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Automatic Porting of Basic Mathematics Library for 64-bit RISC-V
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Abstract Subject to the core technology and intellectual property rights and other objective conditions,the research and develop-
ment of domestic independent chip is highly restricted. RISC-V has the advantages of simplicity and modularity as an open source
instruction set architecture(ISA) ,and it will become a new choice of domestic processor. As one of the most basic core software
libraries of computer system, basic mathematics library is particularly important to the software ecological construction and
healthy development of domestic processors. However, RISC-V has no relevant basic mathematics library at present. Therefore,
this paper aims at porting basic mathematics library based on domestic Shenwei processor to the 64-bit RISC-V platform. In order
to solve the problem of efficient transportation of the library, an automatic porting framework is designed at first, which can
achieve high scalability through loose coupling between functional modules. Secondly,based on the characteristics of 64-bit RISC-
V ISA,a global active register allocation method and a hierarchical instruction selection strategy are proposed. Finally, the {rame-
work is applied to bring about the transportation of some typical functions in the Shenwei basic mathematics library. Test results
show that the ported functions are working correctly and the performance is improved compared with GLIBC.
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Fig. 1 Schematic diagram of automatic porting framework

for 64-bit RISC-V
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;. zs]1enwe| Mathlib \ Seindaia:
3 Seindata: 2 dword Ox3fe45306dc9c883
4: .dvﬁ:rd 0x3fed5£306dcoc883 | Preprocessing Z n .dword 0x42¢8000000000000
2 . sin:
Z. n. .dword 0x42¢8000000000000 5 v xd 20.£20
7‘ . fmv.x.d a0,fa0 6. 1di a0,$sindata
8. Idi a0,$sindata 7
9.

' Register Allocation

Code #3

Code #4

$sindata: Instruction

.dword 0x3fe45£306dc9¢883 | Selection |1. $sindata:

: .dword 0x42¢8000000000000 - .dword 0x3fe45f306dc9c883
. sin:

1

2

3

4 .dword 0x42c¢8000000000000
5. fimovd $f16,v0

6

7

8

sin:
lui al,%hi($sindata)

fmv.x.d v0,$f16
addi al,al,%lo($sindata) 1di al,$sindata
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Fig. 2 Porting example of automatic framework
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64,0,
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AKRACRAT TR HE AR 5 0 A= i J&) 30050 6 5 A 27 A7 4% 7T LA 24 R
I B 2 A7 2 i, B O R AR R B K SW N
A FAERR W B RV (A58 1 B F IR R — Be kR Zs ), %17
FHRBEA SW FI A M— N A H 774 .

(2)24 M=IN B, 40 2R AR R A7 25 47 4 00 800 & s 2 e it 5
SR D042 FR A CRAT A7 A7 2500 26 10 S UDKE SW iy M A 2 A7 2 B
B RV (5 A7 4 L iR AR AR A7 A7 A7 A5 A8 00K 45 2
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1. # define SRC_ARCHITECTURE SW

2. #define DST_ARCHITECTURE RV

3. # define SRC_REGISTER_NUMBERS M

4. # define DST_REGISTER_NUMBERS N

5. Allocation Registers( ASM)

6. {

7. if (M>N)

8 {

9 push_all_svRegs() //push all saved registers on the stack
10. map(N)//map SW’s registers to RV’s registers

11. spillLM—N) //spill left M— N registers to memory
12. }

13. else //M=<N

14. {

15. if(is_Callers_Enough())

16. {

17. map(M)//map SW’s registers to RV’s registers
18. }

19. else

20. {

21. push_needed_svRegs()

22. //push needed saved registers on the stack

23. map(M)//map SW’s registers to RV’s registers
24, ¥

25. }

26. }

P 3 FE T AR i B A A A 4% 2 B U
Fig.3 GARA method
KT 2R ENXFaAM/AIELIT L. s fH AR
B A7 TR, LR F T WA [ e T a7 fe g A R 1Y
o) R, B AR 2 A A7 AN 2 O N A AT S L L 64 {2 Y
RISC-V i@ % A8 B 2 AR A 205 T K 2 A SR B0 97 47
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% MR TE A A L 64 7Y RISC-V 7,

