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bharogapHocCcTH

Capa /1. Xappwuc, 3sua M. Xappuc — aBToOpbl MPEKPAcHOro yyebHMKa
«LUndpoBas cxeMoTeXHUKA U apXUTEKTYPA KOMNbIOTEPAY,
OAHOTAKTHbIN NPOLLECCOP U3 3TON KHUTM NOCNYKMN1 OCHOBOW ANS
schoolMIPS

KonneKktns nepeBoauYmMKoB y4ebHMKa «LlndpoBasa cxemoTexHMKa U
apXUTEKTYPa KOMMblOTepa» Ha PYCCKUM A3bIK

YyactHUKM KoHdepeHuunn Young Russian Chip Architects

FOpui MNaHuyn - cTapnii MHXEHepP No pa3paboTke n BepudmnKkaumm
610K0B MUKpoOMnpoLeccopHoro aapa B komaHae MIPS 16400,
Imagination Technologies, otneneHune B Canta-Knape, KanndpopHus,
CLWA. AsTop nHnumnatmesl no npenogasaHuto HDL v NJINC
LUKOZIbHUKaAM U naen cosdganma aapa schoolMIPS

CtaHuncnas HKenbHNO — apXUTEKTYpPa U NporpammmpoBaHme agpa,
AOKYMeHTaumaA

AnekcaHgp PomaHos - HY BLU3, MNIM — apxutekTtypa agpa,
TeCTMpoBaHMeE N NOPTUPOBAHMUE HA Pa3/IMYHbIe OT/Ia404YHble NAAThbI



Y10 Takoe schoolMIPS

* NPOCTOE NpPoLEeccopHoe AAPO AN
npenoaaBaHMA LWKOJbHUKAaM OCHOB LIMPPOBOU
CXEMOTEXHUKU, A3bIKOB ONUCAHMA annapaTypbl
n nucnonbsosaHua MNJINC

* HanMcaHo Ha A3blke Verilog
* peanunsyeT NOAMHOXeCTBO apxmuTeKTypbl MIPS



Bepcnun schoolMIPS

Feature \ GIT branch

Single cycle CPU

Example program (assembler)

Build scripts

Data memory (Block RAM)

Basic memory mapped IO (single cycle access)
System Timer, Interrupts & Exceptions
Pipelined CPU

Pipelined memory mapped |0 (AHB-Lite)
Scratchpad RAM

Example program (C)
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BBeaeHue

* Mukpoapxurtekrtypa:
annapaTHaAa peanmsaumna
APXUTEKTYpPbI B BUAE CXeMbl

* [lpoueccop:

— TpaKT gaHHbIX: PYHKUMOHANbHbIE
610KkM 06pPaboTKMN N Nepenayun
NaHHbIX (apndmeTnKo-nornyeckoe
YCTPOWUCTBO, PErUCTPOBbLIN Pann,
MY/IbTUMNJIEKCOPbI U T.A.,.)

— YCTPOMNCTBO yrpaBieHUA:
dopmupyeT ynpasasaoLme
CUrHanbl AN GYHKLUMOHANbHbIX
610KOB

Application
Software

Operating
Systems

Architecture

Micro-
architecture

Logic

Digital
Circuits

Analog
Circuits

Devices

Physics

programs

device drivers

instructions
registers

datapaths
controllers

adders
memories

AND gates
NOT gates

amplifiers
filters

transistors
diodes

electrons



MuKpoapxmuTeKkTypa

* BO3MOHbl HECKONIbKO annapaTHbIX
peannsaumm oAHOU U TON Ke apXUTEKTYPbI:

— OAHOTaKTHaA peann3auma: Kaxkaaa MHCTPYKUMA
BbINONHAETCA 33 OAUH TaKT

— MHOroTakTHaa peanmsauma: KaxKaasa MHCTPYKUUA
pa3buBaeTcsa Ha HECKONbKO LLAroB U BbINOJHAETCA
33 HECKOJIbKO TAKTOB

— KoHBelepHana peanusauma: Kaxkaaa MHCTPYKLMUA
pa3buBaeTcA Ha HECKO/IbKO LLIAaroB U HECKOJIbKO
MHCTPYKLUUW BbINONHAKOTCA O4HOBPEMEHHO



MIPS npoueccop schoolMIPS

OAHOTaKTHaA peanmnsauma
OTcyTCTBYET NaMATb AaHHbIX
CnoBHasa agpecauma NnamaTn MHCTPYKLMNIA

UHCTPYKUUMU:

— R-Tnna (06a aprymeHTa xpaHATCA B permcrpax):
addu, or, srl, sltu, subu

— |-Tvna (0AWH N3 apPryMeHTOB - KOHCTAHTA):
addiu, lui

— |-Tmna (MHCTPYKUMK BETBNEHUA):
beq, bne



APXUTEKTYPHOE COCTOAHMUE

* Onpepenaerca:
— Conep*Knmbim c4eTymKa KomaHg, (PC)

— CoaepXumbim 32-X pernctpos obuiero
Ha3Ha4YeHUA

— Copep*XumbiMm NamaTu (KomaHAa, AaHHbIX)



Jd/IeMeHTbl, XpaHAwWwmne coctoaHne MIPS
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[Mpoueccop schoolMIPS: nHcTpykuma addiu

