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Cycleo

Single stepper> print piperegs
if id.pc

if id.instruction

if _id.instruction (input)

if id.pc (input)

imem.good

imem. ready
imem.instruction
imem.valid
imem.address

0 (0x0)
0 (0x0)
2262299 (0x22851b)
0 (0x0)

=

1 (ex1)
1 (ex1)
81606640923 (0x130022851b)
1 (ex1)
0 (ox0)



if id.pc ' o 0 (0x0)

if id.instruction 2262299 (0x22851b)
if id.instruction (input) 19 (ox13)
if id.pc (input) 4 (0x4)
id ex.instruction 0 (ex0)
id ex.readdata2 0 (0x0)
id ex.pc 0 (ex0)
Cyc I'e 1 id ex.readdatal 0 (0x0)
Current cycle: 1 /id ex.sextImm 0 (ex0)
Single stepper> dump control id ex.instruction (input) 2262299 (0x22851b)
control.io.memop 0 (0x0) d id ex.pc (input) 0 (0x0)
CODEEO 10 0P C Ak id_ex.readdatal (input) 4294967295 (oxffffffff)
control.io.opl src 0 (0x0) : :
control.io. jumpop 0 (0xe) id_ex.sextImm (input) 2 (0x2)
control.io.aluop 1 (ex1) id ex.readdata2 (input) 0 (ox0)
control.io.int_length 1 (ex1) id ex ctrl.ex ctrl _arth type 0 (0x0)
control.io.arth type 1 (ex1) id ex ctrl.ex ctrl op2 src 0 (0x0)
control.io.writeback src 1 (6x1) S = = =
control.io.opcode 27 (0x1b) id_ex_ctrl.mem_ctrl_memop 0 (ex0)
Single stepper> dump immGen id ex ctrl.ex ctrl aluop 0 (ex0)
immGen.io.instruction 2262299 (0x22851b) id ex ctrl.ex ctrl_jumpop 0 (0x0)
;T":g‘fg- :‘t’égggg"'gump — 2 (ex2) id ex ctrl.wb ctrl writeback src 0 (0x0)
registers.io.readdatal 4294967295 (oxffffffff) J_'d—eX—Ct ri. ex_ct rl—lnt—length 0 (6x0)
registers.io.readdata2 0 (0x0) id ex ctrl.ex ctrl _opl src 0 (0x0)
registers.io.readregl 5 (0x5) id ex ctrl.ex ctrl opl src (input) 0 (ex0)
:ggizig:z . ig vrlgggﬁgeg ‘2) ggig; id ex ctrl.wb ctrl writeback src (input)l (©x1)
registers oshienhild 0 (6x0) id ex ctrl.ex ctrl arth_type (input) 1 (ex1)
registers.io.wen 0 (0x0) id ex ctrl.ex ctrl aluop (input) 1 (0x1)
T = id ex ctrl.ex ctrl jumpop (input) 0 (0x0)
id ex ctrl.ex ctrl _int length (input) 1 (©x1)
id ex ctrl.ex ctrl op2 src (input) 1 (ex1)
id ex ctrl.mem ctrl memop (input) 0 (0x0)



id_ex.instruction 2262299 (0x22851b)

id ex.readdata2 0 (0x0)

id _ex.pc 0 (0x0)

id_ex.readdatal 4294967295 (Oxffffffff)
id ex.sextImm 2 (0x2)

id ex.instruction (input) 19 (0x13)

id_ex.pc (input) 4 (ox4)

(0x0)
(0x0)
(0x0)
(Ox1)
(0x1)
(0x0)
(0x1)
(0x0)

id _ex.readdatal (input)
id_ex.sextImm (input)
id ex.readdata2 (input)
id ex ctrl.ex ctrl_arth _type
id ex ctrl.ex _ctrl _op2 src
Cyc e 2 id_ex_ctrl.mem_ctrl_memop
id _ex ctrl.ex ctrl_aluop
id ex ctrl.ex _ctrl_jumpop

id ex ctrl.wb _ctrl writeback src (ex1)

