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ModuleA Module B
register A_reg
wire A_out - wireB_in
>
1—>
register B_reg
1
K%/Wire A_in B wire B_outl_ll
031 0D0000ODOO0000O000DObOO0o00ODOO0Oo0oobOOoOooDbOoOooooon

obooboobgobooboboobooboboon

/

// Module A

A_in = B_out;
A_out = A_reg;
A_reg = A_in + 1;

// Module B

B_in = A_out;
B_out = B_reg;
B_reg = B_in + 1;
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/
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-

A_out = A_reg;
B_out = B_reg;

// Module A
A_in = B_out;
A_reg = A_in + 1;

// Module B
B_in = A_out;
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B_reg = B_in + 1;
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1 int main(int argc, char **argv)
2 {

3 Chip *chip = new ChipQ;
4 Spe *spe[MAX_SPE_NUM];
5 new MainMemory(chip);
6 new Mmu(chip);
7 Eib *eib(chip);
8

9

for (int i = ®; i < MAX_SPE_NUM; i++)
10 spe[i] = new Spe(chip, i + 1);
11 eib = new Eib(chip);
12
13 initialize(chip, argv);
14
15 while (loopcond(chip) == LOOP_RUN) {

16 chip->cycle++;

17 for (int i = 0; i < chip->spe_num; i++) {
18 spe[i]->spu->step(Q);

19 spe[i]->mfc->step();

20 }

21 eib->step();

22 }

23 finalize(chip);
24 return 0;
25 }
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assign a = b + c;
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end
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Counter

cnt » 0 out

CLK

035 80000000DOO

#include "arch_hdl.h"
#include "arch_hdl_types.h"

module Counter
(input wire CLK,
output wire [7:0] o_out);

1

2

3

4 class Counter : public Module {
5 public:

6 wire<uint_8> o_out;

reg [7:0] cnt; g
9

1

2

3

S

6 assign o_out = cnt; reg<uint_8> cnt;
7

8

9

0

void Assign() {

always @(posedge CLK) begin - .
d cnt <= cnt + 1; %? } o_out = cnt;
en :
12 void Always() {
10 endmodule %i cnt <<= (cnt() + 1) & Oxff;
15 }
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1 module Xorshift

2 (input wire CLK,

3 input wire i_rst_x,

4 input wire i_enable,

5 input wire [31:0] i_seed,
g output wire [31:0] o_out);
8 reg [31:0] x;

9 reg [31:0] vy;

10 reg [31:0] z;

11 reg [31:0] w;

% wire [31:0] t;

14 assign o_out = w;

15 assign t = x A (x << 11);

18 if (!i_rst_x) begin

19 X <= 123456789;

20 y <= 362436@69,

21 z <= 521288629;

22 w <= 88675123 A i_seed;
23 end

24 else begin

25 if (i_ enable) begin

26 X <=

27 y <= z;

28 Z <= W;

29 w <= (w A(w >> 19)) A (t » (t > 8));
30 end

31 end

32 end

33 endmodule

—_
~

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
:
always @(posedge CLK) begin |
|
|
|
|
:
|
|
|
|
|
|
|
|
i

0 3.9 VerilogHDLOOO Xorshift 0000 O00O0O0OCOO0OODCOOOO

OB90 Xorshift 000 O0O00OD0OODOOOOODOOOOO VerillogHDLOOODOODOO
O0OXorshift 0000000000000 CLKDOOOOOD ikt x00000000O
OO000000000 i enable0 00000000 0OOOODODOO iseed00O0D0O0O0O
OO0D0O0OD0 oot OO00OO0O0D0O0ODOOOOODOODOOOBROODODOODOODOOODOODO
gogoobobobooobboobooodoooooooooboboobobodoooooooon
gooooooooo

OBIM000B3O VerilogHDLOOOODO ArchkHDLOOOOODOOOOOOODOO
0140000 17000 Assign0000000O00OO0OO0 o_omrO0OODOOOOODO
00000000 ¢+«0000000D00O0O0OD0OD015S000 o_omtO0D0O00O0ODOODO
OO000D00DO00O0O000D000 regdb0D00OD0OO0O0OOODODOODODOI6OOO
t000000return 000000000000 D0%000000000