LLlar 1: Bbibopka (cumtbiBaHue) MHCTpyKUum addiu
N3 NAMATH

CLK CLK
N WE3
PC A RD RD1
. A2 RD2
Instruction A3
Memory .
WD3 Reg_lster
File

I-type. Integer Add Immediate, rt = rs + Immediate

31 op26 |25 rs 21|20 rt 16| 15 Immediate 0




[Mpoueccop schoolMIPS: nHcTpykuma addiu

LLar 2: cuntbiBaHMe onepaHA4oB-UCTOYHNKOB N3

perncTpoBoro damnna

CLK

WA

RD

Instruction
Memory

CITK

25:21

Al

A2
A3
WD3

WE3
RD1

RD2

Register
File

I-type. Integer Add Immediate, rt = rs + Immediate

31 op 26

25

rs 21

20 rt 16

15

Immediate




[Mpoueccop schoolMIPS: nHcTpyKuma addiu

LLar 3: pacwmpeHme 16-6MTHOM KOHCTaHTbl A0 32-X
pa3paaoB 6UTOM 3HaKa

CLK CLK
|j 25:21 WE3
i Al
PC A RD Instr RD1
. A2 RD2
Instruction A3
Memory .
WD3 Reg_lster
File

, signimm
Sign Extend

I-type. Integer Add Immediate, rt = rs + Immediate

31 op26 | 25 rs 21

20 rt 16

15

Immediate




[Mpoueccop schoolMIPS: nHcTpyKuma addiu

LLlar 4: BbluMCNEeHMe pe3ynbTaTa apudmeTUyecKom
onepaumm

aluControl
CLK CLK
25:21 WE3
i Al SIcA
PC A RD Instr RD1 5 el
~ 2
Instruction 22 RD2 SrcB
Memory .
WD3 Reg_lster
File

/ sighlmm

Sign Extend

I-type. Integer Add Immediate, rt = rs + Immediate

31 op26 |25 rs 21 |20 rt 16| 15 Immediate 0




[Mpoueccop schoolMIPS: nHcTpykuma addiu

LLlar 5: 3anuncb pe3ynbTata BblYMCAEHUIN B PETUCTP

regWrite
aluControl
CLK CLK
25:21 WE3
i Al SrcA
PC A RD Instr RD1 5 el
=2
Instruction 2016 22 RD2 srcB
Memory .
WD3 Reg_lster
File

/ sighlmm

Sign Extend

I-type. Integer Add Immediate, rt = rs + Immediate

31 op26 |25 rs 21|20 rt 16|15 Immediate 0




[Mpoueccop schoolMIPS: nHcTpykuma addiu

LLlar 6: BbIMMCNEHME aApeca CNeaYyOLWEN UHCTPYKL MK

regWrite
aluControl
CLK CLK
M 2521 WE3
i Al SrcA
PC A RD Instr RD1 5 el
L >3
Instruction 2016 A2 RD2 SrcB
Memory A3 Register
wp3 €9
File

~> + cNext /
: sighlmm

1 - Sign Extend

I-type. Integer Add Immediate, rt = rs + Immediate

31 op26 |25 rs 21|20 rt 16| 15 Immediate 0




Mpoueccop schoolMIPS: nHcTpykuma addu

* CYUTbIBAHME onepaHaa 2 n3 pernctposoro pamna

regWrite
aluControl
CLK CLK
F5| 2521 WE3
i Al SrcA
PC A RD Instr RD1 5 el
I—, 20:16 >ZI
Instruction 22 RD2 f— SrcB
Memory .
WD3 Reg_lster
File

~ + cNext /
: sighlmm

1 - Sign Extend

R-type. Integer Add Unsigned, rd = rs + rt

31 op26 25 rs 21|20 rt 16| 15rd11 | 10 sa 6 |5 funct O




Mpoueccop schoolMIPS: nHcTpykuma addu

* nepeaya AaHHbIX onepaHaa 2 B apnPpmeTmuKo-
IOrnMyecKkoe yCTpouCcTBO

regWrite aluSrc
aluControl
CLK CLK
F5| 2521 WE3
i Al SrcA
PC A RD Instr RD1 5 el
I—, 20:16 >2|
Instruction 22 RD2 4_@&
Memory .
WD3 Reg_lster
File

~ + cNext /
: sighlmm

1 - Sign Extend

R-type. Integer Add Unsigned, rd = rs + rt

31 op26 25 rs 21|20 rt 16| 15rd11 | 10 sa 6 |5 funct O




Mpoueccop schoolMIPS: nHcTpykuma addu

* onpeaeneHne perncTpa Ana 3annucm pesyabraTta
* 3aNUCb pe3ynbTaTa BblMUCAEHUN

regWrite regDst  aluSrc
aluControl
CLK CLK
F5| 2521 WE3
i Al SrcA
PC A RD Instr RD1 5 |
I_, T result
20:16 r <
Instruction 22 RD2 _Iﬂﬂ
Memory .
WD3 Reg_lster
File
20:16 B
|| 15:11 1