; - id_ex ctrl.ex ctrl_int length ox1
Single stepper> dump aluControl id:ex:ctrl.ex:ctrl:opl:srcg =0x0;
aluControl.io.int_length 1 (ex1) id ex ctrl.ex ctrl opl src (input) (0x0)
aluControl.io.funct3 0 (0x0) id_ex_ctrl.wb_ctrl writeback src (input)l (x1)
aluControl.io.arth_type 1 (exl) id ex ctrl.ex ctrl arth type (input) (ex1)
aluControl.io.aluop 1 (exl) id ex _ctrl.ex ctrl aluop (input) (0x1)
aluControl.io.funct? 0 (ex0) id ex ctrl.ex ctrl _jumpop (input) (0x0)
aluControl.io.operation 16 (0x10) id_ex_ctrl.ex _ctrl_int_length (input) (0x0)
single stepper> dump alu id ex ctrl.ex ctrl_op2 src (input) (6x1)
alu.io.operandl 4294967295 (Oxffffffff) ég';:ﬁc;{h'ngﬁizrl'memop (input) igig;
alu.}o.result Ranfio) ex_mem.mem writedata (0x0)
alu.io.operand2 2 (ex2) e T iTia (0x0)
alu.io.operation_ 16 (0x10) e (0x0)

(0x0)
(0x0)
(0x2)
262299 (0x22851b)
(0x0)
(ex1)
(0x0)
(0x0)
(0x0)

S2 Lies S \9i+§ ex_mem. jumppc
ex_mem.instruction
ex_mem.sextImm (input)

/m ex_mem.instruction (input)
DY#’F‘,& '+ O\AQ- - OXIOOO’ ex_mem.taken (input)

ex_mem.alu result (input)
ex_mem. jumppc (input)
_ ex_mem.mem writedata (input)
S o \[e,su l‘k - O X I ex_mem ctrl.mem ctrl _memop
ex_mem ctrl.wb ctrl writeback src (0x0)
ex_mem ctrl.mem ctrl memop (input) (0x0)
ex_mem ctrl.wb ctrl writeback src (input)l (©x1)

ODOOCOOHONNOOODOODOOHOOHHHFOOHHOFOHRMFOOO®



Cycle 3

Current cycle: 3

Single stepper> dump dmem
dmem.
dmem.
dmem.
dmem.
dmem.
dmem.
dmem.
dmem.
dmem.

valid
readdata
memread
good
maskmode
sext
address
memwrite
writedata

DO HOHROOO®

(0x0)
(0x0)
(0x0)
(0x1)
(0x0)
(0x1)
(0x1)
(0x0)
(0x0)

ex _mem.alu result

ex_mem.mem writedata
ex_mem.sextImm

ex_mem. taken

ex_mem. jumppc

ex_mem.instruction
ex_mem.sextImm (input)
ex_mem.instruction (input)
ex_mem.taken (input)

ex_mem.alu result (input)

ex_mem. jumppc (input)

ex_mem.mem writedata (input)
ex_mem ctrl.mem ctrl memop
ex_mem ctrl.wb ctrl writeback src
ex_mem ctrl.mem ctrl memop (input)

1 (Ox1)

0 (0x0)

2 (0x2)

0 (0x0)

0 (0x0)
2262299 (0x22851b)
0 (0x0)
19 (0x13)
(ox0)
(0x0)
(0x0)
(0x0)
(0x0)
(0x1)
(0x0)

[cRSNoNoNoNoNol

ex mem ctrl.wb ctrl writeback src (input)l (©x1)

mem _wb.mem readdata

mem wb.instruction

mem wb.alu result

mem_wb.sextImm

mem wb.alu result (input)

mem wb.mem readdata (input)

mem wb.sextImm (input)

mem wb.instruction (input)

mem wb_ctrl.wb ctrl writeback src

0 (0x0)
0 (0x0)
0 (0x0)
0 (0x0)
1 (ex1)
0 (0x0)
2 (0x2)
2262299 (0x22851b)
0 (0x0)

mem_\ wb ctrli.wb . ctri _writeback src (input)l (@x1)



Cycle 4

Current cycle: 4

Single stepper> dump registers
registers.
registers.
registers.

registers

registers
registers

io.
io.
io.
.1o.
registers.
.io
.io.

io

readdatal
readdata2
readregl
writereg
.readreg2
.writedata

ven

0 (0x0)
0 (0x0)
0 (0x0)
10 (oxa)
0 (0x0)
1 (ex1)
1 (0x1)

mem wb.mem readdata 0 (0x0)
mem_wb.instruction 2262299 (0x22851b)
mem wb.alu result 1 (ex1)

mem wb.sextImm 2 (ex2)

mem wb.alu result (input) 0 (0x0)

mem wb.mem readdata (input) 0 (0x0)

mem wb.sextImm (input) 0 (0x0)

mem wb.instruction (input) 19 (ex13)

mem wb_ctrl.wb _ctrl writeback src 1 (0x1)

mem wb_ctrl.wb_ctrl writeback src (input)l (©x1)
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ex _mem.alu result 1234 (0x4d2)

