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Reference Design (project_24)

 Modules
« PLOADER, IMEM, MIPSCORE, m_7segcon, UartTx, DRAM, clk_wiz_0O
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Program loader (PLOADER)

3
. LUTLBIETRXDAD F—AE RS, X

o 32EVYFD1 DD TEZITESE, EFIAHFTRLAZXADDR, ZITH -t &
DATAZERTEL, EFAAEBWE 21T ALETHEAEYIMEM [ZE2F5AT.

o MHAEVICESALDIERIET SH512KBOT—2DEHHDO64KBD H.

ULED regl i
RXD [ > “’Dc“
T RTL INV
r haltl
S‘Ibﬂ]ﬂ\l
0
S=default 11
/SFrL MUX
= ' m_imem
m_loader [ ANQ]
CLEK
CLK AD DRG] O IN[3140] NS
RST_X DATA[310] T INST ADDR[E1:0]
RAD DONE RST.X
WE _ WE_IN
PLOADER IMEM

~ "\ ="
) 3
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Instruction Memory (IMEM)

\
. TOtyH(MIPSCORE)A B S T7RLXI_ADDREH AL, Zh s AT IMEM® X

AFNINST_ADDREGD.

e MEAEVIFIBEINTI=TFLRIZEIMINTLSESZEINST _OUTIZCHALT, 1
MN7OEyHDANI _INELD. SRS ITvFITRIET 5.

RTL NV -
rentdi 1
m_imem S‘Ihﬂ]ﬂ\‘a
N S=default |1
A J4[3140]
CLE s RTL_MUX
DIN[3I0]] INST OUT[31:0]
_T INST ADDR[31:0] m_core
RST X +
CLE D ADDR[3140]
WE _IN = =
O_IN[3140] b OE
IMEM 10 M3 140] D_OUT[314]
LIM[3140] D WE [3:0]
RST_X | ADDRL31-0]
STALL STAT[240]
. MIPSCORE
 oore rst -

™

A@‘
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Data Memory (DRAM, m_dram)

« JOtYyYMIPSCOREIFRNF T RET—ED_OUTEH AL, TNHAAEYIVFA—FDRAM®D A 73 \
i_datab#id. £, TOEYHIEANT T RET—EDTFLAD_ADDRZH AL, EhA AT A
—ZMDARAi_addr&iid. 7Oy OHE AID_WEIZELY, DRAMADT—2DALTZERRT 5.

e TJOtyHIEIO—KTB7RLAD_ADDREFH AL, TNMAAEYIFO—FD A Ai_addrEissd. 70O
tyHDOHEHID_OEIZLY, DRAMADT—42MN!)—FK#15RT 5. DRAMMLEFLNT-T—42H
o_datalZHH AZh, FAATAyH DA D _INELS.
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DDR2 Memory on NEXYS 4 DDR

* Micron MT47H64M16HR-25:H DDR2 memory
« 128MiB DDRZ2, 16-bit wide interface

R240
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.
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Micron MT47H64M16HR-25:H

ODT —=b '
| T -
CKE —+0— Control L E
K —vo— logic .
CK#  —wi—i '
54 —wo2 . .
RASE —sb—| 2T K QDT control .
CASH o |E 8 H CoLo, COL1 e swl sw2 sw3| T
WE# —wo— S © 13 T 16 4 l :
. - [TRefreah address Memary array 1] A k I\ [\ :
: Mpg‘f || e B Row- Iatcdh (8,192 x 256 % 64) | | L] o4 16, sz sw2,wsw3 '
¥ reqi | | 2 N
| eqisters : address deacgde; ] - ha Read 1,6 MU R'I . R2 % RE%
! 16 ! MUX i latch == * v v i
: ®, R13 R2% mas| [0 DQO-DA
! Sense amplifier [~ T 4 : : d I
' I 0as - 1
. X generator | Jpgs, UDQSe !
: ! 64 jnput  LDQS, LDQS# |
! X 7 registers '
. : o 110 gating 2 i
AD-A12, i Address ! = Bank DM mask logic TRITE g8 H - -&qﬂ& td[?g;:
BAD-BAZ register [ ([ cantrol FIFO | mask .3 1‘} !
: 3 logic and 2 2 '
i I "J * 64 d In .l"l = ’.f L]
[ + rivers [ 16 '
: Col Eem i !
: decoder K, CKi#—>|CKout | 64 | 18] | 18 :
: o Column- | 8 ckin [S7o116 1,18
. address 77 # B 1 UDM, LDM
; counter/ | _}E « }E '
! latch [y '
! COoLo, CoLt '

Micron datasheet
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Oty SENIBT 50D DDA TYTNDIELE

\
IF (Instruction Fetch)

AR RTEIIVFYT S

ID (Instruction Decode)

M5 TI—F (85 LGNS, LORADEEZHRA BT .
’\llli'iﬁi%\’C%éT“"'lié‘—%Féb HAHINT-LORADET—HEHEREIT.
MRDAITEIRT1—ILLZTRFBILERL, 1D ARSNT=PCIZFEihksn
A2t 9r e RLEOE THIREDTRFLRZET S, FEHNRIZLI-EE
[CIERIRFTETRLUAZPCIZEYRLT, CORT—V THIRGRZEE TSES.
EX (Execution)

MPIRIEDEITEIEITFLRADERZITD.

