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Abstract This paper proposes a method for describing hardware design and testing using Python in the context of a technique
that converts real-time systems implemented with RTOS into entirely hardware-based systems. The circuit configuration of
the hardware providing RTOS functionality depends on parameters such as the number of tasks and the number of service
instances utilized by the tasks. Previously, Verilog HDL descriptions tailored to the parameters were generated using Perl
scripts. However, this text-based generation approach results in low readability and inflated code size. In this work, hardware
design is performed by describing the Abstract Syntax Tree (AST) of Verilog HDL using Python. By introducing AST-level
transformations, we improve readability and reduce code size by grouping register transfers and wire assignments for each state
in a state machine, as well as abstracting multiple expression evaluations and assignments required for specific functionalities.
We also describe unit tests for the designed modules in Python and generate Verilog HDL testbenches from these descriptions,
enabling efficient testing of parameter-dependent hardware.
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module priority(

input [2-1:0] X_TASK, input [6-1:0] BASEPRI,
output [6-1:0] MAX_PRI

N

localparam ceiling® = 2; localparam ceilingl = 1;
reg [2-1:0] locker®; reg [2-1:0] lockerl;
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9 function [6-1:0] priority;

10 input [2 01 :0] x_task; input [6-1:0] basepri;

11 begin

12 case(x_task)

13 0: begin

14 if(locker1[0]) begin

15 priority = (ceilingl < basepri)? ceilingl
: basepri;

16 end else if(locker®[0]) begin

17 priority = (ceiling® < basepri)? ceiling®
: basepri;

18 end else begin

19 priority = basepri;

20 end

21 end

22 1: begin

23 if(locker1[1]) begin

24 priority = (ceilingl < basepri)? ceilingl
: basepri;

25 end else if(locker®[1]) begin

26 priority = (ceiling® < basepri)? ceiling®
: basepri;

27 end else begin

28 priority = basepri;

29 end

30 end

31 endcase

32 end

33 endfunction

35| assign MAX_PRI = priority(X_TASK, BASEPRI);

37| endmodule
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1| import veriloggen as vg

2

3| def priority(mutex_ceiling_values: list[int], n: int):

4 m = vg.Module("priority")

5 X_TASK = m.Input("X_TASK", n.bit_length())

6 BASEPRI = m.Input("BASEPRI", 6)

7 MAX_PRI = m.Output("MAX_PRI", 6)

8

9 ceilings = [

10 m.Localparam(f"ceiling{i}", ceiling)

11 for i, ceiling in enumerate(mutex_ceiling_values)

12 ]

13 lockers = [

14 m.Reg(f"locker{i}", n.bit_length())

15 for i, _ in enumerate(mutex_ceiling_values)

16 ]

17 ceiling_locker_list = sorted(zip(ceilings, lockers),
key=lambda item: item[0].value)

18

19 func = m.Function("priority")

20 x_task = func.Input("x_task", n.bit_length())

21 basepri = func.Input("basepri", 6)

22 func.Body (

23 vg.Case(x_task) (

24 *[

25 vg.When(task_number)

26 create_if_statement(

27 [

28 (

29 locker[task_number],

30 func(vg.Cond(ceiling < basepri,

ceiling, basepri)),
31 )
32 for ceiling, locker in
ceiling_locker_list

33 1,

34 (func(basepri)),

35 )

36 )

37 for task_number in range(n)

38 ]

39 )

40 )

41

42 m.Assign(MAX_PRI(func.call(X_TASK, BASEPRI)))

43 return m

44

45| priority([2, 1], 2).to_verilog("./priority.v")
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1| module sample_module(

2 input [1-1:0] CLK, input [1-1:0] a, input [1-1:0] b,

Z output [3-1:0] x, output [3-1:0] y
)

5

6 reg [2-1:0] r0; reg [2-1:0] rl; reg [2-1:0] STATE;

7

8 initial begin

9 ro = 2’do

10 rl = 2'de

11 STATE = 2°'d0;

12 end

13

14 always @(posedge CLK) begin

15 case(STATE)

16 0: begin

17 if(a) begin

18 o <= 1;

19 STATE <= 2;

20 end else begin

21 o <= 2;

22 STATE <= 1;

23 end

24 end

25 1: begin

26 if(b) begin

27 rl <= 1;

28 STATE <= 2;

29 end else begin

30 rl <= 2;

31 STATE <= 0;

32 end

33 end

34 2: begin

35 STATE <= 0;

36 end

37 endcase

38 end

39

40 function [3-1:0] x_assign_func;

