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. IMEM should allow PC fetch and instruction output in the same cycle
. Branch RS should clear all entries once the head entry needs to change PC
. When fetch a register, if register status table indicates a ROB entry will write to it, fetch unit should

check if it is already available in ROB. If so, need to copy the value to RS

. jal & jalr can save PC + 4 to ROB at issue stage, then calculate new PC value in Branch RS and

its adder

. auipc can use ALU RS to calculate PC + imm

. lui can directly save imm in ROB

. csrrwi don't need RS, directly issue to ROB

. csrrw needs to listen to rs1 value if rs1 is not ready during issue. Although there is no computation

needed for csrrw, but ROB cannot listen to rs1 value, so csrrw needs to be issued to ALU RS in
addition to ROB, with op2 set to 0 and ready, ALUSel set to 'add’

. When the top entry of Branch RS is ready, it can update the ROB entry and wait for its turn to

commit. But in this setting, if branch prediction is wrong, then a lot of meaningless instructions will
be fetched from IMEM. A more efficient way is to clear the Issue Queue, update PC and Branch
Predictor immediately, and stall issue until the corresponding ROB entry commits. In such way
Issue Queue can continue fetching instructions to hide instruction fetch latency as much as
possible.

Issue Block and IMEM are both synchronous. IMEM can output valid instruction and start a new
read transaction in the same cycle. Thus it would be more difficult for Issue Block to control the
IMEM read. Because if we use the signal that indicates whether the Issue Block is full to control
IMEM read, then there is a chance that one instruction fetched by IMEM but is not accepted by
the Issue Block. So we decide to use a signal called to_be_full to control IMEM read. Even if there
is an additional instruction fetched in the cycle that to_be_full is about to be high, Issue Block is
still able to catch the instruction.

Issue Block should check whether the instruction received is jal/jalr, if so should pause instruction
fetch until Branch Unit update PC value

Issue Block should pause issue when Branch Unit indicates a misprediction, but continue
fetching instructions from updated PC value. In case two caches (icache and dcache) are used but
only one read port for external memory is available, this can let dcache occupy the external
memory alone to let all instructions up to the latest jal/jalr commit faster.

. Issue Block should resume issue when the mispredicted instruction commits from ROB
14.
15.

jal/jalr should be treated as misprediction

We use FSM to control Issue Block's fetch and issue actions. Keep in mind Moore FSM would
delay action by 1 cycle

jump_fire from Fetch Logic is used in Branch Unit to assert its output_valid when a misprediction
happens. In this case, jump_fire means new PC address is read by IMEM and PC. Thus Branch
RS can accept the result and clear all following entries and try to write the result to CDB.

. In Reset Control, PC_reset should be delayed by one cycle using register. This can allow all

table/FIFO to be reset first, such that IMEM can take the default PC value one cycle after reset

. commit_mispred will reset DMEM cache but not DMEM main memory
. ROB only needs opcode_5bit and rd_index, simplify ROB FIFO
. Branch RS can use 3-bit as inst type. For branch instructions 3-bit can be funct3 which occupies 6

available 3-bit number. So jal and jalr can occupy the rest 2 3-bit number, namely 3'b010, 3'b011.
Let jal use 3'b010, jalr use 3'b011.

. Branch Predictor's history table also stores the branch address from the latest call result of the

branch instruction. This can remove the need for calculating the branch address during fetch stage,
which was a big part of the critical path.

Modified icache (IMEM) can output two instructions at most. The condition is whether the
difference between the second address and the first address is only in the range of 1st - 4th digit of
the address (assuming address is 32-bit). If this condition doesn't hold then only the first instruction
will be marked as valid. This is good enough to fetch two adjacent instructions in the same cycle if
there is no branch. Even if the two instructions are not boundary aligned, it only takes one cycle to
output 1 instruction, and then output 2 instructions in all of the following cycles without branch.

