Datapath i

ADLclass Memory : Structure {
void typeAttribute( MyString memType );
void sizeAttribute( int memSize );
void widthAttribute( int memWidth ) ;
void addrrRangeAttribute( int addrLow, int addHigh );
void accessTimeAttribute( int accTime );
/o
5

32 16. Memory e~
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//OpSpec E#;
AndOps.operand(int_any, int_any, int_any);

AndOps.asmFormat(reg dst, reg srcl, imm src2);

//ParSlot &2 2

ParSlot pslot; /A4 A4
pslot.Slot(DATA, 8, "ALU1_EX");
pslot.Slot(DATA, 8, "YALU2_EX");
/o

//OpMapping S =

OpMapping mapping; /A A

//Component 32
FetchUnit FETCH; //AA] A

/o

// Datapath &2,

Datapath dataPathObj; // A A
dataPathObj.UniDataPath(FPRFile, ALU1_READ
dataPathObj. UniDataPath(FPRFile, ALU1_READ,

/e

//Memory Z#; =
Memory GPRFile, FPRFile;

ShiftOps AndOps; // "and” @4FALE 93 A A A
AndOps.and(int_any dst, int_any srcl, int_any src2) ;

AndOps.irDumpFormat(reg dst, reg srcl, imm src2);

mapping.instructionMapping ("IADD DSTI1] = REG(1) SRC[1] = REG(2) SRC[2] = IMM(3)",
"addu DST([1] = REG(1) SRC[1] = REG(2) SRC[2] = IMM(3)");

FETCH.capacity Attribute(1), FETCHINSTR(4, 4), FETCH.timingAttribute(all, .1) ;

"FprReadPort6 FprReadPortBALU1ReadPortl AlulReadPortl”) ;

"FprReadPort? FprReadPort7ALU1ReadPort2Cxn AlulReadPort2”) ;

GPRFile.typeAttribute("VirtualRegFile”), GPRFile. widthAttribute(32), GPRFile.sizeAttribute(32);
FPRFile.typeAttribute(”VirtualRegFile”), FPRFile.widthAttribute(64), FPRFile.sizeAttribute(32);

/...
)
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