~ + cNext /
: sighlmm

1 - Sign Extend

R-type. Integer Add Unsigned, rd = rs + rt

31 op26 25 rs 21|20 rt 16| 15rd11 | 10 sa 6 |5 funct O




Mpoueccop schoolMIPS: nHctpyKuma srl

* Nepeaayva AaHHbIX O pa3mepe caABura B apuPpmeTmKo-
IOrnMyecKkoe yCTpouCcTBO

regWrite regDst  aluSrc
aluControl
10:6
CLK CLK |
F5| | sa| 7 WE3 Sh'f\
PC A RD instr RD1 src -
I_, T result
20:16 - <
Instruction 22 RD2 _Iﬂﬂ
Memory .
WD3 Reg_lster
File
20:16 B
|| 15:11 1
~ + cNext / |
15:0 signimm

1 - Sign Extend

R-type. Shift Right Logical, rd = (uns)rt >> sa

31 op26 25 rs 21|20 rt 16| 15rd11 | 10 sa 6 |5 funct O




Mpoueccop schoolMIPS: nHcTpykuma beg

* BblYMCNEHME aZpeca CNeayoLWeN UHCTPYKLMK

regWrite regDst  aluSrc

aluControl
10:6

pcsrc CLK CI\_K hf aluZerO
w1 WE3 Shit
0 PC instr Al SrcA
1 A RD RD1 >3 result

20:16 r <
Instruction A2 RD2 0 ]srcB
Memory A3 , 1 —
Register

WD3 e

20:16 B

15:11 j—‘
~ + cNext /

: sighlmm

1 - Sign Extend

pcBranch

I-type. Branch On Equal, if (Rs == Rt) PC += (int)offset

31 op26 |25 rs 21|20 rt 16| 15 Immediate 0




Mpoueccop schoolMIPS: nHcTpykuma beg

( branch ) oeSre
condZero
aluZero D_'_’ aluControl
P

3126 | emdOper _

50| cmdFunk Control Unit
\_ J

1056 regWrite regDst |aluSrc

CLK CLK

. WE3 shift .~
0 PC instr 221 a1 SToA ~~aluZero
A RD RD1 )
1 result
-

20:16

I <
Instruction A2 RD2 0] srcB
Memory A Register - —
wp3 "¢Y
File

20:16 J

0
N 15:11 1

> + cNext /

1 =21 Sign Extend

L

signimm

pcBranch

* onpegeneHne HeobxoaAMMocCTn nepexoaa B 3aBUCUMMOCTU
OT PaBEHCTBa pe3y/ibTaTta HY/to



Mpoueccop schoolMIPS. UTorosas cxema

( branch N
\ cSrc
condZero 3 / P
aluZero aluControl
Ja
328 L cmdOper |
50 | cmdEunk Control Unit
. y,
106 regWrite regDst |aluSrc
CLK CLK ”
25:21 WE3 ST I~
'IB <5lPC A RD |nstr Al RD1 SrcA aluzero
1 >3 result
. = A2 RD2 e[ <
Instruction
Memory A Register - —
wp3 ¢d
File

20:16

0
L 15:11 1

> + cNext /

1 =21 Sign Extend

signimm

pcBranch




Mpoueccop schoolMIPS. UTorosbin coctas

* TpaKT AQHHbIX
— CyeTuymK KomaHg (PC)
— MMamAaTb MHCTPYKUMM (Instruction Memory)
— Perunctposbi pann (Register File)
— ApndmeTtnko-normveckoe ycrtponcrtso (ALU)
— bnokK pacwmpeHua 3Haka (Sign Extend)

— CymmaTopbl 418 BbIYMUCNEHUSA agpeca caeayoLen
MHCTPYKUMK (pcNext n pcBranch)

— MynbTunnekcopsl (pcSrc, regDst u aluSrc)
* YCTPOMUCTBO ynpaBaeHus



Peanuzaumna schoolMIPS. CyeTymnmk KomaHg,

CLK

PC
// sm cpu.v (line 33) 32 32

sm_register r_pc(clk ,rst n, pc_new, pc);

// sm register.v (line 3-15)
module sm_register

(
input clk,
input rst,
input [ 31 : @0 ] d,
output reg [ 31 : @ ] ¢
)
always @ (posedge clk or negedge rst)
if(~rst)
g <= 32'bo;
else
q <= d;

endmodule


https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_register.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_register.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_register.v

Peannzaumna schoolMIPS. NMamATb MHCTPYKUUN

// sm cpu.v (line 35-37) - A RD e

sm_rom reset _rom(pc, instr); 32 . %
Instruction
] Memory
// sm rom.v (line 2-17)

module sm_rom

#(
parameter SIZE = 64
)
(
input [31:0] a,
output [31:0] rd
K

reg [31:0] rom [SIZE - 1:0];
assign rd = rom [a];
initial begin
$readmemh ("program.hex", rom);
end

endmodule


https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_rom.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_rom.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_rom.v

Peannsaumna schoolMIPS. Perncrtposbin dpann

// sm cpu.v (line 161-182)

module sm_register file C%K |

C WE3
input clk, 71 Al RD1 =%
input [ 4:0] a0, 1 A2 RD2 ==
input [ 4:0] al,
i : -+ A3
%nPUt [ 4:0] a2, > wpa Register
input [ 4:0] a3, 1 File

output [31:0] rdo,
output [31:0] rdl,
output [31:0] rd2,
input [31:0] wd3,
input we3

