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AVAS—EBEZFALE
T RERROTEGEER T EDRE

KILFHE W T S kg >

BE : UNIX X—RAD 32bit ¥ A7 ATIE, 2038 FICFEAIEHROA—"—T7n—Z R T LMo TS, Kl
TEHRAS 64bit (IZHEIE SN2 AT A TITRFICMBE & 1372 B 72028, 32bit Y AT A TR SN 7 1 7T LT, 7322038
FELBELBETOHATIIMEL 2D, ZRETEESIL, Z0XHRT AT 5% 32bit VAT LD E E T 2038 4ELL
BLBEEHIES, Kax N7 as T A0 EFEERELTEL. AETIE, £5 LY AT AT 2038 FREE
FERNTRPT L 64bit (LEBEITAERIC, TV A— g L OR TEENKLEREFT 2T 5 A2 RE
T5. £72, TOHETIHIR LT FreeBSD 13.2-RELEASE @ amd64 BiBEIZfFET 2 BB AICOWTHE T 5.

F—— K : 2038 4E[RHE, 32bit AT A, UNIX, Y — R o— RfiEdT

Checking the Scope of Influence When Changing Data Types
Using Compiler Warnings

HIDEYUKI OE'® MAKOTO MATSUSHITA>®
KATSURO INOUE*©

Abstract: On UNIX-based 32-bit systems, it is known that a time information overflow will occur in 2038. This is not a
problem for systems with time information extended to 64-bit, but it is a problem for programs developed on 32-bit systems that
will continue to be used after 2038. The authors have proposed a low-cost method of modifying such programs so that they can
be used after 2038 on 32-bit systems. In this paper, we propose a method for easily identifying the parts of an application that
need to be modified when considering the conversion to 64-bit systems to completely solve the 2038 problem. We also report on
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problems found in the amd64 environment of FreeBSD 13.2-RELEASE using this method.

Keywords: The year 2038 problems, 32bit system, Unix , Source code analysis

1. [XC®HIC

2038 4EMREIZ, 19704 1 H 1B OB Oy &l & LCHE
A N7 w745 Unix FERIAS, 32bit 5T BH D
BRREZBZHE (203841 H 19 H) I2RE5[ETH
%. ZORMBEOERIEL, Unix R4 32bit 554 & T
Worw, FROANTA—NRN—Tn—RNEETHZLT
H5. KITTIE, Unix 21X COKMED OS T 64bit ~DHL
EAHEA THHIRI= 0, 64bit B CHIZICHRET 277
Uk —rayy 7 FTIE2038 ERIEITE Z 570, LaL,
Unix K% 32bit CH 2 BREE CTRAIF S 4L, BEICEHE LT
DY AT KT ONTIE, 2038 AFERIEDBNTE L TW 5. FRIC
2038 FLUE LM T 5 BFE MRS AT L TEXIRA L
L.

—iz, BEHifChOlo TEHLTWD 32bit DV AT
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L% 64bit (b 255, N— R U = THED VAT LB,
0S, V7 oxTT7A477Y, RIANEORIGKRIR E
HE s, BRI O RO S E -0, sHRICiZa A b
BNIND.

EHEOIE, ZORMEERLVEKa A N THRRT D20,
32bit O F F AR & 1998 /I 28 R 6T HiEE R L
7B ZoFEE, VAT ALERERE S SET D ATREME
DB 64bit L X VXML X N THEITE 523, 2038 F»n
D 28 A% D 2066 AT IIFHE X R B NI &L 72 5. 2066 4L
LT AT LERSR LT HLEITEL, VAT L%
64bit IZYEIRET A Z ENEFE LV, ZDHA, time t TEHK
% 64bit (LT 27T TR, TV r—varyrus I A
CLF, 77U r—vay) ORTHRAOFHES, HZE
WE—RRTET27OICFHA LTV EE S GO T 64bit
EBRREEL 72D, 26 DEROFMERT &I 7s < FFE
THDIE, 7ul T A0 > TIXREEE 72 5.
AFRTIL, 2038 EREORIR & LT 64bit La175 7 7
Vor—varydl ) LIEEETEZ, —&RIZT7T 70 r—v
a UBARICH W SRS TR BUCHh I 2 FiE &%
5. Flz, ZOJHIETHE LT FreeBSD 13.2-RELEASE @
amd64 BBEICAAET D SOV THET 5.
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2. REFE

2.1 BEREEE

N—= R =T ARy 7 ED Y AT NEEREFTETE T,
TV r—3 3 D 2038 AT time_t 10> 64bit /L THF
ST A%E, £9 0SS 2L AT A4Kk%E 64bit (LP64
FT—HET ) ICEESHZ D, COBEHRZOBIZ, 2038
R DIRIK & 72 5 time t B O EFRIL 64bit IZPLHE I LS.

JEAREAIL, VAT LATEET 27 Y r—va o
TN VIRRIZ D, time_t T 64bit & LTS, 2D
LE, 7TV r—va VNI TERE R OB (] 21X 32bit
Thbd int M) OEFITRAT 25LEFICHENE X 5 0]
RERDH L. Zogh, T FEREE TIRARTbR
LN HB.