MEM (Memory Access)

WHETHNIE, T—2AEVFDFARZIURIZTIERT S.

WB (Write Back)
WETHNIL, HBERELIDRAZZEZTIAD.

CSC.T363 Computer Architecture, Department of Computer Science, TOKYO TECH 8



111

Oty DT —RIINRUNATSA0IE)

ID/EX
ADD
IFAID = EX/MEM MEM/WE
4 ' = Jarn?
[ (M
ADD u
- ‘H-':f:
l IHE m
Le{PCl&
R, .
R | = 1.1 - l_"'
AEATY— tmemwem| ¥R ALU —1
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=

@dap‘red from Computer Organization and Design, Patterson & Hennessy, © 2005
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JID7LURTHAVIZEENEATOEYY

* Operating frequency: 50MHz x

o YIFLURTHAUIZIK, SENATSAREBOHBFIGEMIPST Oty H (DY Tty
MAERAINTNS. TORMNOLIDRZBIGENEDHLO>TWSDTEE

TN -

IF | ID : EX | MEM | WB

Ifld_npc
30 ! 32

: +
1 (%) 79
* |

XN

[R'E]

N
+
\\[\)
HT
(@)}
wwIx3usis
=
'_\

32 TS M)
S , CEP
I | 7
IMEM = / a ; 32 i 7
> pc . . * m regfile . +
P m_imem . 5 m rg s z| ! ) 32 s
Z _Ieg ! = 12 <] 32
. B (32bit x 32) | || c
’5 W ; *>U . DRAM #
I / > m_dmem
| 32 - 32
S
1 : L ]
Pipeline register |; . : :
=) » —
~@9 IfId TdEx ExMe MeWb

& CSC.T363 Computer Architecture, Department of Computer Science, TOKYO TECH 10



Aty MIPSCORE: 4128271 —X

\
o AEUTVEART—UTA—F, AT @ T HLESNLSEFIZDRAMIZT VERT 5. CO)\
B, STALLIESEM1EGY, Z0MIEToEy Y ONEBERM—ILEES.

o STAT [FT70tyHDRKREEHANTEH-OIZFERTS.

e« I ADDR,I IN [I&%5
« D _ADDR,D IN,D OUT,D OE,D WE [ZT7—24FYDY)
o TO INIFAEYTYTRIONLD AFTD=OIZAAWNBM, COTHF A TIEEALLL.

1
11
12
13
14
15
16
& 17

P ne=22
) I

7TV FIB=HICEATSH. I_ADDR (& pc DIE.

............................................................................................................................................................................................................
............................................................................................................................................................................................................
............................................................................................................................................................................................................

........................................................................................................................................................................................

modu | e HIPSCDHE(GLH RaT_#, STALL, STAT, I_ADDR, I_IW, D_ADDR, D_IN, D_OUT, D_OE, D_WE, IO IN:I

input  wire CLE., HST &, STALL;

output reg [2:0]  STAT:

output wire [ ADDR] I_ADDR, D_ADDR;
input  wire [31:0]1 T_IN, D_IN, IO_IN;
output wire [31:01 D_OUT;

output wire [3:0]  D_YE;

output wire D_0OE;

reg [ A00R] pc; program counter
agssign I _ADDR = pc;

—K, SArDT=HI1ZFES.

11



Aty MIPSCORE: INATS5A4 LIRS

\
o IfId M BIBFEALDRAIIGE ITVFTTI—RODBDINATSA LIRS

19 I —
20 reg [ ADDR] Ifld npc; IF-ID pipeline reg: next pe, pc + 4

21 reg [31:0] Ifld_ir; IF-ID pipeline reg: instruction

27

23 reg [ ADDR] IdEx_npc; D-EX pipeline reg: next pe. pc + 4 — N =
24 reg [31:0] IdEx_rrs; D-EX pipeline reg: fetched e M]“

28 reg [31:0] IdEx_rrt; D-EX pipeline reg: fetched I [ [

26 reg [4:0]  TdEx_dst; D-EX pipeline reg’ decoded A o
27 reg [31:0] IdEx_ir; D-EX pipeline reg: instruction ke fom\e ™
28 reg [ OPNT] IdEx opn; D-EX pipeline reg: decoded operation ID L i
29 reg [ ATTR] IdEx_attr; D-EX pipeline reg: decoded instruction attribute