PRI o R 408 < S0 ) 2 A7 i 0 500 0 SR o T 36 4 R 1 2
AT e TR A AR . WA 4 BTos BR T IR A7
ZAAF A  RISC-V HABSE R Y 7 77 82 A 2. PG, 3% RISC-V
Tl A A8 P ) PR A7 25 7 A 4 S 38 , SR 48 1 BT 15 1 I e/
BREA A AT WS o 64 7 RISC-V A AR 77 4 77 %%
BOA ISsum s W 2

isslUiss2Uiss3Uissd=ISsum

Shenwei 64 Bit RISC-V

. Temporary Registers Set
Temporary Registers Set porary fee

Saved Registers Set iss 1

. Argument Registers Set
Argument Registers Set

Saved Registers Set iss2

Saved Registers Set Saved Registers Set iss3

Saved Registers Set iss4

S ial-P: Regi
Special-Purpose Registers Special-Purpose Registers

Bl 4 BB R B

Fig. 4 Allocation of integer registers

AT TR IS B B9 PR 5 A A7 e A 2 T A
748 (2 RISC-V Rl Bk 2 7 2 A 2 COL B 5) K5 98 4% o] A
1 J0ATF A7 2% A0 DR AT 25 A7 S 1E AR 58 2R 47 BT 65 9 i
I 27 A7 28 AT MU L 64 67 RISC-V T FH AR AF 25 47 2% 4
FSsum S50 1 4% S5 FAsum , W 2

fss1U fss2=FSsum H. fas1U fas2=FAsum

Shenwei 64 Bit RISC-V

Temporary Registers Set
Temporary Registers Set

Argument Registers Set fas1

Saved Registers Set f5s1

Argument Registers Set Argument Registers Set fas2

Saved Registers Set Saved Registers Set f5s2

Bl 5 A R A
Fig.5 Allocation of floating point registers
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1E RISC-V T 2B G

(3) B J 47 3 J& AN g 2B 1 A b6 4 5 ), T 38 Jon fifF 451 40
F) 2 7 2 R B S 30, 4n RISC-V 3@ #4032 #5127 14 37 B %k
AR T B BTS00 S WV BCERVE R T 12 07, X i ek
B DA T A 25 ok il B 52 B4 E D fg .

Shenwei Code

Has the Same
Functional Instruction
N
With the Help of a
Programming Language
N

Use Extra Registers |

RISC-V Code

B 6 TR U 454 v PR S g
Fig. 6 Hierarchical instruction selection strategy

4.2.2 WA RFHEITS EA

FE 48 A B e rh, B A 3K F 2 R 4R 4 1 e R R L o8
B H PR AR RISC-V 4 2Z ] (35 4 . T 1 5 510 2 3 A4~ B
T S L 4300 10 7 2 Tk B SR WG 1 3 SR IR

(D HIIREM R Y RISC-V 48 4 E #2248 4. X
T HECE B B9 3) mov. HINFE addlL 8T subl, UK BEE 3% A5 T
fmuld BURS BE 77 s fsubd 4845 4 . RISC-V /] L) 4% 21| 2 GE A
[ A1 4ok Ea e, A& 7 Fis 3 IR RISC-V A9 & ife
B 4 A I U A I AR AR B L S — P TR A i

1. # Shenwei 1. # RISC-V

2. 2.

3. fmuld fs7.fs1.fs1 3. fmul.d fs1,fs7.fs1
4. subl a7.t5,a7 4. sub a7.a7.t5

5. mov t5,a2 5. mv a2.t5

6. fsubd fa0,fs2.fs4 6. fsub.d fs4.fa0,fs2
7. 7.

8. 8.

addl al,t4,a4 add a4.al t4

B 7 454 PR 1
Fig. 7 Instruction selection example 1
() HTLIEF MBI SZ B, RISC-V B3 43 37 WV B 1 58
A& 555 609 RBAE N 12 47, 1 BB & % B 98 4 1
SERVECERAE R T 12 . N T SCRAE A I R i, n Il 8 T
/K Python %5 #Y isLegal B8 EO6 7 B B Y £ Bk AT PR
AW, AR KT 12 A, W 2 R AH ) 09 4 4 B R
s R KT 12 7, Wk AT — 2 0 5 38 0 77 42 45 0k 52
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B BRI T — SO 5 A B 0 R A L AT LA O Py-
thon e 4l B SE#

1. # PYTHON

2, def isLegal(strInput):

3. if(strInput.find('0x')!=-1):

4. if(-2048<=int(strInput,
16)<=2047):

5. return True

6. else:return False

7. elif(strInput.Istrip('-').isdigit()):

8. if(- 2048<=int(strInput)<=
2047):

9. return True

10. else:return False

11. else: return False

8 454 EFER G 2
Fig. 8 Instruction selection example 2

G)BMAF AR FBIIE . B9 Pk 2200 7% . /1
B4 1di, B 2 AESE s11 BUMEIN b 17 666 .65 25 kA4 45 2 17 4%
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M add H 844G 56 BUH BLAR A 1Y 1di TIfg. 8 #E1f FH 5¢
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5 RN
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BIEAT RO . S Y BT B R A B A A I 2 5 X AR A
J5 Y R BCHE AT LE A R B A LA IE B 3 AL RS A AE 2R
B9 A 5340 R ) e 26 25 SR T LU ) 48 5 A s AL S A
15 v A il 5 i R SRS Y 32 % L o 45 S e ) T BE G 1k £ it 4K

