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A MIPS System Simulator SimMips
for Education and Research of Computer Science

NAOKI FuJiEDpA, ™! SHIMPET WATANABE'!
and KeNJ1 Kisef!

In recent years, there has been increasing demand for education of embedded
system. Using a simply coded system simulator is an efficient way to meet
this demand. In this paper, we describe the concept and imprementation of
SimMips and take an example of using it as a marerial of class, showing the
suitability for educational use. We also clarify the flexibility of SimMips for
research use by showing two applications, a simple embedded system Simplem
and a many-core simulator SimMc, where SimMips is used as an infrastracture.
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Fig.1 Hardware organization of a system which SimMips simulates.
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1 void Mips::execute()

24

3  switch (inst->op) {

4 case ADDU_____

5 rrd = rrs + rrt;

6 break;

7 case BEQ______

8 npc = inst->pc +

9 (exts32(inst->imm, 16) << 2) + 4;
10 cond = (rrs == rrt);

11 break;

12 case SYSCALL__:

13 if (cp0)

14 exception(EXC_SYSCALL) ;
15 else

16 syscall();

17 break;

18 case ...

19 2

20 }

03 execute 100000000 DDOMIODODOOOOOODOOO
Fig.3 A part of the imprementation of execute method, corresponding with execute stage.
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1 void Mips::syscall()
2 {
3  switch (as->r[REG_V0]) {

4 case SYS_EXIT:

5 state = CPU_STOP;

6 break;

7 case SYS_WRITE:

8 if (as->r[REG_AQ] == STDOUT_FILENO) {

9 for (uint i = 0; i < as->r[REG_A2]; i++) {
10 int mcid = mc->enqueue(as->r[REG_A1] + i,
11 sizeof (char), NULL);
12 if (mcid < 0) break;

13 mc->step() ;

14 if (mc->inst[mcid].state == MCI_FINISH)
15 putchar ((int) mc->inst[mcid].data008);
16 }

17 }

18 as->r [REG_VO] = as->r[REG_A2];

19 as->r[REG_A3] = 0;

20 break;

21 case ...

22 }

23 }

04 syscal 00000000000 App 00000DOOOODOOOODOOOOOO
Fig.4 A part of the imprementation of syscall method, which substitutes the behavior of system
call in App mode.
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## SimMips: Simple Computer Simulator of MIPS Version 0.5.2 2009-01-09
Linux version ...

@o)

Freeing unused kernel memory: 132k freed

Algorithmics/MIPS FPU Emulator v1.5

BusyBox v1.1.3 (...) Built-in shell (ash)

Enter ’help’ for a list of built-in commands.

/bin/sh: can’t access tty; job control turned off
~ # echo hello

hello

T o#

## interrupt

## cycle count: 1122195456

## inst count: 403379006

54.616

## simulation time:

## mips: 7.386

05 SimMips O Linux 0000000000000 00O0OO0O
Fig.5 A part of the output when running Linux on SimMips.
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Fig. 6 Instruction mix of starting Linux and quick sort.
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Processing Speed (MIPS)
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gcc-03 12.1
gec-02 9.8
gec-00 39

07 SimMips000O00000000ODO
Fig. 7 Comparison of processing speed between SimMips and real machine.
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1 void MipsInst::

2 {
3

4

10

11

13
14
15
16
17
18
19
20
21
22
23
24
25
26

27

opcode =
rs =
rt =
rd =
shamt =
funct =
imm =
addr =
code_1 =
code_s =

sel =

(ir

(ir

(ir

ir
ir
ir
(ir
(ir

ir

decode ()

>> 26) &
>> 21) &
>> 16) &

>> 11) &

&
&
>> 6) &

>> 16) &

op = UNDEFINED;

0x3f;
0x1f;
0x1f;
0x1f;
0x1f;
0x3f;
Oxffff;
Ox3ffffff;
Oxfffff;
0x3ff;

0x7;

attr = READ_NONE | WRITE_NONE;

latency = 1;

switch (opcode) {

case 0:

switch (funct) {

case 33:

op = ADDU

attr = READ_RS | READ_RT | WRITE_RD;

break;

_____ i

| /* MipsInst::decode() */

| always@ ( DATA_IN ) begin

IDOPCODE

IDRS

IDRT

IDRD

IDSHAMT

IDFUNCT

IDIMM

IDADDR

/* IDCODE_L

IDCODE_S

IDSEL

IDOP

IDATTR

DATA_IN[31:26];
DATA_IN[25:21];
DATA_IN[20:16];
DATA_IN[15:11];
DATA_IN[10:6];
DATA_IN[5:0];
DATA_IN[15:0];
DATA_IN[25:0];
not used in MipsCore now
(used in 0S mode) */

DATA_IN[2:0];

‘UNDEFINED;

‘READ_NONE | ‘WRITE_NONE;

/* changing instruction latency is

not supported in MipsCore */

case ( IDOPCODE )

6°d0: begin

case ( IDFUNCT )

6°d33: begin

IDOP

IDATTR

end

= ‘ADDU_____ H

= ‘READ_RS | ‘READ_RT | ‘WRITE_RD;

0 8 SimMipsOO0ODO MipsCoreD DODOODOOOO0OOO0OO
Fig.8 An example of the difference of expression between SimMips (left) and MipsCore (right).
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0 8 Simplem Version 0.9.7 0000000
Table 3 File organization of Simplem Version 0.9.7.

goooo oo gooooo

define.v 169 01570 ooooo

MipsR.v 28 0230 opopoooooo
MIPSCORE.v | 1,044 09390 MipsCore

memcon.v 68 0550 goooooooo
kbcon.v 90 o770 oooOoooooooo
ledcon.v 45 0410 gooooooo
fregsyn.v 49 0470 gooo

oo 1,530 01,3390
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Fig.9 Timer application running on Simplem.
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Fig.10 Network model of many-core architecture simulator SimMec.
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0 4 SimMc Version 1.0.0 0000000
Table 4 File organization of SimMc Version 1.0.0.

goooo oo gooooo
network.h 352 02890 goooooooooo
main.cc 55 0200 main 00O

env.cc 404 03450 gooooooooo
dmac.cc 467 04010 DMA OOOOOD
router.cc 128 0960 oooooooo
inbuf.cc 86 g670 gooooooooo
oo 1,492 01,2180

0000000000000 ooooO0o0o00oooo0ooooooo DbDMAODOOO
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011 SimMcOOOOOOOOOODOODOOOOOOOOO
Fig.11 Screenshot of SimMc’s packet visualization tool.
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Fig. 12 Speedup of Equation Solver Kernel measured by SimMec.
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Fig. 13 Slowdown of SimMec.
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