3d

3 reg [4:0]  ExMa_dst; FEX-MA pipeline reg: decoded destination reg number

3z reg [31:0] ExMa r=lt; EX-MA pipeline reg: execution result

33 reg [3:0] ExMa_mwe; EX-MA pipeline reg: mem write enable

34 reg ExMa_ce: EX-MA pipeline reg: data memory output enable

35 reg [4:0]  ExMa_lds; EX-MA pipeline reg: load selector

36 reg [31:0] ExMa_std; FX-MA pipeline reg: store data

37

38 reg [4:0]  Halth_dst; MA-WB pipeline reg: decoded destination reg number

39 reg [31:0] MaWh_rslt; MA-WE pipeline reg: execution result

CSC.T363 Computer Architecture, Department of Computer Science, TOKYO TECH 12



Hazards make pipelining hard X
\

o MREFEVEHAIILTEITTELVWIOIWIRKANFETS. cnE/N\T—F
(hazard) &AL,

o HlfE/\—F(control hazard)
. BUERS, S TRBIESTELHNF—F

~ "\ ="
@\ 13
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Eeig S

7

=

AN

4. BIESIE (delayed branch), MIPSHERF

IR FDERBDEOMDRRTERITLIRIC, RIRT D 1A VIILOEREF OGRS
1T

IEFXRDEY.

IR AT ERT

DIRGBTDRTELAD TR

=17
SIEHITIE, ROKTRLADRHERST
(RRITHE, HEHEDRORDTEL ADRBEEET)

¢ DEHBORBEOEONOBRERITLLRICH B, DEHHIZEDRR—ILIFELLL
Untaken 47 6 7 IF D EX MEM WB
SHEREERT T (1 + 1) IF D EX MEM  WB
@i+ 2 IF D EX MEM  WB
T +3 IF D EX MEM WB
i+ 4 IF ID EX MEM WEB
Taken “HEL 6T 75 IF D EX MEM WB
SRR (i + 1) IF D EX MEM  WB
il IF D EX MEM WE
S + 1 IF D EX MEM WB
S+ 2 IF ID EX MEM WB

dapted from Computer Organization and Design, Patterson & Hennessy, © 2005

@i A
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Hazards make pipelining hard X
\

o MREFEVEHAIILTEITTELVWIOIWIRKANFETS. cnE/N\T—F
(hazard) &AL,

o T—4-/\Y—K(data hazard)
« T—ADNZITELOHMICK>TELENYF—F

~ "\ ="
) 15

& CSC.T363 Computer Architecture, Department of Computer Science, TOKYO TECH



Data Hazard
\
. SUbBIAAERLI=$22BEDHSHF AT BEEITT—ADZ(HELDOHHAELS.

ra

Time {in clock cycles)
Value of CC1 ccaz cCca CC4+ CCs cCCqg cC7v cCcs cCg

register £2: 1a 1a 1a 10Q 10/=20 —20 —20 —20 —20

Program
execution
arder

{in instructions)

sub 2, B, E3

and$12, 2, %5

orgi13, §6,

add$14, -,

sw §15, 100

@dap‘red from Computer Organization and Design, Patterson & Hennessy, © 2005 16
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Data Hazard and Stall

Time (in clock cycles)
Value of CCA1 cCcz cC3 CC4+ CCs cCCa CC7 cCa cCa

reqistar $2: 1a 1a 1a 1a 10/=20 =20 =20 —20 =20

Frogram
execution
arder

(in instructions)

sub -2, $1, £3

ar$13, a8, -

add 14, -2, 2

sw 15, 10017

@%dap‘red from Computer Organization and Design, Patterson & Hennessy, © 2005
CSC.T363 Computer Architecture, Department of Computer Science, TOKYO TECH



I+ T—T A2 TIZKBDT =3\ —FD

ey,

ik

Time {in clock cycles)
cCcH ccz cCC3 CC4 CCs

Value of register £2: 10 10 10 10 10/-20
Value af EX/MEM: X X X —20 X
Valug of MEMANE: X X X X —20
Frogram
exacution
arder
fin instructions)
= =

and $12, kS L=

L

|

ar$fi13, B8,

add 14,17,

sw $15, 100

ﬁzdap‘red from Computer Organization and Design, Patterson & Hennessy, © 2005
CSC.T363 Computer Architecture, Department of Computer Science, TOKYO TECH

-1

CC7

—20
X

X

L

cCa cCCg
20 —20
X X
X X




DA+ T—T 42T 2&DT—32/\ Y —FD[EE
ey,

Time {in clock cycles) -
cCcH ccz cCC3 CC4 CCs CCe cCCc7 cca ccg

Value of register $2: 10 10 10 10 10/=20 -0 —20 -20 —20
Value of EX/MEM: X X X -20 X X X X X
Value of MEMANE: X X X X -20 X X X X

Frogram
execution
arder

fin instructions)

sub Lo, 1, k3

and $12, kS

ar$fi13, B8,

add 14,17,

sw $15, 100

ﬁi\dap‘red from Computer Organization and Design, Patterson & Hennessy, © 2005 19
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I+ D—TAVTIZ&KET—E2N\F—FD[E

