CS205 - C/C++ Programming

Projectl Report: A “Simple” Calculator
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Part 1: ZERDHT

Zexd AR e (D MR XUMILRY, X 52 C/CH+ Ok NZIER. HE—EHME, X
SRR . BT SR T3 : Project TR, RABZMEHRMFT R

1.1 Project &3k 31

A EATRELHEMATRTE, Rk, KE0SH, MIEH0ss. YB3 mRE e,
(EEILSC LR 1 C R 4F, BRI 7 g, ERHRIES 23084, PIPIRER
TRECAT CRE A N A7t ER . BRILZ AL, 0 — LBkt

A ORB: TR C BRI, C X TR KA AR R R A, 22 5) C4RER, 2SI
CHfa Sk, A 7RI, Rt R UK BECRIEI N, X1k
eSS N (IR AT



1.2 TEFRIRNRFZ RO

I

HIRAES: S C++IR CUDA 4wfE, Fe40WRSCX T T A1, 768 K = B8 s
BRAEMS TR o A AN S W S EL 385k 7 g%, RIBAE L 2 — 5 OpenMP [ 51R. AT
DL, FEA VR I 22 rh F0. 4025 2238 CUDA 11 OpenMP [1)45 F , 3 H A ML 3] GPU _ k4T M4

Part 2: INBEELE/TmIF

2.1 IMBERIEXERE

AR Project {523 b AT BT -

WA R BB 5 TR E OB TS — &, #f 2cPU 128 1%, BHNAFL
5 500GB. T /EuitL3Ml =& NVIDIA A100 GPU. WL 2.1, #* 2.2,

CPU Architecture x86_64

Model name AMD EPYC 7773X 64-Core Processor

CPU family 25 GPUname | A100-SXM4-80GB
Thread(s) per core 1 GPU amount 3
CPU(s) 128 CUDA Version 12.4

Core(s) per socket 64 Driver Version 550.54.14

CPU max MHz 3527.7339 Memory 98304MiB

CPU min MHz 1500.0000

+® 2.1 @k CPUIREE 2.2 [E{} GPUEREE

5528 N ERVE 245 N FCHT I Ubuntu 23.04, gee i 2% /i A< A 12.3.0, CUDA AN 12.4,
CUDA %% %8 nvee WA 11.8. VE4HMRAERCE W% 2.3

Software Version
Operating System Ubuntu 23.04
OS Kernel Linux H3C1 6.2.0-39-generic
gcc (Ubuntu 12.3.0-1ubuntu1~23.04) 12.3.0

nvce: NVIDIA (R) Cuda compiler driver

release 11.8, V11.8.89

Vim

Vi IMproved 9.0 (2022 Jun 28)

VScode Server 1.87.1

Math Library ISO C99

btop V1.2.13
nvitop 1.3.2

+R 2.3 MEIFE

AKX Project fE ] T LA LA CIEF . TR 2.4 o TR A 3% .




Library Version Usage

stdio.h ERBE gec A58 FH A o i N B R BRI

stdlib.h ERBE gec i Fi malloc,free BRI%L

string.h #RBE gec HIWT AR KR, R

unistd.h #RBE gec FIFFAHY txt SCAFREAT TR

math.h FREE gec -Im VA A HE €99 H . AUENTHE AR TSR AU A
omp.h FRIE gec 18] OpenMP SEI 3% ) I 4T 1+ 5L

PR TR BERORIE . FEASIK Project FE N 5 IS HIsRIE

gmph 6.3.0 b, AT T SR R I e

— AN RET R BENUECA BB 2 BN 5 S AR i . FEARIR
sodium.h 1.0.18 Project XA AR 2] R BRIV M AR N, X
S BVIEZ (S

T GMP oA R [ Y 24 5 , FEAIR Project FHAXAE N 2[RI

pbe.h 014 T T W ST, X B B i 2

&2 4 HXFEE

XU 222 1 P R A A, 2SR ] DA Dy ik S8 1) — N . Rz de
S Ll A ] L.
FE Linux H 225 GMP AT B AT T & GRS 88 ERER], WA -

1. wget https://gmplib.org/download/gmp/gmp-6.3.0.tar.xz
2. tar -xvzf gmp-6.3.0.tar.xz
3. cd gmp-6.3.0
4, ./configure
5. make # ik
6. make check # 56
7. sudo make install # %%
FE Linux T 2% Sodium i (U NEEES], ZIMARZRD -
8. wget https://download.libsodium.org/libsodium/releases/libsodium-1.0.18.tar.gz
9. tar -xvzf libsodium-1.0.18.tar.gz
10. cd libsodium-1.0.18
11. ./configure
12. make # ik
13. make check # 56
14. sudo make install # %%
£ Linux " 2228 PBC 2 (fUF N3RS, ZIMALZEE) -
15. wget https://crypto.stanford.edu/pbc/files/pbc-0.5.14.tar.gz
16. tar -xvzf pbc-0.5.14.tar.gz
17. cd pbc-0.5.14
18. ./configure
19. make # ik
20. make check # 56

21. sudo make install # 23




22. cd /etc/1d.so.conf.d

23. sudo vi libpbc.conf # %ii%df pbc FEJm, A libpbc.so.1 fI#1Z

24, cd /etc/ld.so.conf.d &% vim libpbc.conf # ¥ /usr/local/lib #i A% libpbc.conf X ffH
25. sudo ldconfig # H#i cache

BB PETCIRAR N A, AT RER SRR P, 2R g+, ma, flex SEET

2.2 HRiFEE

R BT BEGRAE linux EREAT IR ARG 1%, BARJR R RIS I 23K Windows FALN L,
AR SRS E B R, T A A iR R R T SR A ) PR EAE Windows MinGW T BEAN 2
brdE C FERI— B 57

