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module decoder

(

input wire [31:0] inst,
output reg [‘IMM_TYPE_WIDTH-1:0] imm_type,
output wire [‘REG_SEL-1:0] rsi,
output wire [‘REG_SEL-1:0] rs2,
output wire [‘REG_SEL-1:0] rd,

output reg [‘SRC_A_SEL_WIDTH-1:0] src_a_sel,
output reg [‘SRC_B_SEL_WIDTH-1:0] src_b_sel,

output reg wr_reg,

output reg uses_rsl,

output reg uses_rs2,

output reg illegal_instruction,
output reg [‘ALU_OP_WIDTH-1:0] alu_op,

output reg [‘RS_ENT_SEL-1:0] rs_ent,

output wire [2:0] dmem_size,

output wire [‘MEM_TYPE_WIDTH-1:0] dmem_type,

output reg [‘MD_OP_WIDTH-1:0] md_req_op,

output reg md_req_in_1_signed,
output reg md_req_in_2_signed,

output reg [‘MD_OUT_SEL_WIDTH-1:0] md_reqg_out_sel
);

Fig. 7 Decoder module Interface
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Table2 O0OOO

ARF.Busy RRF.Valid | DOO0O RSOOO
0 * 0000 ARF.Data
1 1 0000 RRF.Data
1 0 ooo RRFTag

module sourceoperand_manager
(
input wire [‘DATA_LEN-1:0] arfdata,
input wire arf_busy,
input wire rrf_valid,
input wire [‘RRF_SEL-1:0] rrftag,
input wire [‘DATA_LEN-1:0] rrfdata,
input wire [‘RRF_SEL-1:0] dstl_renamed,

input wire src_eq_dst1l,
input wire src_eq_0,
output wire [‘DATA_LEN-1:0] src,

output wire rdy

);

assign src = src_eq_0 ? ‘DATA_LEN’bO :
src_eq_dstl ? dstl_renamed :
“arf_busy 7 arfdata :
rrf_valid ? rrfdata :
rrftag;
assign rdy = src_eq_0 | (“src_eq_dstl & (“arf_busy | rrf_valid));

endmodule // sourceoperand_manager

Fig. 13 Source Operand Manager
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module src_manager

(

input wire [‘DATA_LEN-1:0] opr,
input wire opr_rdy,
input wire [‘DATA_LEN-1:0] exrsltil,
input wire [‘RRF_SEL-1:0] exdstl,
input wire kill_specl,
input wire [‘DATA_LEN-1:0] exrslt2,
input wire [‘RRF_SEL-1:0] exdst2,
input wire kill_spec2,
input wire [‘DATA_LEN-1:0] exrslt3,
input wire [‘RRF_SEL-1:0] exdst3,
input wire kill_spec3,
input wire [‘DATA_LEN-1:0] exrslt4d,
input wire [‘RRF_SEL-1:0] exdst4,
input wire kill_spec4,
input wire [‘DATA_LEN-1:0] exrslth,
input wire [‘RRF_SEL-1:0] exdstb,
input wire kill_spec5,
output wire [‘DATA_LEN-1:0] src,
output wire resolved
);
assign src = opr_rdy ? opr :
“kill_specl & (exdstl == opr) 7 exrsltl
“kill_spec2 & (exdst2 == opr) 7 exrslt2
“kill_spec3 & (exdst3 == opr) 7?7 exrslt3
“kill_spec4 & (exdst4 == opr) 7?7 exrsltéd
“kill_specb & (exdstb5 == opr) 7 exrsltbh opr;
assign resolved = opr_rdy |
("kill_specl & (exdstl == opr)) |
("kill_spec2 & (exdst2 == opr)) |
("kill_spec3 & (exdst3 == opr)) |
("kill_spec4 & (exdst4 == opr)) |
("kill_spech & (exdst5 == opr));
endmodule // src_manager
Fig. 15 Source Manager
11 src_manager (pp. 256-259)
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13 rs_requestgenerator (pp. 254-259)
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14  reservation station(rs_*) (pp. 199-203, 254-261)
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oooooooo
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i =

—] Src Manager —] Src Manager
L |+ N\ Ready(i]
Busy[i] l _/
L J o — ¢
Write data
1'b0 1'b0
\ 0 1,(—|\0 1,(—‘ \ 0 1,(—‘\0 1,(——]
U v v \ "
Valid1l Oprl Valid2 Opr2 Other Data
0 1 0 1
EX_srcl EX_src2 Spectag, RRFTag,