Time {in clock cycles)

ik

CCA ccz CcC3 CC4 CCs CCa CC7

Value of register $2: 10 10 10 10 10/=20 -0 —20
Value of EX/MEM: X X X —20 X X X
Value of MEM/AWE: X X X X —20 X X
Frogram
execution
arder
fin instructions)
sub o, B, $3 “
MeWb
and $12, kS
ExMe |
ar$13, $a,
IdEx
add 14,1, i
IfId |
sw $15, 100
i

@dapmd from Computer Organization and Design, Patterson & Hennessy, © 2005
CSC.T363 Computer Architecture, Department of Computer Science, TOKYO TECH

ccCa

=20
X

X

CcCa

—20
X

X



A T—TA40 DI=HhMDEHE 5

ID/EX

—
—_— —t -
—
Registe s >AL
™ ™ " Data ,
memary

a. Mo farwarding

ID/EX EX/MEM MEMANE
- . i, -
— | "
= wal]
Registe s >ALIJ
~
™ M
F-u - I'I'EI:II'ITSIT - -
=
Ba
:— u EXMEM Fegizterfid
Fd : u
_— x _— _—
- =— | MEM/'WE .RagsterAd

b With farwarding

Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
CSC.T363 Computer Architecture, Department of Computer Science, TOKYO TECH



AT —TA4 0 DI=ODERH

ID/EX EX/MEM MEMMWE

——rt -
Registe s >ALIJ
™ - Data .
memary

bid

a. Mo farwarding

ID/EX EX/MEM MEMWE
i -~ — —_—
— | "
= wald
Registe s >ALIJ
- > ™
1]
T '; - I'I'EI:II'ITSIT
Y
=
N
At
Fd

EXMEM. RegizierAld
| M -
U
_— x _— _—

il - MEM'WE Regi=ter Ad

b With farwarding

Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
CSC.T363 Computer Architecture, Department of Computer Science, TOKYO TECH



T—RANY—KIZL>TELBRAN—IL
e,

Time (in clock cycles) -
CC1 ] cC3 CC4 CCs cCe cCC7 cCa cCcg

Frogram

execution

arder

{in instructions)
b o, 20081)
and -, 2 kS
orgs, 0, $6
add$a, 4, 1
st 1, B8, 7

T

@%dap‘red from Computer Organization and Design, Patterson & Hennessy, © 2005
CSC.T363 Computer Architecture, Department of Computer Science, TOKYO TECH



Aty MIPSCORE: siS 7T vF

« IdTPC,IdC, IdB LU RFELTEENTLSN, RRICEVAVEGZLRITEE.
e PSTALL [FDRAMT7 Ut RIZ&BHTOEYHDR+—)L
« bstall [&7?

.I'.1. ] o o S o o o o o o o I S S S o o
42 reg [ A00R] IdTPC; wire, calculated branch Taken address (Taken Program Counter
iy I+ Py

e, calculate
43 reg [di; re, Calculated branch result, branch Taken or Untaken
44 reg [dB; re, branch/jump instructi
45 wire [31:0] MaRSLT; re. execut esult on MA stage
46 vire hstal l; stall signal by branch instructic

47 vire PSTALL = STALL; pipeline stall
48
49 S ——
a0 ¥ Stage 1 - IF, instruction fetch *
51 S ——
he wire [ ADDR] IfHPC = pc + 4;

h3

54 alwavs 80 posedge CLK ) hezin update program counter

BG if (IRST_X) pc <= 0

a4 f else if (!PSTALL && 'bstall) pc <= (IdC) 7 IdTPC : IfNPC; IT branch taken. uses taken PC

57/,  end

By

Y alwavs 80 posedge CLK ) hezin update pipeline registers

BO if (IRST_X) {IfId_npe, IfId_ir} <= 0;

Bl o else if (IPSTALL && 'bstall) begin

B2 IfId_npc <= IfNPC;

B3 é IfId ir <= I_IN; i branch taken then NOP else instruction from [mem
- B4 end

o Aﬁ"‘ B5 . end

& CSC.T363 Computer Architecture, Department of Computer Science, TOKYO TECH
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Aty MIPSCORE: siS 7T vF

« IdTPC,IdC, IdB LU RFELTEENTLSN, RRICEVAVEGZLRITEE.
e PSTALL [FDRAMT7 Ut RIZ&BHTOEYHDR+—)L
« bstall [&7?