Issue Queue - FIFO ALU Reservation Station - Data Structure Re-Order Buffer (ROB) - FIFO
# | inst PC pred_addr | pred_branch # | valid busy ALUSel op1_ready| op1_ROB_index | op1_value| op2_ready| op2_ROB_index | op2_value| res_ready | res_ROB_index | res_value # | opcode_Sbit rd_index res_ready | res_value
wptr 0 - - - wptr_2 0 |- - - -
0 | no - - - - - - - - - - -
rptr_1 1 | Ox.... 0x... 0x... 1 rptr_1 1 5b..... 13 0 -
1 | yes no add no 2 - yes - 15 no 3 -
rptr_2 2 | Ox... 0x... 0x... 0 rptr_2 2 | 5D..... 0 1 0
n-1 | yes yes xor yes - 5 yes - -20 no 1 -
n-1 ] 0x... 0x... 0x... 0 wptr_1 n-1] - - - -
Register Status - Table Branch Reservation Station - FIFO
. res value Store Buffer
# | busy ROB_index # | inst_type | op1_ready| op1_ROB_index | op1_value| op2_ready| op2_ROB_index | op2_value| imm PC pred_addr pred_branch | res_ready res_ROB_index >_Valu
(mispredicted) . . . .
1 1o # | address[31:0] data[31:0] write[3:0]
wptr 0 |- - - - - - - - - -
5 |4 5 wptr 0 |- -
rptr 1 | bge no 2 - yes - 15 16 0x1000000 0x10000010 yes no 5 -
rptr 1 0x... 101 0001
31 |1 7
n-1 | bltu yes - 5 yes - -20 -20 0x1000FFFF | - no no 7 -
n-1 | 0x... 999 1100
Load/Store Reservation Station - FIFO
# :_E:t'ig]s) funct3 op1_ready| op1_ROB_index | op1_value op2_ready| op2_ROB_index | op2_value imm res_ready res_ROB_index | res_value
wptr 0 |- - - - - - - - - - -
rptr 110 Iw no 2 - - - - 0 no 2 -
n-111 sw yes - 0x1000000 yes - 0x2000000 -20 no 4 -
Reset Control
( Reset ) > reset_all PC_reset PC_reset
> commit_mispred mispred_reset mispred_reset
global_reset —global_reset—
commit_mispred
reg_status_ROB_index_2
WB_index_2
WB_value_2
reg_we_2
reg_status_ROB_index_1
WB_index_1
WB_value_1
reg_we_1
CSR_value
CSR_we
CSR
» reset CSR_dout —)@
—»{ CSR_we
» CSR_din rs2_ROB_data 2
rs2_ROB_ready_2
/\ rs1_ROB_data_2
rs1_ROB_ready_2
rs2_ROB_data_1
rs2_ROB_ready_1
Register File async 2 rs1_ROB_data_1
rs1_ROB_ready_1
Register Table next_ROB_index_2
next_ ROB_index_1
>» w_en_1 | | read_data_1 rs1_reg_data_1
»| write_data_1 | | read_data_2 —rs2_reg_data_1
»| write_index_1 | | read_data_3 rs1_reg_data_2
Re-Order Buffer 2
» w_en_2 | | read_data_4 rs2_reg_data_2
- ROB FIFO
» write_data_2 |
»| write_index_2 | »| reset | next_ROB_index_1 —
rs1_ROB_index_1
»{ read_index_1 | > - - ' »{ read_ROB_index_1 | | next_ROB_index_2
rs2_ROB_index_1
» read_index_2 | rs1_ROB_index_2 » read_ROB_index_2 | res_ready_1
rs2_ROB_index_2
»| read_index_3 | »| read_ROB_index_3 | res_value_1
» read_index_4 | » read_ROB_index_4 | res_ready_2
issue_ROB_valid_1/issue_ROB_ready_1 > -
/\ issue_ready_1/valid_1 res_value_ 2
Register Operand Decoder . . ; ;
issue_ROB_opcode_5bit_1 issue_opcode_5bit_1
issue_ROB_rd_index_1 issue rd index 1 res_ready_ 3
»| rs1_reg_data_1 | rs1_ready_1 issue_ROB_res_ready_1 ) - -
issue_ROB_res_value_1 issue_res_ready_1 @
" » rs1_busy_ 1 rs1_value_1 issue_res_value_1
i issue ali issue ready 2 >
Register Status 2 E >/ rs1_ROB_ready_1 | rs2_ready_1 He_PE_valld_= Tsste LB ready issue_ready_2/valid_2
