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Abstract

The demand for high performance computing will increase more and more in the future in a large
scale simulation and a large-scale server, etc. Parallelization of computer and improvement of the
performance of the single processor are indispensable to achieve high performance. But actual per-
formance on parallel computer is lower than the peak performance, that is the multiplication of the
number of processors and the performance of the single processor. In general, the parallel overhead
tends to increase when the number of processors increases. To reduce the overhead of communication,
conventional parallel computer improves the communication throughput and hides the communication
time by overlapping with computation time. However, it is necessary to rewrite the program so that
one communication may grow to achieve enough throughput and to hide the communication time.
And the effect of parallelization is limited to the application that can use the coarse-grained com-
munication. Multithreading is effective in order to reduce a parallel overhead more easily and more
widely. In multithreading, threads are switched in order to improve the efficiency of the processor.
It is important to reduce the overhead of switching thread and the setup time of communication in
order to allocate more time to the native thread execution.

Multithreading is mainly divided to three categories; 1) simple multithreading is that a thread is
sequentially executed at a time, and multiple threads are switched one after another in appropriate
timing. 2) fine-grain multithreading is that the instruction from a different thread is issued in every
cycle. and 3) simultaneous multithreading is that it has multiple execution units and the instructions
from multiple threads are executed at the same time. Simple multithreading is a similar image as
multitasking or multithreading on operating system. But the grain size of the thread is very fine,
and it runs about from tens to hundreds of clock cycles at a time. Therefore, the hardware support
1s necessary for communicating, switching, scheduling and synchronizing threads. Fine-grain multi-
threading was proposed with the machine named HEP about 20 years ago. It has been commercialized
as a supercomputer named MTA by the TERA Computer Co. (present CRAY Inc.) now. Simulta-
neous multithreading is a comparatively new method. It was proposed as a solution for limitation of
instruction-level parallelism, that is the performance is not scalable to the increase of computing unit
in super-scalar processor. It was adopted in a commercial processor as Hyper-Thread by Intel Co.
recently.

Thread generation policy is main design decision in multithread computer. Static generation policy
assumes that it statically generates a constant number of threads at the beginning of the program. Dy-
namic generation policy assumes that there is no limitation in the number of threads and it generates
threads dynamically in program execution. Fine-grain multithreading and simultaneous multithread-
ing are difficult to adopt the dynamic thread generation with the possibility that the number of threads
increases because the number of threads is limited by the hardware resource in their methods. Since
we aimed to parallelize the programs, that could not parallelize well by the coarse-grain parallel pro-
cessing, and to speed up them, we assumed that the efficient, dynamic thread generation was enabled,
and the limitation was not installed in the number of threads especially. Therefore, the design in
this paper is based on the simple multithreading with thread context in the memory. Moreover, the
number of nodes on parallel computer in this theses assumed over one thousand. In this case, one node
must be integrated as simple as the single-chip and memory. The number of gates was not enough
to hold multiple thread context by hardware at the beginning of this research. It was also necessary

to keep each component simple from the restriction of integrating the network and the processor in
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a single chip. Only the functions to often be used are implemented by hardware and other functions
are processed by the optimized program. It is the design decision of RISC architecture. And it was
extended to the parallel architecture in this proposed architecture. We previously developed a highly
parallel computer EM-4 by the single chip processor in advance of the world based on the design
decision. This thesis proposes the architecture that improves thread processing and enables shared
memory access based on the evaluation of the EM-4, and summarizes its evaluation.

This thesis proposes the multithread architecture that reduces the overhead of communication by
using the fine-grain communication mechanism which generates the packet directly from the content
of registers. Moreover, this architecture reduces the overhead of thread invocation by starting the
thread directly with hardware based on the arrival of the packet. This architecture supports flexible
programming from the message passing programming to the shared memory programming by the sup-
port of a direct remote memory access mechanism and a local synchronous mechanism with hardware.
In the programming execution environment, it 1s implemented by the cooperation of hardware and
the compiler from the viewpoint of optimizing the process. For example, the compiler automatically
detects the switch timing of the thread where the communication latency occurs. It also detects really
necessary registers to be stored to the thread context on the memory when the thread is switched in
order to reduce the overhead of switching thread. Moreover, basic thread libraries consist of several
instructions by the support of hardware, and the overhead of the library call is reduced by expanding
the function to in-line.

The prototype computer EM-X was developed based on the fine-grain communication of this pro-
posal. It consists of 80 processors and supports the multithread architecture. The processor named
EMC-Y was designed as the processing element of the prototype using ASIC. It includes the network
mechanism and the processor mechanism in a single chip. The prototype with 80 processor consists of
16 processor boards, that includes five EMC-Y processors. The prototype also includes the interface
board that is connected with the host computer and the frame buffer board that inputs the video signal
as the application input and outputs it as the calculation results. These boards includes a EMC-Y for
the packet processing, and the system can be expanded easily by inserting other I/O board between
cables which connect between processor boards. And the fine-grain packet communication, that is low
latency and high throughput, is also used for the communication between I/O boards as well as the
communication between processors. The programming environment includes the compiler and oper-
ating system also originally developed because this prototype uses an original processor. The libraries
for exclusive use are developed so that hardware function can be effectively used. They includes block
transfer, barrier synchronization, reduction, broadcast, and execution trace, etc.

To show the effectiveness of the proposed architecture, we evaluated its performance using various
benchmarks on the prototype. First, parallel primitiveness were evaluated. The results showed that
the static latency of a remote memory access was 1.3 micro-seconds on the average, and the throughput
between two processors was 35MB /seconds in 1KByte data transfer. It achieved both low latency and
high throughput. The evaluation of dynamic access latency showed that the direct remote memory
access was efficient under the situation where all processors communicated with each other and the
total network traffic was over 200MB /seconds. The evaluation of barrier synchronization showed that
it takes only 13 micro-seconds in the case of 80 processors, while it was the software library using the
combination of local synchronizations. Second, the kernel benchmarks were evaluated. The evaluation
of matrix multiplication benchmark showed its efficient parallel performance even if the array size was
small. In the evaluation of knapsack benchmark and triangle equation benchmark, the proposed

architecture could achieve good parallel performance with the problem that was previously difficult
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to be parallelized. Last, the MP3D particle simulation benchmark and radix sorting benchmark were
evaluated as application benchmarks to show the total performance of EM-X. The results showed that
multithreading could hide the communication latency effectively. They also showed that the fine-grain
communication made the network load flat and reduced the network hot-spot.