BT PP —
G3 ¥ Stage 2 ID instruction decode & operand fetch *
B9 B Ty T 2 L 2y T e
70 vire [5:0] IdOP = Ifld_ir[31:26]; opcode field of instruction

71 vire [4:0] IdRS = Ifld_ir[25:21]; g field of instructio

72 wire [4:0] IdRT = Ifld_ir[20:16]; rt field of instruction

13 vire [4:0] IdRD = Ifld_ir[15:11]; d field of instructio

T4 vire [5:0] IdFCT = Ifld_ir[5:0]; funet field of instruction

75 wire [31:0] IdRRS, IdRRT; register value of rs and rt

Th

T assign bstall = TdB &&

78 ((IdRS!=0 && (IdRS==IdEx_dst || IdRS==ExMa_dst]) ||

7 (IdRT!=0 && (IdRT==IdEx_dst || IdRT==ExMa_dst})); branch stall

151 ¢ always Biposedze CLK) hegin update pipeline registers

152 ¢ if ('RST_¥) {IdEx_npc, IdEx_rrs, IdEx_rrt, IdEx dat, IdEx_ir, IdEx_opn, IdEx_attr} <= 0;

169 © else if (IPSTALL) begin

154 [dEx_npe <= Chstall) ¥ 0 @ IfId_npe;

155 [dEx rrs <= (hstall) 7 0 : IdRRS; data Trom general-purpose register file

156 [dEx_rrt <= (hstall) * 0 : IdRRT; data from general-purpose register file

157 [dEx_dst <= (hstall) 7 0 @ IdDST;

158 IdEx_ir <= (hetal 1) 70 @ Ifld_ir;

159 [dEx_opn <= (hstall) ¥ 0 : IdOPH;

160 [dEx_attr <= (hstall) 7 0 : IdATTR;

£H= 151 end
@ 162 ¢ end

CSC.T363 Computer Architecture, Department of Computer Science, TOKYO TECH



project_24M7

IAHE.

=)

Ageii‘

m b AVl N

e
N—

T

ER

o AVTAKRTIL, definev ICERSNARDGBTENETELTOVHERE

O
A[

AN
T

“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define

SLL

SRL

SRA

SLLV

SRLV

SRAV

JR

JALR

ADD

ADDU

SUB

SUBU

AND
OR
XOR
NOR
SLT
SLTU

6'do2
6'do3
6'do4
6'de5
6'do6
6'do7
6'de8
6'de9
6'd14
6'd1l5
6'd16
6'd1l7
6'd18
6'd19
6'd20
6'd21
6'd22
6'd23

“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define
“define

BNE
ADDI
ADDIU
SLTI
SLTIU
ANDI

ORI

XORI

LUI

LW

SW

BLEZ

BGTZ
BLTZ
BGEZ

6'd24
6'd25
6'd26
6'd27
6'd28
6'd29
6'd30
6'd31
6'd32
6'd33
6'd34
6'd35
6'd38
6'd43
6'd44
6'd45
6'd46
6'd47

& CSC.T363 Computer Architecture, Department of Computer Science, TOKYO TECH
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87
B8
B9
70
i
72
13
74
75
76
17
78
79

704ty MIPSCORE: fi$H

—\®

EvkDEIVHL.

e ES IdOPNDELTE.
EZAHLDREES IADSTDERTE.
CDEETIE, IdATTR (ZFIALALN.

LORBZITF7AIVIZTIEALT
ARIUREITIVF TS,

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

¢ 7 T at + N y Ffateh
* Stage 7 D nstruction decode & operand fetcl P

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

wire [5:0] [dOP = IfId_ir[31:26];

vire [4:0] IdRE = Ifld_ir[25:211;
vire [4:0] IdRT = Ifld_ir[20:16]1;
vire [4:0] IdRD = Ifld_ir[15:11]1;
vire [5:0] IdFCT = Ifld_ir([5:01;
vire [31:0] IdRRS, IdRRT:

assizn hstall = IdB &&
((TdRS!=0 && (1dR&=
(TdRT!=0 && (IdRT==

TdEx_dst || IdRS==ExMa_dst)) ||
TdEx _dst || IdRT==ExMa_dst))); branch stall

114
115
116
17
114
114
120
121
122
123
124
125
126
127
128
129
130
131
132
133

7 a—

GPR

rez [5:0]
reg [4:0]  IdDST;
reg [TATTR] IdATTR;

g

zor (LCLK(CLK), .REGNUMO(IdRS),
-REGNUMZ (ExMa_dst ),

REGNUM1 (TdRT),
-DIND (MaRSLT) ,

DOUTO(TdRRS)
MEDGIPSTALLY Y ;

-DOUTT (TdRRTY,

TdOPN;

always @(1F1d_ir) begin

end
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[dOPN = "ERROR___;
[dDST = 03
[dATTR = 03