Destination, etc...
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— spectag(, specbit): 0000000000 Speculative TagO OO Ospecbit 000000000
gooooooooood

15 Allocate Unit and Issue Unit (pp. 254-261)

151 ODOD0OO0OO0OODOOD

Allocate Unit 000 00 Fig. 180000000 Allocate Unit 0000 00O RS Free Entry Finder O O
000 Fig. 190000Allocate Unit 0000 1,2000000000 RSOO0O0OOO0OOO0OOO Reql,
2000000RSO0O0OO0O0O0OO0ODOOOOOODOOOO0OODOOOO0OODOOOOOOODORSO 2-port
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Instl(wdatal)
Inst2(wdata2)
Free_entl waddrl
Reql —.%I —
X
Req2 @ o
RS ° waddr2 3
Free entry | Free_ent2 - =
Finder S
K
~Allocatable wel =
¢ o
>S5
—>Q A\ we2

~PrMiss && ~PrSuccess

Fig. 18 Allocate Unit

Table3 Allocate Patturn

Reql Req2 | waddrl waddr2
O 0 * b3
1 0 Free_entl *
0 1 * Free_entl
1 1 Free_entl Free_ent2

O000000000000O0waddrl,20000000000wdatal,2000000000wel, 2000
O000O00OO0OU0oOOOOwel,20 100000000 1,200000 RSOODDOODOOODOOODOOO

Allocate Unit O RS Free Entry Finder 0000 ORSOOD0000O0000O00O0OOOODO 200000
O (Free_entl, 2)0waddrl, 20000 Freeent 0000000 Table3 000 Owaddr2 0000 Reql=0
000 FreeeentlOReql=1000 Freeent2 0000000000000 waddr20000000000O0
OO0DO0O0000O0O0O0O000O0OO0OOwel,2000000000000000D010000O00D0O0O0OO
0000 (Reql, 2=1)00 Allocate Unit O allocatable 00 100 00RRFTagO 00 0OO000DOOO0O
O000000000DOweD 10000
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~
Busy0 —@——> ® > Entry_enl
Busyl Priority
Encoder
~BusyN-1 > Free_entl
i L 4 Entry_en2
= :
2 Priority
28
c Encoder
El Free_ent2
—1 +
B | allocatable
reql + 2bit é <—!
req2
Fig. 19 RS Free Entry Finder
: Compare&Swap

i

Fig. 20 Minimum Selection(Oldest Finder)

00 RS Free Entry Finder 0D O00OUOO0OOOORSO BusyOOOOOOOO ( Busy0- BusyN-1) 00O
O0O00ORSOO0DDOOOOODOOOODOOUOD 200000 (Freeentl,2)0 0000000000 20
O Priority Encoder 000000000000 1000 Priority Encoder 0 BusyD 1000000000
0000000000000 0000000000000000D00000000Mask Unit00O0O0 100
000000000 Busyd 100000 2000 Priority Encoder O O O O O O Priority Encoder O O O
00000000000000000000000000000000000000000 Entryenl, 20
O00O0OO0OEntryen0000 ReqOUOOUOOOOOReqOOOO0OOODOOOODDOOOODO allocatable
010000

Issue Unit 00O RSOOOO0O0OOO0OOOOOOOOO0OO0O0O0O0OO0OOOOODOOOOOOO RSO
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1bit 1bit 6bit

~rdy Sorting Bit RRFTag

Fig. 21 Sort Entry

0000000000000000000000000000000000000000000000000
00Oldest First 000000000000000000000000 Fig. 200000000000000
00000 Fig. 210000

Issue 0 00000000000000000D00000D00000O0000000000 (rdy=1)000
00000000000000000000xdy000000000000000000000000000
000000000 Oldest First 000 00000000000000000000000OOORRFTag
00000000000000000000000 RRFTag0000000000000000000000
RRFTag 0000000000 0000000000000000000O0