ex_mem.mem writedata 0 (0x0)
ex_mem.sextImm 0 (ex0)
forwarding.io.memwbrd 0 (0x0) ex_mem. taken 0 (0x0)
(:: l forwarding.io.memwbrw 0 (0x0) €X_mem.jumppc 0 (6x0)
yc e 3 forwarding. io. forwards 1 (x1) ex_mem.instruction 230067 (0x382b3)
forwarding.io.forwardA 0 (0x0) ex_mem.sextImm (input) 1024 (0x400)
forwarding.io.exmemrd 5 (0x5) ex_mem.instruction (input) 1078992931 (0x40502023)
forwarding.io.rsl 0 (0x0) ex_mem.taken (input) 0 (0x0)
forwarding.io.rs2 5 (0x5) ex_mem.qlu_resu}t (input) 1024 (0x400)
forwarding.io.exmemrw 1 (ex1) ex_mem.jumppc (input) 0 (0x0)

: T -~ - ex_mem.mem writedata (input) 1234 (0x4d2)
ex_mem_ctrl.mem_ctrl_memop 0 (0x0)
ex_mem_ctrl.wb _ctrl writeback src 1 (ex1)
ex_mem ctrl.mem ctrl memop (input) 2 (6x2)
ex _mem ctrl.wb ctrl writeback src (input)e® (©x0)
mem wb.mem readdata 0 (ex0)
mem wb.instruction 0 (0x0)
mem wb.alu result 0 (0x0)
mem_wb.sextImm 0 (ox0)
mem wb.alu result (input) 1234 (0x4d2)
mem wb.mem readdata (input) 0 (ex0)
mem wb.sextImm (input) 0 (ox0)
mem wb.instruction (input) 230067 (0x382b3)
mem wb _ctrl.wb ctrl writeback src 0 (ex0)

mem wb_ctrl.wb ctrl writeback src (input)l (Ox1)
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(Ox1) if id.pc ' o 4 (0x4)

:azarg.;o.ld_ex_ﬂush ; (555} if id.instruction 5571891 (0x550533)

AZRIG- 10, Tas I if id.instruction (input) 5571891 (X550533)
hazard.io.exmem_taken 0 (0x0) if_id.pc (input) 4 (0x4)
hazard.io.ex mem flush 0 (0x0) id_ex.instruction 1073750659 (0x40002283)
hazard.io.idex memread 1 (0x1) }g_eX-readdatBZ g ggxg;
hazard.io.fST— 1d_ex.pc -
azard lo.rsd 16 (6xa) id_ex.readdatal 0 (ox0)
hazard.io.if id flush 0 (ex0) id ex. sextImm 1024 (0x400)
hazard.io.pcstall 1 (ex1) id ex.instruction (input) 0 (0x0)
hazard.io.Tdex rd 5 (0x5) j_d—ex:pc (input) 0 (0x0)
hazard.io.if 1d sfall 1 (Ox1) id_ex.readdatal (input) 0 (0x0)
hazard.io.pcfromtaken 0 (6x0) ;g_ex.sexggmlu élf(‘PUt)t) g ggxg;
~ . - id_ex.readdata2 (inpu X

CyCle 2 id ex ctrl.ex ctrl_arth_type 0 (0x0)

. id ex ctrl.ex ctrl _op2 src 1 (ex1)
CO“:EF 0%-}0-'"92‘@ g ggxg; id_ex _ctrl.mem ctrl _memop 1 (ex1)
controL.10.0pZ_src X id " i ¢ B trl al 2 (0x2
control.io.opl src 0 (0x0) id"zi'gt;l.g’gt:l’?u#uggp 0 ge:((e;
contr o%.;o.]%mpop 0 (6x0) id_ex _ctrl.wb_ctrl writeback src 3 (0x3)
c°2§;°1-?0~? goll’ ath Gl) zgxé; id ex ctrl.ex ctrl _int length 0 (0x0)
Egntrgl.;g.;}tﬁ iyge 5 (eie) ig_ex_ctr{.ex_ctr{_opl_src . ; 0 EOXO;