The communication grain size was enlarged to achieve the performance improvement in the previous
parallel processing using the high communication throughput. However, this research showed that
the fine-grain communication could reduce and hide the communication latency, and improve the
parallel performance using simple hardware support that closely fused with the instruction execution
pipeline. Since the fine-grain communication don’t have to bring together the communication to
coarse grain and it can parallelize the program even if they are fine-grain processing, it can enlarge
the parallel application field. Moreover, the performance was degraded because of the collision of
the communication in the coarse-grain communication, since each processor may communicate all
together. The fine-grain communication can keep the network load flat and the influence of the
collision of the communication is reduced.
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a7 EREED lockl() bH B,

unlock unlock(pe_addr)
pe.addr THESh?YutyHicuy 7 REREES, b LLhOo v JERPF 2 —ITHFEL
TWhiE, ZOXRBEOERIZOWVTRT 5, lock0(), lockl() (%53 % unlock0(), unlockl() ¥
H5b,

FLOAT_ARG FLOAT_ARG(f)
float TEH % float IO F 3L TR L2 a v R_RA TR THbDO~ 7, C T float
B OB #IIVy >7- A double BUCEHE N T L £ 5 23, EM-X Tit double % \—F U =7 TH
R—FLTWRWED, ZHIRKERA— 1"~y RN LD, ZOEBREHS OO0, 0D
v surzBni, UE— M float BF— 22 F X AL DOBE¥ float_write() bH D,

FLOAT PARAM FLOAT PARAM(f)
float AR LT HEKOHBE. C TV o7z A double I THEREEERTZ &IZ>TWVWAEAE, &
hEfloat e LTRT LAV RAZIHERT b0 rn, Zowrsazlni, JE—
k @ float 5 — # 2 FHA T =D DS float_read() bdH 2., H DV L, float fdata; float global
*g_addr; fdata = *g_addr; £\ 9 X5 iZfloat B u—SARA U ZEAVIUT, T D K5 eEkE#
ZETICfloat OB T 72 $THI LB TE D,

422 EM-XERHZ473)

EM-X ON—R U= THEHBZFIA LB 0T A7 7V BRBEEN TR Y BT - ZBECEE
BTNy THREEESICFIATE D,
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PARNER 3>

mem_copyout(int *src, int global *dst, size) IxP —H VT K L R sre B bhAE D AE Y ORNEFE T n—
AT R L Adst I size V— K@ a2 —3 588 TH 5, EM-X TV —FBOBEDOAEN—
ROz7THR—F LTWBED, ERMIZIZUTOLS N —T2FITTH I &I12125,

int *soc;
int global *dest;
for (i=0;i<size;i++) {

dest[i] = socl[il;

L22:

1d
sendl.pt
add

add

blt

nop

r10,0x0,r8
r8,r13,0,0,0x24 ; mem_write
r10,4,r10
ri3,4,r13
r10,r12,L22
; delayed

BED EM-C DARTHa—FNiZ, AR TEINV—THZY 6HaTHD, ZhicxL, 7k 7
FULRLVOKBEILERTE L BT, 16 T—FK (64 XA F) L EOTF —FEEIIXFLTI6 V=T DT
o0—Y T 2fToTCEARDBEHENEIT 7T A7 7V 3 mem_copyout() ThD, £7. 16 V—FRED
BT AN RBES 2T T, I THIBEAr Yy hE2BHD L EBIZ, dafaFEHVTL—
THIEY AMAETHERINTWVWS, ldaBEUWsendd MFIZOWTIRUTTHATS,

LO:
1d.a ap,4,r9
send3 r9,r6,0,0 ; mem_write
blt ap, r5, LO
add r6, 4, ré6 ; delayed slot

RIZN—T%2Tra— N L7770 flz2l TIOoRT, UTTREROLD 16 V—FNm%
Tru—ATERVIC4T—FRaETra—A LEflERT, 2—Fnbo»5H8Y 4 U —FEXEN 10
HETEITTES, 16NV —F7orua—N0Oa—FKTiL16 V—FEXER M4 GETEITTED,

Li: 1d.a ap,4,r9
send3 r9,r6,0,0 ; mem_write
ld.a ap,4,r9
send3 r9,r6,0x4,0 ; mem_write
ld.a ap,4,r9
send3 r9,r6,0x8,0 ; mem_write
l1d.a ap,4,r9
send3 r9,r6,0xc,0 ; mem_write
blt ap,r4,L1
add r6,0x10,ré

LLTIC, BA LB bic>WTHRAT .

e lda tWVWHEMAETY TR LAZHBEHF T 0 —FaatAVd, o—Faaila B2
TRE, FOREDOENAFTY TR LVAZEHL VR Z ap IZEMT 5, HIZIE. 1d.aapdr9 &
WO I ap+H4 EEPDAETY TR LARAL LTAEY 2HAHL, MREZ I ICBMTLHE L BIZ,
ap+4 % ap KT D, FDHEHEd.aapdrd EETTILTOEH SNz ap ZFIATH
B, TRUVAEHFOA— N~ FRELI B, —FT7ra—Y U BZER—RT7 K V25
DTRVLy U 7 H#RAVEZ L Tr—FEOEFIFETHIM, TN THUAL—TBOEHZ2H
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BIEH D, o, 16 T—FUTOL—FDHBREIE. ZORBITIVN—TH0 1 ENE
BETX 5,

e send3 VI AL AEDOR—AT R LAEROT R Ly YU FE—R DX 52, X7y bRk
RDTRUVRER—RT K VAEHATHET Sy hRRERTTH S, Hl2iT, send3 r9,r6,0x4,0
VI GBIE 64 FEEETF LA, 19 25— ¥ LTy b EEET AT THD, 20D
BARINANRTY Yy bDEATRBTRVABEVIRAIOT—F S THREEND, V—T7IZA
AHICEEETF VAR LR FIIRETABICT —F #7 % SYSWRIZRELTBITIE, 2o
REEXBEMNELEZ BN T, EREAEEFH T2 SYSWRAFy P 2AERTE D, ZHZ
IVEBEETRVRARZEHTHIA— A~y FINV—THNTEIZR D,

o BJIKBEAD v NIEBELETRFLADEHFALEZVNEZ LIV NV—T F— "~y FZHIRT
&5,

ot UFTDES RTAT T VEERH D,

msg_alloc msg_alloc(pe_-addr, size)
mem_copyout() TE XAtz DKL 7 vt v ¥ pe_addr IZHEHRT %, remote_call(pe_addr,

malloc, 1, size*sizeof(int)) LR C,

mem_copyin mem._copyin(dst, src, size)