41 input [1-1:0] CLK; input [1-1:0] a; input [1-1:0] b;

42 begin

43 case(STATE)

44 0: begin

45 x_assign_func = 0;

46 end

47 1: begin

48 x_assign_func = 0;

49 end

50 2: begin

51 x_assign_func = ro + ri

52 end

53 endcase

54 end

55 endfunction

56

57 function [3-1:0] y_assign_func;

58 input [1-1:0] CLK; input [1-1:0] a; input [1-1:0] b;

59 begin

60 case(STATE)

61 0: begin

62 y_assign_func = 0;

63 end

64 1: begin

65 y_assign_func = 0;

66 end

67 2: begin

68 y_assign_func = r® * ril;

69 end

70 endcase

71 end

72 endfunction

73

74 assign x = x_assign_func(CLK, a, b);

72 assign y = y_assign_func(CLK, a, b);

L)

77| endmodule
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1| import veriloggen as vg

2| from module_generator import ModuleGenerator

3

4

5| class SampleModule(ModuleGenerator):

6 def module_generate(self):

7 self.module = vg.Module("sample_mocule")

8

9 self.declare_input_wires({"CLK": 1, "a": 1, "b":
11

10 self.declare_output_wires({"x": 3, "y": 3})

11 self.declare_regs({"r®": 2, "r1": 2, "STATE" : 2})

12 self.init_regs ([

13 (self.regs["r0"], 0,

14 (self.regs["ri1"], 0),

15 (self.regs["STATE"], 0)

16 ]

17 )

18 return self.generate_combinational_circuit(self.
module, self.fsm())

19

20 def fsm(self):

21 return vg.Case(self.regs["STATE"]) (

22 vg.When(0) (

23 vg.If(self.input_wires["a"])(

24 self.regs["r®"]1(1),

25 self.regs["STATE"](2),

26 ).Else(

27 self.regs["r0"]1(2),

28 self.regs["STATE"](1)

29 ),

30 self.output_wires["x"](0),

31 self.output_wires["y"](®),

32 ),

33 vg.When (1) (

34 vg.If(self.input_wires["i1"]) (

35 self.regs["r1"1(1),

36 self.regs["STATE"](2),

37 ).Else(

38 self.regs["r1"]1(2),

39 self.regs["STATE"](0),

40 J,

41 self.output_wires["x"](0),

42 self.output_wires["y"]1(0),

43 J,

44 vg.When (2) (

45 self.output_wires["x"](self.regs["r0"] + self.

regs["r1"]),
46 self.output_wires["y"](self.regs["r0"] * self.
regs["r1"]),

47 self.regs["STATE"](0)

48 )

49 )
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oooOo0o0o0oOoooooOooOO.000Dooooooooo
o000 32000000040000000.

0000 1000. "#instance" O0000DOOO, "Python" O
Python OO O OOOODO, "Verilog HDL" OO OO OO Verilog
HDLOOO,"#LUT" 000000000000, "#FF' 00
Oo0o00o0ooooOo.pythonDO0OOOOOOODODOOOO
goD0000,0000000 10 VerilogHDLODOOODOO
oo0oooooO0o0ooooOooooooooooooon.

5. 0 0O O
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OO0oO000. PythonDODOOODO Verilog HDL O ASTO O OO
gooooooboo,00oocoboooooobooooooon.
o0,000000000C00000O00000000 Python

1| function [1-1:0] SRW_f;

2 input [1-1:0] CLK; input [4-1:0] M;
3 input [4-1:0] X_SERV;

4 input [TASK_SIZE_BIT_LENGTH-1:0] X_TASK;
5 input [32-1:0] X_AO;

6 begin

7 if (X_SERV == 1) begin

8 SRW_f = 1;

9 end

10 end

11| endfunction

12

13| function [6-1:0] SRX_f;

14 input [1-1:0] CLK; input [4-1:0] M;

15 input [4-1:0] X_SERV;

16 input [TASK_SIZE_BIT_LENGTH-1:0] X_TASK;
17 input [32-1:0] X_AO;

18 begin

19 if(X_SERV == 1) begin
20 SRX_f = 6’b101;

21 end

22 end

23| endfunction

24

25| assign SRW SRW_£ (CLK,M, X_SERV,X_TASK,X_A0);
26| assign SRX SRX_f(CLK,M,X_SERV,X_TASK,X_A0);
27| assign SRT SRT_f (CLK,M, X_SERV, X_TASK,X_A0);