S e id ex ctrl.ex ctrl opl src (input 0 (ox0
Egggg%';g‘zréggza“—src ;1(%}(;3) id_ex ctrl.wb_ctrl writeback src (input)® (0x0)
register"s..iol.)readdatal 5 (0x5) id_ex ctrl.ex ctrl arth_type (input) 0 (0x0)
registers.io.readdata2 4294967295 (oxffffffff) ;d_ex_ctrl.ex_ctrl_e;luop (mput) 0 (6x0)
registers.io.readregl 10 (0xa) id ex ctrl.ex ctrl _jumpop (input) 0 (0x0)
registers.io.writereg 0 (0x0) id_ex ctrl.ex ctrl int length (input) © (0x0)
registers.io.readreg2 5 (0x5) ;d_ex_ctrl.ex_ctrl_opz_src (mput) 0 (0x0)
registers.io.writedata 0 (0x0) id_ex_ctrl.mem_ctrl_memop (input) 0 (0x0)
registers.io.wen 0 (0x0) ex_mem.alu_regul; 0 (0x0)
immGen. io. instruction 5571891 (0X550533)  Cxnen-mem Mritedata S
immGen.io.sextImm 0 (0x0) ex_mem. taken 0 (0x0)
aluControl.io.int_length 0 (0x0) ex_mem.jumppc 0 (6x0)
aluControlio. funct3 2 (0x2) o Bemcine ction. i L
aluControl.io.arth_type 0 (6x0) ex_mem.instruction (input) 1073750659 (0x40002283)
aluControl.;o.aluop 2 (ex2) ex_mem.taken (input) 0 (6x0)
aluControl.io.funct7 32 (0x20) ex_mem.alu_result (input) 1024 (0x400)
alquntroI.lo.operatlon 0 (ex0) ex_mem.jumppc (input) 0 (0x0)
alu.io.operandl 0 (0x0) ex_mem.mem writedata (input) 0 (ex0)
alu.io.result 1024 (0x400) ex_mem_ctrl.mem ctrl _memop 0 (0x0)
alu.io.operand2 1024 (0x400) ex_mem_ctrl.wb_ctrl_wrltebaclg_src 0 (0x0)
alu.io.operation 0 (0x0) ex_mem _ctrl.mem ctrl _memop (input) 1 (ex1)

ex mem ctrl.wb ctrl writeback src (input)3 (0x3)



Cycle 3

Tfid.instruction
“If—id-instruction

if id.pc

~ (input)

if _id.pc (input)

id _ex.instruction
id_ex.readdata2

id ex.pc

id ex.readdatal

id ex.sextImm

id _ex.instruction (input)
id_ex.pc (input)

id ex.readdatal (input)
id_ex.sextImm (input)

id ex.readdata2 (input)

id ex ctrl.ex ctrl _arth_type
id ex ctrl.ex ctrl op2 src

id ex ctrl.mem ctrl_memop

id ex ctrl.ex ctrl_aluop

id ex ctrl.ex _ctrl_jumpop

id ex ctrl.wb ctrl writeback src
id_ex _ctrl.ex _ctrl_int length
id ex ctrl.ex ctrl opl src

id ex ctrl.ex ctrl opl src (input)

id_ex ctrl.wb ctrl writeback src (input)

id_ex ctrl.ex ctrl_arth_type (input)
id ex ctrl.ex ctrl aluop (input)
id_ex ctrl.ex ctrl_jumpop (input)
id ex ctrl.ex ctrl_int length (input)
id ex ctrl.ex ctrl op2 src (input)
id ex ctrl.mem ctrl memop (input)
ex_mem.alu_result

ex_mem.mem writedata

ex_mem. sextImm

ex_mem. taken

ex_mem. jumppc

ex_mem.instruction

ex_mem.sextImm (input)
ex_mem.instruction (input)
ex_mem.taken (input)
ex_mem.alu_result (input)

ex_mem. jumppc (input)
ex_mem.mem_writedata (input)
ex_mem_ctrl.mem_ctrl_memop

ex_mem ctrl.wb ctrl writeback src
ex_mem ctrl.mem ctrl memop (input)

4 (0x4)

5571891 _(0x550533)
19 (0x13)

(ox8)

(0x0)

(0x0)

(ex0)

(0x0)

(ex0)

5571891 (©x550533)

4 (0x4)

5 (0x5)

0 (0x0)

[cNoNoNoNoNe:]

4294967295 (Oxffffffff)

(ex0)
(0x0)
(0x0)
(0x0)
(0x0)
(ex0)
(0x0)
(0x0)
(ex0)
(0x1)
(0x0)
(0x1)
(0x0)
(ex0)
(0x0)
(0x0)
1024 (0x400)
0 (0x0)
1024 (0x400)
0 (0x0)
0 (0x0)
107375065
(0x0)
(0x0)
(ex0)
(0x0)
(ex0)
(0x0)
(ex1)
(ex3)
(0x0)

OCOOOHOHOOOOODOOO®®

CWHOOOOO®O®

ex_mem ctrl.wb ctrl writeback src (input)® (©x0)

(0x40002283)

mem wb.mem_readdata

mem wb.instruction

mem wb.alu_result
mem_wb.sextImm

mem_wb.alu result (input)
mem_wb.mem readdata (input)
mem wb.sextImm (input)
mem_wb.instruction (input)
mem wb_ctrl.wb_ctrl writeback src
mem_wb_ctrl.wb_ctrl writeback src