Fua—r"ATRUVARdst h2ba—H/VT KLV Rsrc isize V-G av—45, abt—ilix
SYSRD #FIfi$ 5, i#@% . SYSRD #%{7T 5L ALy FHIVEXERI TN, 20747 T
i mem_copyout() & Rk —F 7 a—Y 7 &7V, BRI SYSRD ZFITT 5. e,
SYSRD D#§%/%4 v b (continuation) M7 v b # A7 % SYSWR &5 Z L2 L Y SYSRD
DRAT L BREOBRMERIRFICITY Z L2 AEEE LTV 5, size 5 SYSRD & #zhRic, —EIET
USRRD ¥ v k% dst 7ot o B ITTHZLIZLY., £2TH SYSRD ERBEEETH D
T & BREETE B, mem_copuout() TiX SYSWR ZHWVWTHEY —HMOEE THL DITH L,
mem_copyin() T{Z SYSRD %25 1= OFEDEGEERLEL RV Ry b T—=7 b T T 4y 713245
LRBR, F—FEEENRNAT S AVHIATPRB IOV AT VI ENE LR L 2D, &
ERT ORERHITIT caller WOATITZ BT, EBRRITRoET— ZOLBIZRY#IND
RE, T—EDNV Rz AIBBRBIRDEEVRHD,

mem _copyin0 mem_copyin0O(dst, src, size)
Zu—s L7 R LR dst THRESN 57 8t v ¥ mem copyout() % remotecall() 75, #H
i mem_copyin() & B U T#h 525, mem.copyout() ZAVDLHDRy T =7 T 7 4v 7i3H
rigd, Xy hU—2 h 57 4y 7 BREVRRFEERIOIZ L bOBEKEAWZIEI B x> b
U— JARMPBBRINTEREIZZSBEELH S, remote_call(PE_ADDR_OF(dst), mem_copyout,
3, dst, GLOBAL_ADDR(self_pe(), src), size) £ R C.

SYFREB/ VLYY RE

EM-X TNV 7RMZEEYR—F T —F U= TEEIZEVS, RETRYZELEGDOETNY
TRHEERLTWS, 20T A7 5 Y TiE, B461RT LD X2scan R F AV [21] DEEZIT-TW
B, ZOBE. R RBRERF—VEINRNETIARY R T2 LR NYTREMTETa Y
BEnbTre. BERLAT— VR cel(logn) LD, ARCHEEZAWTEREY ¥ v a VAEZTT
52 LNAETHD, EMXOERS ATV ELTL. V¥ 7V a v BROZEREL TS, &b
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X 4.6: NV 7T RIEADELE

BEAMRYF 7 a v BARTHEETak vy OF — FORMERD S barrier_adds() /) 7 RIHIEE
FELTAWS,

#7uky Y TiMLT Oy Y L ORMBURETH B, 7477 Y TIEZ ORI Lstructure[Arv89]
2 & BHRERIS &2 AV TV B, Lstructure TiX, BERARREZTON TRV AE D IZH LTHEA
HUEREZITY &, ELARNTORIETH-THL, FOEEPIRT, THZKY XEY TFT—FHE(
TORFRMMNEREN S, Lstructure K LB RATRIIN—FR =7 THR—F IR TEY, RAHI
AREDAIR I A Uy FEIT L IMIMLITTbN S,

barrier.adds() P27 OFHZ DY — A ELUTIIRT, EBRIZIEX/ —FE2 2 OMETE VL EOLE
12 ¥ NN B, barrier var HEEIINY T EEBRT O OEEFRT, N TOMILRICER S R
3, BARMITIIAY TIZBMT S ) —FE%n & Uiz & &2 log(n) B0 RFT RO 72 OIESES sync
L EBRTFy I TEZOEERBEZAVCCRIIRMZIT) 225 o1 UHFHE L TRV T —7 /v dest
PHRB, hbeid, Z2OF—TNVEAVTR46ICHBH LBV, JBZRFARESZ L > THITIZEEDR
BV F s EMTRD, BiEET (BEOERILOZDIZ) N) TiIcsmy 5 /— K TR URK
TR UVRACEBEND Z LBSETHEHN, ZRLSMITIHIRITZR <. R2DZMEONY 7R % R
WCHEBETTDOILREBARETH D,

barrier_adds(n, barvar)
int n;

struct barrier_var *barvar;

{
int 1i;
for (i=0; i<barvar->stage; i++) {
I_write(barvar->dest[i+1], n);
n += I_read(GLOBAL_ADDR(self_pe(), &barvar->sync[i+1]));
}
return(n);
}

T K/ —FOF—#Llread() TRIRSOLTF—FE2RELBRTIILICLY, o) F I v a
VB LEBICERTES, UTRIATIVELTRELTWS Y ¥7 ¥ a VERETT,

init_barriers init_barriers(pes, petbl, barvar)

NY TEASAOVEEEIR L 725 barvar ZHIHIRTET D, pes INY TICBMT 57 vt v HH
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petbl iZF DT ut v 4 FE BN L2 HEF, barvar I T 2K, I 2T pes DHPLEA

T. petbl, barvar ¥ LT O 2EETH L. VAT ADFE>TWEHT L
TREEEEAFIAIND,

barrier_adds barrier_adds(n, barvar)
barvar EKICTHRES N 27 a v HRTRY TR EZL 5L L BT
%, barvar & LTO 2 BET 5 L. default DBEEIAVOND, O
NTORBERZINTND,

barrier_ands barrier_ands(n, barvar)
barvar HEEICTHRES N7 o v FETRY TR Z L 5L L I
T5,

barrier_ors barrier_ors(n, barvar)

barvar EEICTEEESN 7oy FRTRY TR R L D L & BiZ,

15,

barrier_eors barrier_eors(n, barvar)

barvar BEEIC TIHEEEN -7 ut v HETRNY TRMZ L 5 & L bIT,

2HET 5,

barrier_maxs barrier_ors(n, barvar)

barvar #EEEIC THREEN -7 o v VEITNY TRBIZ L 5 L L BT,

ERR

barrier_mins barrier_mins(n, barvar)

barvar BEERIC TIREEN-7ut v VEI TR TRBIZ L 5L L bIZ,

15

barrier _mins barrier_mins(n, barvar)

barvar &R TIEEN =S ub y FRITRY TRHZ LD L & BIT,

15

barrier_muls barrier_muls(n, barvar)

barvar BEEIC CHREAN -7 ut o HHITARY TRI#IZ L B L L BIT,

B-EZHETS,

barrier_addf barrier_addf(n, barvar)

barvar &R THRESN =7 ut o HHEI TR TRI#IZ L 5 & L biZ,

BAKELTETRLADEELHETS.

barrier funcs barrier_funcs(n, func, barvar)

barvar BEEEIC CTHEINEnw v TRY TRMZ L 5 & L HIT,

% 2 5| $B% func() THOEE LI-EAFHET D,

barrier_addv barrier_addv(soc, res, size, barvar)

barvar K TIBEIN-Fut vy FETARY TREZE D L L HIT,

7 2 DT ZES res 12T,
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scan_adds scan_adds(n, barvar)
barvar D7t y#F—F NI VIEEEENE T ut vy 0 LB ut Yy FOERE TO5IHK
n OWIFEHETD,

scan_addv scan.addv(soc, res, size, barvar)
barvar D7 Ot v FF—F NI VEEENRS T uk vy 0 b BT ut vy S OERTE TOES
MEEF soc DB/ AT v 7 ARZDWTEHE LELS res IR T,