| - - res_value_4 Commit Logic 2
Register Status Table ? rs1 ROB data 1 | rs2 value 1 issue_ROB_opcode_5bit_2 issue_opcode_5bit_2 L . . . _
g = = ';zsuee_§8887;ds_lrs:;_22 > issue_rd_index_2 commit_ready_1/valid_1 | commit_valid_1/ commit_ready_1 | result_ready_1/valid_1 CSR_we (—
ISsue_| | | y_.
t . : > rs2_reg_data_1 | 1 5 issue ROB res value 2 issue_res_ready 2 commit_ROB_index_1 commit_ROB_index_1 result_ ROB_index_1 CSR |
»| rese us rs1_rea - - - - i it 1 value
Y= — Y= issue_res_value_2 commit_opcode_5bit_1 Pomm't—.OPCOF’e—Sb't— result_opcode_5bit_1 -
Branch Predictor rs2_busy 1 »| rs2_busy_1 commit_rd_index_1
» read_index_1 ROB_index_1 — - T = = rs1_value_2 > TR G Vil | commit_rd_index_1 commit_value_1 result_rd_index_1 reg_we_1
rea vali
- » rs2_ROB_ready_1 | — yf — commit_value_1 result_value_1
B h History Tabl » read_index_2 busy_2 rs2_ready_2 CDB_ROB_index_1 ) | WB_value_1
ranch History Table T it_valid_2 it_ready_2 >
i : . » rs2_ROB_data_1 | CDB_res_value_1 commit_ready_2/valid_2 commeL_valic_ f commi_reacy._. result_ready_2/valid_2 :
» read_index_3 ROB_index_2 rs2_value 2 = - - - | WB_index_1
5l reset > CDB ready_2/valid_2 commit_ROB_index_2 commit_ROB_index_2 result_ ROB_index_2
»| read_index_4 busy 3 >{ rs1_reg_data_2 | = = = commit_opcode_5bit_2 commit_opcode_5bit_2 > result_opcode_5bit_2 | reg_status_ROB_index_1
»| pC_guess > CDB_ROB_index_2 commit_rd_index_2 commit_rd_index_2 result_rd_index_2
e " commit_ready_1/valid_1 ROB_index_3 rs1_busy_2 > rs1_busy 2 &L - = - - CDB_res_value 2 -~ - commit_value_2 - - reg_we_2
] - - - o o o > o commit_value_2 result_value_2
» is_br_check N L » commit_rd_index_1 3 &3 3 3 3 =23
- c ™| o= busy_4 > rs1_ROB_ready_2 | S 3% 3 s 3¢ 8 | WB_value_2
e k] » commit_ROB_index_1 & 5IE Coo e T /\
»| br_taken_check © B - 5 N B» DD e -
o > : : ROB_index_4 > rs1_ROB_data_2 SR P B F B | WB_index_2
o} S commit_ready_2/valid_2
» br_addr_check S I . . i
5 S » commit_rd_index_2 » rs2_reg_data_2 | | reg_status_ROB_index_2
» commit_ROB_index_2 o . i .
/\ - | _| _ s2_busy_2 > rs2_busy_2 store_valid/ready commit_store_valid / commit_store_ready
ot i | issue_ready_1/valid_1
Prediction Logic : —d : Z— ] = > rs2_ROB_ready_2 |
issue_rd_index
»| pc_guess_1 br_pred_taken_1 . - - .~ commit_mispred
issue_ROB_index_1 »| rs2_ROB _data 2 |
1'b1 —»] is_br_branch_1 br_pred_addr_1 >— -
issue_ready 2/valid_2
> issue_rd_index_2
» pc_guess_2 br_pred_taken 2 br_pred_taken_2: . - - .~
issue_ROB_index_2
0 > en 1'b1 —»{ is_br_branch_2 br_pred_addr_2 |—branch_addr_2
1
A PC_valid_out > /\
/\ PC_valid_out_reg
Br_unit_valid_out
0 "
, Y
> 1 PC_cur_last Oj Branch RS 2
K 1
PC Branch FIFO
Branch Unit
» PC_in_1 PC_out_1 ~PC out_1 reg_status_issue_rd_index_2 | . . L | : :
:| NN reg. status_issue_ROB_index_2 » reset dout_valid Br_unit_valid_in »| input_valid output_valid
»| pred_branch_in_1 pred_branch_out_1 pred_branch_1 S 3 5 3 : :
£ 2 ©v 2 > din_valid