E
reg [31:0] rf [31:0];
assign rdo = (a@ !=0) ? rf [a@] : 32'bO; //for debug
assign rdl = (al !'=0) ? rf [al] : 32'bO;
assign rd2 = (a2 !'=0) ? rf [a2] : 32'bO;

always @ (posedge clk)
if(we3) rf [a3] <= wd3;
endmodule


https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v

Peanuzaumna schoolMIPS

000 ADD A+B

001 OR A|lB

010 LUI B << 16

011 SRL B >> shift
100 SLTU (A<B)?1:0
101 SUBU A-B

110 He ucm.

111 He ncm.

srcB SrcA

. Onepauyun ALU

result

// sm_cpu.vh (line

define
“define
“define
“define
“define
“define

11-17)
ALU_ADD 3'booo
ALU OR  3'beol
ALU LUI 3'bo10
ALU SRL 3'be1ll
ALU_SLTU 3'b100
ALU_SUBU 3'b1e1


https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.vh
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.vh
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.vh

// sm cpu.v (line 137-159)

module sm _alu (

)5

input
input
input
input
output

[31:0]
[31:0]
[ 2:0]
[ 4:0]

output reg [31:0]

always @ (*) begin

case (oper)

default result =
“ALU_ADD result =
“ALU_OR result =
“ALU_LUI result =
"ALU_SRL : result =
"ALU_SLTU : result =
"ALU _SUBU : result =
endcase
end
assign zero = (result == 0);

endmodule

SrcA,
srcB,
oper,
shift,
zero,
result

Peanunsauunsa schoolMIPS. ALU

srcB SrcA

result

srcA + srcB;

srcA + srcB;

srcA | srcB;

(srcB << 16);

srcB >> shift;

(srcA < srcB) ? 1 : 0;
SrcA - srcB;


https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v

Peanunsaumnsa schoolMIPS.

CymmaTopbl 1 610K paclUMpeHUsa 3HaKa

//program counter  sm cpu.v (line 28-31) PC =
wire [31:0] pc;

wire [31:0] pcBranch;

wire [31:0] pcNext = pc + 1;

//sign extension sm _cpu.v (line 64)

wire [31:0] signImm —_—____,___

Isignimm

cNext

= { {16 { instr[15] }}, instr[15:0] }; INSUILNOI o @ coiend
//branch address calculation sm_cpu.v (line 65) signimm —
assign pcBranch = pcNext + signImm; = .

PCNext o=

cBranch


https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v

Peannsaumna schoolMIPS. Mynbtunnekcopsl

pcSrc
// next PC mux: branch or +1 (line 32) pehext pcnew
wire [31:0] pc_new = ~pcSrc ? pcNext : pcBranch; peBranch =2
regDst
// register file address A3 (line 44) instr[20:16] I3
wire [ 4:@] a3 Instr[15:11] A3
= regDst ? instr[15:11] : instr[20:16];
aluSrc
// alu source B (line 68) RD2 <(cB
wire [31:0] srcB = aluSrc ? signImm : rd2; signimm =] 1


https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/master/src/sm_cpu.v

Peannsaumna schoolMIPS. MHcTpyKumnm I-tnna

//instruction operation code
“define C_ADDIU 6'boe1001 //

//

“define C_BEQ 6'boo0lo0 //

//

“define C_LUI 6'b001111 //

//

“define C_BNE 6'b000101 //

//

sm _cpu.vh (line 21-27)

I-type, Integer Add Immediate Unsigned
Rd = Rs + Immed

I-type, Branch On Equal

if (Rs == Rt) PC += (int)offset
I-type, Load Upper Immediate

Rt

= Immed << 16

I-type, Branch on Not Equal
if (Rs != Rt) PC += (int)offset

I-type. Integer Add Immediate, rt = rs + Immediate

31 op 26

25 rs 21

20 rt 16

15

Immediate 0



https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.vh
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.vh
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.vh

Peannzaumna schoolMIPS. MHcTpyKumnmn R-tuna

//instruction operation code sm _cpu.vh (line 19-41)
"define C_SPEC 6'b000O0O // Special instructions
// (depends on function field)

//instruction function field

“define F_ADDU 6'bl0000l1 // R-type, Integer Add Unsigned
// Rd = Rs + Rt

"define F_OR 6'bleelel // R-type, Logical OR
// Rd = Rs | Rt

“define F_SRL 6'b000O10 // R-type, Shift Right Logical
// Rd = Rs@ >> shift

“define F_SLTU 6'b101011 // R-type, Set on Less Than Unsigned
// Rd = (Rs@ < Rt@) » 1 : ©

“define F_SUBU 6'b100011 // R-type, Unsigned Subtract
// Rd = Rs - Rt

“define F_ANY 6'b??????

R-type. Integer Add Unsigned, rd = rs + rt
31 op26 (25 rs 21|20 rt 16| 15rd11 | 10 sa 6 |5 funct O



https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.vh
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.vh
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.vh

Peannsauus schoolMIPS: curHanbl ynpasnenus (1)

Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl

( branch ) peSre
condZero
aIuZer(ﬂD’—'_ aluControl
Ja
L2 4 cmdOper _
50 | emdFunk Control Unit
\ J
106 regWrite regDst |aluSrc
CLK CLK »
: WE3 St~
0 PC instr 220 A scA | jaluzero
A RD RD1 -]
1 .7 result
20:16 A2 RD2 'B <
Instruction srcB
Memory A3 Register 1 |_—
wp3 ¢!
File
20:16 T)
| | 15:11 1
~ + cNext
- signlmm
1= = Sign Extend d

pcBranch




DC.
Mpoueccop schoolMIPS: curHanbl ynpasneHumsa (2)
Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu 001001 000
( branch )
condZero pesre
aIuZer(ﬁD—’_ aluControl
P
3120 | emdOper
50 | emdFunk Control Unit
\ J
106 regWrite regDst |aluSrc
CLK ClK it
: WE3 ST~
'F) PC instr =] a1 scA | RluZero
1 A RD RD1 2 result
2164 A2 RD2 [0 K
Instruction _Ijﬂ
Memory N A3 Redist 1 —
5 wp3 negster
: File
: 20:16 B
|| 15:11 l _'E
S + cNext B l
15:0 . signimm
1 - Sign Extend pcBranch




DC.
Mpoueccop schoolMIPS: curHanbl ynpasnenus (3)
Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu | 001001 0 000
( branch h
condZero peste
aIuZer(ﬁD—’_ aluControl
P
281 cmdOper _
50 | emdFunk Control Unit
. J
106 regWrite regDst |aluSrc
CLK CiK it
: WE3 St~
'F) PCl A  Rp |nstr == a1 RDL srcA | jaluZero
1 lresult
2201 p2 RD2 [0 K
Instruction _Ijﬂ
Memory N A3 Redist 1 —
5 wpg "o
: ile
: 20:16 B
15:11 j_':
~ + cNext N
150 . signimm
1 - Sign Extend pcBranch




DC.
Mpoueccop schoolMIPS: curHanbsl ynpasnexHusa (4)
Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu | 001001 0 0 000
( branch h
condZero pesre
aIuZer(ﬁD—’_ aluControl
Ja
21 cmdOper _
50 | emdFunk Control Unit
. J
106 regWrite regDst |aluSrc
CLK ClTK hift
: WE3 SR~
-F) PCl A RD Hinstr == B RDL scA | jaluzero
1 S |resut
2021 A2 RD2 1o -2
Instruction _Ijﬂ
Memory I A3 Regist 1 —
: WD3 elg::]_ls er
i ile
: 20:16 B
15:11 J-':
S |poiext
150 . signimm
1 - Sign Extend ocBranch




DC.
Mpoueccop schoolMIPS: curHanbl ynpasnenus (5)
Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu | 001001 0 0 1 1 000
( branch h
condZero pesre
aIuZer(ﬁD—’_ aluControl
P
21 cmdOper _
50 | emdFunk Control Unit
. J
106 regWrite regDst |aluSrc
CLK CiK it
: WE3 S~
-F) PCl A RD Hinstr == PN} RDL scA | _jaluzero
1 lresult
2201 p2 RD2 [0 K
Instruction _Ijﬂ
Memory I A3 Regist 1 —
j wpg "o
: ile
: 20:16 B
15:11 J—';
> + cNext N
150 . signimm
1 - Sign Extend ocBranch




DC.
Mpoueccop schoolMIPS: curHanbl ynpasnerHusa (6)
Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu | 001001 0 0 1 1 000
( branch h
condZero pesre
aIuZer(ﬂD—'_ aluControl
S
281 cmdOper _
50 | cmdFunk Control Unit
. J
106 regWrite regDst |aluSrc
CLK CiK -
: WE3 S~
'F) PCl A RD |instr == WN| RDL scA | jaluzero
1 lresult
2201 p2 RD2 [0 K
Instruction _Ijﬂ
Memory I A3 Regist 1 —
3 wp3 negister
i File
: 20:16 B
15:11 J-':
> + cNext N I e
150 . signimm
1 - Sign Extend acBranch




Mpoueccop schoolMIPS: curHanbel ynpasnexHua (7)
Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu 001001 0 0 1 1 000
addu 000000 100001 000
( 4z branch | ) pcSrc
aIuZerfﬁ’—’_ aluControl
3L20 1 emdOper
50 | emdFunk Control Unit
10:6 ) regWrite regDst aIuSr)c
CLK CLK

i WE3 shift
0 PC instr AL acA | aluZero
A RD RD1 )
1 . result
20:16 AZ RD2 '?) <
Instruction srcB
Memory I A3 _ 1 |_—
H Register

WD3 T rie

~ ; cNext | "ttt

1 2 Sign Extend

signimm

pcBranch




Mpoueccop schoolMIPS: curHanbl ynpasnerHusa (8)
Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu 001001 0 0 1 1 000
addu 000000 100001 0) 000
::ondZero e ) pesre
aIuZerfﬁ’—’_ aluControl
3:26 zz:gfi Control Unit
10:6 ) regWrite regDst aIuSr)c
CLK CLK
) PC . zal 7 WE3 ShiZ [~ aluzero
'E A RD instr RD1 src = P
20:16 ~ ><_(|
Instruction A2 RD2 0 srcB
Memory ST As Register - —
' WD3 " rile
20:16 0
| | 15:11 1 —
S + cNext | ~|TTTTTTT 5 | """
1 - 150 I Sign Extend i pcBranch




Mpoueccop schoolMIPS: curHanbl ynpasnenusa (9)
Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu 001001 0 0 1 1 000
addu 000000 100001 0 1 000
( 4z branch_| ) pcSrc
aIuZerfﬁ’—’_ aluControl
3L20 1 emdOper
50 | emdFunk Control Unit
10:6 ) regWrite regDst aIuSr)c
CLK CLK

i WE3 shift
0 PC instr ] AL acA | aluZero
A RD RD1 )
1 . result
20:16 AZ RD2 '?) <
Instruction srcB
Memory I A3 _ 1 |_—
: Register