Jo—F Fx¥ X}

Tuy 7EERRY TREOLSIC, 1 HEDTa—F X ¥ A kb EM-X TiZV— N BAOBEERR
RS »#EL8bE TERLTWS, LirL, V—FEMOBELZHEMICESASDELET T, 0
FutoPiim I —FOF—F5<AFXx A LED ET5E, nxm IZHHILRESA2->TL
$£5, 2 THRHIBREXXETF— 2507ty P 7o —F X AT EEFIRIC. T—
EENRATFAVHCERTAIHFREELD, chi7alSa0u—Ke P CHRALTWALLT O
By bR FERFIRTS,

DISTI: ; ptype = 0x2b
st fp,0,pr0
1d zr ,NEXTOdiff,r0
add r0,fp,r0
send2 pr0,r0,0,0
.break

ZON—F U, Ry R BRRoTLBE USRWR EEBCT R LABTRESNEAEYIZ, T
FEMONEEEXIAL, KIZ. HODOUDRELTEBWW=KRO T at vy &5 L D0FESs5 (NEXTOIff) %
FRUABICRLALZ 2ICEY . KOTaby b ~DTFLVAZER LT, Xy b EEBEETD, 20
NEXTOdiff i2iZ/3% ~ b # 47 DISTI(0x2b) b —#ITHMENT WD, AT T A VEEDORELD 2
ZHOZ ot v ® NEXTOIf D37 v b # A 7% SYSWR(0x23) £ +5Z Lk 477 A VER
EOBBRBETIEATY BEEXRAHLOLBITDOI., RATFTAVEERKET 5, AT T A OREED
LA noNkEialt o izl 1 Sl TE, ZOV—FrTik47uy 7 A1 V—F
DOF—HEERITH) ZENRFRETH D,

ION—FUEAWETa—R X v X EEEUTIORT, RKEHREHAWD L. 80 Fu v HiT 4096
J—RDF— 2% 7u—RF¥AFTI01IZ, 928 TUEPH->TEY ITTM SA M/ BOAIN—Ty
FCHB, Tt Fut v HREEON /2 DAN—T v F THHHB, £ PE KEERET LTWVD
DL ERERLIBEAOMETHY . % PE ~ mem copyout() 2175 DITHAD LK 40 FEOHETH D,

em_broadcast_init em_broadcast_init(petbl, id, pes, v)
Tu—KXx X NBEOEDOMBIEIT), Tu—FXFx A hORE, ZEERTHIET0Ey Y
T—ERTETL TR EBME, pethl i Z7u—RF XX A MDA T T A VEXRICERTLT
ot v HELSOES, N TRHAOTYEEZ R U petbl ZHEA L THEFANIT > T EBLE,
id I petbl P® index, pes IT7 B —FX* ¥ XA MZBMT BTty ¥, viz7u—FF ¥ At
BEEAERT AT — ) 7RRETHEERT, 0 2BETD L ¥R T A default OREEEZF|
Ay 5,

em_broadcast_send em_broadcast_send(array, size, v)

Tu—Fxy R hORERIT) ., array HEETREEFITsize FEDOTV—F ¥, £7at 30
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RLr—ANTRFVRZTe—FXy X &5, vid7T e —F X+ X FBEMMERT 37—
V7 2RI HEEERT, 0 28BETHE VAT b default DEEERZFIA TS, #EEEND next
Tty RELWVECERESNZZ L 2HERTHHIC, 7u—F Xy X MNIEMT 57ty
PT—ENY TRBAZT>TH L, DISTINY vy b 2AWTT oy JEXET S, GBEBKTTS
ELnext 7R Ey HICEERT ZBEALT, BAR T —FX ¥y A L 2EOET2HTITKT
T5,

em_broadcast_receive em_broadcast_receive(sender, v)
Ta—FX ¥y XFORFEEIT5. 7o—FXx XA POREHERZBETHZLICLY, BB A
TIAVEEDRENG 2BANEI D% F =y 7 LT, ZHILE U THEKRNOD next 7ot v
YEED/ v b A7 % DISTI » SYSWR ICRET D, ZOREDZET 2R T BT, 7
B—FX¥ZAMIBMTE7ety P TNYTRFEZITI)., HLiITo—F X v A DEBEXRT
ZEAOT Ry LORMTRAARAYIZITV., ETEAERT Lok b, KOT rt vHicEE
ETZ2RX5,

el AHR

EM-X IZiX Z A=BERRVA, /U FT7x2—AF—F Ot yd T/ 7 b0 =TI0LB 5 (<
BREZERALTWVD, BEAMICIZ. 20 70y 23 M0 (1 ~A20B) I 1 TN+ ho 0 %Y
ZrU=TREVERLT, Xy MEBICLI VNV XES, o7 vk ydhbEz0Fut vHic
BEOAVV ZERVEDR IRy b EED L, ZTOry MCXVEBIEhE ALy F T, BED
AV EDEEBRTELEHIZ, EOLNBEEDT20 70y IV A IVTHIT U Z% | HMEED LD
CHREBLT, IV ZOBMECEREZ S A RVEIICLTVS, Z0 L) 2liE%E em_utime() &V D
SATSVBEBICE VERHELTVS, ZhiZE Y, em_utime() & 2 EREGH L TZOROERMREZ~
A7t FHENTHLIZLETEDS, ZOFRTRERY NI —I LT 7 40 7KL VREENET
BH, BETEHRAT20BORED R T 7 4y 7 BORVIREET em_utime() 2 THTO T, 20Kk
THIERZRROFRRFAETH D, HiZ, £5 TRVRECTREHEZTI HAIT o EENL
BTHD,

em_init_utime em_init_utime(pe, pes, petbl)
A=Ay F&7at vy pe TEEBITD, TNDAL Y RF~ADART U K5 A2 b % petbl
HND pes Oty Hilabt’ =33, ho7 oty P TRFA LRI, pes & LTO 2
€15,

em_utime em_utime()
FAT—AVyRIZT7RALT, BEOIV U 2B, ATV MI220 70y s A 70I2]
BMLTWEDT, 1AV IR L~ A7 oBORBICHY TS,