case [[dOP) opP
G hO0: case (IdFCTY FUNCT

B'hO0: hegin [dOPN= (IdRD) 7 "SLL H ; 1dDET=I4RD; end
G°h02: hegin [dOPH="SRL ; TdDET=IdRD; end
B’hi3: hegin [dOPH="3RA 3 TdDET=IdRD; end
B'h04: hegin [dOPN="SLLY___ ; TdDST=IdRD; end
G°hi6: hezin [dOPHN="SRLY___ ; IdDST=IdRD; end
B’hOT: hegin [dOPH="SRAY__ ; TdDST=IdRD; end
B'hOG: hegin [dOPN="JR ; 1dDET=0; end
G°h09: hezin [dOPH="JALR___ ; IdDST=31; end
B’hZ0: hezin [dOPH="ADD 3 TdDET=IdRD; end
B°h?1t hegin [dOPN="A00U__ ;3 TdDST=IdRD; end
6°hZZ: hegin [dOPN="SUE ; TdDET=IdRD; end
B’hZ3: hegin [dOPH="SUBU___ 5 TdDST=IdRD; end
B'he4: hegin [dOPN="&HD ; 1dDST=14RD; end
B°hZ5: hegin [dOPH="OR ; TdDET=IdRD; end
B’hZ6: hezin [dOPH="HOR 3 TdDET=IdRD; end
B'he7: hegin [dOPN="HOR ; 1dDST=I4RD; end
G°hZa: hegin [dOPH="SLT ; TdDET=IdRD; end
B’hZb: hezin [dOPN="SLTU__ ; TdDST=IdRD; end
endcase
B7hi1: case (IdRT)
B'hi0: hezin [dOPN="BLTZ___ ; IdDST=0; end
5°h01: hegin [dOPN="BGEZ__ ; IdDST=0; end
endcase
B hOZ: hegzin [dOPN="J ; 1dDET=0; end
G7hO3: hegin [dOPN="JAL ; 1dDET=31; end
NIER hegin [dOPH="BEQ ; 1dDET=0; end
B hO5: hegzin [dOPN="BNE ; 1dDET=0; end
G7hiG: hegin [dOPN="ELEZ___ ; IdDST=0; end
B*hOT: begin [dOPH="BGTZ  ; IdDET=0; end
BT hOG: begin [dOPN="AD0T___ 3 TdDST=IdRT; end
G7h09: begin [dOPN="ADDIU__ ; IdDST=IdRT; end
f’hia: hegin [dOPH="SLTI__ ; IdDST=IdRT; end
(NI hegin [dOPN="SLTII__ 3 TdDST=IdRT; end
G7hic: begin [dOPN="ANDI___ ; IdDST=IdRT; end
B’hid: hezin [dOPH="0R] ; TdDET=IdRT; end
B he: hegin [dOPN="HORI ; 1dDST=I4dRT; end
f7hif begin [dOPN="LUI ; TdDET=IdRT; end
f’h23: hezin [dOPH="LY ; 1dDST=IdRT; Id&TTR="LO_4B; end
B heb: bezin [dOPN="SI ; 1dDST=0; TdATTR="5T_48; end

endcase
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At yHYMIPSCORE: sisTa—F
\

Y P PP PP PP
o ﬁﬂjﬁﬁi%@)g"&’ﬁ- 42 ree ["4D0R] I4TPC; Taken F ter

43 reg IdC; wire, Calculated ake
44 reg [dB; wire, branch/jump instruc 7
45 wvire [31:0] MaRSLT; wire, execution result on MA stage
45 vire hstall; stall signal by branch instruction
47 vire PETALL = STALL; pipeline stall

135 é wire [ADDR] IdBPC = Ifld_npe + CLOIG{IfId_ir[15]}}, IfId_ir[16:0]} << 2);

136 f alwavs (%) begin hranch & jump resolution unit

137 {1dTPC, 1dC, 1dB} = 0;

138 ¢ case (IdOP)

1349 G hO4: begin [dB=1; [dTPG = IdBPC; IdC = (IdRRS == LdRRT); end BEQ

140 B hO5: begin [dB=1; I[dTPG = IdBPC; IdC = (IdRRS '= IdRRT); end BNE

141 f'hOB: begin IdB=1; IdTPG = IdBPC; IdC = ( IdRRS[31]|| (IdRRS==0)); end BLEF

14% G'h07: begin IdB=1; IdTPG = IdBPC; IdC = (TTdRRS[31]&&(ICRRE!I=0)); end BGTZ

143 G'h01: begin IdB=1; IdTPG = IdBPC; IdG = (IdRT) 7 "IdRRS[31] : IdRRS[31]; end BGEZ BLTZ

144 G'h02: begin IdB=1; TdTPG = {IfId_npc[31:28], Ifld_ir[25:0], 2°b0}; IdC=1;end

145 B h03: hegin TdB=1; IdTPG = {Ifld_npc(31:28], IfId_ir[25:0], 2'k0}; IdC=1;end A

146 B hOD: if (IdFCT==6"h08) hegin IdB=1; IdTPC = IdRRS; I1dC = 1; end JR

147 f else if (IdFCT==6"h09) begin IdB=1; IdTPC = [dRRS; I1dC = 1; end JALR

148 f endcase

148 °  end

160

151 f always B(pozedge CLK) begin update pipeline registers

152 f ifCIRST %) {IdEx npc, LdEx_rrs, IdEx rrt, IdEx dst, IdEx_ir, [dEx_opn, IdEx attr]l <= 0;