WD3 T rie

~ ; cNext | "~

1 2 Sign Extend

signimm

pcBranch




Tpoueccop schoolMIPS: curHanbl ynpasnexHusa (10)

Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu | 001001 0 0 1 1 000
addu 000000 100001 0 1 1 0) 000

( branch A
condZero peste
aIuZerfﬁ’—’_ aluControl
3L20 1 emdOper '
50 | emdFunk Control Unit
\ J
10:6 regWrite regDst |aluSrc
cr C‘LK shift
_ ~
'F) PCl A Rp Hnstr =2 AL WES SicA | jaluzero
RD1 =)
1 =T result
2100 A2 RD2 o <
Instruction srcB
Memory I A3 Redist 1 L—
: wp3 Register
File
20:16 0
|| 15:11 1 _':
S+ cNext | T
15:0 . signlmm
1 — Sign Extend pcBranch




Tpoueccop schoolMIPS: curHanbl ynpasnexHusa (11)

Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu 001001 0 0 1 1 000
addu 000000 100001 0 1 1 0 000

( branch )
condZero pesre
aIuZerw aluControl
3L20 1 emdOper '
50 | emdFunk Control Unit
\ J
10:6 regWrite regDst |aluSrc
CLK C\LK hift
: WE3 SIS
'FJ_B PC instr = N scA | jluzero
A RD RD1 )
1 result
201 a2 RD2 [0 ~ <
Instruction srcB
Memory [ My A3 Reqist 1 _—
: wp3 Register
File
20:16 O
|| 15:11 l -':
S+ cNext | T 4 | """
15:0 . signimm
1 — Sign Extend pcBranch




Tpoueccop schoolMIPS: curHanbl ynpasnexHusa (12)

Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu | 001001 0 0 1 1 000
addu 000000 100001 0 1 1 0 000
sri 000000 000010 011

( branch A
condZero pesre
aIuZerfﬁ’—’_ aluControl
220 cmdOper '
50 | emdFunk Control Unit
\ J
10:6 regWrite regDst |aluSrc
crk C‘LK shift
_ ~
'F) PC instr == | WES SicA | jaluzero
A RD RD1 »)
1 >0 result
208 p2 RD2 [0 <
Instruction _IJ&
Memory I A3 Redist 1 L—
: wp3 Register
File
20:16 0
i 15:11 1
S + cNext | “TTTIL_ g
15:0 . signlmm
1 - Sign Extend pcBranch




Tpoueccop schoolMIPS: curHanbl ynpasnexHusa (13)

Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu | 001001 0 0 1 1 000
addu 000000 100001 0 1 1 0 000
srl 000000 000010 0 011

( branch A
condZero pesre
aIuZerfﬁ’—’_ aluControl
220 cmdOper '
50 | emdFunk Control Unit
\ J
10:6 regWrite regDst |aluSrc
crk C‘LK shift
_ ~
'F) PC instr == | WES SicA | jaluzero
A RD RD1 »)
1 >0 result
208 p2 RD2 [0 <
Instruction _IJ&
Memory I A3 Redist 1 L—
: wp3 Register
File
20:16 0
| 15:11 1
S + cNext | T
15:0 . signlmm
1 - Sign Extend pcBranch




Tpoueccop schoolMIPS: curHanbl ynpasnexHusa (14)

Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu | 001001 0 0 1 1 000
addu 000000 100001 0 1 1 0 000
sri 000000 000010 0 1 011

( branch A
condZero pesre
aIuZerfﬁ’—’_ aluControl
220 cmdOper '
50 | emdFunk Control Unit
\ J
10:6 regWrite regDst |aluSrc
cLK - shift
_ ~
'F) PC instr == | WES SicA | jaluzero
A RD RD1 »)
1 >0 result
20 a2 RD2 [0 <
Instruction _IJ&
Memory I A3 Redist 1 L—
: wp3 Register
File
20:16 0
i 15:11 1
S + cNext | “ T T
15:0 . signlmm
1 - Sign Extend pcBranch




Tpoueccop schoolMIPS: curHanbl ynpasnexHusa (15)

Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu 001001 0 0 1 1 000
addu 000000 100001 0 1 1 0 000
sri 000000 000010 0 1 1 0 011

( branch )
condZero peste
aIuZerfﬁ’—’_ aluControl
220 cmdOper Uni
50 | emdFunk Control Unit
\ J
10:6 regWrite regDst |aluSrc
CLK CLK
won[ 7 WES Shift_~ ez
'FJ_EPC A Rp Hnstr — Al RDL SrcA aluZero
1 2lresult
2168 A2 RD2 [0 i
Instruction srcB
Memory Sl AS Register : —
WD3 " rile
20:16 ﬂ
i 15:11 1
S + cNext | T 5 """""
15 signimm

2 Sign Extend

pcBranch




Tpoueccop schoolMIPS: curHanbl ynpasnexHusa (16)

Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu 001001 0 0 1 1 000
addu 000000 100001 0 1 1 0 000
sri 000000 000010 0 1 1 0 011