£ L—X

EM-X iIZiZ AV TFH U RABIERHDL > TRV, SR MHE#ILE T v FORE (7Y v 77y
TRVIRAEZT 7 AN, FIFO ORERE)LTEBRAITED L LBIZ, 2D HLO—HIIEETIZ &
LTED, £/, EMXOEBIZRAZ T 4y 7EBEOLZNLEREINTEY 70 v 7 25D TRERH#
FLTBSILLRFARRTHD, AVTTVRADIvy 73 ALy 70y 7 L3RR L R>TWVD T
O, Aoy 72 BELIRKRET, £ty PORBERGTHZ LN TE, FEICHEEOE
RERERTRETHD, 2L, 72y 70FECERR 220y M 7vray 228 LTO
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WERBICIIRRENID S, —FH. AArr7uy 72 EbRRETH, AV THFRAERIVE S o
oY OREBREBIZARETHD, HEL. ZOBE. —EIC 1 >ORELIRETEXRVEZD, 70
ToH /& TV v T 7 uy FORBEMARRS I LCEERBETHD, — DDAV TFUATF LA
227ut oI o TERETIIE. BT — 27 4 X7 ICRETOIRMOAED T2 IVHIEEL
BEThb, LI=doT, 2 IVBAHTOREREBICIZ., 7ul 7 AR TILEELEATITITHZ
LRHETHD, ZRHDETN L—RORBEHETIZDDOTATFY, BIOFHRLILTI AT
VERRTHEZDOY—IVELTUTOLI RHORH B,

em_mtrace em_mtrace(char *path, int ctrl, int mode, int pe, int clks)
pathiZ b L—R 7 7 AVEBRT D T 7 ANV~D/RRTH L— 2B OLRIEE, NULL 2HE
¥ 5 & default & L T/tmp/exmt._trace \Z##M 35, ctrl iz L—XOHIEZ{TS . HETE LD
JUTOWTFha,
MTRACE_START | L —XBit4
MTRACE_STOP |+ L — Xl
MTRACE_RESUME F VL —2XHH
MTRACE_END F L—RKT

mode 2 & Y b L—AOREERET 2. UTOHEELMEDEHE,

MTRACE_PESTAT 80PE DX 57— ¥ 2 L VX ¥ DES

MTRACE_IFSTAT AV #7 2—XAA v FEDT Oty PFRF—F AL IR FOREG
MTRACE_PCTRACE 3|¥ipe THELEZut vy #D7us 550 v ¥ DRE
MTRACE_BINARY kL —X 8% A5 TIRE
MTRACE_CLKSTOP &|¥iclks TL#zZuy JALTI vy 7 EHRB S b L—RX 2 £l

stat2t stat2t trace_file

em.mtrace() THRELE ML —RT—FZ2PUTOL I IZEFH LTERTT L2 F, LTI MP3D
DETFTEF L —XLIRR % stat2t TRRLEZDBDOTHS, EXERT by PRETHTH
Bz 7aty P HBIRRLTND, WAIT 37 at vy ¥3 7y AR HLOTDITA b —b
LTWEEEE 7 a vy HEIRERLTVWD, RIZ, P L—REFE VAT LI— VP THHIE
BEERRLTWD, HEIC, 1 ELETP TR0 7o v FRETHEV B THATVARRS
bl LT, B ut vy 3 EERRTHEEDIC, TutyIBETRTHoBEE2LT
ot yYOFE, Futy o Thbok bBEREOB o b DOEIE, Kol b DO
BERLTVWD, BEI., 7y MHABBL TR F—ALTWET ot v HO8E ZRAKICERT

LTWw3%,

EXE

GAO 372 328 317 314 304
GA1 316 336 322 329 3156
GA2 335 341 338 314 318
GA3 0 0 0 0 0
GA4 323 326 325 330 311
GAS 329 320 336 330 0
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GA6 333 332 329 335 0
GAT 348 333 324 337 0
GA8 337 334 329 335 0
GA9 339 310 333 313 0
GA10 316 333 304 323 0
GA11 326 324 333 330 0
GA12 326 326 313 336 0
GA13 331 323 346 308 0
GAl4 326 331 311 320 0
GA1S 324 312 345 326 0
WAIT

GAO 20 2 1 1 0
GA1 26 13 1 2 2
GA2 14 15 2 0 2
GA3 0 0 0 0 0
GA4 19 16 0 2 0
GAS 10 0 2 0 0
GA6 13 4 4 2 0
GAT 15 1 0 1 0
GA8 10 4 1 2 0
GA9 8 0 0 2 0
GA10 12 2 1 0 0
GA11 1 1 3 1 0
GA12 2 2 0 0 0
GA13 8 0 0 1 0
GA14 3 3 2 1 0
GA15 7 1 0 1 0

step 577 + syscall 4
64 PEs run, activity (ave: 56.66%, max: 64.47%, min: 52.69%)
wait (ave: 0.73%, max: 4.51%, min: 0.17%)

stat2x stat2x trace_file

em mtrace() TR/ LN LV —RAF—F %M 47 DEI XX LERRTHa~v N, fEBET
ot oHizxts U, BESRERREZEDT, 1 Ky hRfilv A7 afHicT50E, FL—2
F—HFDLYFIHEEL TS, 1 FL—X 1Ky TRDLOLTWS, BBGEEITHTH HRE
. BBy NEARBTAR =L LTWHRESZ, BB IsAFD2F A7 VBEETLTY
Bl BERVATFAa—NAEBETHTCH LTI I BT ehofcl %, ABRERLUNAD
T ARVRER TS, K4.71XMP3D % 64 7ut o TEFTLEFITH S, PE15-19 % PET9
ZRAAVHBTHATVRNWI LRGN D, £, 70ty HEIT oL AV FEFETLTWVDS
DOTEHRL, AVyFBREVEIONAABLETLTWAZ LR N5,

T D1t
F oM, libemx.a IZFEFNTWAEEICIIUTOL BEEH S,
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aputc aputc(char c)
FNy Y F B E &I printf() AL TRIRERET Y > FF52 Laib B85, EM-X Ti printf()
IEALV Y FOFRERRR MEHEBKL OBEEZE) 20, TRICK > TEMTRABPKRE KCERLT
LE 9, aputc() IFBIC 1 XFE2 AR FEBICED BT TRV Y R 2§25 2 L8 QBB
BENBD, FREERREEZTICEZECEAE»EF =y 7 T5DERATHD, KA
FEBAUTRELON TEXFOLERTT D,

em_mkpkt em_packet(addr, data, ptype) ‘
EM-X TRE4DN 7y b ATRBETHZ LB TEDN, EM-C THR—-FLTWVWEDIEE
D—EOBZBTH D, EED/YT v b BERT 5720 DD em_packet() Taddr T/ —2A7T
KU A%, data TEETHTF—F %, ptype TEDRT v bDORyy N EATRBRETSHZ LIT
XY, BESN=ATy P RAERLTEET S,

em_get em_get(addr, ptype)
em_packet() 1L SYSWR D & 5 22— HRD/ 7 v hEETHLDITH L. em_get() IXSYSRD O
IO RBEREZITRD L REBONT v FEBEETI LOOEETH S, addr T/ —AT
KLz, ptype TX7 v b FATEBET D, AL v K 2RI 570D continuation % {F
BRL., ThieT—2E LTy b EERLEELZHE . AV yF 2T 5,
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SU(Switching Unit)
IBU(Input Buffer Unit)
OBU(Output Buffer Unit)
MU(Matching Unit)
EXU(Execution Unit)
MCU(Memory Control Unit)
Maint(Maintenance Unit)
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4.3 7oty H7—FTIF v OFHM