Single stepper> dump dmem
dmem.valid

dmem. readdata
dmem.memread

dmem. good

dmem.maskmode

dmem. sext

dmem.address
dmem.memwrite
dmem.writedata

Single stepper> dump alu
alu.io.operandl ——
alu.io.result
alu.io.operand2
alu.io.operation

Single stepper> ggmg_gggisxgzs
registers.io.readdatal
registers.io.readdata2
registers.io.readregl
registers.io.writereg
registers.io.readreg2
registers.io.writedata
registers.io.wen

0 (0x0)
0 (0x0)
0 (ox0)
0 (ox0)
1024 (0x400)
1 (ex1)
1024 (0x400)
1073750659 (0x40002283)
0 (0x0)
(input)3 (6x3)

(Ox1)
(ex1)
(0x1)
(0x1)
(0x2)
(Ox1)
1024 (0x400)
0 (0x0)
0 (0x0)

=N

0 (0x0)
0 (0x0)
0 (0x0)
31 (ex1f)

5 (0x5)
4294967295 (Oxffffffff)
10 (0xa)
0 (0x0)
5 (0x5)
0 (0x0)
0 (0x0)



Cycle 4

Single stepper> dump alu

alu.io.operandl 5 (0x5)
alu.io.result 6 (0x6)
alu.io.operand2 1 (ox1)
alu.io.operation 0 (0x0)
Single stepper> dump forwarding
forwarding.io.memwbrd 5 (0x5)
forwarding.io.memwbrw 1 (0x1)
forwarding.io.forwardB _2 (0x2)
forwarding.io>forwardA 0 (6x0)
forwarding.io.exmemrd 0 (ox0)
forwarding.io.rsl 10 (oxa)
forwarding.io.rs2 5 (0x5)
forwarding.io.exmemrw 0 (ex0)
Single stepper> dump hazard
hazard.io.id ex flush 0 (ex0)
hazard.io.rs2 0 (ox0)
hazard.io.exmem taken 0 (ex0)
hazard.io.ex mem flush 0 (0x0)
hazard.io.idex memread 0 (0x0)
hazard.io.rsl 0 (ox0)
hazard.io.if id flush 0 (0x0)
hazard.io.pcstall 0 (ex0)
hazard.io.idex rd 10 (0xa)
hazard.io.if id stall 0 (ex0)
hazard.io.pcfromtaken 0 (0x0)
Single stepper> dump registers
registers.io.readdatal 0 (ox0)
registers.io.readdata2 0 (0x0)
registers.io.readregl 0 (0x0)
registers.io.writereg 5 (0x5)
registers.io.readreg2 0 (0x0)
registers.io.writedata 1 (0x1)
registers.io.wen_ 1 (0x1)

J
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beqg-True

_start:
beq t2, t3, label # if reg[7] == reg[28], go to label.
%%addi to, to, 10 # else reg[5] = reg[5] + 10
l:

beq zero, zero, end # no matter what, go to end
addi t0, t0, 3 # reg[5] = reg[5] + 10; this line should never be executed
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
label:
add te, te, t1 # reg[5] = reg[5] + reg[6]

end:
nop




eyl | 0|l | 2|39 416 | 6|7
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Fetch

Decode

Execute

_start:

label:

beq t2, t3, label

addi te, to, 10 #
beq zero, zero, en
addi te, t0, 3 # r¢
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop

add te, te, t1

nop

Memory

Writeback
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cyt\e 7

_start:
beq t2, t3, label
addi te, to, 10 #
beq zero, zero, en
addi te, t0, 3 # r¢
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop

label:
add te, to, t1

end:
nop
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Decode
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Execute

Memory

Writeback
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_start:
beq t2, t3, label
addi te, te, 10 #
beq zero, zero, enq
addi te, te, 3 # rg
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
label:
(YC add te, to, t1

end:
nop
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address instruction)

Immediate Gen
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Fetch

Decode

Execute

_start:

label:

end:

beq t2, t3, label

addi te, to, 10 #
beq zero, zero, en
addi te, t0, 3 # r¢
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop

add te, te, tl

nop
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Writeback
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Single

hazard.
hazard.
hazard.
hazard.
hazard.
hazard.
hazard.
hazard.
hazard.
hazard.
hazard.

