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Abstract  This paper presents system support for developing primitives of inter-lightweight process

communication and synchronization and for measuring execution times of lightweight processes. A
parallel application with lightweight processes often uses its own specialized primitives of
communication and synchronization, and needs activities of lightweight processes for improving
performace. This paper describes system facilities supporting such applications in a lightweight process
library based on the Microprocess/Virtual Processor model. Microprocesses are user-level lightweight
processes and implemented by the user-level library which consists of four layers. Virtual processors are
entries of real processors which are allocated to a user process by the kernel. Each developer of a
parallel application program can choose some parts in the layered library and implements its own
specialized primitives of communication and synchronization. Furthermore, the characteristics of
coroutines are effectively used to implement the primitives. The microprocess library has a facility to
record traces of lightweight process activities. These traces are used to visualize the parallelism in an
application program. There is a tool which takes statistics from traces.
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Figure 3: Binary semaphore by using Microprocess
Library

F3icBnwT. BEELHLAHY, LEAT v 7
2BV THMENLHEHBROBRETH 5, F1LL
HOBEH, AF v T 1LIEBOWTRDICERT 5%
S TH 5B, lock(). unlock() 2. E1ROFHXETH
H, FNFh, AV Oy 2ilkbuy s/ 7ray
IRITIDDOTH B,

% 147D current iX. WEEFTHO A7 07T A
ERIERTH S, private L) F—T—FlF, TD
EHARE7TO Ly FOBEBRBICEYFITE L5102
EBRTHLDTHE, Thbd, FRETTL virid,
FhFNcurrent L WIEEEEL, FhFRBEE
THROA 7070 R RET L, (Z0X) i
fBBiZ. Dyni xYAFALOWL DO NDEELER
TEHINTWVS 2], )

PHSOEREFMILEL 1ITILRT, H1 647
W, D4 70T AFEFD LT T + FEFL
TW5 B (sem->inuse X TRUE) 1213, HSEH
current %, FHTFNIAN, Ty 7 2B T 5. FL
T, 81 97718V T, mp_sleep) X IFFUTH L, I
FETRDTA s a7uk AREBREICT 5, LT 7 4
AFIHENTWHRVEF (sem->inuse 2% FALSE) 1212,
HOBESFALTWwAZLE<—2 (221 L
TWa,

VEsnERY, H3%2 847IIRT, PHdod
T mp_sleep) W& D EFTEFH LTI 70 7THR
12, 83 717D mp_wakeup() 2 & N, EITITEIRAELS
Ra&hb,

#15fTicBVT, BEEFFNOTI /a7 TLR

(current) WZHNT SR T v 213, mp_sleep() DR
THERsNG, COBEE, SO TERIATIZL
IICTELRV, £, sem->lock 2B S - BRI,
# 3 6 TI2HB VT, mp_wakeup() 2LV H S W A THE
WAHBENHTHD, ETTEEFOYI 70 TaLR
1243 L Cmp_wakeup() 258 ENFE, @hiThih
LTWwied, FOTTFANRbRA,

3. 3 SMASHYZXF4
BAPEREL VB TFT— ¥ X—-2ANHFIME S 27
ASMASHIZBWT, w4070+ R 547
F)HPRBEEN TS, SMASHIE, 77— X—X,
BLU, HEAR-R20RE L-EFRE Y AF LT
&5 [718][10lc SMASHPMRETHN—F¥x
Tk, HEATYVETVFSu Ly L E—~T 0Ly
HHFEERY T =2 L WV EEEhLERETH S,
SMASHOH#IZ, MERE Y077 Iy 7ol
BF— R—ANBICEELTWAEILH D, BED
AR E LTid, EREB/RIZEM (demand driven
evaluation) ZHWVWTWwW5, SMASHTIX, BE&E»
F—FDZFFELICA M) —2EBVTW5E, £ED
F— I N—-AFEEYAEE LTEEL, AT AR
HAALZ EXTETHD, TDRH, F—FN—2R



HEN TR 2 CHERICHFEET 22T 5 2
EEBERICRD, F—IR—-ADEHEIEHESEFIIE
BT 5T EFREL Lo T b,

SMASHYRAF LTI, EFIMIEDBAIZEE A
YA RAEREND, A YA Y ABDOA MY
—LDBERIL., FrINERIThE, F—FR—2
DTF—=FRFT—F - AFEEOFEHERIZ, A1) —
LELTHRHESN S,

SMASHYA72id, B—70urs5327 - VA
FLAERMELTERE STV, #FhEEETOSS
IUTBETEESEA DI, ¥4 /0TS OLR -
G475 BN TWwE, SMASHOBMK I A Y
YARTA s TOLRE LCERL, MBI LAY
VABOBET)IFA TR, AvfrusOokR -
FATFTVDOE2ROBEEZFHLTERL WS,
Fh, Ay YT BERERT LD, ML~
Ay vAPSCT A s a7 U REERLFALTWY
5 [10],

SMASHOAMN)—-LBET)IT 1 7TOERY
BLT, RIATSVOFE2BOBEDENE LR
THIEWTE, 4ETIE. SMASHY A5 4%
BFEA TR S 405 LT, BRSO ADET
DRFOFAERT .

