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DMR: An Out-of-Order Superscalar General-Purpose CPU Core Based on RISC-V

Sun Caixia, Zheng Zhong, Deng Quan, Sui Bingcai, Wang Yongwen, and Ni Xiaoqgiang
(College of Com puter Science and Technology, National University of Defense Technology, Changsha 410073)

Abstract DMR is a RISC-V based out-of-order superscalar general-purpose CPU core from the
College of Computer Science and Technology., National University of Defense Technology. Three
privilege levels, user-mode, supervisor-mode and machine-mode, are all supported, and the standard
RISC-V RV64G instruction set is implemented. In addition, custom vector instructions are extended
in DMR. Sv39 and Sv48 are supported for the virtual-memory system, and the size of physical address
is 44-bit. The pipeline for single-cycle integer instructions is 12-stage in all. All instructions are
executed out of program order and committed in program order. More than four instructions can be
issued per cycle. Distributed schedule queues are used and at most 9 instructions can be out-of-order
scheduled for executions in one cycle. Multi-layer, multi-platform functional verification method
driven by functional coverage is used, and Linux OS is already booted on FPGA prototype system.

DMR reaches 5.12 CoreMark/MHz and targets 2 GHz clock speed in 14 nm technology.
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Fig. 1 DMR microarchitecture

1 DMR Wik R &5

2 imIkZ

DMR A3 /K LN 2 fr 7 . o i 39 8 000 7K 2%
A 12 90 AR 4 41, R85 R 2 RIS 1 4Rt
Fr U I A PR 4 P70 A4S 2 Bl A L 5 2 1T

AR A T I ERE RS B DAL 5 A7 28 3 iy 44 I
REN by 5 iy 44 ¥ , DS S 48 4 43 UK o » i 4% 48 & 2%
YK A U 4 UR B AH B A 4 4> 18 BE BL B 5 1SS A
§4 KTk & IR A RF 3, 352 B A7 4 S0
T2 H BBCHE R 5 I SO HE AT R 3% B AT 8 EX
PATEERAE WB 34 5 0] 3 %7 47 4% S0

ISS I RF — EX WB

IF1 (— IF2 — 1F3 — IF4 [~ ID1 (— ID2 | REN

— DS ISS 4 RF WB
D4

ISS 4 RF HMUX — WB
F3

Fig. 2 DMR pipeline
& 2 DMR ik £k

B4E Cache iy I 19 Load-to-use ZER}J& 4 475
AT IS TS IRKEERT ANz
JEEE T —31 MUX H T 4048 & +%.
3 S

DMR % | TAGE (tagged geometric history

length) " B L BN 43 5 J5 1), i S LAY TAGE 25
WS 5 A (component) , B T 35 2 10 £3 20
PEAN BT A A BRI i IS 6] I s R B AR LR
5|/ T 25 1F ; 2K 31 ) BTB(branch target buffer) .
48 T Y RSB(return stack buffer) 1 512 i i) 1PB
(indirect prediction buffer) 43 7l #% A T B A [6] 28
BYR 43 32/ H bR k.



1232

HEHR S AR 2021, 58(6)

4 ELTIHRFMECHE

DMR 7£ PR A% B B K 5 BOR T 55 22 18] 1) e 46 45
PRI 2 A P FRARAE e BT I AR IT S L
71T 152 B B4 27 A7 #5 SC PR RS A BB PF A7 4 SO I 4
VEAEVIAEFRAE 58 10 A V7 S PUAT B C R T B S
HRFFAT A SCIF L DO AT DA /D 3 R0A A A S
25 v 1HCH |7 Ak R OB 55 I T 4 1 3T [ B
A7 FI) T B S

DMR 746 2 3% B BB St 26 48 4 41 & il & i
— AR A ARG HEAT Ay 44 L R S ERAT , AT 4
16 4 S b & Gt B8 BE L O EL AT LA /b 38 4 o5 R AL
AT 5% IR H5 H R R O B TR R

A RISC-V B 44 F W (4 #3845 & DMR
T 45 5, DMR S8 T 48 4 4 A A&,
% 1 iR auipe 154 F1 load 454 @l W LASEBL PC
(program counter) i XJ # 32 b fi £ - 1k 7 £ 418 fn
#,auipe F84 F jalr $5 2 Rl&, 7 LLSE B PC AR X
[ 32 b i 1 53 S Bk %

Table 1 Instruction Fusion in DMR
®x1 DMR HMELHAEAS

HE A wA
HE1 auipc  rd, imm20; addi rd, rd, imml12
HE 2 auipc  rd, imm20; {blh|wld} rd, imml12(rd)
HE 3 auipc rd, imm20; jalr rd, imm12(rd)
HE A lui rd, imm20; addi rd, rd, imm12
HES lui rd, imm20; I{b|h|w|d} rd, imm12(rd)
H4E6 lui  rd, imm20; jalr rd, imm12(rd)
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Fig. 3 Vector formats
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Fig. 4 Functional verification
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