28| assign SRWD = SRWD_f(CLK,M,X_SERV,X_TASK,X_A0);

08 0000000000000 VerilogHDL OO

OLnooobooo
(Od0O0o0oooo

#instance  Python  Verilog #LUT #FF delay [ns]
1 247 942 47 8 5.802
1387 83 12 6.029

1832 123 16 5.957

bG)y0oooooo

#instance  Python  Verilog #LUT #FF delay [ns]
1 214 787 79 10 5.595

2 1214 57 10 6.011

3 1649 121 31 5.812
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1| from module_generator import ModuleGenerator
2| import veriloggen as vg

3| from var_enum import StatusRegister

4

5| def fsm(self):

6 return vg.If(self.input_wires["X_SERV"] ==
7 self.write_status_regs(

8 self.input_wires["X_TASK"], {

9 StatusRegister.AccessItem.Tskstat:
10 }

11 )

12 )

StatusRegister.Tskstat.TTS_RDY

D(

09 Python0O0DODODOODOODOODO

1| class StatusRegister:

2 class AccessItem(Enum):
3 Tskstat = @

4 Tskpri = 1

5 L

6

7 class Tskstat(Enum):

8 TTS_RUN = 0@ #00O0OO

9 TTS_RDY = 1 #000000
10 ..

11

12 class Tskwait (Enum):

13 TTW_SLP = 0 #0000

14 TTW_DLY = 1 #000000
15

16

17| def write_status_regs(self, task_number : any,
access_item_dict : dict[StatusRegister.
AccessItem, anyl):

18 if StatusRegister.AccessItem.Tskstat in
access_item_dict:

19 assign_value = access_item_dict[StatusRegister.
AccessItem.Tskstat]

20 if isinstance(assign_value, StatusRegister.Tskstat
):

21 access_item_dict[StatusRegister.AccessItem.

Tskstat] = self.local_params[assign_value]
22
23 if StatusRegister.AccessItem.Tskwait in
access_item_dict:

24 assign_value = access_item_dict[StatusRegister.
AccessItem.Tskwait]

25 if isinstance(assign_value, StatusRegister.Tskwait
):

26 access_item_dict[StatusRegister.AccessItem.

Tskwait] = self.local_params[assign_value]

27

28 assign_statement_list = [

29 self.output_wires["SRX"](self.get_srx(
access_item_dict)),

30 self.output_wires["SRW"](1),

31 self.output_wires["SRT"](task_number),

32 ]

33 for access_item, value in access_item_dict:

34 assign(access_item(value))

35

36 return assign_statement_list

0 10: write_status_regs 000
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1| from testbench_generator import TestbenchGenerator
2

3| test_target = test_bench.read("terget.v")
4

5[n =4

6l m =3

7

8| in_port = {

9 "X_SERV": 4, "M": 4,

10 "X_A0": 32, "X_TASK": n.bit_length()
11 3

12

13| out_port = {

14 "sa®":32, "srx": 6, ‘"srwd": 51
15| 3}

16

17| test_case® = {

18 "description" : "lock mutex",

19 0 : {

20 "X_SERV":"2", "M":"1"

21 "X_A0":0, "X_TASK":n-1

22 1,

23 1: {

24 "sa®":"0", "srx":"001000",

25 "srwd":"0320"

26 },

27 2 : 00..

28| }

29

30| test_casel = {

31 "description" : "lock mutex",

32 0 : {

33 "X_SERV" nOTMT: s

34 "X_A0":m-1, "X_TASK":0

35 1,

36 1: {

37 "sa®@":"0", "srx":"001000",

38 "srwd":"0320"

39 1,

40 2 : 00..

411 ¥

42

43| test_cace2 = ...

44| create_testbench(test_case®, test_casel, test_case2)

O 11: python000000D0OOOOO

H. Minamiguchi, N. Ishiura, H. Tomiyama, and H. Kanbara: “Auto-
matic generation of management module for full hardware implemen-
tation of RTOS-based systems,* in Proc. ITC-CSCC 2023, pp. 473—
478 (June 2023).

M. Nakahara and N. Ishiura: “Arrival order processing of service
requests in full hardware implementation of RTOS-based systems,”
in Proc. ITC-CSCC 2023, pp. 467472 (June 2023).

Shinya Takamaeda-Yamazaki: “Pyverilog: A Python-based Hard-
ware Design Processing Toolkit for Verilog HDL* in Proc. ARC 2015,
pp. 451460 (Apr. 2015).
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0000 Release 3.6.0,” https://www. toppers. jp/docs/tech/
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