WS
5.1 ik =

AT & R B R 3L 150 24 ok 0, LA ok 00D
BOE I3 R By o B 9 2D o R R bR AR R R R ORI B
T RS B 2% 9 51 8 48 R84 08 51, T R 5K oR 20
Ty e T AR A e 4 T

PRI, 74 ST B 43 S 7y 8 R K00 F0 B 1B T B oR B 1
R ALK PR, X LA BRI 1 41, sin, cos. sinh, ex-
pm1 J2 B oK %, rint, ceil EEUEITT A KL, £ 11, ORR
ZRBE AR S X RN R E . X 6 D eRBUH S T 5%
#4584 (branch) fEfifi % A 48 4 (load/ store) , LA R 4 K 53 1Y
B H AR 4 (arithmetic) o % T84 W 3% 20946 228, Iy
PEVEHE A (byte) , W] LUGE i “ £ T B K 9 45 2 & $E SR 0% 7
RISC-V #8424 & S8 X TS FPCR 484 (r/w fper) , 7]

1. # Shenwei 1. # RISC-V
i2 2. ) ~ B e v A 57 NUSNYREE S
R AT LT RISC-V 2547 A8 46 4 56 85 L A1 o B o e
4 451. lidsd& 1171 6?(1) . AR RGP A8 2 (system call) | 45 /48§ 4 (privileged)
o add s1l.s1l.s
6. 1d s8.80(sp) N Z= T8 4 (miscellaneous) . A I, 36 B I 34 pR 50 78 35 19
7. N N N — > N
AR AN AREBEETWRELSEYT RAY
Ko g4 k#m s RV64IMFED ., # AT AR L JH Al 7] 28 7 R 850145 5K oK KL fiE
Fig. 9 Instruction selection example 3 A% 30 L AL B 7 iR AT B AT
F 1 MR B SR 2 KBS
Table 1  Statistics of correctness test
Code Type
. Basic Operations Extended Operations
Function
Arith- R . . . Sign  Register MAD/ Conditional R/W Load/  System  Privile Miscella-
. Logical Shift  Compare Convert Byte . . . Branh .
metic Copy  transfer FMAD Selection FPCR Store Call ged neous
sin O O O O O X O O O O X O O X X X
cos @] O @] O O X O O O @] X O O X X X
sinh O O O O X X X O O O X O ©) X X X
expml O O O O X X X O O O X O O X X X
rint O O O O X X O O X X X O O X X X
ceil O O O O X X O O X X X O O X X X
5.2 MHX#EEAR P Rl A B2 S AL B 0 AR T T IR e i R 2 R T LA

S f 3 4 G 57 K M R ARk, 2 % L F IEEE. 754
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BURE % 2B 5 e R R B M ORI T IR B A R R
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Fig. 10 RISC-V simulation environment

5.4 IERHERI

TEH P8 A 5 R B MPER FEDY Y L 8 ok 52
PRUT L AR AN 11 R O MPER 9 ek 0T B 245 R 1E N S
FAH TS R pR B B Y BURE B 64 1 25 2R 10 4 X i 2%



46

Computer Science THEHLEIZ  Vol. 48, No. 6.June 2021
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Calculate Result Using Ported Functions
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Calculate Result Using MPFR|
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Fig. 11  Process of correctness test
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Table 2 Statistics of correctness test

CHLAL 2 6D
Functions uLP
£F 1.0 AF1L0 KTFI1.0
sin 0.55 99. 45 0. 00
cos 0.55 99. 45 0. 00
sinh 0.00 100. 00 0. 00
expml 0. 00 100. 00 0. 00
rint 0. 00 100. 00 0. 00
ceil 0. 00 100. 00 0. 00

5.5 e
5.5.1 AAFEBHAR

TN LA A i 3 S R AR 2, (R 2 T 22 R B0
F 3 A A 2 0 O ¥ B O S R S T BE St sl b A A 4R A
UCBL, AR SCHE 5 32 I 09 5 7 DN A7 RS 4 43 T 2k B A A7
BT B A 12 BrR L T A R i 3 8l U A7 AR
P 5 1 KA D T N A S L R TR S R TR Y
PR sin Al cos WF RSB B, PG L T 2 R Y 3 B U A7
oIy AR WA TR T R AR AR PR RE

1200 90.00%
2.78%
80.00%
1000 947 964

7261% —
800 S5t 60.00%
Tspa A

600 :
449 20 4000%
400 30.00%
200 165 166 ™ 150 w05 fgﬁoo‘;’:

42 L

0. B 2D

sin cos atanh expml rint ceil

== Global active register allocation method
Memory map register allocation method
~— Reduced ration of memory operations

B 12 FHEMSEHNEES 51T E
Fig. 12 Statistics of memory operations after register allocation
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Fig. 13 Process of performance test
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Fig. 14  Statistics of acceleration ratio
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