T b R i -

gcc src/haibin_calculator.c -o haibinCalculator -1m

AFRAEH TR A CERYEE, T DU ke R, A SRk, feElus .
B 2 G 1 IR -

-DUSE_LONG_INPUT i getline B2HUIAN, XFEHIAT] DL K

-1gmp fdi [l GMP K HE % %2

-DACTIVATE_MESSAGE  Zi%H BB E

=1 R, T HREUZE 5 pow B4l
-fopenmp J4 %)) OpenMP £ 272

Part 3: IhRE&E

1. (NS IER S BR
AN I B RN T 8 S, SRR TR A S B 3 38 double #EATIZ L.
Double KA Z7E 8.85 x 1071%, Wi R HA MK LT K. FIRS, FETHERRIERS, BRARIEE R
Yo IR 8 /ML
(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator
2+3=5

(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator
D= B = =il

(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator
2x 3 =6

(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator
2 / 3 = 0.66666667

3.1 EARInERE

2. KEBHMAEE, Tx

AT A ARG 8 L HLS A N EIR S e I, THREEHR B sl 3 Oy KRR
No TR BT HAHN char* FEREAT N T B FIINEE, AT S BRSSO Iniaid A 3
o KEHERE I T2, Tt e, BomiEsE 2 aseE 7 3 CEAARR M
Ji A SR



(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator 123848237492 + 2398578257984739459258

123848237492 + 2398578257984739459258 = 2398578258108587696750

(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator -12342342232316577848237492 + 2398578257984739459258
-12342342232316577848237492 + 2398578257984739459258 = -12339943654058593108778234

(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator 12342342232316577848237492 - 6398578257984739459258
12342342232316577848237492 - 6398578257984739459258 = 12335943654058593108778234

(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator -12342342232316577848237492 - 6398578257984739459258
-12342342232316577848237492 - 6398578257984739459258 = -12348740810574562587696750

B Calculator = @ X [ Ccaleulator = a X @ Calulator = [u] X H calculator — a D

= Scientific &)

I

Scientific O = Scientific O = scientific o)

123848237492 + 2398578257984739459258 = < 577848237492 + 2398578257984739459258 = < 577848237492 - 6398578257984739459258 =

2,398,578,258,108,587,696,750 < 577848237492 - 6398578257984739459258 =

-12,339,943,654,058,593,108,778,234  12.335,943,654,058,593108,778,234 15 348 740,810,574,562,587,696,750

(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator 987654321987654321987654321987654321987654321987654321
987654321987654321987654321 + 987654321987654321987654321987654321987654321987654321987654321987654321
987654321987654321987654321987654321987654321987654321987654321987654321987654321 + 987654321987654321987654321987654321987
654321987654321987654321987654321 = 987654322975308643975308643975308643975308643975308643975308643975308643975308642

YHE 3.2 KEHMBKKRE

(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator 987654321 x 987654321
987654321 x 987654321 = 975461057789971041

(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator 987654321 x -987654321
987654321 x -987654321 = -975461057789971041

(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator 987654321987654321987654321987654321987654321987654321
987654321987654321987654321 x 987654321987654321987654321987654321987654321987654321987654321987654321
987654321987654321987654321987654321987654321987654321987654321987654321987654321 x 987654321987654321987654321987654321987
654321987654321987654321987654321 = 975461059740893159506325259271757359037189458802621558568053658333485757123456797147995
738382563638617131538851699439086267339320835239555403139789971041

tH[E 3.3 REHFE

3. EBHEH

MBS TR B, BT REUEE . X TRERIE, 1E e WIS EUCR A double
1B, 1£ e IS HUEH double MM . FRIEZML, % OFT double BRI . XF T 0z,
Fe I BCF AR B IMRFF— 2, e IS ECR H REE RO w0

(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator

1e200 x 1le200

1e200 x 1e200 = 1.00e400

1200 + l1le200
1e200 + 1e200 2.00e200

4. $ZE1ERE: CUDA F OpenMP
FRATH R BRI E 2 FH OB B AR AL SR, THBL AR EE DN O(N - M), MN 9 A H
. SEis Ry, AT DB IEE BT JAT B S bR s K 72 )5 T

(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./GPUCalculator

Enter first number: 987654321

Enter second number: 987654321
Product: 975461057789971041

(base) asc648@H3C1:~/haibin/Back_up/CPP_backup_2024031005/CPPLearning$ ./big
Enter first number: 123

Enter second number: 1

Product: 123

OpenMP

Ul T RO LB R R AR RO AL, PRI BN AR RS, AT DO A0 T I X B
TR A DR, B B A .



5. Human Computer Interaction: A#l3ZEH

Mode2: %434 AR

WER AR THE B R BRI NMETSE, THESG N 5 — R, e SR 1
BINFFRATIHE . TR S B A UAH [

(base) asc648@H3C1:~/haibin/CPPLearning/Projecti$ ./haibinCalculator

= -1
123456789987654321
2 123456789987654321 = 246913579975308642
exit
Exiting the calculator.

2
2
2
2
2

-v / --version
FTERTHRE A ARA, BoRTHE 289 PRI (8] . FTED El Psy Kongroo FIHH S 264 (WiE) -
(base) asc648@H3C1l:~/haibin/CPPLearning/Projectl$ ./haibinCalculator --version

HBM 5100

E1 Psy Kongroo

HaibinCalculator - a simple command-line calculator.
Version:1.1.2

Steins Gate World Line: 1.048596

This program comes with ABSOLUTELY NO WARRANTY;
Program build time: Sat Mar 9 02:51:41 2024

-h / --help FT B[ FL R B 1) 355 Bh

(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator --help
HBM 5100

Usage: ./haibinCalculator [o 1] [operation]
Operations:

+ : Addition

- : Subtraction

X : Multiplication
/! : Division

4meMbﬂmﬁﬁ%ﬁm%ﬁ%E

(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator --mathlib
Math Library: ISO C99

Crypto Library: Not available
Please install Sodium to enable cryptography features.

cls / clear i system(“clear”) V&% 5%

Please input your expression:

check il TH5 &% A A7 itk 5%

(base) asc648@H3C1:~/haibin/CPPLearning/Projectl$ ./haibinCalculator
28B40
2+2=4

20 X0 D

28 X8 25—RA

check

No memory leaks detected.

cmatrix WA — N FBC I #AE B (sudo apt install cmatrix), 22 % E, ctrl-c 1B H2,

2 B ematrix B . MO BRATRE SR T LA NOZE S BU E -



B asc648@H3C1: ~/haibin/CPPL X

6. BRIRE (didh=fw, wILABkE)

TEM Project BfRNIGFEE (dria A2 1), FEIX M BA — & EE P THEAHL: 1BM5100.
IBM5100 JE 1 5t B2 — kA ATk L, o DAk T — W pis ., Bag A Eiieul, 18
2001 ZE—~AY John Titor AR E C ok H 2036 4, ABANEFAC A BRI ML T4 B )
RO o5t o T Al 2R 2% 34K 1BM5100, IR BRI G WL RT3 B 1 bug (AR,

BAREXAXAE, HH, FRAEFEER] T —4 1BM5100 FI#EF M. EitAHE s
%o FkEEZ] 5100 ERJIATES, TR THE ML Hai Bin Machine 5100, i
X HBM5100.