I ZTit, EM-X OERZ vt v¥ EMC-Y OFMIC OV TiR~5, K4.8C EMC-Y O#FERE %2R
4. EMC-Y BB R+ L5 e, Ay FrZa=y b (Switching Unit, SU), AAyT77a=v}
(Input Buffer Unit, IBU), H#/3v 7 7= =y} (Output Buffer Unit, OBU). HHbEbEa2=v}h
(Mathcing Unit, MU), %#f7== b (Execution Unit, EXU), A% Y #lf#l==> F (Memory Control
Unit, MCU), A¥FF > A==y} (Maintenance Unit, MAINT) 225725, LTFIgEa=y hiZoW
TRELE~D,

431 SURAyFrJaz=vh)

SU(RA v Fr P 2=y ) 3% PE 28T Xy NV — /MO 7y FOAEHNET) == b
ThDH, R FT—IDEDANR— IR 2E—F, 7rEyIRLOAAR— PRI F—b &, AN
R hEHIHE— D, . Xy P T—I~OHAFR—IB2R—F, 7oty F~DHAHFR-F
B1FE—F e, HABR—FREHIE—F 52, BRI —2F—FiZ, T FEZTRI v b, &E
EREEN2E v 3V I~DERE 2 €y FHAL), BEFAESTAI EYF 35 JTENE
N1Ey ) D4 EY FOESHERSD, ZOAMAE 3R B AA—MICERIN TV,
4.9 12 SU OMEEE 7T, SUIRKD 6 2Dz b2 bRb, ZV—THEXy b T —IhbDOAS
F—k OEEEFTH IP0. FNV—7RF v b T—2hbDOAHNF—F OHlEEITS IP1, IP0 & IP1 X
RUEETHE, 7ot vdhbOAAR—F &H#ETS IPOBU, ZV—7HWEy b T—7~0DHA
H— bk 2E#ET 5 OP0, F V—7M%xy b 7—2~DHAR— | %il#+5 OP1, OP0 & OPLIZAL
B THD, 7ot v~ EH#ET 5 OPIBU,

IP0, IP1 TV 78y 7 7 EFRHIND Ry v b Ry 7 7 BERENI R T > B, Ny bE
Xy R T—I bV ol ARTROTHD, Ry b T—I~HATHANT T F 747V —FROT R
FadTi, Xy hT—2 bichd 7y hOEVEDRy 77 BTRTENR>TLEI L, TyFuy
IRELTLES, FlziE. H4100E5., Vo7 kicEgishiz4207 vty ¥4, RFIZ22
epFatyHiciry hEESIETELE, ROZuy 7P A7V TiE, £TORy 7 7HREREST
LEW., Y07ty b iy h2RXBIERTERLARY, FyFuryZLTLES, Zh & EE
+257®. IPOBEWRIPL TRy h T —20 b0y b BEMEINE Ny y bRy T 7R3 N7
NoAEEE L o TS, Fak o dhbihEhsd Yy b, B, /3270 %FHLTSUEH
PEEIND, Ar v rBEXY T =2 EOHBRT—Y (BEOKETHEHEOAT—Y) 2Bl T 5K
. BT Ay h Ry 77 LT—2 kDAY 7 2AVE L) KERT D, ZOR, BT
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clock0 Rur g7 EL clockl
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= _|pEAD-tock |
PEO PE1 PE2 PE3 PEO PE1 PE2 PE3
Ry Z77hHY
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PEO ; PE1 PE2 PE3
[ 4.10: Ay 7397 7L BT v Fay 7 OEGE

LOBEERERFEENICEETA I LIckY, EROXI BTy Fay 7L LRSTHI LHFAET
5. FlziE. 410 DBEASTIX, PE0 Li2d 3 PE2 D% v NI PE0 2@#@ 457 v b TH
DT, PEl ~H/Av 7 1 ~OEEERE 2V, PE1OAY 7 0IZPE3 O v b BH-TH, 6
EEREIZIMTOND, A7 1 BAV 20 L bEENCEXSNILD, KOZuy 7Y A7)V
TiE. PEl DAY Z 0icdh B3 v F T, A2 18557y bR PE2DAY 7 1 ~RES
n3. 25 LTFyRuy 2Lk Yy MEERTOILE, ZOFRL/A—F ¥V F ¥R/ [Dal)]
RRWEFy oy Z7ERERAETHIN, A—F XA FrRAERAVEMBOR Y T — 7 TIISEELET
Ot o HICHETSETCORKE Y PEETF ORI EHBELTHOIH L, $—F2F7 A AHEXy |
D— 7T, BEA—F AT IREVBR2EATAETIREET Ly FICBEETH I EBRIESNT
BY. Zutv B b TIRIBOAY VB TT vy F Ry 7 ZEMTE 52 LBMEN TV [22).

Xol. AT v FRYATFAPICENE S BERF Ay ML, Ry b T—27 ZEETHEICA
VIRERBED, FOAT—VICIERE LEBEATERF Yy P THDEHETE D, SUTIRZ
DES Ry N ERBLESE, Sy vy POHST By b & 1 ICEXT, #F/ 7y b ERA MR
BIZEVIETZ EREBNICITDRL S,

2y hOA—F 4712, TP0, IP1, IPOBU #hFh® RT BIE TITbhv s, RT Tk, 7y
MCEENTVWARAEPEBEESRTIC, & SUMNRERE TEXIND X ITHAR—F 28IRT D,
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BB —F 4> TATY XLEUTRART, BEOREN—T 47O, A F—T7=x2—2R
ALy FRTU—ARy T 7DED RIN—FHBRE L BRVT O Y TOA—F 427 Th5H1/0
N—F 4o TR, RRANHEBBEDO Ty FOVN—F A TEITIRAMNN—T 4T BHY | HBEZ
CEEEABE N, ZNHDOL—F 42 T % v FROKR R MERRS T v b # A7k, BLOT
DEoPHNOT7FTICEVEINEZD LT R-oTWVD, UTOIBIZF =y 7% LTHEEN—T 4 T %
BRT S, 2L, XYy ML PEES# (ga, ca), V=T 47 %175 SUD PEES% (GA, CA)
LT3,

o ZIFTWMHENr Y FDFERARNT 4—/VER 1 DBEE:

— PEWN®HSTRT 7570 OHE: S V—7HEAR— (OP0) ~Hi,
- PEWN®HSTRT 75 73 1 DFE: F A—F4HAR—k (OP1) ~HF,

e PEROD®IORT 757 H 1 OBA:

- ga==GA
« ca==CA: Fv 7 H—F (OPIBU) ~HH,
x cal=CA: 7 V—7RHAKR—1 (OP0) ~HiA,
~ gal=GA: Z L—T7HHAH—} (OP1) ~H7.
o TNLADEA:
- ga==GA
x ca==CA: ¥y 7HHAF— (OPIBU) ~tHi7,
x cal=CA: FV—7RHEAR— (OP0) ~HiA,
— gal=GA, CA==
x parity(ga)==parity(GA): 7 LV —7RHEA K-+ (OP0) ~tHiH,
* parity(ga)!=parity(GA): 7 V—7HAHAR—k (OP1) ~Hi71,
~ gal=GA, CA!=0
* ga[T-CA]==GA[7-CA]: 7 V—7AHAHF— (OP0) ~Hi7,
x ga[T-CA]'=GA[7-CA]: 7 V—74 AR — b (OP1) ~HA.
Z Of, MLPE ¢ FRETH2ARSBAO Ny b33, 2037y MIsEESE PERICR>TE
D, Xy b U—27 LOBRBE—AL T, TORKETH L bAROEW PE ZRHL T, THO PE T
BETDHEICRSTVD, 20D, £R LI PE TR EREV—T 47 TR X7y b O wef