TV r—va YNE TR A o X5 1l o o
1%, #AHCKET S, 20 Y —Aa— K EO Y Z T
AERER > TODDEEINCD Z L%, —M%ICIXR 5
Thb.

22 WRETHIRE

FreeBSD 13.2-RELEASE Z %8 & L, /usr/bin LK D%l
a< 2 K (cat 7*5 uuidgen 2~ RET, £HT 38 i)
ET7 7V =y ar b AT CIoMEERFNTS. V—
Aa— RO XA VBB, fust/stc LLATICEEE T 5.
FreeBSD Cid7 —F7 7 F ¥ —Z LA VA b —)bA A —
CHRABENTWS., ARTHRELT LT —F%T 7 F ¥ —
1%, 1386 (32bit), 3L Namd64 (64bit) &35. ZhbHD
BREID/Must/bin LLTFTOa~y RO Y —Z a— Rida< [{—
THY, TFET—FT 7 Fr—IlELETRIDOL
IILERIND.

K1 T—X77F¥—IlLD7—XAL bitlE
Table 1 Data type and bit width in each architecture.

B4 i386 (ILP32) | amd64 (LP64)
int 32bit 32bit
long 32bit 64bit
long long | 64bit 64bit
time t 32bit 64bit

23 FEOHE

AT LD 64bit {LIZHEVY, time t FUIE 32bit 225 64bit
WIEIEE NS, 2o & &, time t Bl% 32bit & LTH D Mk
BEA~ORAN, BRILBER I CHIRN T — Z RO RELIT
BN 2 ENREAET RN S 5. RO -1,
V—Aa— K ETZOMBEELT ) Y E RO TEET S
WEERH D .
EIEEFFED T, 1386 7T —F%T 7 F % — T 2038 4
FCMER S BET DT 7V r—v 3 T, time t B

(©2023 Information Processing Society of Japan
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D F % 64bit IZYEIRT 5.1386 7—X 7 7 F v —BRE T
time_t Rl % — RT3 2 DIZ, 32bit OEHCAEFIH T
LONREYTHD. time t T % 64bit {95 &, Bl 2 1XH3%
B OMEE —REBICRAT 2 EFT A —"—7 e —0
Z ORI E V. 2D LD REFTIEL, AT A% 64bit
kL2 LThH, NTEFLI il d.

AWFFETIX, 2O XS REHAZHEICHREELT 201
64bit (LT HHTD 1386 BREED = v /3 A fERICRH L T,
time_t% D Z % 64bit{b L 72 EREE TO 2 > 3o VAER % Lk
THZEERRETD. 6bitfLIC L VML= L D
N EAfHED 2 — REFMICRFT 22 &2k,
VEREEEFAES IR TEL RIS,

BEMIZIE, RAVA ZADI A~y F2EBEFTH a0
AIWVAA v F % Makefile (ZIBFE L, LLTD 2 SDOBRE T2
VA NVT B,

@ time t B DI % 64bit {b L 7= i386 BRhi

@ iHeTe 386 BREE

SR VFERIZIE, FRENY A R R~y FEL L
G, ZOLXIZELLPFNCTETENAL YA IR
< FEENR ) time t MAET L2 LIZERNT HIEET
B, TNEOLQDEERX v — U EIE LTI E S
L LTHN, BIEEMOETTE 725, 32bit & 64bit TY —
Aa— RFHBEDOTD, HBONTEEFEFET D 64bit
V—Aa—RERAW, &—"—Ta—OnFEMEEEE L T
BEOBERZREFT 5. K 1 ITEERATE 7 E O
R

FreeBSD V—2a—F

64bity — 23— F
(amd64)

32bity —Rxa—F
i386.

time_to 4 64bitft

EEEFFO LN L E

aAvrRqn

N

BERER

[

| R (32bit) ‘ &R (time_t:64bit) ‘

) |

[ ELBE : time_t(64bit) RERFIAERT
| e T }—

HARIRY Y FEE
X 1 AEEEFTORES A
Figure 1 Method of identifying modification parts

ZDOXEIIZLT, —WKIZT 7Y r— 3 L BHIERRIT R A
THEREL T EZHWCEBEREFZMHTE 5.