Cycle 2

stepper> dump hazard
io.
io.
io.
io.
io.
io.
io.
io.
io.
io.
io.

id ex flush
rs2
exmem_taken
ex_mem_flush
idex_memread
rsl

if_id flush
pcstall

idex rd
if_id stall
pcfromsaken

Gx
beﬁt

0 (ox0)
10 (oxa)
0 (ox0)
0 (ox0)
0 (0x0)
5 (0x5)
0 (ox0)
0 (0x0)
24 (0x18)
0 (0x0)
0 (0x0)

if id.pc 4 (0x4)
if id.instruction 10650259 (0xa28293)
if_id.instruction (input) 33557091 (0x2000a63)
if id.pc (input) 8 (0x8)
id_ex.instruction 63147107 (0x3c38c63)
id_ex.readdata2 5678 (0x162e)
id_ex.pc 0 (ox0)
id_ex.readdatal 5678 (0x162e)
id_ex.sextImm 56 (0x38)
id_ex.instruction (input) 10650259 (0xa28293)
id_ex.pc (input) 4 (0x4)
id_ex.readdatal (input) 1234 (0x4d2)
id_ex.sextImm (input) 10 (oxa)
id_ex.readdata2 (input) 0 (ex0)
id_ex_ctrl.ex ctrl_arth_type 0 (ex0)
id_ex_ctrl.ex_ctrl_op2_src 0 (6x0)
id_ex_ctrl.mem_ctrl_memop 0 (ox0)
id_ex_ctrl.ex_ctrl_aluop 0 (6x0)
id_ex_ctrl.ex_ctrl_jumpop 3 (ex3)
id_ex_ctrl.wb_ctrl_writeback src 0 (6x0)
id ex_ctrl.ex_ctrl_int_length 0 (ox0)
id_ex_ctrl.ex_ctrl_opl_src 0 (6x0)
id_ex ctrl.ex ctrl_opl_src (input) 0 (ox0)
id_ex_ctrl.wb_ctrl_writeback src (input)l (©x1)
id_ex ctrl.ex ctrl_arth_type (input) 1 (ex1)
id_ex_ctrl.ex ctrl_aluop (input) 1 (0x1)
id ex_ctrl.ex_ctrl_jumpop (input) 0 (0x0)
id_ex_ctrl.ex ctrl_int_length (input) © (0x0)
id_ex_ctrl.ex_ctrl_op2_src (input) 1 (ex1)
id_ex_ctrl.mem_ctrl_memop (input) 0 (0x0)
ex_mem.alu_result 0 (ex0)
ex_mem.mem writedata 0 (ox0)
ex_mem.sextImm 0 (ox0)
ex_mem.taken 0 (ox0)
ex_mem. jumppc 0 (0x0)
ex_mem.instruction 0 (0x0)
ex_mem.sextImm (input) 56 (0x38)
ex_mem.instruction (input) 63147107 (0x3c38c63)
ex mem.taken (input) 1 (0x1)
ex_mem.alu result (input) 0 (0x0)
ex_mem.mem writedata (input) 5678 (0x162e)
ex_mem_ctrl.mem ctrl_memop 0 (ex0)
ex_mem ctrl.wb ctrl writeback src 0 (ox0)
ex_mem _ctrl.mem ctrl _memop (input) 0 (0x0)

ex_mem ctrl.wb_ctrl writeback src (input)e (©x0)



Cycle 3

Single stépper> dump hazard

hazard.io.id ex_flush 1 (ex1)
hazard:io:exmem_taken 1 (ex1)
W
azard.io.idex_memread 0 (0x0)
hazard.io.rsl 0 (0x0)
hazard.io.if id flush 1 (ex1)
hazard:io:idex_rd 5 (0x5)
hazard.io.if id stall 0 (0x0)
hazard.io.pcfromtaken 1 (ex1)

Men

beq

if_id.
if _id.
if id.
if id.
id ex.
id ex.
id ex.
id ex.
id ex.
id ex.
id ex.
id ex.
id ex.
id ex.
id ex
id ex
id ex
id ex
id ex
id ex
id ex
id ex
id ex
id ex
id ex
id ex
id ex
id ex
id ex
id ex

pc 8 (0x8)
instruction

instruction (input) 0 (0x0)

pc (input) 0 (0x0)
instruction

readdata2 0 (0x0)

pc 4 (0x4)
readdatal 1234 (0x4d2)
sextImm 10 (0xa)
instruction (input) (0x0)

pc (input)

readdatal (input)

sextImm (input)

readdata2 (input)

ctrl.ex _ctrl_arth_type
ctrl.ex ctrl op2 src
ctrl.mem_ctrl_memop

ctrl.ex ctrl_aluop

ctrl.ex ctrl_jumpop
ctrl.wb_ctrl writeback src
ctrl.ex ctrl_int_length
ctrl.ex _ctrl_opl src
ctrl.ex ctrl _opl src (input)
ctrl.wb_ctrl writeback src (input)
ctrl.ex ctrl_arth_type (input)
ctrl.ex ctrl _aluop (input)
ctrl.ex ctrl_jumpop (input)
ctrl.ex ctrl_int length (input)
ctrl.ex ctrl _op2 src (input)
ctrl.mem _ctrl_memop (input)