= The foll i implaarithmeti
| operations you can do on the 5100.

ARITHMETIC OPERATORS

—
(&
Batora you begin these simple operations, you should know that some
F £0rs) you are wsing
the

of the arithmetic signs (called opers:

1C F
IBM 5100 ‘when you usé the BAS uage.

BASIC Intreduction

Inst
 mult . Sim o sign |-
1/} in BASIC. The sign for exponentiation {ri

51 fthe upper shift character on the Y key) o
blems;

problem:
Arithmetic You Press “The Display Screen Shows
& DOO ‘ i
13
READY

Subtract Bfrom 5

EB!‘

HEE ‘ ki

it

FEONPEATHI/&, 7E Project H¥) Calculator be 3C#Y, J&H CERN 1) text2html A=A, 1
CERN, MKtz TH7t R, B2 (aria a2y HERRIR! Bk, FRATHX AR E R
4, X —YER S drie A 2 T THIE SR !

Part 4: ZE3KsCI: BR_EROEME



AR Project T H L5 FIUIR, A main BREUR NG, RIESHCABAL, AIWHAT A 4.
RIS, b A S R AT BT E

CountDecimalDigits

NumType JREI— N doubleZ B9/ 8L
RERE.
3.20+2.90=6.10, MR

o= ik B, SR H
5

NN, R, efF
i : [

HEILA | EFdouble
doubleits | e

S args [ 5
TRANEIERL S—
b B
7 Mam( ) F‘ L —MERE )
]

CUDA

i HTETR, S
, ! IEZEH IR

BB, HFarraysCHINLHEEE OpenMP

e
it
D>

g

— " 5 ST piNStoThi)
AT RESI

Bt B

L 2, GMPEE

RS }—‘
.
-—ammEE- |

ToERBIZ o e %ﬂ?%t/(d\w SEINY, s gt
J { o 2R ¥ ‘ SElEE — LRER
AT
exit?
Mode2() \T/'
= éﬂ?%‘é%ﬂJ
! CalculatorKernel
1B

4.1 WA X B2 *?

A Project FFAA T X ANRIALFE . main BB SIRIE & R H I TR/, BEE &
P W A N ) T R R

int main(int argc, char **argv) {

(argc)

4:

char *operandl = argv[1];

char *operator = argv[2];

char *operand2 = argv[3];
CalculatorKernel(operandl, operand2, operator);

& 4.1 main #y\FIH
ERBIAA 3 * 5 i, A arge R IFAZIRAN 4 >0 JRBE S 17 4 SRR 2242 1)
fhZRE 7 B B CH PR, (HRABEA VRIS BEERATHEAT T, KBS
S BCH TSR T A B S AT B N o Bk, ARRIIER ™ 5 1E linux REEH
SR N IBRCERT -
$ ./calculator 3 * 5

argv[@] --> ./calculator
argv[1] --> 3

argv[2] --> calculator
argv[3] --> calculator.c
argv[4] --> 5

argv[arge] = (nil)

B 4.2 3HF * BN



L RE, FHFHAZIMRFRET, I x 5 LU * 5285 M Fl b B =
E%i;EF:

i RN “3% 57 AR I TRBIOIRS, (HEN T35 ZITM A 15 SRR
Wlo N g, HEURAT K 3 MR a5, BEGEIER A%, B, XA SR %
A% AR A AR E 3%, iRE NRKFER TS5 AR T oSt~ e
A, BASE B RS B AT R B B A A ST

PR EZERMNTE X B E, FATA LEAEC shell (IS E SCHF, #EA~/ bashrc
A, I RU fr & 25 IR BT R IT o SRR AERIME AR B AR, N T — MRS E Ak,
DL R 2 BAEH] 1) 1 ke 5 (8

1. set -o noglob

4.2 Mode2 By
7E mode2 T, FATEERH PRI, REHATHBFTHEFE S
) @

char *expression NULL;

size t expression_size = 0;
(1) {

ssize t chars_read = getline(Zexpression, &Zexpression_size, stdin);

F—IF U 172 getline PREL, XL stdio.h . {HiE, ZIWICXA KB AE R
Windows ] minGW B, ‘B &7~ Windows &4wiFssi& A Xk, HBERFH T fget A%
[ }

USE_LONG_INPUT
2 char *expression = NULL;
3 size_t expression_size - 0;

; int max_size 2048;

7 char expression[max_size];

(1) {

USE_LONG_INPUT

size_t chars_read - getline(Zexpression, Zexpression_size, stdin);

fgets(expression,max_size,stdin);

KA fget BB IR E R A KRNI BRE], AT Xtk J 47 75 A R s H AT 2 B
YOS E PN

WP A —mEE A ATEHER T E LR, EXE T scanf, gets
N fget =FPREIIX Ao scanf A& AEH AER, FRAIVAMALEE A 6 1 char £, RJEHIA 8
A char, SR ESERAGEHRSIHTHT. HlEd, SBESRMINGZ. 1 gets [)JE R
M scanf MH[F], R fget BREUABEIRIENAE B2 4, FEHRBERE stdin AT

4.3 IEEE754: RN T RF a2


https://www.jianshu.com/p/73e004f22c1c
https://www.jianshu.com/p/73e004f22c1c
https://www.jianshu.com/p/73e004f22c1c

FNITFUG LB H 28], &I matlab FIFE ) CASIO 115 83 4F 15 1 1 N FH i #8 & double
HATIM5H . Double EIMBESFERAND 2 HIBEIXANRERK, TP T double [FR1E: IEEE7545],