2.4 HBMBEOEE

32bit @ FreeBSD 2"EMET DBBI AR L, VY —A=3—
K& AFT%. FreeBSD Tid, Makefile % /ust/src/share/mk
TALZ PIEKEHLTWDS., ZOoT 4L 7 FUHO
src.opts.mk 7 7 A /LC, /ust/stc/bin L DY —RXa— K%
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AV RNANTIHIEOLF T a L ERETED. £
FreeBSD TiE, Z /"o F—EENRAET D L, ZORR
TayosAg /VEM’E%:E&)TI/\%L BE & SLIE IEE T O 4y
WEITHITE, BERBEEL TV NSV EFITSED
M\Eﬂ&)é. D7, src.opts.mk” 7 7 A A FLIR & B
MUTarR_AARIEESRNWE ST D, REFZK 2
2R

CFLAGS += -Wshorten-64-to-32
MK_ WERROR= no
2 SRR

Figure 2 Example of adding compile switch to “src.opts.mk”

“src.opts.mk”~D A L NA LA T a DB

2.5 i386 IRIET D time_t D 64bit {£

time_t (¥ /usr/include DKFE~ Y &7 7 A )L OH TESE
INTHEY, T—HROEREFIN—FT =7 Ay 7T
Clear "It Ty a rTiioTng. M3~y &7
7 AL TO time_t D EFE DB %7~

_typedef.h

__LP64__
AVRALRA 9 F
OFF

_int64_t

OFF

AVNRANRL Y F

_TIME_T_DECLARED

ON

_int32_t

_limits.h TEBObitIEEEHR
__LP64__T32bit/64bit% N X

X 3

Figure 3 Definition of “time_t”

time t B D E

time t MAEHRT DK~ F 77 A /LTI, time_t WD
THEHERZPI<72®, TIME T DECLARED OJEFE%E AW
TW5. time t BOEFATIZ#ifndef TIME T _DECLARED
ELTHID~y #7574 VT time_t BINEFRZFH TR
HERL, REZROD X time t B O EF & FIRFIC
_TIME_T DECLARED %#E#&KT 5. DFE D a /A VT
B#\Z_TIME T DECLARED % % L/ &7 C, time t %!
NEBRENTNWAZ LILRD. ZOZ EEFALT, time t
WOEFRH 64bit ICEETH I &N TE D,

ay A AT g 02 Teinclude 7 7 A V4] EFRE
THE, WELLETZ 7 A NVERIIT T V3 T =30
5. ZOZEEFMALT, time t O bit 1EZFTEDOH DI
EHEI 5. K412, time t 7% 64bit (CTDIHET 7 A LD
NEZ T .

j:EI/\c

ﬂ i ‘rr def _TIME_T_DECLARED

long long time_t;

ﬁ ic’r ine _TIME_T_DECLARED
lendif

4 64bittime t HOES
Figure 4 Declaration of 64bit “time_t

CH)
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2.6 TS LDERE
FreeBSD 13.2-RELEASE ® Y — A =2— R (usr/src/bin) %
MG L TCary AV EFTT 5. AIfio time_t KUEFR D
OO 4 ONEFED~Ny X7 7 4NV %,
L < B @& L
LT ORLAEEBINTS.

/home/userl/my time th &

/usr/src/share/mk/src.opts.mk |

CFLAGS += -include “/home/userl/my_time t.h”

Z ® X H 12 L Clust/sre/bin/ T make & EIT79 5 &,
BTG % 64bit ICEE L7eA T V=l b7 7 A NVHPERS
1% . make FEITDOERIZ, LA OFEIRIZ T3 2 XA LD
¥ a7 7 A b d 5.

time t

make >&err_64
W2, /usr/src/share/mk/src.opts.mk O FQ il 7> & -include
/home/userl/my_time.h ZHIFR3 5.

THUT LD, time t A 32bit DA T V=T N T 7 A NN
ERR X ALA . 64bit TO 3 234 JVIEFREIEE, =22 A LD
BE¥EHNEZUTOXI L TTZ 7 AUk d 5.

make >&err_32

3. FHERGR

30 aAVRAIILEROHE

26 HiTIER L7 2 DD 7 7 A )L, err_64 & err_32 % diff
Y — VTS 5 2 LT, YA REIED & & i H
WZHh T & 5. WinMergel1% FlW 7z gt R 2 5, X 6,
BILOK 71577

02 —fno-common  ~Wishor ten-64-to-32 g —HD
e denend cat. 0 MToat. o ~std=gnuod
-lino-format-zero~Iength -fstack-protector-strong
-lisysten-headers ~lal| Hno-format-y2k
ameter —Wstrict-prototypes
ini ssing-prototypes Wpointer-arith -ilreturn-type
loast-gual i te-str ings Hswitch ~Wshadon
d-paraneter Weast-al ign -Wchar-subscripts
By e o s ol e et & L o
-Wo d-style-definition -Wno-pointer-si
-limi ssing-var i abl e~dec| arat ions “Wihread-safoty
pty-body ~Hno-string-plus-int