0000000000 Sorting bit 000000 Sorting bit 0ORSOODO0O000D00O0 100000
DOORRFTagO0000000000000 RSOODO0O0OODDO Sorting bitD 00000000000
0000000000 RRFTagD 000000000000000000000 (000 RRFTag=63) O
000000000000000
0000000000000000000RRFTagd 630000 AORRFTagD 00000 BOOOA
000 BOOODO0O0O0O0OO000000000000000000000000RRFTag0 0000000
0000000 AO Sorting bit 0 0000000000000 00000D0O0ONODD0OOOOD00O0
00000 AD 63(1'b0, 1’b0, 6'h3f) DOOOO0DO000D0 BO 64(1°b0, 1°b1, 6’h0) 00 0 0 Fig. 20 00
0AD0DD0DDOODOODOOOOOO0
OO0O0ORIDECOREDDOOOD RRFTagD 10000000 2000000000RRFTag00 630
0000000000000RRFTag=00 Sorting bit0 0000000000000 Oldest First 000
0000000000000

152 ODO0O0O0O0OO

alloc_issueiino UORS O FIFOOOOUOOOOOOOOOOORSOOOOO Allocate 00O Issue O In
Order 00000000 Fig. 2200000000000000000000000O0O0O0OOOOODOO
00 AllocPtr 0000000000000 OOOOOOOOOOOOOOOOallocdissueinod RS O Busy
Vector 0000000000 DOD Issued00000 (IssuePtr) 000000000 0O0O Fig. 230000
00000 bo, bl, e0, el 000 OO search_begin, search.end 0000000000 ODLO/10 0/1000
0000000000000e0/100/100000000OOOOUOOODOODOODOO

0000000 IssuePtr 00O 0OO0O0OODOOD0O 30000000000000DO 1000000000
0000000 U0UUOUOOol10000dAllocPtr00000 IssuePtr00000000O0COCOOOOOOOO
00000000 100000000000000000000 ((bl ==0) && (el == ENTRYNUM-1))0
000000000 000000000 DO00O00O0000D00O00OD O O0DO0ODODODODODOO e0
000 IssuePtr DOOOOOOOOOD 100000000000D0100000000000DO000O00OO
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RS ready vector allocptr -
e
(register)
Allocate Regnum
alloc_issue_ino
Prbusyvec_next issueptr -
7
Fig. 22 Allocate and Issue In Order
bl —> 1 0 bl %I 1 0 bO —> O 0
1 1 1 1 bl —> 1 1
AllocPtr > 1 2 bO — O 2 el —3 1 2
1 : e0 —4 O : 0
el —] 1 N-1 el ﬁ 1 N-1 e0 —> O N-1
busyvector busyvector busyvector
IssuePtr = AllocPtr IssuePtr = e0O+1 IssuePtr = bl

Fig. 23 IssuePtr Calculus

bl0O IssuePtr 00O QOO OO

OO00AllocPtr 00000 Allocate 00000000 increment 0 0000000000000 DOOO
00000 RSOOODODOOOOOOODOOOOOUOO AllecPr 0000000000 OODOOOODO
alloc_issueino 000 00O RS O Busy Vector O O O O Prbusyvector-next 000 0 O O AllocPtr 0O O
0000000000 ssuePtr 000000000000 OOOOO

15.3 search_begin, search_end

search_begin, search_end 0 0 O bit/0 0 bit 00 O Priority Encoder 0 0 O O alloc_issue_ino O storebuf
000 InOrder00000000000OOO
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bl —3 1 0 bl J 0 bO —> 0 0
1 1 1 1 bl —>f 1 1
AllocPtr A 1 2 bO —x O 2 el —3 1 2
1 e0 — 0 0
el —>] 1 N-1 el 1 N-1 e0 —> O N-1
Prbusyvector_next Prbusyvector_next Prbusyvector_next
AllocPtr <= AllocPtr AllocPtr <= b0 AllocPtr <= el+1

Fig. 24 AllocPtr Re-calculus

16 exection unit(exunit_*) (pp. 203-206)

0000000 ALUO 2000000 100Load/Store0 0000 1000000000 100000
ALUDOODOOO Fig. 25, Load/Store 0000000 DOO Fig. 26, 00000000000 Fig. 2700
00000000 KillGenOOOO Fig. 2800000000000000000000O0ODDOOOOOO
000000000000000000000000000000Miss Prediction Fix Table 00000 O
0000000000000000000 e=2*bh 000000000001 000000000000O00O0
0000000000 ALUOOODOOOOoooo

O00000O00OReorder Buffer 000000 (ROBWE)OOUODOUOOOO (RRF Write Addr)0 RRF
000000000 (RRF Write Data) 000000000000 O0OOO0OOODDODODOOOOOOO
Load/Store 000 00O0DO00OODOOD0OOODOOODOOOO