( branch )
pcSrc
condZero
aluZero D—’_) aluControl
Ja
228 ) cmdOper _
50 | emdFunk Control Unit
\ J
10:6 regWrite regDst |aluSrc
CLK CLK
N Shift P~ a7
'F) PCl A Rp Hnstr — Al SrcA aluZero
RD1 )
1 .7 result
2080 a2 RD2 [0 <
Instruction _Ijﬂ
Memory I A3 Reqist 1 —
: wp3 Register
File
20:16 O
|| 15:11 l -':
S+ cNext | T
15:0 . signlmm
1 — Sign Extend pcBranch




Tpoueccop schoolMIPS: curHanbl ynpasnexHusa (17)

Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu 001001 0 0 1 1 000
addu 000000 100001 0 1 1 0 000
srl 000000 000010 0 1 1 0 011
beq 000100 101
( 4z branch_| ) pcSrc
aIuZerfﬁ’—’_ aluControl
3120 | emdOper
50 | emdFunk Control Unit
106 ) regWrite regDst aIuSr)c
CLK CLK

. WE3 shift
0 PC instr__ |~ Al o] aluzero
A RD RD1 )
1 ~.T result
20:16 A2 RD? '?) <
Instruction srcB
Memory A3 _ 1 |_—
Register

WD3 " Hile

20:16 0
[ | 15:11 1

cNext

1 — = Sign Extend

signimm

pcBranch




Tpoueccop schoolMIPS: curHanbl ynpasnexHus (18)

Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu | 001001 0 0 1 1 000
addu 000000 100001 0 1 1 0 000
sri 000000 000010 0 1 1 0 011
beq 000100 1 1 0 0 101

( b h )\
condZero E peste
aIuZerfﬁ’—’_ aluControl
3L20 1 emdOper
50 | emdFunk Control Unit
\ J
10:6 regWrite regDst |aluSrc
CLK CLK
= _ sl o WE3 shift ~L_ aluZero
'E PC A RD instr RD1 SrcA >3 -
Instruction = 2 RD2 'E srcB <
Memory AS Register : —
WD3 " rile
20:16 0
|| 15:11 l
~ + cNext
1 - 150 Sign Extend signimm pcBranch




Tpoueccop schoolMIPS: curHanbl ynpasnexHusa (19)
Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu 001001 0 0 1 1 000
addu 000000 100001 0 1 1 0 000
srl 000000 000010 0 1 1 0 011
beq 000100 1 1 0 0 101
( 4z branch_| ) pcSrc
aIuZerfﬁ’—’_ aluControl
3L20 1 emdOper
50 | emdFunk Control Unit
10:6 ) regWrite regDst aIuSr)c
Rs = Rd => no branch LK CIK
_ 2521 WE3 shift =~ aluZero
'FJ_EPC A RD DSt Al RDL SIcA 5 |
1 o o ><_(| result
) —1 A2 RD2 0] src
ln'\jtg#]%t:;./n ST As Register -IJ_B/
; wo3 "ES
20:16 0
| | 15:11 D—';
S + cNext | T
1 - 150 Sign Extend signimm pcBranch




Tpoueccop schoolMIPS: curHanbl ynpasnexHus (20)
Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu | 001001 0 0 1 1 000
addu 000000 100001 0 1 1 0 000
srl 000000 000010 0 1 1 0 011
beq 000100 1 1 0 0 101
( 4z branch_| ) pcSrc
aIuZerfﬁ’—’_ aluControl
3L20 1 emdOper
50 | emdFunk Control Unit
10:6 ) regWrite regDst aIuSr)c
Rs == Rd => branch LK CIK
-F) PC instr | A1 WEs :rhc!i [ ~aluzero
1 A RD RD1 >3 result
Instruction = A2 RD2 fo srcB <
emor A3 . 1 | —
M y WD3 Reg;lséter
20:16 0
|| 15:11 D—‘
~ + cNext
1 - =21 sign Extend 2ignin pcBranch




Tpoueccop schoolMIPS: curHanbl ynpasnexHusa (21)

Instr | cmdOper | cmdFunc | branch | condZero | regDst | regWrite | aluSrc | aluControl
addiu | 001001 0 0 1 1 000
addu 000000 100001 0 1 1 0 000
sri 000000 000010 0 1 1 0 011
beq 000100 1 1 0 0 101

( b h )\
condZero E pesre
aIuZercﬁ’—’_ aluControl
3L20 1 emdOper
50 | emdFunk Control Unit
\ J
10:6 regWrite regDst |aluSrc
CLK CLK
= _ sl o WE3 shift ~L_ aluZero
'E PC A RD instr RD1 SrcA >3 -
Instruction = 2 RD2 fo srcB <
Memory AS Register : —
W3 Eije
20:16 J
0
|| 15:11 j—l
~ + cNext
1 - 159 Sign Extend signimm pcBranch




Peanunsaymna schoolMIPS. YcTponcrtso ynpasneHus
NHTepdenc moayna. CUrHanbl BEeTBAEHMUA