« . PC out 2 T -EI = reg_status_issue_valid_2 / reg_status_issue_ready_2
» PC_in_2 PC_out 2 ——PC_out . 9?: E@ dout Inst ¢ o S inst t bool mi d )
5 5 e 8 s | e 1 out_inst_type Br_unit_inst_type > inst_type ool_mispre bool_mispred
»| fetch_en 2 3 % > reg_status_issue_rd_index_
- 2 3 2 3 reg_status_issue_ROB_index_1 »| din_mispred dout_PC Br_unit_PC » PC branch_addr PC_BJ
—L| IMEM_in_ready —issue_Br_valid / issue_Br_ready > - - ) .
reg_status_issue_valid_1/reg_status_issue_ready 1 issue_ready/valid dout_imm Br_unit_imm » imm
issue_inst_type .
/\ - ) v dout_op1_value Br_unit_op1_value » op1_value pc_check br_PC_check
N “| OR |—icache_out_valid_1 | icache_out_valid_2 Issue Block 2 issue_Br_inst_type issue_
v v < > issue_Br_PC issue_imm dout_op2_value Br_unit_op2_value »| op2_value is_br_check is_br_check
| . T
& issue_Br_imm issue_op1_read
) _op1_| . . N - L
PC_pred » 0 > Oj o R e Issue Queue issue_Br_op1_ready . P y- dout_pred_addr Br_unit_pred_addr »| pred_addr br_taken_check br_taken_check
PC_BJ > PC_next > J PC_in_1 3 +4 > 0 issue_Br_op1_ROB_index issue_op1_ROB_index
- Ll Ll .
> 1 L) reset | ST index 11— i'::j:—g:—gg;—;’:;g? > issue_op1_value dout_pred_branch Br_unit_pred_branch »| pred_branch br_addr_check br_addr_check
IMEV = — I ic_2 issue_Br_op2_ROB_index issue_op2_ready x_CDB_ready/valid| Br_tx_valid / Br_tx_ready—] > jump. fire
PC_jump/branch bC RESET . "{IMEM_ready_1/valid_1 | rs2_index_1 ssue Logic_ issue_Br_op2_value issue_op2_ROB_index . ready , > ume—
— reset cpu_resp_valid_1 issue_Br_pred_addr tx_ROB_index Br_tx_ROB_index
T B > PC_1 5 - 5 issue_Br_pred_branch issue_op2_value - - Br tx res value
> - ) . | rs1_index_2 —»| next_ROB_index_1 RegStatus_ready_1/valid_1 issue_Br_res_ROB_index ) tx_res_value —==
req_ready/valid cpu_resp_data_1 —icache_dout_1 » inst_1 - d Index 1 issue_pred_addr
issue_rd_index
> cpu_req_addr_1 ) »| pred_addr_1 rs2_index_2 » next_ROB_index_2 . T B issue_pred_branch
lid_2 ROB_index_1
cpu_resp_vali issue index
PC RESET »| cpu_req_addr_2 pu_resb - »| pred_branch_1 : Iv 1rvalid 1 1 issue_valid_1/ issue_ready_1 > Iv 1rvalid 1 — — — issue_res_ROB_index
_ issue_rea vali issue_rea vali
(0x2000) cpu_resp_data_2 —icache_dout_2 > , Chat = = Y= = RegStatus_ready_2/valid_2 > .
IMEM_ready_2/valid_2 PC_out_1 issue_PC_1 PC_in_1 - - rx_CDB_ready_1/valid_1
: issue_inst_1 . . issue_rd_index_2 .
» PC_2 inst_out_1 . inst_in_1 . . rx_ROB_index_1
/\ ) issue_pred_addr_1 . issue_ROB_index_2
» inst_2 pred_addr_out_1 issue_pred_branch_1 pred_addr_in_1 L rx_res_value_1
» pred_addr 2 pred_branch_out 1 pred_branch_in_1 ROB_ready_1/valid_1 B > -
. rx_CDB_ready 2/valid_2
» pred_branch_2 ° - T issue_valid_2 / issue_ready_2 > ° ROB_opcode_5bit_1 -
issue_ready 2/valid_2 issue_ready 2/valid_2 ) rx_ROB_index_2
- ROB_rd_index_1
PC_out_2 issue_PC_2 PC_in_2 ROB._res ready 1 rx_res_value_2
»| pause_clear_issue inst_out 2 issue_inst_2 > inst_in_2 ROB_ _ | _1
issue_pred_addr_2 . _res_value_