DO OHOHOHHOOOO®

33557091 (0x2000a63)

10650259 (0xa28293)

(0x0)
(0x0)
(0x0)
(0x0)
(0x1)
(0x1)
(0x0)
(ex1)
(0x0)
(ex1)
(0x0)
(0x0)
(0x0)
(0x0)
(0x0)
(0x0)
(0x0)
(0x0)
(0x0)
(0x0)

ex_mem.
ex_mem
ex_mem.
ex_mem.
ex_mem.
ex_mem
ex_mem.
ex_mem.
ex_mem.
ex_mem
ex_mem.
ex_mem.

alu_result

.mem_writedata

sextImm
taken

jumppc

.instruction

sextImm (input)
instruction (input)
taken (input)

.alu_result (input)

jumppc (input)
mem writedata (input)

ex_mem ctrl.mem ctrl_memop
ex mem ctrl.wb ctrl writeback src

ex_mem_ctrl.mem ctrl_memop (input)

0 (ex0)

5678 (0x162e)
56 (0x38)

1 (ex1)

56 (0x38)
63147107 (0x3c38c63)
(0x0)

(0x0)

(Ox0)

(0x0)

(0x0)

(0x0)

(0x0)

(0x0)

(0x0)

[cRoNoNoNoNoNoNoNo)

ex _mem ctrl.wb_ctrl writeback src (input)@ (0x0)

mem wb.
mem_wb.
mem_wb.
mem_wb.
mem_wb.
mem_wb.
mem_wb.
mem_wb.
mem_wb

mem_readdata

instruction

alu_result

sextImm

alu_result (input)
mem_readdata (input)
sextImm (input)
instruction (input)
ctrl.wb _ctrl writeback src

(0x0)

(0x0)

(0x0)

(0x0)

(0x0)

(0x0)

56 (0x38)

63147107 (0x3c38c63)
0 (0x0)

[cNoNoNoNoNo)

mgm_yb:ctrl.wb_czrl_writeback_src (input)e (Ox0)



Single stepper> print piperegs ex_mem.alu_result 0 (ex0)
if_id.pc 0 (0x0) ex_mem.mem writedata 0 (ex0)
if_id.instruction 0 (0x0) ex_mem. sextImm 0 (0x0)
if_id.instruction (input) 6455987 (0x6282b3) ex_mem. taken 0 (ex0)
if id.pc (input) 56 (0x38) ex_mem. jumppc 0 (0x0)
id_ex.instruction 0 (0x0) ex_mem.instruction 0 (0x0)
C Cle id_ex. readdata2 0 (ox0) ex_mem.sextInm (input) 0 (0x0)
y 4 id_ex.pc 0 (0x0) ex_mem.instruction (input) 0 (ox0)
id ex.readdatal 0 (0x0) ex_mem. taken (input) 0 (ox0)
id ex.sextImm 0 (0x0) ex_mem.alu_result (input) 0 (0x0)
id_ex.instruction (input) 0 (6x0) ex_mem. jumppc (input) 0 (0x0)
id _ex.pc (input) 0 (ox0) ex_mem.mem writedata (input) 0 (0x0)
id ex.readdatal (input) 0 (0x0) ex_mem_ctrl.mem_ctrl_memop 0 (0x0)
id ex.sextImm (input) 0 (6x0) ex_mem ctrl.wb ctrl writeback src 0 (0x0)
id ex.readdata2 (input) 0 (ox0) ex_mem_ctrl.mem_ctrl_memop (input) 0 (0x0)
id ex_ctrl.ex ctrl arth_type 0 (0x0) ex_mem ctrl.wb ctrl writeback src (input)e (0x0)
id ex _ctrl.ex ctrl op2 src 0 (0x0) mem_wb.mem_readdata 0 (exe)
id _ex_ctrl.mem_ctrl_memop 0 (0x0) mem_wb.instruction 63147107 (0x3c38c63)
id ex_ctrl.ex_ctrl_aluop 0 (0x0) mem_wb.alu_result 0 (0x0)
id_ex_ctrl.ex_ctrl_jumpop 0 (0x0) mem_wb . sextImm 56 (0x38)
id ex ctrl.wb ctrl writeback src 0 (0x0) mem_wb.alu_result (input) 0 (ox0)
id ex ctrl.ex _ctrl int length 0 (ox0) mem_wb.mem_readdata "(input) 0 (exe) n %
id ex _ctrl.ex ctrl opl src 0 (ox0) mem_wb.sextImm (input) 0 (exe)
id ex ctrl.ex ctrl opl src (input) 0 (ox0) mem_wb.instruction (input) 0 (exe)
id ex ctrl.wb ctrl writeback src (input)® (0x0) mem wb_ctrl.wb_ctrl writeback src 0 (0x0)
id ex _ctrl.ex ctrl arth type (input) 0 (0x0) mem wb_ctrl.wb_ctrl writeback src (input)e (ex@)
id ex ctrl.ex ctrl aluop (input) 0 (6x0) - ’
id ex_ctrl.ex_ctrl_jumpop (input) 0 (6x0)
id ex ctrl.ex ctrl_int length (input) © (0x0)
id ex ctrl.ex ctrl op2 src (input) 0 (6x0)
id ex _ctrl.mem ctrl _memop (input) 0 (6x0)