// control unit (line 95-134) s branch D
module sm_control condZero :::>__m&c
( aluZero 7D_'__ aluControl
input [5:0] cmdOper, o emaoper o Unit
input [5:0] cmdFunk, —(emdrunk )
input aluZero, |regwrite  [regDst | aluSrc
output pcSrc,
output reg regDst,
output reg regWrite,
output reg aluSrc,
output reg [2:0] aluControl
)
reg branch;
reg condZero;
assign pcSrc = branch & (aluZero == condZero);

always @ (*) begin

end
endmodule


https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v

Peanunsaymna schoolMIPS. YcTponcrtso ynpasneHus
Ynpasnaawouwme curHanbl

// control unit (line 95-134)

module sm_control - N
. - condZero braﬂ} pesre
always @ (*) begin aMZmE—_—ji::)*—f__ aluControl

//control signals default values __{emdoper
branch = 1'bo; — | emdrunk Control Unit
condzero = 1°b0; > \regWrite ‘regDst \aluSr)c
regDst = 1'b0;
reghWrite = 1'b0;
aluSrc = 1'b0;
aluControl = "ALU_ADD;

casez( {cmdOper, cmdFunk} )
default T
{ "C_SPEC, "F_ADDU } : begin
regDst = 1'bl;
regWrite = 1'bl;
aluControl = "ALU_ADD;
end
endcase
end
endmodule


https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v
https://github.com/MIPSfpga/schoolMIPS/blob/a46a14c7a5819314844822129403776e38e0857a/src/sm_cpu.v

Peannsauua schoolMIPS Ha oThago4yHOM nnaTte

( )
sm_top
(imAddr schoolMIPS
Instruction _ (sm_cpu)
rst n Register &
B File 5
clkin :l
IKEnabl A0 RDO 2
e sm_clk_divider —{clk w1 [ regData
PC Z
\ J
N J
clkDevide regAddr

I




MporpammumnpoBaHme schoolMIPS

ASM

ELF
binary

) * gcc (MIPS toolchain)

HEX file

) * BIN2HEX converter

SOF file

) * synthesis tool (Quartus Prime)

FPGA
chip

) * programmer (Quartus Prime)

cM. Pykosoocmeo nosv3osamers



[Mporpamma Ha accembnepe MIPS

JHA6N1

D

# program/@1 fibonacci/main.S (line 3-13)

.text

start: move
1i
move

fibonacci: addu
move
addu
move
b

$to, %0
$t1, 1
$vo, $t1

$to, $to, $t1
$vo, $to
$t1, $to, $t1
$vo, $t1
fibonacci

!

gcc (MIPS toolchain)



ELF
binary

BHapHbIM UCNOHAEMbIN dann

BIN2HEX converter



[Mporpamma Ha accembnepe MIPS

) # program/@1 fibonacci/main.S (line 3-13)
IASM Y text
start: move $t0, $0
1i $t1, 1

move $vO, $t1

J fibonacci: addu $to, $to, $t1
move $vO, $t0O

addu $t1, $to, $t1
move $vO, $t1
b fibonacci

!

MARS (MIPS Assembler and Runtime Simulator)



HEX file

HEX-baiin

= program.hex X 9

@20000008
00004025
248960001

01201025
01094021

*v, *.vh

‘ Verilog Sources

sm_rom.v
Sreadmemh (...);

) @

!

synthesis tool (Quartus

4

Prime)




®ann KoHpurypauum MNMNJINC

0 Programmer - D:/Z5L/electro/projects/FPGA/schoolMIPS/board/deld_lite/project/deld_lite - del0_lite - [... — |O ﬂ

File | Edit Wiew Processing Tools Window Help |SEar|:haltera.|:|:|m ®

a5 Hardware Setu E... ‘ |N|:| Hardware Mode: |[ITAG j Progress: D

[ Enable real-time ISP to allow background prograrmming when available

0, File Device Checksurm Usercode Prograrn | “eril
Start

Configure
h stop de10_lite.sof 1GMSODAF 454 OD3BFOIF  OD3BFOIF v r

M suto Detect

X Delete

U add File..

3 Change File... -
. i save File
SOF file reesscee
& . u m
Add Device... o E ..
4'- } 3_
TEI] UP : L
. E
|_J.I.l.lllJ_I.l._:
' B 1OMEODAF 484 o
TOOD

JEL




Otnapgo4vHasa nnata MNJINC c 3arpy*keHHOU
KOHPUrypaumeu

T

% e @k
. ARRRuABRN, X NERERR
o@ ......... XRRIRFNSFRRNRRERYY

2
3
o
23
-
>

wnr-z ,/’;

ol

s O O
ORI LEDRZ DR)

3%%W‘@©a~@@

b, 3L

I il e i fie ||. fIFic

[ i e e ¥ s T 0 Y B

FPGA
chip




YTOo panbie?

* y4yebHUK «LUndppoBaa cxemoTexHMKa U
apXUTEKTypa KoMnbloTepa» aBTopos [13Bmnaa
Xappuca n Capbl Xappuc. becnnaTtHbin pycckunm
nepeso BTOPOro n3aaHumsa 3Toro y4ebHmka
MOXHO 3arpy3unTb € caTa KomnaHuu Imagination
Technologies (link)

* npoueccop MIPSfpga — npombilwneHHoe
NpPoLUECCOPHOE AAPO, UCXOAHbIN KOA KOTOPOro
AOCTYNeH NoA, akaaemMnyeckon nnueH3nen B
pamkax Imagination University Programme (link)


https://community.imgtec.com/downloads/digital-design-and-computer-architecture-russian-edition-second-edition
https://community.imgtec.com/university

Bawwn Bonpocobl?