~fno-common sthorten 64 t0-32
nc\ude /home/user /my_time_t.h

IF. depend. cat.o —MTcat. o -std= ganQ
Ino-format-zero-length -fstack-protector-strong
system-headers -Wall —Wno-format-y2k -
Ino-unused-parameter -Wstrict-| nrototypes
inissing-prototypes —Wpointer-arith -Wreturn-type
cast-qual -Wwrite-strings -Wswitch -Wshadow
junused-parameter —Wcast-align ~Wchar— R
nested-externs —Wredundant-decls

jold-style-def inition ~Wno-pointer-sign
imissing-variable-declarations —Wthread-safety
ino-empty-body -Wno-string-plus-int
Ino-unused-const-variable
Ino-error=unused-but-set-variable

unused-ar guments

Hlino-error=unused-but-set-variable
d-arguments  —c /usr/src/bin/cat/cat.c o

Llillii1lii1i1ii11g

cat. o ¢ /usr/src/bin/cat/cat. c -0
In file included from /usr/src/bin/cat/cat. ¢:51:
In file inoluded from /usr) inolude;sys/caps ioun h:45:
In file included from /usr/include/sys/param In file included from /usr/include/sys/param. h:09:
/usr /include/sys/types. h:366:48: warning: imp on Jusr/include/sys/types. h:366:48 varning: mlioit
conversion loses integer precision: ' uint64 t' (aka conversion loses integer precision: '_uint6d t' (aka
"unsigned long fong) to '_uint32 t Taka " unsignod “unsigned long long') to ' _uint32_t (aka " unsigned
int")” Tfishor ten-64- t0-32] int") " T-shor ter-64-to-32]
n b\tcnuntﬁZ( x> 32) + turn (_bitoounta2 (x »> 32) +
| bitoountss( ) _bitcount32( 1)

In file included from /usr/src/bin/cat/cat.c:51
In file included from /usr/include/sys/capsicum. h:45

5 cat.c =L 8A JLERFD B

Figure 5 Comparison of the compilation results of the cat.c

5 TlX, catc DI IA LEFEDESZR L TV 5.
DEMDS 32bit D time t T3 L2 3A )L LTEOFER, AHH
23 64bit D time t TR NA N LTEEORRTHS.
T, 2284 VATV 3 iZ-include ZBINL TV DHEL

cat.c
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UM TEMNT2 L, time t IOEFIZ LD 7w s T AL
DEBIRNT ERNDMND.
~ﬁfx6:mbtdmc:owfiémn%an%

ERRTRINDDIZX LT, D 64bit Al TIEEE R 72 <

oo TWD. 2%k tval 28 time t B C “ﬂi&éﬂf%é@ﬂl?ﬂ“

L C, strtoq BID R Y EA 64bit 7=, 32bit T D 7

ERFRENTND
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et & U CRERD MR ET L 72 5.
33 BEERBEFOMERE

LUITNIZ B ERF RSN E T 2R~ T.
(1)  date/vary.c

_tv. tv_usec = sbtt

/usr/src/bm/date/date war| mplicit 11 warnings generated.
converslon loses |ntegev preclslon ' __int64_t’
(aka 'long long’) to 'time_t’ (aka 'int’)

[-Wshor ten-64-to-32]
tval = strtoq(optarg, cc -02 -pipe ~fno-common —Wshurten 64 t0-32
[tmp, 0): —include “/home/user1/my_time_t.h"

_tv. tv_usec = sbttous((uint32_t) sbt):

((uint32_t) sbt):

/usr/src/bin/date/vary.c:66:10: warning: implicit conversion loses

integer precision: 'time_t' (aka 'long long') to 'int' [-Wshorten-64-to-32]
return ret;

A

1 warning generated.

6 date.c =2 /NA JLEFD LR

Figure 6 Comparison of the compilation results of the date.c

F 72K 7 D vary.c T, 32bit ANTIZIED o o EEE R FH D
64bit I THEK/RE 5. Z 2T, domktime BHEEDBRE Y fH )Y
int B (32bit) TEHRSINTWVDHDIICH LT, time t B
B (ret) ZRVEL T L5720, BEFRINTND

SWNUTETTUr=unuseu=puL=seL=var 1avie
-Qunused-arguments  -c /usr/src/bin/date/vary. ¢
-0 vary.o

/usr/src/bln/date/varv ©:66:10: warning: implicit
conversmn Ioses mteger precision: "time_t' (aka
"long long') to "int’ [-Wshorten-64-to-32]

12 warnings generated. return ret:

cc -02 -pipe -fno-common -Wshorten 64 to 32 -g

[-MD__MF_donond varyv o —MTuar —ctd:

7 vary.c 22 /3A VRO LR

Figure 7 Comparison of the compilation results of the vary.c

ZDEIIZ, time t BV A REHIZ L D EBEHN,
BERREWRT A2 LIZL VLT D, 2038 4ERHRE
WX T BB IEERFTT 554, time_t % 64bit /b L 72 BRIZ
FRENDLBENMEEL 72D, 2D, 64bit il TDHE
ERFIND @Jﬁ@ﬂkftgf%ﬁpﬁ“ﬂ X, 64bit BREETD
time_t 4 64bit 11T L D REGEFT, 3 L OEEEEITH
ST D.