3. 4 BOBBEIOEIERARE DL

BETOLANERFRE LTI, BRI 0%
AN—F L ELTERTHINM-F AR [14]. BE
TUEAE A —FVIZL DVEEERT A H—3ILEHE
ARG, FLTEVRAF A EABICKET Ty 4
LRAELAVOBE SO R FRVAER [159]
BHiTbh b,

Avfr7u7urA RET Oy FROE 1O
B, YRT7ALHFIEHE T OS5 A OB ORI
ERSNTVEEIH B, I—FVHBEHXTE, 7
—AAUDREETZ T I F 4 TEFIELTHEOREL -
BETIIFAT2HETIIEILR D, ZOB,. [
T)IFATOBDFy vy FI2EY ., EPETT 5.,
HBHNI, CHTOUSSAPLELTE TSI T4 T
BEBTALDICH— R NVOBEENRIZI W E
Wb, KAATIE, BEEDIA 7702 Ly, &
BRIEL TV AT LADBEEXFIRT A LA L o
T, .

KERDE 2 DE#MIZ. IV—F v OREDOF IS
Hh, Ihiz, REXTR, RESu Ly yOETFE
RICHBET A2 ENTEDEILHD, Thbb, FHR
DM B VT, RES Tty oK% 1 EICHIR
THIET, ab—Fr LABHEHIERE T L
ABOFE - BIET) I 74 TEBHRTAIEANTE
b, LT, MEFETLABATRE oLy 4D
HEBLTILI v, 71— R2VEIHIERK (3] 2. DK
BroyHEHAVS ARSI Tk, A—FI -

LAV OBETOEAREREBT Oy HOREREN
FZOICRBRICHIET 2 2 &ALV,

4 BEITOEXOETORIORSG & RN
KA ru7UER - S4T75)i2i2, w4207
Ot ADER - Hik, IV TFX MIBRIIFRRE
ZERANRY PELTCEORIERFT B HIESH B,
OB, BNEATOS S AREETALT, &
FIEDOHME OB TFEHRBT L LOIICHB IS,

4. 1 HEHiER

HEFENANY PEHAWT, ¥/ 70T OL A,

BIU, BESO Ly TEDCP UFBEREE, AH

TEEE, I3 FFRA MDD ERZ OB E Vo 2OFKE

HREBLIENTEZ S, 20H%, H4I1IRT, &

., 3. 3ETHRREZSMASHY A7 4 ETHE

T= I R=ANDEELENE L ETLLLINTH S,

FIHLZDE, 4 70y S HEOXEA TR L

F 70+ v Luna88k TH 5 [6], ZDFITIE, =4

sUu7OEANME (0F~8%) . (RESutyH

BIWEK STV,

<A 7070 ABENERICBWT, w4707

TrRAQ0FIT, RUNTA 7070 ALERT SR

rla—-5ChbH, 1E»S8FEIR, LEOTI /DT

TOLRAThHDb, TOHFFOFNIL. ZhEFh, KD &

D LEREFED,

O EE WA VA=Y, 2=

QFDTArsuTOLANFELLZCP UEED
Bt r0EE

@ CPULFIHLZEH (CPUN—-Z rEE)

@ FOTA 7T TOLAHIT o 2 ARSI OB D
it FoEsy

(5) A E%

6) CP UMM & A DIEBEOEET L F0glE

(7 IV FFA IO

ZOFITIR, 47070 LR 1 BHFLEED]L 9%D

ETHME SO TV L, BIZARDIELL 2o

TWA I EENFEARNS,

AR 0Ly FREEOES TR, kKD L) LiE@mHT

Bohs,

Y IRETO v &S

Q) CPUHBBEME (ZnREFa by 4sv (s
T7ObREETLTVWIER) & 20EH4,

3) ABTIEE (CoRETOE Y2k ) AR
ToTWiH) LZ0g4

@ FDRETOL v T 4 FVIREEIZSH - 728

- BEE0EE

(5) T D E T 7 A NITBET B DI EL 1B
iRt



## microprocess information

No cputime % / #ex iotime % / #io total % / #++
4} 0.000 [ 1 0.000 0/ 0 0.000 0/ 1
1 0.140 8 / 67 0.370 36 / 62 0.510 19 / 129
2 0.370 22 / 20 0.000 0/ 0 0.370 14 / 20
3 0.100 6 / 66 0.180 18 / 65 0.280 10 / 131
4 0.360 21 / 18 0.000 o/ a 0.360 13 / 18
5 0.110 6 / 66 0.180 18 / 65 0.290 11 / 131
6 0.350 21 / 13 0.000 o/ 0 0.350 13 / 13
7 0.130 8 / 66 0.160 16 / 65 0.290 11 / 131
8 0.140 8 / 172 0.130 13 / 65 0.270 10 / 137
## 1.700 100 / 389 1.020 100 / 322 2.720 100 / 711
## virtual processor information
No cpu %] io % idle %| trace %| kernel %| total %]
0 0.600 54| 0.240 21| 0.230 21| 0.000 0| 0.050 4] 1.120 100]
1 0.560 50| 0.370 33| 0.160 14| 0.000 O] 0.030 3| 1.120 100]
2 0.540 48| 0.410 37| 0.130 12| 0.000 0] 0.040 4] 1.120 100|
#% 1.700 51| 1.020 30| 0.520 15| 0.000 0] ©0.120 4] 3.360 100]
B4 EFEORBOREL B> h 5 HEHES
Figure 4: Statistics from microprocess traces.
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Figure 5: Visualized traces of lightweight process
excution.
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