IEEE Standard for Floating-Point
Arithmetic

IEEE Computer Society

Sponsored by the
Microprocessor Standards Committee

£ |EEE754 by, 1EMnEATE S KIAREE, double 28] 1 A&7 IE 17

i BE %

63 | 1 oGS, Hbo FnEE, | il
62352 11 R, (RN 1023
5130 52 R

TEMEZ A, BB R T — Lk Pz i A B FEE . HaniF s 2 B % NaNs &
1111..11 oR 1, HFEAVEH 0/0 B, SHIIXAEE R . FRARIRPRIE IS E MR . A,
PR Infinities FLiEsk, TEFRIXAEH N-1 bits of Significand J& 0. 75— AN R K A AE 17 S B0
XA IEZF A RN, BREATIE B2 B B — b ) s B 7 R R A — 3

Encodings of T Binary Fields :
Number Type | Sign Bit K+1bit Exponent | Nth bit N-1 bits of Significand

NaNs: ? binary 111..111 1 binary 1xxX...XXX

SNaNs: ? binary 111..111 1 nonzero binary 0xxx...Xxx
Infinities: + binary 111...111 1 0
Normals: + k-1+2K 1 nonnegative 1= 2N=L: g pNeL

Subnormals: + 0 0 positive n < -1
Zeros: + 0 0 0 3

XEEFIVNEBIEE, i 1 BT 55 IRJTA R 1 i & NaN, {572 0 1) 0 k5 &
J& 1A NaN. A T 3] NIXANE ST Not a Number, ARifEXT 4356 i A% 30085 e 6 42 NULL —
FEVEIH

Differences of opinion persist about whether certain functions should be INVALID or defined by convention at
internal discontinuities; a few examples are ...

1.0¥*0 = (-1.0)*¥*0 = 1.0 ? (NaN is better.)

ATAN2(0.0,0.0) = 0.0 or +m or -t ? (NaN is worse.)
ATAN2(+o0, +o0) = /4 ? (NaN is worse.)
SIGNUM(0.0) = 0.0 or +1.0 or -1.0 or NaN? (0.0 is best.)
SGN(0.0) = 0. ( Standard BASIC )
SIGN(+0.0) = SIGN(-0.0) = +1.0 ( Fortran Standard )
CopySign(1.0, £0.0) = 1.0 respectively. ( IEEE 754/854 )

BidbrdE)E, AL R LA, i 0/0. f£ 8 fiAARAT T, HOKMPIEHRE
& 16 fin, FATHAT LA double 7R

PRI ER B CEML].



double_operand2
ErrorDivideByZero();

result - double_operandl / double_operand2;

int effect_num_of_result CountDecimalDigits(result);
int effect_num Min(DOUBLE_DIVIDE_PRECISON,effect_num_of_result);

FERERUE, TR/ EL, BATHAT LN “ . HTHSEHLE A double THERSE I
Ho BE, EAFTEIHR, By T & TR,

4.4 SaTRERAF TEDF mEL?

W, B IIEA R IREFFTEN . 0.140.2 = 0.300000004, XA i b3 K )3k i1 1 1]
o FAE 10 36 N+ 2 —2—NHIRN L, H2 2 iﬁﬁ%ﬂ?+§n\z—iﬁn£ﬁz~%ﬁ%%
FRANTEIA /N, T double #HMNE, BASAE—MRZE. A2, WMRFBELETH,
0.1+0.2=0.30000004 R B & A X . I H., ﬁu%&ﬂ]ﬁ%&ﬁﬂ% printf(“%s”,Number), Al
BRI AR NS G 6 A7 double i . Ebln 2.8+3.2 =6, {HRBATHIF SEGTH S
fir i 6.000000.

OPTN CALC

e 1 = | & Jodl &
(=) “erw X7 sin cos ten

STo ENG )  seD

(7 15 ] o I
oEnne

AKX PAZE LMV ? F it T — N J77k CountDecimalDigits, 1 FH = F8%t H Wr— %L
A R E . XA T71E44 IR 8] double /N L JE — A2 0 B B . AEAL PRI R,
¥ double I 453 Bl char 20, SREAEEHNBATERAE . (TH 7TXANI7EE, BT B
FIENVE R T



int CountDecimalDigits(double num) {
int int_count = 0;
int isDecimal = ©;

(num < @) {
num 15

int max_count = 0;

char result_in_char_format[64]
sprintf(result_in_char_format, "’ num) ;

(int i = 0; 1 1
isDecimal
(result_in_char_format[i]
max_count At

}

result_in_char_format[i]
isDecimal
int_count
max_count

max_count-int_count;

Ak, BAnFATE SRR 5IRATH) double TR T VEA—F, printf A& W] He s i Hi
FIFT BT “',néﬁiﬁ’]ﬂ}l‘é A EL it 2/3=0.66666667, B UnfrEE ANE AL EL, S 4h R & DU+
FAN—A 7, FEBAMBINNE? REF T CES] (UM P Eyg S 80 , KRR 17—

XX,
Input: output base B and positive floating-point number
= [ x b° of precision p > 0

Output: V =0.didy...dpx B* where d, ..., d, are base-
B digits and n is the smallest integer such that:

— it

() 2'“ =V < ”*’; , t.e., V would round to v
when input, regardless of how the input rounding
algorithm breaks ties, and

(2) [V=-v|< Bk;n , i.e., V is correctly rounded.

Procedure:

1. Determine v~ and v*, the floating-point predecessor
and successor of v, respectively.

— b° if e = min. exp. or f # b?~!
T v=5"" ife> min. exp. and f = b¥7"

vt =v+b°

Let low = ”7;'” and high = ”*2”+. All numbers be-
tween low and high round to v, regardless of how the
input rounding algorithm breaks ties.

t 1 > t
v” low v high vt
2. Find the smallest integer k such that high < B¥; i.e 1 . . .
k = [logg high]. k is used to scale v appropriately. (2) 0.d1...dn1[dn+1]" x B* < high, i.e., increment-
ing digit d, would make the number round down
3. Let go = 3. Generate digits as follows: to v.