153 & else iFCIPSTALL) hegin

154 IdEx_npc <= (hstall) 70 @ Ifld _npc;

155 IdEx_rrs <= (hstall) 7 0 : IdRRS; data from general-purpose register 7ile

156 IdEx_rrt <= (hstall) 7 0 : IdRRT; data from general-purpose register 7ile

157 IdEx_dst <= (hstall) ? 0 : IdDST;

158 [dEx_ir <= (hetall) 70 ¢ Ifld_ir;

1549 [dEx_opn <= (hstall) 7 0 : IJOPN;

160 [dEx_attr <= (hstall) 7 0 : IdATTR;

1681 £ end

162 & end
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0+t yHYMIPSCORE: E17

164 B T I3 B S o e = \
165 * 8 3 ) g : ge on T *
— — -~ g = /= 166 B e
e 7—977_"7_7_/{_/7 r‘_’%ﬂ' 167 wire [(31:0] RRS_U, RRT_U; 0
168 wire signed [31:0] RRS_S = RRS_U; o
1649 wire sizned [31:0] RRT_S = RRT_U;
170 wire [4:0] SHANT = [dEx_ir[10:6];
M wire [15:00 I = [dEx_ir[15:0];
! ! 172 wire [31:0] SET321 = {[1GLIMMOISIH], THMl;
| EX | 173 wire ["ADDR] SETADI = SET32I[ ADDR] << 2; t widt
u u 174 wire ["ADDR] JADDR = [dEx_ir[ ADDR] << 2;
! ! 175 wire ["ADDR] Exh = RAS_UL #DDR] + SET32I[ ADDRI;
| | 176 reg [31:0] ExRSLT;
1 1 177 reg [3:0] ExWE;
] ] 178
| | 179 FORWARDING frs(.SRC(IdEx_ir[25:211), .DINO(IdEx_rrs), .DOUT(RRS_UJ,
| | 180 DST1(ExMa_dst), .DINV(EsMa_rsit], .DSTZ2(Mallb_dst), .DINZ(Malb_rslt));
] ] 181 FORWARDING frt (.SRG(IdEx_ir[20:161), .DIND(IdEx_rrt), .DOUT(RRT_LJ,
! ! 102 ST (ExMa_dst), .DINI(Exta_rsit), .DST2(Malb_dst), .DINZ(Mallb_rsit));
1 1 183
! 1 184 always B(*) hegin
%: > | 185 {ExRSLT, Ex¥E} = 0;
| | 186 © case { [dEx_opn )
] ] 187 “4DD : bezin ExRSLT = RRS_U + RAT_U; end
: : 188 WODI__ : heein ExRSLT = RRS_U + SET321; end
i i 189 WDDIU. : heein ExRSLT = RRS_U + SET321; end
| | 150 WDDU__ : hegin ExRSLT = RRS_U + RAT_U; end
: : 191 Il : hegin ExRSLT = RRS_U - RRT_U; end
1 | i 192 "SUBU_ : hegin ExRSLT = RRS_U - RAT_U; end
| ' | 183 “BND : hezin ExRSLT = RRS_U & RRT_U; end
: > z : 194 BHDT ¢ hegin ExRSLT = RRS_U & {167h0, THM}; end
i > — i 195 “NOR : bezin ExRSLT = “[RRS_U | RRT_U); end
—s N i 196 “OR : bezin ExRSLT = RRS_U | RRT_U; end
! \_/ + ! 197 ORI : bezin ExRSLT = RRS_U | [16'h0, IMM}; end
| —~ i e 198 HOR : hezin ExRSLT = RRS_U " RRT_U; end
z| - i 199 WORT : heein ExRSLT = RRS_U ~ [16'h0, IMMI; end
= : > = {12 200 SLL : bezin ExRSLT = RRT_U << SHANT: end
F | g —> | &4 201 "SAL : bezin ExRSLT = RRT_U »> SHANT; end
| [ T8 | 202 "SR : bezin ExRSLT = RRT_S >»> SHANT; end
] ~— , ] 203 SLLY_ : hesin ExRSLT = RRT_U << RRS_U[4:01; end
—> 7 | 204 SALY_ : heein ExRSLT = RRT_U >> RRS_U[4:01; end
i 32 I 205 SRAV_ t bezin ExRSLT = RRT_S >>> RRS_U[4:01; end
] ] 206 “SLT : bezin ExRSLT = (RRS_UT31T ~ RRT_UI311) 7 RRS_UISIT = (RRS_U < RRTUY;  end
H H 207 SLTI_ : heein ExRSLT = (RRS_UC31] ~  IMMLIS]) 7 RRS_U[31] : (RRS_U < SET32D);  end
\ \ 208 SLTIU_ : begin ExRSLT = (RRS_U < SET321); end
1 1 209 SLTU_ : hegin ExRSLT = (RRS_U < RRT_UJ; end
| ! 210 L * begin EXRSLT = LdEx_nec + 4; end
M CUBLR_ ot heein ExRSLT = IdEx_nec + 4; end
212 LUI : begin ExRSLT = [INM, 16°h0}; end
IdEx ExMe 213 i t begin ExRSLT = [Exé[31:21, 2'b00}: end
214 s : bezin ExRSLT = [Exd[31:21, 2'b00); ExME = 47W11100; end
216 ¢ endcase