OBIO01l6e0dnoooon

3C++11 00000000000 DOlambda-introducer 00000007’ 000000000000
00000000000 O00000DOCOlambda-introducer 1 0000000000000 OOO0OO
000000ooooO=000000000000000CCOCO00000ArchHDLOOOODODDOODOO

O=10000000000



32 0000O0OO0ODOOO ArchHDLOODO 37

1 class Xorshift : public Module {
2  public:

3 wire<uint_1> i_rst_x;

4 wire<uint_1> i_enable;

5 wire<uint_32> i_seed;

g wire<uint_32> o_out;

8
9

reg<uint_32> x;
reg<uint_32> vy;
10 reg<uint_32> z;
11 reg<uint_32> w;
12 wire<uint_32> t;

14 void Assign() {
15 o_out = w;
16 ) t = [=]OQ { return x() * (x() << 11); };

18 void Always() {

19 if (li_rst_x(Q)) {

2 X <<= 123456789;

21 y <<= 362436069;

22 zZ <<= 521288629;

23 w <<= 88675123 * i_seed();
24 } else {

25 if (i_enable()) {

26 x <<= yQ);

27 y <<= z();

28 z <<= w(Q);

%g } w<<= (WO A WO >> 19)) » (tO * (tO >> 8));
31 }

32 }

33 %

—_
(=] ~
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class DEC : public Module {

[ |
[ Il
I | | % public: 25 i I
1 module DEC | wire<uint_2> i_in; 1
: 2 (input wire [1:0] i_in, H : g wire<uint_4> o_out; H
: 2 output reg [3:0] o_out); H | g void Assigrﬁ(%d{ . I
w . o_out = =
|3 always () begin [ wdne e Vel i
T(ild | val = 0; I
: g case@_(lalgl)lt — "b00O1: H | 10 switch (i_in(Q)) { I
9 1 o out - 'b0010. |11 case 0: val = 0b0001; break;
T TR 4 34 oy 12 case 1: val = 0b0010; break; ||
' 11 3 o out = 'b1000: I | 13 case 2: val = 0b0100; break;
: 12 endcase ’ H | 14 case 3: val = 0b1000; break; |
| 13 end noo ¥ ) I
| 14 endmodule || : }g }_return val; H
po1s oy I
| 19 1; ||
0 3.11 VerilogHDL OOO 2to4 0
e 03.12 ArchHDLOOD 2t04000
gooogd
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40 int main(Q) {
41 gesETop testtop;

I % #include "common/xorshift.h" h
| 1l
| 3 class TestTop : public Module { 1
| 4 public: I
| g static const unsigned int HALT_CYCLE = 30; I
: 7 reg<uint_1> HALT; H
| g reg<uint_32> cycle; I
: 10 wire<uint_1> rst_x; H
|11 wire<uint_32> seed; I
|12 wire<uint_32> rand; I
| %i Xorshift xorshift; I
| I
|15 void PortConnect() { I
| 16 xorshift.i_rst_x = rst_x; I
|17 xorshift.i enable = rst x I
|18 xorshift.i_seed = seed, I
| 19 rand = xorshift.o_out; |
I 20 T, . I
| 21 void Assign() { I
| 22 rst_x = [=](0) { return (cycle(D) < 1) ? 0 : 1; }; 1
| %ﬁ ; seed = [= ]() { return 1; }; I
| I
| 25 void Initial() { I
| 26 HALT = 0; I
|27 cycle = 0; I
| 28 } I
| 29 void Always() { 1
| 30 cycle <<= cycle() + 1; I
| %; HALT <<= (cycle() >= HALT_CYCLE); 1
| I
| 33 1f ('rst xO) { I
| 34 } { I
| 35 prlntf( '%08x\n", rand()); I
| 36 } I
|37 } I
| 38 1 I
I 39 I
| I
| 42 I
| 43 ArchHDL::Step(); I
| 44 } while ('testtop HALT(Q)); I
| 45 return 0; I
| 46 } ”
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OO NN —

class ModuleInterface {

public:
virtual void PortConnect() = 0;
virtual void Assign() = 0;
virtual void Initial() = 0;
virtual void Always() = 0;

class RegisterInterface {
public:
virtual void Update()