DDDLoad/StoreDD[lDDl:l[lDDDDDDLoad/StoreDDDDDDDD 2000000000000
O00ORSODO0O0O0OO0O00O0UOO LeadDOOOO0O0OOOUDO 1000 DMEM O Store Buffer 00000000
Store Buffer 00000 10000000OStore Buffer 100 000000000000 O0O00OO0OOO2
000000 DMEMOOOOOOOOOOOO Store000000000O0O Store Buffer 0000000
O00o0oooooo DMEMOOOOOOOOOOOOOOOOOO RRFEOOOOOO

RSOO0DO0OOOO0OOO0O StoredJ00O0001000 Store Buffer 100000000000 00O00O20
00 Reorder Buffer DO OO0OOOOOCOMODOOOOOO Store0 000000000 OODOCOOOO
Store Buffer 00 0000000000000 00000O0Load 00000000 OOOONO Store Buffer
ODMEMOOOOOOOOO

000dbOO0ooooooDdbOooo0oo0ooooboooDooOooDOOoooooooDooDOoooooIFg
O000000000000000000000000000000OMiss Prediction Fix Table D0 000 O
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PC
32’h4

srcl src2 imm
w w w
N N N
ALU_OP = =X S | rrfTag | dstval Busy € Issue?(Next busy=0)
ALU_srcl é\ ALU_src2  /

v\

ALU
\ L ROB WE

alusrc \

RRF Write Data

RRF Write Addr

RRF WE(Set Valid)

<—— Speculative bit
<— Speculative Tag

Kill_speculative
Kill Gen

Fig. 25 ALU

ooboboooooboooooooooobooooboOobobooooooooobOoOoooOoboOooboOoOoooboooOoo
00o00o0o0o0o0oo0oo0oooo0ooUo0ooUooooooooCcoMOoUOoOoOoOoOOoOn
O0000000000Reorder Buffer 000 0000000000000 0O00O00O0O0OO0O0OOOOOO
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Retire Data 32bit
\l/ DMEM_WDATA

Store Commit Signal

Hit 1bit S| o
StoreBuffer T
DMEM Addr/Data a
Clearbusy when CAM Data
Kill_speculativel | | £ 32bit ©
(~dstval & a ADDR 32bit & > 8
~is_storebuffer_full) S 5 3
o o - °
=] <<
5] w <
<] = E -
£ 0 . < RRF Write
[} o DMEM_RDATA 32bit | ©
= | Data
o >
Y w
E 2
g Py 4 ;q \ Store Buffer we 1bit (Latch)
o |—/
= RRF WE
— 2
g —> a
g Store Addr 32bit
c g - ROB WE
£ — Valid = ~kill_speculativel & s
- = (busy & dstval) |
o ,; (busy & ~dstval & ~is_storebuffer_full) & RRF Write Addr
E 3 £
= [e] =
c
5
~ < Store Data 32bit
o &
wv
Speculative Tag —>
KillGen —>
Speculative bit —>
Speculative Tag
Kill Gen Kill_speculative2

Speculative bit —T>

Fig. 26 Load/Store Unit
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ALU_OP srcl src2 rrfTag | brimm PC

opcode \l/ \
Address
calculator praddr +4
Compare
Equal? J o5 RRFwiite
Jal|Jalr?1:in Data
RRF Write
PC To ROB Addr

Taken/Untaken

True jmp Addr

Tag reg MissPrediction
fix Fix Table
Rotate Right 1
PrTag SpecT:Igatlve

Speculative fix Tag

——————> ROBWE
PrMiss Q—@( d |
stva RRF WE
PrSuccess .—(}‘
L

Signal Enable busy Issue?(Next busy=0)

Fig. 27 Branch Unit

Kill_speculative

( <——  PrMiss
To issue unit L

Speculative bit

1=0? AND [<— Speculative Tag

)

Speculative fix Tag

Fig. 28 Kill Gen
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Index Valid | Completed Addr Data Spechit Spectag
0 0 0
Retptr 1 1 0x120 5 0 00001
2 1 1 0x124 25 0 00001
Comptr 3 1 0 0x128 125 1 00010
Finptr 4 0 0
29 0 0
30 0 0
31 0 0

Fig. 29 Store Buffer

17 storebuf (pp. 206-209, 262-273)