—anxBJ a1 ={qo x B}

_ qu 2B] gam {111 x B} If condition (1) is true and condition (2) is false, return

0.dy...dn x B*.
: ¢ If condition (2) is true and condition (1) is false, return
k
4. Stop at the smallest n for which 0.d1...dn-1[dn+1] x B*.
If both conditions are true, return the number closer to

v. If the two are equidistant from v, use some strategy
to break the tie (e.g., round up).

FER R S AR FE ) 7 — MTEVR, MR B AL, AR
A RETT O IEIT AT H L, EEIH5E double BFTA Al Konfr, X EIEHAT A
RAERECAIE N 5 A, BE 1 &5 AR E 1

RIFIHRIRA B, BONLE java B R, BMBEAHE T HILNIKRE 2B A LI

(1) 0.d1...dn x B*¥ > low, i.e., the number output at
point n would round up to v, or



ITEN, AT EERL RS T LI SEE, VR I B R AR I 73 328

4.5 Numeric Implementation: {f5 Postgresql 89 numeric.c SLEIRIAEOTEES

{H7&, f#FH double [f1i%, 987654321 x 987654321 & AN r[ REF HUERLE RIN. N TITHE
A KRHE, AR F 7.

(BB AT 2 WR ? AR RIS A5 T DU B ST o AR5 XIS, T2 i o 3 A Hi e 1
B, WILFA NSEIL T IXFE ARSI ORE O

T2, EE T Postgresql ) source code, L[ 1EHIF T & numeric.c IS, 45 5H
W, NEAFIE, —FBMN—B, X numeric.c MINTEIERR, A KA, Postgresql 7wh S
T 12000 17!
PostgreSQL Source Code g master

numeric.c

ne(NumericSumAccum *accum, NumericSumAccum *accum2

tmp_var;

PR AR Rk, WEIE TS Ao 3, gtk 230 BERITIk, BT =
REB e AARREIX AN, BT AR Ol 2 7517 7. Wik E 2 “ i E a7,
R TR ] B S AET, SR ARG, SRS A ARAK” , RTREVL LS dn et .

EESEIEHE, ARE] T add_var ISEHL. FABTF)E, AWM B 7R TR,

NUMERIC_POS)

NUMERIC_POS

TEIX B, Postgresql H LA AERT S, LI T — add_abs Fl sub_abs, 7E X 4 AN FE Al
LN REAS IERH I, PARCREET /N 2 )5, add Ml sub 2l &% e IE fitk, 784
I EESS. 546, 1E Postgresql T 28 AL A& i 41 2 K 58 45 A AR AT 52 o



i1 = res_rscale varl->weight s
i2 = res_rscale var2->weight 15 (i- maxlen-1; i
(i = res_ndigits - 1; i 0; i--) ) int digitl
ptrl 0
i1 ; digitl = numberl[ptri]
i2 ; ptrl

alal 0 il < varilndigits g7 int digit2 - 0;

carry varldigits[il]; ptr2 >= @

i2 (%] i2 < var2ndigits digit2 = number2[ptr2]

At - ptr2--;
carry var2digits[i2];

int sum = digitl + digit2 + carry;

carry NBASE 6 result[i sum % 10 g
carry sum 10;

res_digits[i] carry

carry = 1;

(carry 0) {

01 int i-maxlen; i i
res_digits[i] carry; 702 r t[i+1] = result[i];
carry = 0; 7

result[eo carry ‘e’

result;

Postgresql L3I add_abs FEH LI add_abs

PRIk, FRAKHE Postgresql (117520, WA SE R 1 R BEEIVE AL 11t ERFEE A
e ? FAREL £ 1A,
HARR B R, E2R N80T AR, RS R AR — R S AR .

[a[1] b12] No b j1-0
b[2] a[2] b[3] ’
Let T = b[3] a[3] b[4] A Let q[1]:= O and
b[4] a[4] Sy
bin] qljl =b[jl* >0
b[n] a[n]] for 14 <n.

(i1 = Min(varindigits 1, res_ndigits
NumericDigit varldigit varldigits[il];

varldigit 0

b

maxdig varldigit;
maxdig > (INT_MAX - INT_MAX / NBASE) / (NBASE

carry a5
(i = res_ndigits 15 1
i
newdig = dig[i] carry;
(newdig NBASE )

carry - newdig / NBASE;
newdig carry * NBASE;

carry = 0;
dig[i] newdig;
}

Assert(carry 0);

maxdig = 1 + varldigit;




i21limit = Min(var2ndigits, res_ndigits
dig i1 2 dig[il + 2];

(i2 = 0; i2 < i2limit; i2++)
dig i1 2[i2] varldigit * var2digits[i2];

R E TR ERER 0(nn2), TP for JEM . £E55 A for TR, BRI
MIBREFEE M. ANLIXAS Afi] += B * CHIHI A I AT RE T, EAHRBATIFFATH
S AR HER FRAT AR | B R IR AR, FRATAT DL BT R, S IN% E)

TEBAS AR ), FEIXANEE 2 1 for TEIA AT I — @ RAFAEE R

KA SEAAD f5 , FRESLHTeyh ik 21X 4 S8 : T2 A x B, F A5 H B HH I —1% var_digit
SalET E A, AR A ER— A EH (multiply array x num) , R EFATEIT var_digit
FTAE I, K ERATAZ5 R TRAL Cshift) , B e RIS BB FRATH result 204 L.