1l
=]

class WireInterface {
public:
virtual int Assign()
virtual void Clear()

namespace ArchHDL {

class Singleton {

private:
std::vector<ModuleInterface*> modules_;
std::vector<WireInterface*> wires_;

std::vector<RegisterInterface*> update_registers_;

public:
static Singleton& GetInstance(void) {
static Singleton singleton;
return singleton;

void AddModule (ModuleInterface* mi) {
modules_.push_back(mi);

void AddWire(WireInterface* wi) {
wires_.push_back(wi);

void AddRegister(RegisterInterface® ri) {
update_registers_.push_back(ri);

void Assign() {
for (auto module : modules_) {
module->PortConnect ();
module->Assign();

int cond;
do {
cond = 0;
for (auto wire : wires_)
cond += wire->Assign();

}
} while (cond);

{

void Initial() {
for (auto module : modules_) {
module->Initial ();

}
void Exec() {
update_registers_.clear();
for (auto module : modules_) {
module->Always();

for (auto reg : update_registers_) {
reg->Update();

}
};

void Step() {
static bool first_step = true;
if (first_step) {
first_step = false;
ArchHDL::Singleton::GetInstance().Assign();
ArchHDL::Singleton::GetInstance().Initial();

}
ArchHDL::Singleton::GetInstance().Exec();

} // namespace ArchHDL

O 314 ArchHDLOOOOOODOOOOODOQOOODOSingleton O 0O O

Step0 0000
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template <typename T>
class reg : RegisterInterface {
private:

T curr_;

T next_;

// disallow copy and assign
reg<T>(const reg<T>& rhs);

reg<T>& operator=(const reg<T>& rhs);
10 public:

11 reg() : curr_(0), next_(0) {}

12 void Update() {

OO N W —

—_
(o)}

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
curr_ = val; |
|
|
|
|
|
|
|
|
|
|
|
|
|
|

13 curr_ = next_;

14 }

15 void operator=(T val) {

%g next_ - val;

19 void operator<<=(T val) {

%? if (val == next_) return;

22 next_ = val;

%i ) ArchHDL::Singleton::GetInstance().AddRegister (this);
25 T operator() () {

26 return curr_;

27 }

28 std::function<T ()> GetLambda() const {
29 return [=]() { return curr_; };

30 }

31 3}
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1 template <typename T>

2 class wire : WireInterface {

3 private:

4 std:: function<T ()> lambda_;
g const wire<T>* prev_;
7

8

9

bool called_;
T val_;

10 // disallow copy and assign

49 std:: function<T ()> GetLambda() const {
50 ; return lambda_;

[ |
| I
| I
| I
| I
| I
| I
| I
| I
| I
|11 wire<T>(const wire<T>& other); I
|12 //wire<T>& operator=(const wire<T>& rhs); I
| 13 public: I
| 14 wire(): lambda_(nullptr), prev_(nullptr), called_(false) { I
| %g ) ArchHDL::Singleton::GetInstance().AddWire (this); 1
| I
|17 void operator=(std::function<T ()> lambda) { I
| }g lambda_ = lambda; I
| I
| 20 void operator=(const wire<T>& rhs) { I
|21 std:: function<T ()> lambda = rhs.GetLambda(); I
|22 if (lambda == nullptr) { 1
| 23 prev_ = &rhs; I
| 24 } else { I
| 25 lambda_ = lambda; I
| 26 } I
271 I
| 28 void operator=(const reg<T>& rhs) { I
| %g ) lambda_ = rhs.GetLambda(); I
: 31 int Assign() { H
| 32 if (lambda_ == nullptr) { I
| 33 assert(prev_ != nullptr); I
| 34 std:: function<T ()> lambda = prev_->GetLambda(); I
| 35 if (lambda == nullptr) { 1
| 36 return 1; I
| 37 } else { I
| 38 lambda_ = lambda; I
| 39 } I
| 40 I
| 41 return O; I
| 42 } I
| 43 T operator (O () { I
| 2§ ) return lambda_(Q); I
: 46 void Clear() { H
| 47 called_ = false; 1
| 43 I
| I
| I
| |
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|
class Module : public ModuleInterface { I
private: I
// copy constructor I
Module (const Module& other); I
Module& operator=(const Module& rhs); I
public: 1
Module () { I
ArchHDL::Singleton::GetInstance().AddModule (this); I
I