5| resume issue pred_addr_out_2 issue_pred_branch_2 pred_addr_in_2 - /\
- pred_branch_out_2 pred_branch_in_2 ROB_ready_2/valid_2
ROB_opcode_5bit_2
stall »{ rs1_ready_1 :
ROB_rd_index_2
fetch_ready » rs1_value_1 ROB_res_ready 2 ALU_unit_res
(~to_be_full) ST ROB Tae ] | ROB_res_value_2 ALU_unit_RS_index_out
Branch_ready/valid B ALU_unit_valid_out
» rs2_ready_1 -
/\ Br_inst_type ALURS 2
» rs2_value_1 Br_PC
; Br_imm ALU Table
» rs2_ROB_index_1 | ALU Unit
Br_op1_ready
Br_op1_ROB_index » reset dout_valid ALU_unit_valid_in »| input_valid output_valid
»{ rs1_ready_2 Br_op1_value . ) ) ) . ) . . )
in_vali out_RS_index ALU_unit_RS_index_in » input_RS_index output_RS_index
B 9 d > d lid dout_RS_ind ALU_unit_RS_ind > t RS_ind tput_RS_ind
r_op2_rea
»{ rs1_value_2 —op -, y . )
= = Br_op2_ROB_index » din_RS_index dout_op1_value ALU_unit_op1_value » op1_value ALU res
»{ rs1_ROB_index_2 | Br_op2_value . )
B d add » din_ALU_res dout_op2_value ALU_unit_op2_value »| op2_value
r_pred_addr
» rs2_ready_ 2 - - issue_ALU_valid / issue_ALU_read >
II Br_pred_branch -~ AL ready issue_ready/valid dout_ALUSel ALU_unit_ALUSel » ALUSel
» rs2_value_2 Br_res_ROB_index ALUSel —
- issue_ALU_ALUSel op1._ready tx_CDB_ready/valid
>| rs2_ROB_index_2 | ALU_ready/valid issue_ALU_op1_ready - , tx_ROB_index S
i i issue_ALU_op1_ROB_index op1_ROB_index ®
issueQ_in_ready ALUSel issue_ALU_op1_value tx_res_value e
X AR op1_value I
ALU_op1_ready issue_ALU_op2_ready - ]
fetch_stall . issue_ALU_op2_ROB_index op2_ready 2
ALU_op1_ROB_index issue_ALU_op2_value 002 ROB index <
ALU_op1_value issue_ALU_res_ROB_index Pe_ - )
- - op2_value I
ALU_op2_ready ) |
) res_ROB_index ]
Fetch Logic 2 ALU_op2_ROB_index - 1 3
al fetch ALU_op2_value ” rx_CDB_ready_1/valid_1 § % <
»| sta etch_en =
- ALU_res_ROB_index > rx_ROB_index_1 8l :I
(]
»| bool_mispred jump_fire jump_fire 1 rx_res_value_1 ox -
-mep P Hmp- LS_ready/valid — = %
> D
»{ issueQ_in_ready LS L_or_S rx_CDB_ready_2/valid_2 3 z
<
LS_funct3 rx_ROB_index_2
icache_in_ready | IMEM_in_ready - > _ _ _
- = LS imm rx_res_value 2
icache_out_valid_1 » IMEM_out_valid_1 LS_op1_ready
LS_op1_ROB_index
icache_dout_1[6:2} »| opcode_5bit_1 —Op1_RLE /\
LS _op1_value
icache_out_valid_2 »| IMEM_out_valid_2 LS_op2_ready
de 5bit 2 LS_op2_ROB_index
: »| opcode_5bi
icache_dout_2[6:2] p _ODIL_. LS_op2_value
LS _res ROB_index
LS_postmem_res_value
LS_postmem_RS_index_out
LS_postmem_out_valid
Load Store RS
LS Info Register
Load Store FIFO
LS PreMem Logic »| reset LS PostMem Logic
- - g LS_premem_valid / LS_premem_ready > - - : . . wl ki ;
»{ reset to_mem_ready/valid in_ready/valid reg_re LS_premem_reg_re »| reg_re skip LS_postmem_skip »{ skip out_valid
> dout_RS_index RS_index_in _
from_mem_ready/valid -7 . RS_index_out
»{ din_ RS index dout_L_or_S LS_premem_RS_index_in L_or_S_in
icache_in_valid e dout_funct3 LS_premem_L_or_S_in funct3_in RS_index_out LS_premem_RS_index_out » RS_index_in RS_index_out LS postmem RS index in » RS_index_in res_value_out