TA—NAREZEYD, ROLD BA—F 42 T %FTH, 2720, ZOEDPE IZBTF 5N —TF 17 T,
ZDX) RERRBNTET. BEOLV—T A TITRED .

o wcf[0] 28 0 DA S NV—THAHAR—F (OPO) ~Hi7,
o wcf[0] 2% 1 DFA: IS A—TF5 AR - (OP1) ~HT,

OP0. OP1. OPIBU Tix. AAHR— FHIEHERKD b HAR— F ~DOEEERHEZE LB 413, ARB
BRBIC LV TO@EYIZHET S,

o TRLAMOHARET LTVBHE, T/ 7y F OF — S BRI RES
e OBUMBLDHAIZIARY 270 EEX, N I7BREVEHESL
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o HANCHALEZANR—FEFHAR—FEIC LRUKKKRFL TR < ( LRU = 0b01 : IPO, LRU =
0b10 : IP1, LRU = 0b00 : OBU, ##HLREZ 0)

o SANNERLILBEEIRX

LRU=0b00 OiF4& IP0 Z&EiR
LRU=0b01 OiF4& IP1 #RiR
LRU=0b10 ®iF& OBU %&iR

o IPO LhDR—F BHEHELE-HBEIX

LRU=0b01 OiFA IP1 H 25\ X OBU Zi#ER
ZFhLUS TP ZRIR

e IP1 & OBU BNEELIHEAIX

LRU=0b10 OiF4& OBU &R
FhUs IP1 2R

4.3.2 IBUAANYT71=vh)

IBUAN ARy 7 72=9 ) EXy b V=M bYEBTuty PR TE AT b ot A
FIFO(77— AR AVT77—A T UM Ny 7 7 BT H2=y b THD,

FIFO Rv 7 7L LTk, 7ok ydRBI/INER B8/ v b)) OFIFO DAZEZREL, bLIO
WE FIFO 23 SN Baicid, TAE Y LR SR AT Y RNy 7 7ITEME D, WE FIFO I
LERELBE., AFY ANy T 705 FIFONBF2E -7 37 v BRI FIFO &M Eh 5, =
DAEY Ny T 7 ~OE,. NE FIFO ~DHERIT. T_XTHA—F v =7THIZBBHIZTbh DT,
a—Fnbit, FIEKRBEELR FIFOMRHEHLEEX D LN TE D,

CDOARYNRYTFADT 7 ERE, ETHFOX Ly K EBAHT 2 &5 KHEch TS, EM-X
TRH1IFAINCAETFOTOEAEIA~N2BT 7 AT HEREL 2 TWND, TROL, 47V
DHE T 2 — A THE T 2o FEITV, ¥ 72— XTF—ZOHRAML/EXRBEITH, LT
MCU(AE Y o=y 1) BR, BIETz—X0MET =y FIERALV Yy FBEITSNTWBRY &Y 1
INVEFENBD, BET2—ADF—FT 7B RIGENB AT Y BRGEFOLEDLTHEY AINVE
TFENZDIT TRV, 22T, FOFAESRTOWARVWEEDOHYET=—XFAVDH I EIZLY, ALy
FEANIEEPEXTIC, ARIARAY T 7~DT Z7HAZIT) T EMBFEERIZR S, IBUR AT Ny
Tr~TIEALLY L LI XIZ, ETPDOR LYy ROMENRATY T 7B RERET oI & EITX,
LA AT Y BROFREELEENS, ZOHIZ, IBUIKIKSU 2bXiTWoT Ty b PR
BEODOUVISREIRL Ty b 35D, ARV Ny T 7~T 7 AT HEOOFEFLDOIHIIT IR
1U—F& (1/27%7 v +) OV PR EBHIEHHTH S (EBEEMA4A TR 1 V—FFOLIRAFD
HBABESRTWE) R, 2OHE. BYVOT v MISU WIZEBEENRSZ LT/, #E/\ 7y Ml
BAhT. Ay =20y ARy F%BIERITERL RS, £OD, EM-X TRIOLY
AEEIAT Yy NSRBTAHILCEY T u v PBEDONNT Yy h~DOEBREDRLITIEIIIER
IhTWa,

AEY Ry T 7~DT 7R, REFIFO b HS N7y M EBHTIIHOEZ AL (R
k TAAER) & NES FIFO ~&MT 570 OFA L (U R b THLE) BHd, T b ONEI RIS
BELRBIINHEIOT, NEBBICEEELZREL TR LBNETHD, EANITIZY A TALHE
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IX. HNEE FIFO B2 38N 2, BT RAT T ALV REDBRATNVRELRZVOT, AT
HEBEREIETNS,

EM-X TIRBHE DO/ 7 y MixWo A FIFO ISR T, BIFEICLEEINDS, T07H, BEL
TRy BB INAHITIE, T TIZFIFO IKEMEINTWAMOTRTORFy hBRAEINEZ L
BHEL 2D, ORI Ty hOBECUEABTICL>THLEHTI720, FABRKEEICRETHS,
¥7-. FIFO IC L ABEHIT TR, VAT LLE 2 PEEMICAE L2t iR blenk o gaicst
ETERY, E6IZ, UTRERSFLEDLELETIE, —BRORALVyRABE L LTEFTTD L. #F
LEbE I RADOEBITIE, EFTRATTALIEATARELTLEI, FDOED, EM-X TIZLATFD 3
RIZX BRI EIT o7,

2 LRILBEEDEFIFO

EERICAE T 537 v b BICFIFO(LAF TH FIFO-HIGH) 2312A&E L. &3y M ICBEELR
TIEY D757 %F-E-, ZTOFIFO L ETRREFIFO ¢RIU LK, RERFIFO & AU Ny 77
DHRY BRCNA—FRU=THIZNY Yy bORNT /YA NTHHEE SRS, BEEEED FIFO(LL
T TiX FIFO-LOW) R® 3% v kX, FIFO-HIGH 2% v h BHEE LR WHEICOAR, LERfTDR
5, 2170, EM-X TIRAVy FAEZMO/7y ML > TERFE SRRV OT, @BEELEEDR L Y
FREFTENRTWAR L X, BRELAEAR7Y P BREEFELTHLEORA Ly FAERPEHEND Z LTV,