3.2 time_t # 64bit b L 1=im & DB EEBHERT

FreeBSD 13.2-RELEASE @Y — 22— KD 95 %, /usr/bin
PITFOa<y RETIZOE, time t FIOEFHEE 64bit (ZEH
LTy V&7 L, 64bit REE COREERIREN D
BT MR L. MR, LTO7 7 A VTN T 2EEN
o,

date/vary.c
ps/print.c

sh/eval.c
INHDOT7 7 ANTIE, VAT LAEEKE 64bit {LLT-E

LT, tMOEEICRIAMEZRAT LRI —R—T7 11—
DRATHIRENNDH D, 64bit (L& MFTT DHAIZIE, BIE

(©2023 Information Processing Society of Japan

eI 9 DO BE O FEBUC N EE 72 domktime BIER DR Y H
23 int B (32bit) TH YV, Uik DRV ETH 5 ret i time_t
A (64bit) THHZ END, BOR—HEN/EE 1D, =
1% amd64 BiBE D FreeBSD 13.2-RELEASE TH[RIBETH Y,
64bit DRFZITEMH % 32bit (ICE) D FED CTUBL TN D, 7272
L, domktime BAEOED fE (int A) | ZREAITE®H & LTI
WoTHELT, B (1) HENLSA»OHWHZHWT
W5, T, FFEle L 32bit ORKIETH D O
DEFZIEH & L TR 7235 8121E, BEfEo-1 & LRy
W28 nnd s, BEEOES, EIETLHEDHIEICD
WTIE 34 Hi TR %.

(2)  ps/print.c

/usr/src/bin/ps/print.c:571:37: warning: implicit conversion loses integer
precision: 'time_t' (aka 'long long') to 'long' [-Wshorten-64-to-32]

secs = k->ki_p->ki_rusage.ru_stime.tv_sec;

/usr/src/bin/ps/print.c:585:37: warning: implicit conversion loses integer
precision: 'time_t' (aka 'long long') to 'long' [-Wshorten-64-to-32]

secs = k->ki_p->ki_rusage.ru_utime.tv_sec;

/usr/src/bin/ps/print.c:604:13: warning: implicit conversion loses integer
precision: 'long long' to 'int' [-Wshorten-64-to-32]
days =val / (24 * 60 * 60);

A,

/usr/src/bin/ps/print.c:606:14: warning: implicit conversion loses integer
precision: 'long long' to 'int' [-Wshorten-64-to-32]
hours = val / (60 * 60);

/usr/src/bin/ps/print.c:608:13: warning: implicit conversion loses integer
precision: 'long long' to 'int' [-Wshorten-64-to-32]
mins = val / 60;

A,

INHOEEX, systime, 35 KO usertime BIEIZE Fi
%, UFOXBAFRETERINTND
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secs =k->ki_p->ki_rusage.ru_stime.tv_sec;

secs = k->ki_p->ki_rusage.ru_utime.tv_sec;

ZDOXD, v—HI)VEE secs I long B (i386 BRBEC 32bit) T
HSINTEY, tv_sec flild time_t ! (64bit) THDHZ LA
DAR—EMNEETW5E. £, elapsed BEICEEND, LT
DXL THEERKRIND.

days =val /(24 * 60 * 60);
hours = val / (60 * 60);

mins = val / 60;

Z ZC, days, hours, ¥ &0 mins (F int B D —H LZE
¥ (32bit) ThB. time t MOLEE TH 5 val (64bit) % H
WEFHERRAERAT D 2DICHOR—FENEE TN D
BEOES, EETHHADHIECONTIL 3.4 H Tk
2.

(3)  sh/eval.c

/usr/src/bin/sh/eval.c:1362:31: warning: implicit conversion loses
integer precision: 'long long' to 'long' [-Wshorten-64-to-32]

shumins = ru.ru_utime.tv_sec / 60;

/usr/src/bin/sh/eval.c:1364:31: warning: implicit conversion loses
integer precision: 'long long' to 'long' [-Wshorten-64-to-32]

shsmins = ru.ru_stime.tv_sec / 60;

/usr/src/bin/sh/eval.c:1368:31: warning: implicit conversion loses
integer precision: 'long long' to 'long' [-Wshorten-64-to-32]

chumins = ru.ru_utime.tv_sec / 60;

/usr/src/bin/sh/eval.c:1370:31: warning: implicit conversion loses
integer precision: 'long long' to 'long' [-Wshorten-64-to-32]

chsmins = ru.ru_stime.tv_sec / 60;

e ks
RREIND.

%, timesem BAEKIZE EN DL T OLET

shumins = ru.ru_utime.tv_sec / 60;
shsmins = ru.ru_stime.tv_sec / 60;
chumins = ru.ru_utime.tv_sec / 60;

chsmins = ru.ru_stime.tv_sec / 60;

Z ZC, shumins, shsmins, chumins 33 T chsmins {3 long
(1386 BREE T 32bit) R —H AL THY, time_t

(64bit) OEFTH D tv_sec ZHWFHHEREZNRAT D
T2OIDOAR—HNEE WD, BIEOHES, EET 3
BDOIEICON T34 FITHRARD.