»{ din_load_res dout op1 val LS_premem_funct3_in ] | _P! _RS_ |
out_opi_value LS_premem_op1_value opil_value . .
i id /i > - — " - L_or_S_out » L_or_S_in L_or_S_out LS_postmem_L _or_S_in > L_or_S
tssue_LS_valid /issue_LS_ready issue_ready/valid dout_op2_value LS_ngemem_opZ__value op2_value - LS_premem_L_or_S_out - - - - -P o -
_premem_imm .
issue L or_S dout_imm imm funct3_out LS_premem_funct3_out »{ funct3_in funct3_out LS_postmem_funct3_in »{ funct3
issue_funct3
i ¥ tx CDB ready/ I'd] addr_offset LS_premem_addr_offset »| addr_offset_in addr_offset_out LS_postmem_addr_offset——————>{ addr_offset
issue_ LS L or S issue_imm X_| _ready/vali
‘Si::ngLsgf‘;;ﬁ? issue_op1_ready tx_ROB_index Store Buf Teadyivaid u; store_buf_valid / store_buf ready- »| SB_valid_in SB_valid_out LS_postmem_SB_ valid_in »| store_buf_valid
issue_LS_op1_ready issue_op1_ROB_index tx_res_value — . ; LS _postmem_SB_data_in >
issue_LS_op1_ROB_index > issue_op1_value store_buf_addr[31:0] store_buf_addr SB_data_in SB_data_out _p _SB_data_ >»| store_buf_data
issue_LS_op1_value - store_buf_data store_buf_data )
iSSU6§LS_0P26ready issue_op2_ready store buf write store_buf_write Store Buffer » SB_write_in SB_write_in LS_postmem_SB_write_in > store_buf_write
issue_LS_op2_ROB_index . . _but_
N — issue_op2_ROB_index
issue_LS_op2_value —OPe_ - »{ reset dout_valid ——sB valid ou > DMEM_resp_valid
issue_LS res ROB_index issue_op2_value oad Teadvivalid = = - -
> >
issue_res_ROB_index < o § — Iozd ddr buf_valid/ready dout_data SB_data_ou » DMEM_resp_data
() —
> - 23 o — buf_addr[31:0] ) ‘
rx_CDB_ready_1/valid_1 S5 5 uf data dout_write SB._ write_out— /\
> rx_ROB_index_1 o8 2 :I|> - : u
e 1 ><| 5' e buf_write store_valid/ready
rx_res_value = @
- = = U'gl §| . store_addr
> - — 3 load_valid—>| read_valid
rx_CDB_ready_2/valid_2 o store_data
> rx_ROB_index_2 T load_addr »| read_addr store_write
rx_res_value_2 >
_res_ _ ROB_commit_valid/ready
> =)
8 ®
VAN - X
'ol Ql
3 g
: (2]
3 3
© E—
< gl
@ o
o o
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store_addr.
store_data
store_write
DMEM
LS Selector reset cpu_resp_valid ———dcache_out_valid
- - 1 dcache_in_valid / dcache_in_ready > -
store_ready/valid req_ready/valid cpu_req_ready/valid cpu_resp_data dcache_dout————
cpu_req_addr
store_addr DMEM_req_addr dcache_addr pu_req_:
store_data DMEM_req_data dcache_din cpu_req_data
store_write DMEM_req_write dcache_we cpu_req_write
. load_ready/valid
»| load_addr /\
CDB Arbiter 2
Branch_ready/valid CDB_write_ready_1/valid_1 B

Branch_res_value

Branch_ROB_index

CDB_w_ROB_index_1

CDB_w_res_value 1

ALU_ready/valid

]

CDB_write_ready_2/valid_2

ALU_ROB_index

ALU_res_value

CDB_w_ROB_index_2
CDB_w_res_value_2

LS_ready/valid

LS_ROB_index

VV VV V\r

LS_res_value

CDB_w_ROB_index_2

CDB_write_valid_2 / CDB_write_ready_2

CDB_w_res_value_2

CDB_w_ROB_index_1

CDB_write_valid_1/ CDB_write_ready_1
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