I

I

I

|

OO N W~

}
10 virtual void PortConnect(){}
11 virtual void Assign(){}
12 virtual void Initial O{}
13 virtual void Always(){}
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#include "arch_hdl.h"

Counter #include "arch_hdl_types.h"

1

2

3

4 class Counter : public Module {
5 public:

g wire<uint_8> o_out;

8
9

reg<uint_8> cnt;
void Assign() {

cnt » 0 _out }(1) o_out = cnt:
1 12 ioid Always () {
13 cnt <<= (cnt() + 1) & Oxff;
CLK {‘5‘ ) ¥
Definition of wires [ Assign() ] o_out = cnt
[ Always() ] cnt <<= (cnt() + 1) & Oxff;
Ex lel
) Cyde | Updae) | Update registers |
Exec() oo [ Always) ] cnt<<=(cnt() + 1) &Oxff;
Cycle | Update) ]| Update registers |
Exec() le3 [ Always() ] cnt <<= (cnt() + 1) & Oxff;
Cycle ( Update) | | Update registers |

0 318 ArchkHDLOOOODOOOOOOOOD §8O0CODODOOOOOO
gooooobooog
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27 wire<Flit> router_in_flit[NUM_DIRECTION];
28 wire<Flit> router_out_f1it [NUM_DIRECTION];
29 wire<uint_1> router_in_flow_control [NUM_DIRECTION * NUM_VIRTUAL_CHANNEL];
30 wire<uint_1> router_out_flow_control [NUM_DIRECTION * NUM_VIRTUAL_CHANNEL];

I |
| % #pragma once I
| I
| 3 #include "arch_hdl.h" I
| é #include "arch_hdl_types.h" I
| I
| 6 #include "config.h" I
| 7 #include "flit.h" I
| 8 #include "nic.h" I
| 18 #include "router.h" I
| I
| 11 class Node : public Module { 1l
| 12 public: I
| 13 wire<uint_1> i_rst_x; I
| 14 wire<uint_32> i_id; I
| 15 wire<Flit> i_in_flit[NUM_DIRECTION - 1]; 1
|16 wire<Flit> o_out_flit[NUM_DIRECTION - 1]; I
|17 wire<uint_1> i_in_flow_control [(NUM_DIRECTION - 1) * NUM_VIRTUAL_CHANNEL]; ||
| %g wire<uint_1> o_out_flow_control [(NUM_DIRECTION - 1) * NUM_VIRTUAL_CHANNEL];
| I
| 20 NIC nic; I
| 21 wire<Flit> nic_in_flit; I
|22 wire<Flit> nic_out_£flit; I
| 23 wire<uint_1> nic_in_flow_control [NUM_VIRTUAL_CHANNEL]; I
| %§ wire<uint_1> nic_out_flow_control [NUM_VIRTUAL_CHANNEL]; 1
| I
| 26 Router router; I
| I
| I
| I
| ii
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void Exec() {
update_registers_.clear();
for (auto module : modules_) {
module->Always();

for (auto reg : update_registers_) {
reg->Update();
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void Exec() { I
update_registers_[omp_get_thread_num()].clear();
#pragma omp for
for (size_t i = 0; i < modules_.size(); ++1i) { |
modules_[i]->Always();
|
|
:

for (auto reg : update_registers_[omp_get_thread_num()]) {
reg->Update();
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