Store Buffer 00 0000000000000 00O0O000O0OO Stered0000000O0O0ODOOOOO
O00000000000000000000000 Store0 0000000000 Store0 00000000
O0000000000000000 hit Vector O finptr 0000000000000 O0O00O0O Rotated O
00 searchend 0000000000000 0O0O0O0O0OStore Buffer 00000000000 Fig. 2900
OO0finptr 0000000000 QOcomptr O Reorder Buffer 00 0 0 Complete 000 O Oretptr 0 O O
0000000000000 000000000000comptr 0 retptr 0000 Complete 00000
Retire 000 0000000000000 CHnptr 0000000000000 O0OOOOOOOOOOOO
alloc_issue_ino 0000000000 OOOO

gooooOopoOoooooooooo

e valid: DO OO StoreBuffer 000000000 OOOOOOOO

e completed: 0000 StoreBuffer 100000 Complete 00000000000 valid O completed
000010000000 rretire000000OO0OO0O

e addr, data: 00O DO0D0ODOODOOOOOODOODOO

e spectag, specbit: Speculative TagO 00000 Store 0000000000000 O0OOOOOOOO
Jooooooooooboobobbbobboooo

18 miss_prediction_fix_table (pp. 228-231)

Miss Prediction Fix Table O O O Speculative Tag 000000 20000 ValueO ValidOOOOO
O000ValidOOODOOO Speculative TagO0O 000D 000000000000 OOOValueQOOOO
Speculative Tag 0 0 O Speculative Tag OO O O0O0OO00O0OO0OOOO

Miss Prediction Fix Table 000 0O0OFig. 3000000000000 00OC0OOO0OOODO 20000
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Speculative Tag: 00001

Insns1

Miss Prediction Fix Table

Tag: 00010 Index Value Valid
00001 00000 0
Speculative Cond
Speculative Tag Tag: 00010 00010 00110 !
Generator 00100 00100 1
01000 00000 0
————> Tag: 00100 10000 00000 0
Speculative Cond
——> Tag: 00100
Fig. 30 Speculative Exection
Index Finish | Storebit | Dstvalid | Dst | Isbranch | Inst_pc | Jmpaddr Brcond BHR
0x00
0x02 1
0x03 1
| Dispatch Pointer I—> 0x04 0
0x05 0
Ox3E 0
Ox3F 0

Fig. 31 Reorder Buffer

00000000000 Speculative Tag O Miss Prediction Fix Table 0 0 0 0 O O O Speculative Tag O
Speculative Tag Generator 0 000001 000000000000 0O00O00O0OO00OOOOOOO Obranchl
O00000000000000O0O000 Speculative Tag: 00010 0 Value: 001100 0000000000
0000000000000 00000000Value: 001100 ANDOOOOODOOODO 0000000000
Speculative Tag D0 0 0000000000110 0000 O Speculative Tag O 00100 0 00O 0001000000
OO0OObranchl 0000000000000 O0DOOOOOOOO

19 reorderbuf (pp. 206-209, 254-259)

Reorder Buffer 0 OOut of Order 00000000 InOrder 00000000000 OOOOOReorder
Buffer 000 00C0O0OO0DOO00O0O Fig. 310000Reorder Buffer 00000000 O0OO complete
0000000 comptr 000000 Dispatch 000000000 dispatchptr O rrf_freelistmanager O
RRFPr 00 0000000000000 O200000000000 Store Buffer I Write Port 00 00O
O000oo0oooo Stere000 100000000
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O0O0O0DO0DRRFUOOODOOODOODOOODOOO ARF.DataOOUOO0OO0OOO Renaming Table 0000
O000000000000000 RRFTagOOOOOOOOO RRFTagODOOOOOOO0OOO BusyOOO
ooooboocooboooo

ooobooooooooooooon

e finish: 00D D00 ODO0DO0OOOOODODOODispatch 000000000 ODOOOOOOOO
goad

e storebit: 0000000 Store000000D0DODODODOStore 1000 0OOOOOOStore Buffer O
gooooooo

e dstvalid: 00000 ODUODO0OODUOUOOODUOODOOARFOODODDOOOODOOOODODOODOO

edst: DOODDODOOODODOOODOOOODODO

e ishranch: 000000000000 OODDOOOOODOUDOOOOODUOOUDOOOODODODOOOOO
ooooooooo

e inst_pc, jmpaddr, brecond, bhr: 00 0000000000000 0O0OOCOOOOOOOO0OOOO
0000000 (Taken/Untaken)DO OO ODOO0O0O BHR(PHTOOOOOOODODOOOOODOOO)
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