Single stepper> print piperegs ex _mem.alu_result 0 (0x0)
if id.pc 56 (0x38) itedata 0 (0x0)
if id.instruction 6455987 (0x6282b3) SX_MEM.MEM wWrite
if id.instruction (input) 19 (0x13) ex_mem. sextImm 0 (0x0)
if_id.pc (input) 60 (©x3c) ex_mem. taken 0 (ox0)
id_ex.instruction 0 (0x0) ex_mem. jumppc 0 (0x0)
id_ex.readdata2 0 (0x0) ex_mem.instruction 0 (0x0)
id_ex.pc 0 (6x0) ex_mem.sextImm (input) 0 (ex0)
ig-gi';:igg;;al g gg;g; ex_mem.instruction (input) 0 (6x0)
C Cle 5 id_ex.instruction (input) 6455987 (0x6282b3) ©€X_Mmem.taken (input) 0 (6x0)
id ex.pc (input) 56 (0x38) ex_mem.alu_result (input) 0 (ox0)
id_ex.readdatal (input) 1234 (0x4d2) ex_mem. jumppc (input) 0 (0x0)
Current cycle: 5 id_ex.sextImm (input) 0 (0x0) ex_mem.mem writedata (input) 0 (ox0)
Single stepper> dump registers :_Ld_ex-readdataz (1npUt) 1 (0X1) eX_mem_Ctrl.mem_ctrl_mgmop 0 ((')X('))
registers.io.readdatal 1234 (0x4d2) ;g_ex_cir{.ex_czr%_ar'sh_type g ggxg; ex mem ctrl.wb ctrl writeback src 0 (0x0)
registers.io.readdata2 1 (ex1) i d_gi_gt:I'::ﬁcc':rfogeﬁzrc 8 (9;9) ex_mem ctrl.mem ctrl memop (input) 0 (ox0)
registers.io.readregl 5 (0x5) o ciil e ThrL Eluopp 0 (0x0) ex_mem ctrl.wb _ctrl writeback src (input)e (©x0)
registers.io.writereg 0 (exe) id—ex—Ctrl-ex_ctrl_’um - 0 (0x0) mem wb.mem readdata 0 (0x0)
:ggﬁg:?ig';ﬁgggg%a g fgig; id:ex:ctrl:wb:ctrl:alrigegack_src 0 (0x0) mem_wb. instruction 0 (0x0)
registers'io.wen 6 (6x6) id_ex_ctrl.ex_ctrl_int_length 0 (exe) mem wb.alu result 0 (0x0)
B T - %g_eX_CEF{-EX_CEF%_OPi_SF c it g ggxg; mem_wb.sextImm 0 (ox0)
id ex ctrl.ex ctrl opl src (inpu X :
id ex ctrl.wb ctrl writeback src (input)l (Ox1) m2$—£';::—:::g}j;t;l?ggt&t) g §g§8;
id_ex_ctrl.ex_ctrl_arth_type (input) 0 (0x0) St — S P
id ex ctrl.ex _ctrl _aluop (input) 1 (0x1) mem_wb.gextImm (1npu‘§) 0 (0x0)
id ex _ctrl.ex ctrl jumpop (input) 0 (0x0) mem_wb.instruction (input) 0 (0x0)
id ex ctrl.ex _ctrl _int length (input) © (0x@) mem wb _ctrl.wb ctrl writeback src 0 (0x0)
id_ex_ctrl.ex_ctrl_op2_src (input) 0 (0x0) mem wb ctrl.wb ctrl writeback src (input)@ (0x0)
id ex ctrl.mem_ctrl _memop (input) 0 (0x0) - : -

Sl vald = oy hogad - 1o, L_id _otall-
=
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_start:

label:

beq t2, t3, label

addi te, to, 10 #
beq zero, zero, en
addi te, t0, 3 # r¢
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop

add te, te, t1

nop
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