IXFEEEE & T Postgresql B BRAESREAR —50 1 o

char* Multiply_array_and_num(char* number, char num, char* number_copy){
(num ‘0" ){ "e"
(num =1 ) nun

int num_of_num = num TN

(int 1 = 0; 1 < num_of_num; i++){
number_copy = Add_abs(number_copy,number ,number_copy) ;

number_copy;

char* Shifting_num_for_n_digit(char* number, int num, char* result,int number_Length){|
(num==0){
number;

int len number_Length;
(int 1 = 0; i < len; i

result[i number([i];

(int 1 = 1len; i < len + num; i++){
result[i ‘0’

s
result[len num]
result;

KR, ATHOEL array, SEIL 7 OREEEUR SRS . X BIRE [ RSEIME, ERR T &
THEZIAMIR R 2R, BREEERA LI . FORER AR A, DU ZE AL,



add_abs sub_abs
e —
add sub
l L
multiply shift for
array x num num
41;—1
multiply divide
HETFarraySLHIAiHESS

1M Postgresql L1 div_var, BR&IERABAEHE . I, H A S E1E R AR 7 X
XANBRIE AR I AN, AR =R = OS2 1, AT BAFAEAT o Bt f, FRBE R
g7 XA AT

REEEL P INI3E IR double HIIIIE A —HE . [FIFER — NS, W& R E B SEI
BAE S AR X IEFRAR AL 22 WA I 2 ik 2 B T VR B PR 3K AR . Double FrR 7R
(BRI 18 SRR BB DL/, KB R (I BIR IERE 8 ) — AN DUREE, X AN B ER
HUEAMILR S Cardinality #EAAHE, FRATZABEEREF NIESAGAR BT —3), wiefr
R AT ISR —REI o [RIREXRT T TRt @ — R, — /N IR, — AN B,
ATARE ] L b — AR A=

(var2ndigits 2)

int idivisor;
int idivisor_weight;
idivisor = var2->digits[o];

idivisor_weight var2->weight;
var2ndigits

idivisor = idivisor * NBASE var2->digits[1];
idivisor_weight--;

var2->sign NUMERIC_NEG
idivisor idivisor;

div_var_int(vari, idivisor, idivisor_weight, result, rscale, round);

Postgresql B ERIEMISZIL N 25
4.6 Karatsuba KEHERIEFRR

HRALAHMAR GO ERMEER? LT EMNE T —T, ©8A. MTHXRE
Karatsuba K&k EyE - %°F (zhihu. com), AR T ZMaREEEE . FRATHIFI
G B, AU S /N2 A ey, 218 XM n o 1T FL FR 8 B FFT [ Schonhage - Strassen algorithm,

R PFERT DA E DA IRADIR D ! AL O(n logn loglogn) !

AEREEEGE:

1 VEERSRE: RERREENFERME;

2. piafE: RESAEKaratsubaieix, —fRCLAIEBToom-Cookaix;

3. REGEMITRFFT: (ATERBEDR, JLKBRESICIHEFNTT) | [ESZREON
IgN IglgN). Effa]£#8Schénhage-Strassen algorithm;

4. FERREE: BE8MORE—LERNEL, REENRRAEDRERERHIT,



https://zhuanlan.zhihu.com/p/144813558

% F Karatsuba 7%, XEERHEATREWEMRNEL T . B OEXET, TN
fF AN, FRATEE S W AxD FI BxC, BEJSFEAIN. T Al AR B T PR AN EOE R
(A+B)(C+D)-AC-BD, XAFAEH FWACEEH | T, Wb T, fun—4 441
e 4 A, WATVH/ANFEINEREE 16 Ik, il RE 9 Uk, X 7 IRA TR AL .

Karatsuba main idea:

A B
X C D

AD BD
AC BC

AC AD+BC BD

BIMREA TR LRI EE AL EERAD+BC, GRATRMOMY/AFTEI—OMMINE, il
TEIFDESAD+BC, LUFLDO,

AD + BC = AC + AD + BC + BD — AC — BD = (A+ B)(C + D) — AC
~BD

#M(A + B)(C + D) — AC — BD, ESFBRIESHNFRTGYER ACH BD, EIUR
BI— O(n? /4) eI O(n) M0 (A EETLMSEIAD+BCAYE.

(5%, XANFIEA MR B R, R fh 75 SO0 O R, X/ EORT I S BB K
EZMThR, Bk, WREREARHEXNHEL. HE, ZEIERIF TR, iEREIRE
IR T AR A PR S B A A 1, B SaRiE v RELE R RN E R IR £

double karatsuba_multiply(double x, double y) {
(x < 10 y < 10) {
Xty

}

int n - fmax(logle(x) + 1, logle(y) + 1);
int n2 = n 23

int a x / pow(10, n2);

int b X - a * pow(10, n2);
int c =y pow(10

intd=y - c pow(10, n2);

double ac karatsuba_multiply(a, c);
double bd karatsuba_multiply(b, d);
double ad_plus_bc = karatsuba_multiply(a + b, c¢ + d) - ac - bd;

double result - ac pow(10, 2 * n2) ad_plus_bc * pow(10, n2) [
result;

Karatsuba #7528 (Generated by GPT)
Part 5: NfFIEE: Java REKAI—E&

W 2T RE] T RO 035 o BAEK BAES T 4 K 4 B0, e IF AT s/ A
BB — R S TP R KM C/Cr Ml MR BERBLE0: PO fE R | 24 3R 017 73k
malloc fif, ISR FAI free HUH AN AE, I I WL — BRI BRI SR, —
BRI AL, REITE, BT S S 00 R, 55 VR TR AL
f g 171

A7 -2 AR LRI A B0 2 R B T — AN valgrind, 20— NHERL CPU, 7
AL CPU 2 FRRATIANET, R RO 504 PO 7 MR T



exit
Exiting the calculator.
==517688==
17688== HEAP SUMMARY:
17688== in use at exit: 232 bytes in 3 blocks
17688==  total heap usage: 5 allocs, 2 frees, 2,280 bytes allocated
17688==
17688==
17688==
==517688==
==517688==
==517688==
==517688==
==517688==

120 bytes in 1 blocks are possibly lost in loss record 3 of 3
at oxusu3828: malloc (in /usr/libexec/valgrind/vgpreload_memcheck-amd64-1inux.so)
by ©x4A2515D: getdelim (iogetdelim.c:65)
by ©x10B804: Mode2 (in /home/asc6u48/haibin/CPPLearning/Projectl/haibinCalculator)
by 0x10BBOE: main (in /home/ascé6u48/haibin/CPPLearning/Projectl/haibinCalculator)

LEAK SUMMARY:

17688==
17688==
17688==
17688==
17688==

definitely lost:
indirectly lost:
possibly lost:
still reachable:
suppressed:

0 bytes in @ blocks
0 bytes in 0 blocks
120 bytes in 1 blocks
112 bytes in 2 blocks
0 bytes in 0 blocks

17688==
17688==
==517688==
==517688==
==517688==

Reachable blocks (those to which a pointer was found) are not shown.
To see them, rerun with: --leak-check=full --show-leak-kinds=all

For lists of detected and suppressed errors, rerun with: -s
ERROR SUMMARY: 1 errors from 1 contexts (suppressed: 0 from 0)

FATH valgrind ./haibinCalcluator 12345 x 123456, B ZhFAIHHE 8. 45 B KM, T
IR IR EE T 120byte, AIREJRIE 1 112byte.