(©2023 Information Processing Society of Japan
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3.4 BE&E
ATE CE NG EEME TR L, EERIZ 64bit BRBR

TEENSLENERTT L.
(1)  date/vary.c

date 22~ RCHZIFREA T 2> (v) 2EET D &
domktime BAEKAIEIEILD . ZAUTBAERZ ZREYEL LT,
TR A+ THREL, BRAOFELITI> AT a v Th

% EE% OB ZIE 2 1970451 A 1 H 0B 04> 0% (UTC)
MNHH X9 E O g 0gE, 20, 210642 A 7

315 % (UTC) DA 12, domktime BE%L A3 Ox FEEFFFEE
T 5%
ZDO=HH 8

H 6KF28 77
BT 72H, HLITTHIFEABSEDOME
TZORVEZL int Bl [-1) LFEFEHET 5.
\Z/RF# Y, date =~ 7 R, “Cannot apply date adjustment”
WIS Ay E—VERRLUTHRENKNT 5. Z0OBLED
FEFRIZIE, BUERZIND 2106 422 H 7 H 6 28 70 15
(UTC) DESERETDLEND Y, WHEHETIEEMY
RENHEE TS, 7 A MRETAHEARE L CHE %
R LT, o, ZOLIITHERXTATA=HZL, TAF
RECTHEMZ TWH7®H, FEE L7-+4000w (4000 3 H
%) 1Za~ s FOFETITITFA L TH2R.

user18Pr i 34 . andBd /bin/date $ ./date -v+4000w

ds1] [-f input_fmt]
[d[HIMIS]]

IMHNUH ] [-vl+]- ol d[HIM]

[[[[[ MML.SST | n -] [+output_fmt]
X 8 date 2~ RTOHOHxTT—EDOFKR

Figure 8 Display in case of error with date command

COHSEHNEZA1MED 210642 H 7 H 6 K28 4 16

® (UTC) IZEBE % EXH 2 72354, domktime BIEXIZ-1
EERNTEHOTT =T B\, FoREEZNT8 TR L
72 64bit DIEZ WD 12, EEICAHEEZEITL, K912
AT LD, 2106462 A7 H 6 #2843 16 B (UTC) %%
5.

userl@Pri ‘obj ‘amd64 . amdbd/bin/date $ ./date -v+4000w

Sun Feb

9 date 2~ N TCTOEFFRNR

Figure 9 Normal display with date command

Z ZC. domktime FAIDO RV E% int B 5 time_t BT
EHEIDHE, 210602 A7 H 6284 155 (UTC) 123k
WTHTZ T =L RORNEIITEEIND. 10 ITEEL
oV —Ra— R&EmpR$. EREoY —2a—K, HFRH
BEEHDY —RAa—RThb.
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ktatic int Plstatic int
static time_t
t?omkt\me (struct tm *t, char type)
int ret: J/8int ret;
time_t ret;

domktime (struct tm *t, char type)

while ((ret = mktime(t)) == -1 & t->tm_year >
68 && t->tm _year < 138)
« While mktime ) fails, adjust by an hour */
admour t, type == ' 2 type +.°1, 0)

while ((ret = mktime(t)) == -1 & t->tm_year >
68 && t->tm 1_year < 138)
“« While mktime() fails, adjust by an hour */
admour t. type == ' 2 type + 0)

10 vary.c DEIE
Figure 10 Modification of vary.c

11 ITEE#H D date =~ > FOFTHER A 7T .

11 date =~ NEIE# O EFFRR

Figure 11 Normal display after modification of date command

(2)  ps/print.c

FreeBSD 13.2-RELEASE @ 64bit Bz $% T, long T 64bit

TERINDT2W, 64bit D time t B EFJFE LRV, T D7
¥ systime, usertime B CIIMA—HKIc L DA —"—T 1
—FH 57, BEIRETHD.

—J5C, elapsed BA%% Tid 32bit D int B 2 W TV D728
g val (7 vt 2 ORIEKRH) OEICL > TAH— =T 1
— &R ZTRENNH D, ZH val 1T elapsed BIFRNT 1 HD
@@@mmﬁw%%@&LT%D”%LK&@#E%%

, BEHELTWS., Tokw, K, o, BiconT
i%@&@%kﬁ(mﬁ%,wﬁ,%;U@ﬂ»%ﬁz
L2 EE v, LA L, HOFHEIZEWTIE, val DERR
BATFEHR 32bit DI KIE T & 2 OxTHTTTT O 86,400 {5 % 48
2T ECEE days WA — "—T7m—% L 29, val Dfl
2N OXTEEFFFFF*24%60*60 (5,881,580 457 A 11 H 0B 04y 0 B
UTC) DAL, 0x80000000%24*60*60 (5,881,580 4F 7 S
11 HOKFO05 1 # UTC) OHFEGD ps 2~ ROH %K
12 L 13 12T,

ps § ./ps -U userl -o usertine,comnand,et ime

0:00.00 .,

B 12 H%F"ﬂ (KA DIEH 2R

Figure 12 Normal display of elapsed time (maximum value)

ps -U userl -o usertime,command, et ime

B 13 il ﬁﬁ(ﬁ*ﬂg7mﬂﬁ)®£ﬁ§%
Figure 13 Abnormal display of elapsed time (at overflow)