216 ¢ end
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—

o T—RAIAT—T4LY LET

287
283
284
285
206
287
288
284
280

218 ©
219 ¢
220 €

221
227
223
224
225
220
227

208 ¢

™

Asraii‘

sk plata Torwardine unit Ems ey
gdala Torwardl L

flg LA

o R R R R e

module FORWARDING(SRC, DINO, DST1, DINT, DSTZ, DINZ, DOUT);

input  wire [4:0] SRC, DST1, DSTZ: register number
input  wire [31:0] DINO, DIWT, DINZ; 32bit value
output wire [31:0] DOUT; I2bit data output

assizn DOUT = (SRC!I=0 && DST1==3RC) 7 DIN1 : (SRC!=0 && DSTZ==SRC) 7 DINZ : DIND;

“endmodul e

281

o, o e e e e e R o e R e e

always B posedge CLK ) begin update pipeline registers
if (IRST_#) {ExMa _rslt, ExMa_dst, ExMa_mwe, ExMa oe, ExMa_lds, ExMa std} <= 0;
else if (!PSTALL) bezin
ExMa_rslt <= ExR5LT;
ExMa_dst <= IdEx dst;
ExMa_std <= RRT_U;
ExMa mwe <= ExWE;
ExMa_oe <= (IdEx_attr & "LOST_ANY) 71 : 0;
ExMa Ids <= (IdEx _opn=="LW o1 0;
end
end
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Data Memory (DRAM, m_dram)

« JOtYyYMIPSCOREIFRNF T RET—ED_OUTEH AL, TNHAAEYIVFA—FDRAM®D A 73 \
i_datab#id. £, TOEYHIEANT T RET—EDTFLAD_ADDRZH AL, EhA AT A
—ZMDARAi_addr&iid. 7Oy OHE AID_WEIZELY, DRAMADT—2DALTZERRT 5.

e TJOtyHIEIO—KTB7RLAD_ADDREFH AL, TNMAAEYIFO—FD A Ai_addrEissd. 70O
tyHDOHEHID_OEIZLY, DRAMADT—42MN!)—FK#15RT 5. DRAMMLEFLNT-T—42H
o_datalZHH AZh, FAATAyH DA D _INELS.

m_eore
LK
o
"
g8
LK
MMMMMM CATAC 70l
%
Uart
m_drarm
Lm 2o 12 01
ﬁ; bal 0]
2 cas
o e el )
il g o151 jck 2.k
1]
SHD derd das i 1:0] ok T chp
ek dgs_pl1:0] o ® che
of e 0] ok ? s
datal 3141 ook il 1:0]
rd_an 2 ot
7] 2rasn
g fockr 2 wee 11
. ras e g it buzy
e~ 00000 w20 ik
[Pl datal 31:0]
=) 3 F =
i cali by compd et
A=
-~ AT
DRAM
A 3
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230
231
237
233
234
235
23h
237
238
239
240
241
247
243

244 ¢
DAG ¢
24
247 |
248
249
250 ¢

™
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A 114 A L oo Foae [ ACT
4 WA, memory & e Tor LIS ¥

e R g S R e S e e g e e e

assign D_ADDR = (ExMa_oe) T ExMa_rslt @ 0;

assign 0 _OUT = (ExMa_oe) ? EuMa_std @ 0;

assign D WE = (ExMa_oe &% 'PSTALL) 7 ExMa_mwe : 0;

assign D OE = ExMa_oe;

wire [31:0] MalD_ = D_IN; This edition does not use I/0

wvire [31:0] MalDD = MalD_ »» (B#ExMa_rslt[1:0]); lonaded data. align data here

aszsign MaRSLT = (ExMa_lds) 7 MalDD : ExMa_rslt;

always B0 posedze CLK ) begin update pipeline registers
if (VRST A0 {MaWh_rsit, WaWb dst} <= 0;
else if(IPSTALL) begin
Mailb rslt <= MWaRSLT;
Mallb dst <= ExMa_dst;

end
end
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* Operating frequency: 50MHz x

o YIFLURTHAUIZIK, SENATSAREBOHBFIGEMIPST Oty H (DY Tty
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32 TS M)
S , CEP
I | 7
IMEM = / a ; 32 i 7
> pc . . * m regfile . +
P m_imem . 5 m rg s z| ! ) 32 s
Z _Ieg ! = 12 <] 32
. B (32bit x 32) | || c
’5 W ; *>U . DRAM #
I / > m_dmem
| 32 - 32
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1 : L ]
Pipeline register |; . : :
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~@9 IfId TdEx ExMe MeWb
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