B — I FERXA ) FRR, T 5 DA SEBse ik T, RULE Ry E . s
I % T Postgresql B IHAE: AR result M7 B AR, 7E result Lt
ITEAE, ARTE VAN H S malloc —A, ASRIIEIR [8] (1B & TCI2: free #E . HJ2
A P 55 0 BRI ) %2 B CfCH+ T R : WA R4 L RN — A8 2| 0] 111 ) Windows F1 Postgresgl
BAE LT AT, A 2 AT AL S AT SE I N A7 R free, 23 33 Windows R i

1

HIGEE TR Z I [ 2R IKAE S, B 17— AFEMEN java J5, RRIEBIX I
B, IR A —MpAE bR 1L B (R &, FRUTI 45 1 Oracle P27 RO B, RHPR 1!
result) {

char* Add_abs(char
strlen(numberl) ;
strlen(number2);

int lenl
int len2

numberl, char* number2, char

int maxlen

Max(lenl,len2);

IH:EHL*QEU%EEZ%T&Q fhZEAh ) 2 B 8 7 —Fh & N AE A BC I 5 vk AR
HC— N NAF I, FRATTEAE — AN BER BL2E RIRATT e N A 1048 &F o RN A TR F8 £t
MEER TR, https://blog.csdn.net/weixin_43308899/article/details/135122404

struct Allocation {
void* address;
size_t size;
struct Allocation* next;
} Allocation;

Allocation” allocations

NULL;

void add_allocation(void* p, size_t size){
Allocation* newAlloc (Allocation*)malloc(
newAlloc->address = p;
newAlloc->size
newAlloc->next
allocations

Allocation));

size;
allocations;
newAlloc;

void remove_allocation(void* p) {
Allocation **ptr allocations;

(*ptr) {
Allocation* entry pEES
entry->address p
ptr = entry->next;
free(entry);

3

entry->next;



void

Calculator_malloc(size_t size){

void* p = malloc(size);
add_allocation(p, size);

P

void Calculator_free(void* p) {
remove_allocation(p);
free(p);

HRLIX R A, BATT AT A SR ERATZ AT BC a4t v 7O, RECS T
/> memcheck 1 clearMem [ e8I %5, AtbATT AT LABE IR W44 P9 A7 itk 5 AVS 25 e 70 BC I N A7

void clear_allocations() { (current NULL) {
Allocation* current allocations;

void check_for_leaks() {
Allocation* current = allocations;
{
printf(“"No memory leaks detected.\n");
(current) {
Allocation® temp - current; printf(“Memory leaks detected:\n");
current = current->next; - current
free(temp->address);
free(temp);

printf("Leaked memory at address %p, size %zu
current current->next;

allocations NULL;

LR BAT—FELCL )G, BAOOTHESREAR EAS MIA R 7. X BRUREr,
HAR (3/10) B ELRNAAMTER, S8R UG8 7 REL gisch HalEE 1. At

BB A AT 112byte HUMEEE . JRE A B H B 5 10

o (HAZIX U2 2 AR HIAR

2, REIRGF A IR, AR A RS KGR C HiFE—MRKHIHEII

Memcheck, a memory error detector

$ valgrind ./haibinCalculator 213u56 x 123456

Copyright (C) 2002-2022, and GNU GPL'd, by Julian Seward et al.
= Using Valgrind-3.19.0 and LibVEX; rerun with -h for copyright info
Command: ./haibinCalculator 213456 x 123456

123456 = 26352423936

HEAP SUMMARY:

in use at exit: © bytes in 0 blocks

total heap usage: 1 allocs, 1 frees, 1,024 bytes allocated

= Memcheck, a memory error detector

$ valgrind ./haibinCalculator 213456 + 2423453123456

Copyright (C) 2002-2022, and GNU GPL'd, by Julian Seward et al.

Using

Valgrind-3.19.0 and LibVEX; rerun with -h for copyright info

Command: ./haibinCalculator 213456 + 2423453123456

Conditional jump or move depends on uninitialised value(s)

at
by
by
by
by
by
==773311==

0xu4849CB8: strlen (in /usr/libexec/valgrind/vgpreload_memcheck-amd64-1linux.so)
OXU8EAF57: puts (ioputs.c:35

0x10A5B8: Add_using_array (in /home/ascéu48/haibin/CPPLearning/Projectl/haibinCalculator)
0x10B070: CalculateBigInterger (in /home/ascé648/haibin/CPPLearning/Projectl/haibinCalculator)
©x10BU1E: CalculatorKernel (in /home/asc6u48/haibin/CPPLearning/Projectl/haibinCalculator)
©x10B7B5: main (in /home/ascé6u48/haibin/CPPLearning/Projectl/haibinCalculator)

213456 + 2423453123456 = 2423453336912

HEAP SUMMARY:
in use at exit: 0 bytes in 0@ blocks
total heap usage: 3 allocs, 3 frees, 1,063 bytes allocated

= All heap blocks were freed -— no leaks are possible

Use —-track-origins=yes to see where uninitialised values come from
For lists of detected and suppressed errors, rerun with: -s

ERROR

SUMMARY: 1 errors from 1 contexts (suppressed: © from 0)



213456 x 2423453123456 = 517300609920423936
HEAP SUMMARY :
in use at exit: @ bytes in 0@ blocks
total heap usage: 55 allocs, 55 frees, 2,073 bytes allocated

All heap blocks were freed —— no leaks are possible

Use —-track-origins=yes to see where uninitialised values come from
For lists of detected and suppressed errors, rerun with: -s
==774196== ERROR SUMMARY: 70 errors from 7 contexts (suppressed: © from 0)

98'765‘4321 X 987654321 = 975461057789971041

987654321 x 987654321

987654321 x 987654321 = 975U461057789971641

exit

Exiting the calculator.