2585 val DFEAS 0x80000000%24*60*60 (5,881,580 4E 7 H
11 HOM 04 1% UTC) OHa, A—"—7u—iEz
D, BBFFROERN A FTATEREIND. 500 4L
FEoOZEThY, BIENRMEL LTEE 83, 4L

FIXMEEE ATV,
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FD-®, 2L days & long BUTEEL, ZORTD
® asprintf BIEIZ 5 2 T B EXIEE 7 2 7%3d” »
5 9%31d"ITEIE L. BIEWNA 2K 14 1257, AR eo
V—RAa— R, FUMEE#RDY —Aa—RTHb.

char * char *
e{lapsed (KINFO =k, VARENT *ve __unused) e{lapsed (KINFO =k, VARENT *ve __unused)
time_t val time_t val:
int days, hours, mins, secs // int days, hours, mins, secs;
long days;
int hours, mins, secs:
char *str char *str
~ g~
if (days !=0) if (days !=0)
asprintf (&str, "%3d-%02d:%02d:%02d" 4 asprintf &str,
days, hours, mins, secs): “%3d-%02d:%02d:%02d", days, hours, mins,
secs) :
sprintf (&st
“%31d- %OZd %02d: %OZd days, hours, mins,
secs) .
else if (hours !=0) else if (hours != 0)
asprintf (&str. "%02d:%02d:%02d"” asprintf (&str. "%02d:%02d:%02d"”

14 print.c DIEE
Figure 14 Modification of print.c

il R, 15 (ZR9 738 ﬁ%@ﬂﬁ(%}ﬁ)ﬁﬁwu\fé‘t.

X 15 (EE#OIEFERR

Figure 15 Normal display after correction

(3) sh/eval.c

/ps/print.c @ usertime, systime BI%EL & [FIERIT, 64bit BrEE
TO time_tH & long BUIFJE L72\V. 2072, EEON
R/ AN

4. BR

AFEOTFEEHA WL TYH, VAT L% 64bit L3 DB
DAL NEOEEFRIRT, SERBMLE R EFT 25 2

LITTES. L, —IZT 2T A0 64bit b TITRZ
%%u%:%%@@y7h¢m7?47?U%F?4ﬂ,
M AT LEDA L Z—T =2— A2 Y, [FAEOKREFRELE
NI Z ERBEIND. 207w, #ET time t B O
6%ﬁk:ﬁﬁ#é%®u%: %ﬁ%ﬁém,%mﬁﬁ%

ZVIATLDOIIREETH D, FlxiX i386 D E L REEE T
-Wshorten-64-t0-32 XA VAT g U EAMC LIS
A D/usr/sre/bin LU T DEE DL, 2.6 Hi THELL 72 err_32

DEERTITRERZ D ETROGND. BATRER,
RN EFTIL 718 HATIC

X 16 (9@, DIF-T-.

16 /usr/src/bin CTOELFKRITH

Figure 16 Number of lines of warning displayed in /ust/src/bin
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KFG D FIETIL, 32bit AT LD E F time_t BT
% 64bit |IZEH L CLLIRHERE T 5729, time t BIAFIRF D
BEFIZT 2V AT A 2RO 64bit (L HE Y BEL T
WCHERRT D 2 N TED. Fh, VAT LREY 2 —
NEDA U H—T x— AT 32bit D time_t H & U2
AT, 32bit VAT ADEE, T U — 3T 64bit
O time t BAFIHTE D720, AT A 64bit {LITHEAT
LC 2038 ‘EfEICKIT D IEEMEREZE/T L LN TE
5.

PATFIZ, AROTEZT T, 2038 FEREOBEIEEFT O
S HEEEE B2 SN HMEE T 5.

41 {ETHIBRT SIS 4

TV —a VNERT, time t RIS OfE A W
T 2038 FEEZBRARVWESITHIET 270 7T L0355
AL, ZOFEHEMTOMRITHE L. time_t T2 $0% A
WTWAEAIZIE, AROFIETEEETZHEL, F4
IR 2B TR 5 2 E N TE D28, Bl 21 struct tm %
DR OB OELETHIR T 2 HAI121E, HEEROT — 4
7o —fEiT L DFRT A MNER D B.

42 time_tfEZFEESRIZITAITS A

B ROMBEIZ W TIE, time_t BIZEE 0 FI) H & 57
LTRTTERATA L TEIZEVRATLC, LERMEE
AT HENRDD.

5. BEHR

AL, T—DEEWN N R, 0T ARER ORI
FTOFFEICHNTW A FIT RS-0, e s T Afic
MR T —2 M)A, /T AR LR EE
EATOMEMHRT I T ——FT 4 o 70DE 2 J5 LT
WHN, AFEOFIEL, T2 HEOMRLEEIEL Y
FLTEBLT, FEELTERZSTWS.