==T777740==
777406== HEAP SUMMARY:
77740== in use at exit: O bytes in @ blocks
T7740== total heap usage: 79 allocs, 79 frees, 3,684 bytes allocated
T7740==
77740== All heap blocks were freed —— no leaks are possible
TT7740==
77740== Use ——track-origins=yes to see where uninitialised values come from
77740== For lists of detected and suppressed errors, rerun with: -s
77740== ERROR SUMMARY: 180 errors from 7 contexts (supplessed 0 from 0)

98, Ekﬁmﬁﬂﬁ/ﬂ%T WEAT A8, FRATH htop B btop (btop 1) Ul F57 4F
! OamFIER) EERAMMES S H NG

9 6 1 1 100. -0 rw,nosuid,nodev, ,a
523700 :00. sh /home/yangyk/. vscode selver/bln/74f6148eb9ea
709762 asc6u8 1 :00. sleep 180
709764 asc6u8 1 :00. sleep 180

709912 asc6u48 1 :00. ./haibinCalculator
3956 :00.46 tini -g — /startup/docker—entrypoint.sh neolj

FATVRIL, ERE AR 2, FATE Z 0 IAVE XA A7 1l fe s s, (H2 o 1 ) 4k
EFERE R &, AR BORFF ™.

Part 6: FH{TitE

6.1 [z OpenMP

HETHEAEH T — T OpenMp KR5S EITEIIIFATIL . FEXEL, T omp EEATEL. T
T 2 R — LB

omp parallel for: X E% for 3 7] AE 2 4% _EIF-AT 5E 1K
shared: {ETEIARS, AR ERMEZEHCOH M SEN copy. AN T IRIE copy H—EH,
BATRE R AN shared. FLSZAZIRIEFE default IR T result 1 carry gi#l 23k
IR T o WIRABZEREA for fEI IS EHARISLIY, FRATEDN private.
reduction: M%), FATMTHE S, WREIC SN FEZ OSSR, AT ED—1
reduction #/F .

void multiply(char *numl, char *num2, char *result) ‘{‘
int lenl = @, len2 = ©;
(numi[lenl]) lenl++;
(num2[len2]) len2++;

int len_result = lenl + len2;
int carry = 0;

omp parallel for shared(result, carry)
(int i = 0; i len_result; i++) {
int temp = carry;
omp parallel for reduction(+:temp
int j = 05 j i; 3
(G] lenl i-3J len2) {
temp (numi[lenl - j il 0, (num2[1len2 (i

i

result[len_result - i 1 temp



len_result i
carry temp

Lt[len_result

i start; i len_result; i
result[i start] result[i];

ZERSIN T RIS HPC IIZRE , £ MPL Y, ERALIXFER IR S 8H &
barrier,Bcast,Scatter. F:52 OpenMP i JEAEER MPI I AL, — MR SZZAIKERE, 5
— AT RS T R IA LS . OpenMP FRIEAS BE N Z4H R -

KR H AR 2RI T fE OpenMP I, A B 22 5] — N e AR . FRAFM(S /EH: ok
() Matrix AHICHIHIAE ., FERRZAS EINAF O R T

6.2 GPU 7®ig: &F =it E/iEE) CUDA 2813

£ CUDA Zfert, FATMTHE S EERE WA CPU LAY EON GPU IR R KL
GPU % e U global Kon A, ZAJEAEN S Fe%. R EHH AL A=B+C*D IXFPE
B nvee 7R BEIRE B SHE SR 0 BC 2 &M L AT .

void multiply(char *numl, char *num2, char *result, int lenl, int len2) {
int idx = threadIdx.x + blockIdx.x * blockDim.x;
(idx < lenl + len2)
int temp ‘H
int j CiRg idx; j

(G} lenl idx j len2) {
temp (numi[lenl - j i '0') (num2[len2 (idx - 3) 1
}

result[idx temp 10 '0';

1 }
M CPU i TSRS £ 24 CUDA 1137 1, CPU 55 EH UK AT S H ki
F GPU A 2. FRAITH] cudaMalloc BRI UL BE SE K 1 o
ZJ5, FATHH NVCC ik 25 4 PR R AT haibinCalculator.cu S, HLREIRAFIRATHI K
BHORIET A T

1. nvcc -o GPUCalculator src/haibin_calculator_cuda.cu

char padded_numl[MAX_SIZE], padded_num2[MAX_SIZE];
(int i 0; i < MAX_SIZE; i++) {
padded_numl[i i< len1 numl[lenl - i
padded_num2[i i len2 num2[len2 i 1

cudaMalloc( (void d_numl, MAX_SIZE
cudaMalloc( (void d_num2, MAX_SIZE
cudaMalloc( (void d_result, (lenl len2 char))

cudaMemcpy(d_numl, padded_numl, MAX_SIZE char), cudaMemcpyHostToDevice);
cudaMemcpy(d_num2, padded_num2, MAX_SIZE char), cudaMemcpyHostToDevice);

int num_blocks (lenl + len2 + BLOCK_SIZE 1) BLOCK_SIZE
multiply<<<num_blocks, BLOCK_SIZE (d_numl, d_num2, d_result, lenl, len2)

cudaMemcpy(result, d_result, (lenl + len2 char), cudaMemcpyDeviceToHost);




nt start
result{start ‘a’ start lenl len2
starts++;

nt i start; i lenl len2; i
result(i start result[i];

A TR R 2 MR CUDA,  FRALBOA 4k S At 2 % A . FRA BEAE 5 B: 10 Project
B, RAEAEIERRIZHE X SRR .

6.3 4aEllizt
Which are better: OpenMP or CUDA

IR, PUONRJEIXURBRAERE 1, €I o il . HeyEia Cnss
W, KT —NKREHOERE, KRR B4/#>0penMP>CUDA, )5 /& OpenMP > HLZK
£ >CUDA, J5 7] fE/Z CUDA > OpenMP > FLZRFE ., IX— VI %2 BIBE A K.

Part 7: HEUEZT

7.1 REFHREEBERINE
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