FAIA DA ERBR R 351 B 2038 4[] RE~ D 6t S B3] S5 1 1)
T, 2038 4ERIREICHRT L, HAFEZ] (epoch) TH D 1970
F1H1IHORKEOS 0F (UTC) % 28 B LHET, 1998
F£1H1HOFFOS 08 (UTC) &35 Z & T 32bit A
TADOFEEMERAEE 2066 FE TELE DL FEEZREL
7=. F7z, 32bit UNIX ¥ AT AD 2038 ERIEICK 35 7
075 MEIEEDORESTIX, ZOFELEERT L KN
RFNEEFEA L 7=, UNIX @ 2038 4EREIC 45 R Py
KEY — NV OICIL, ZOFIEEZ BEMLT 5 Y — 22N T
WaEnTnsg., ARRTH, MEORAFROD, A
T LD 64bit L& R B BRI, time t BIOY A XAEFE CHE
BRI R T B EPT A ISR T B FIEERE L.
Avoiding Year 2038 Problem on 32-bit Linux by Rewinding
Time on Clock Synchronization!!%Cl¥, 32bit ¥ A 7 A CHHE
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B 2B & R4 2 LIk D, K= A hT 2038 ERIEEIC TR
L, ntpd & linuxptp ZEIE L2 EFEHEIT L TWD. AR
TIE 64bit (L Z AR E LIZEBEREOREIEEEE b
DHEERELTND.

WL LT Y r— g BT S 2038 EREEO
B AT, 22— LT Y r— g v S
(2, LLVM-IR % I\ 7= time_t B O T — % 7 v — i 17
5 — NV EERL L, CN—Z®D GitHub 7B ¥ = 7 k& x4
WCZEDHREICONVTIE LTS, a3 T —Hm%2
WTEfRIT &0 D BER TR S HBIL T D23, AT
time_t 7 % SEFRIC 64bit L L7=H D & 32bit DH D T3 L3
A F—HhZRBLTEBY, TORTFEE LTIZE,2S
TW5.

32bit 2 % time_t A& & DERETICIST D 2038 A
OB HFEORREIATIE, time t EKDO A —N—T 10—
M % 64bit {L2EIZ L 0 fiFPRT D BRI, 32bit O time_t il &
RETHHAEOMEIZER L, time t MOENR—H LT
32bit EBAD I EERET DY —AERSLTCND. AFE
Tl time_t BOEKLS O, —RBICHIAT 5855 50
T, 77V —var~OEBEN*RET D HEPRE
LT3,

6. BhYIC

2038 EBBEOEBEOFIAE, time t EKN A ——7
H—3257-OTHoN, time t MEHKEEZ T 7Y r— =3
U ED L DT D) MIRFHRFET D70, EEETO
BEIINEERE AN S . BB T 512, §HY
RN — R T 0 T T AATA U TEOFEEFIALT,
time tHMEHObitIEDOLEEN T 7V r—rarpy—Ra
— RRT = FDE BT INERRDILERDD. ¥
BEFTORERIT, BEENMLENE S NEHW L, EERN
VB GAIIIEEFEORTE21TH Z Ll D.

AFETI, ZORBETOREREEL, —BIRHRER
BThbar 47 —%FALTHBEICIT D FiEEiREL
7. x5 & LI=DiE, FreeBSD 13.2-RELEASE Y — 2% =
— RO—ETH DM, TOMOEFTR Linux & T [AEEAR
MENEGENIENLNH D, BBELETFEZ, Zhoof
BIZHLAERTH D, Fi2, RFED time_t OEFIZRE S
T, V7702 ) U THECEROMEEET 256, 7
— ZEEREOZEEHAOMATIC LA TE DL EEX TS,
SHITTFEOE A Z IR L T 2.,

2038 FERIETIE, time t BILIAF DR THIRT 5 7 1
7T LR, A VT AMEEEGTe, time_t A FBEMNICS
427077 AI21%, ZOTFERT TOMPTE L.
ZH LT e s T AOMBENRMERFIEDHE > THE 2.
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TROEFMIAY N IIVE L. BEOL GIEWELET.

ATIE T

S
H

static int //;t:lmclwt [static int u ."_‘"

static time_t atin B o , ot o)

donkt ime (struct. tn *t. char type Jomkt ine (atruct ta ot char type ookt i struet ta vt char tyve doat e (struct tn +1. char type
| ine_t ret time_t ret

int ret int ret
time_t ret while ((ret = nktine (U 1 88 tota_year > 69 44 while {iret = nktine (U 186 totn_year > 69 4
Jt->tn_year <133 . \ ttn_yen .
& . 8t = i le mkt ine() fa just by, an hour = i ) fails, adjus 0.

site (ret = skt 188 totmyear > | while fret = mktine(t 1 86 t >tm_year T E Tals, ML . an el adibour &, Sype = =7 type

* While mktime( fails, adjust by an hour * « Whi le mktime () fails, adjust by an hour » return rot return ret
o e adihour (t._type 2 type - "+ 1. 0 adihour (t. type tyve 1.0,
6 ~N—

X 10
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