FNENONEFIFO 17 2 7R —F RAM 2AVWTEELTWS, /hSRFEDORAM % 2 @A
WAL DT, 2fEDOKEED RAM ZHAWVWSIE) BAR—ZAHRIIBV, 1 2O RAM ZAWVWAZ LI
IV, ARCHRAZX TEAHIIENEFN—FDFIFO IXBONEM, TR IDPDBDETIZIZE A
ERV, ¥ 5, FIFO OfFEAH Lz 3 —% (FIFO-HIGH 222 T2 fuif FIFO-HIGH 25 D & |
FIFO-HIGH 28 %72 5 FIFO-LOW 225D %) b LR E Wb ThD, £, BEEXIRAARIZEALT
b, XY M T—INEDOAANR—EZRZ1I Ry OB THBL, AZFI R T 7LD X NTH—
EZiX1y 3 THD, —2 2D FIFO ~DORPIEX AHZBELZDIX, FHZIERY b U —
INPLDOEZRALN, ) —FIZFAETI Ny 7 70 bDEZALBLERBETHIN,. ZOBE.
Y2 NTREZGF-ETH, EANAT T A ODE~DEEBIIIZLEA E 2V,

ZFIZT,27o0OWEFIFO X, 12O RAM 27K LAGEILTRIAL T3, Thebb, EhELD
WESFIFO HiZ, EERAALTR LR, tAHLTRF L RAZERFL, Th o0 7R L XZ, FIFO-LOW IZ
B ey Mz 0%, FIFO-HIGH ICIEEIE Y M1 ZBMLETRLRE LT, FaTiR—
F RAM DT 722 %1T9,

E, TTIREREZEY, EM-X TR 127y 2 V—FOEEREA7y b Z2AVWTWVWS, Xy b T—
IRAEI N T 7~DT JEATIHMEEROFKZLITEY —FEIZ 1 V—F L BETERWVA,
Fo7REBTIEZOL D ZHKEID VDT, —ERR1I ATy by (27 —F) 2 EBEXTI3HBHENR
WL, BIELEBICRD, 201V —FE%kd 2 V—NEBEEOEREY Z DO IBU TIToTW5, EEHIC
X, 7R LREA®D FIFO &5 —FEA D FIFO 2 JICHE L., EXRARRIIX T —F BALTIT) A5,
FHHLEIZIZ2 DO FIFO ¥R T 7B A LT, 2 U—FEEZEZEH LT3,

EEVE—FMAEUT7IEX

EM-X 358 AV BUFIHBHETHY ., 7oy o —IL 2E ) 2F-TW5, BF. o8
A Y APFIHAEETIIMOT oy SO AR Y 2BRTHZEEITERVOT, ety HETAY
= BEZITV. BENLAFVIRAEEZ AvE—VLLTESTLLY, HEIWVEAvE—TELT
EOoTHFEIZAFTIIA~EZIRAALTHLLIMER DS, LIEL, ZOFETEREWVWOT kv TRER
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WA EED D Z EBMET, AA— "~y RBRETBE BT, Tul T I IRELLIRSE, &
NI L, EM-X TR7at o BEELEORMATI TR LANLRZ7 a0 — VTR LRAZIBET
522X, U—FEMDOYE—F AEY ~OEZXRAZOEAMLEFFR—FLTWS, MPI-2 D
PUT/GET L W ole—HREEFEICHY TS, 27ZL, TOVE—F AFE VT I7EAZREDRA L Yy N L
HBLLTERTIEL, BoltVE—FAFE I T2y b BHFEPEKREBFLTH, ETHFORAL Y
FRFETDE THREZENATLEY, VE—F ATV HEALAHLOBERICIE., TLTRTHBL ATV
LRRoTHND, XXV NI — 7 BBOBERRY PV — I AV ZT7 22— ADEBREE/NSILLTYH,
COETREL AT UV ENELTHILIITERN,

FZ T, EM-X TIEALV Y REFTHTHLYVE— L AFV T/ RAEREZ VP —ECRATEHEEY T—Fh
AEV T 7 AEHED IBU b oTW5, FliX, BV E—F AFVEERAZERYy b (UT
SYSWR X7 v b)) BBETSH L, IBUTREAYY FOTFUVABTRIND AEY TR LRIZ, F—
FETRENDT—F2EEZRAL, ZORHOAEYANAVFRBIZE, ERTRLEATIARY T 70
TI7RARZEREND ARV T I/ AR EBFEHTE, LEBRST, ETHORV YRR AN Tk
AMFEETLTVEEAIX. SYSWR OLBIIF-INE0. ThUSNOBEITEEIIEZIALBK
T35, ZORKO AT FHEEBICOVWTIIMCU 2288, X7y MaXiZ1 7y M2 A7
755, SYSWR QAT 1 A7V L bz, #GEMIZSYSWR X7 v F#RoTL 3
I3 T7 0y VEEOBETH, AEV T 7ERNRROEERIT1/2 #BARV, ALy FETL, 1
P ANV R ETORMARRISC a7 TEITEND D, ATV T 7 XAGHORERX1/2 284172
WEEZ NS, ZOH, ALY RETE, SYSWRICEKSZTay s VE—F AFVEXRARIIER
LTETARETH D,

E#EVE—F AEVREAHLERS7 v b (AT SYSRD X7 v b)) OBEHFREKTH D, SYSRD X
Ty RBEETDIE, Ty FDTRUVABTREND A Y TR VAZHEAET, FL T, SYSRD @
T—HHMTRENDIRVEMET R LARE L, AHLET— ¥ %27 — #5353y b LKL,
HAHRy 7 7a2=y k (OBU) ~E&%T 5, SYSRD bEKMIZ 1 ¥ A 7V TREZKRT T35, =L,
OBU 75 full ®FEITIE, full CEL L2052 FbKRTHLET vy Ny 725 &RZTREENH DD
T, OBU ~OHA%RLH T, SYSRD /3% v b % IBU N® FIFO-HIGH ~AN 5, ZDHA SYSRD
RyyMIBEORELEEAV YR L LTUOEEND, £O%SYSRD /37 v k2333 L T OBU #3 full
TEWEAIX, FIFOIRAN OIS Z L ESLERITTOI DD, U7 e® vHP~D SYSRD X7 v
F DR b OBFIBFIL. HALERF LR 20,

DXV E—F AEY 772 ZX% SYSRD/SYSWR ¥y h #HWEEEVE— N AV T7%
ALTBHEELOFRIIUTOEY THB,

e VE—F XEY T/ EROY—E AN, ALy NEFLEB(LLTREAELARY, RET E
SYSRD/SYSWR 04— b ARRNZ 0 & 725,

e HEVE—MAFRY T/ ADETRL AT Vi, F8F PE TOFLRFHNSIZIZ0 L 250D T,
BRIV AT Y (DALY RSy PBRRVWFEEDOL ATV VT, Xy b —JEEBL R Y
NT—0 AV 72— AEOBREEMZIZbD) ICL Y REL B EBWHEL 225, EBITIX, Z
IRy DT =7 ETORYT o NERRVOETEREESFMIS N b D L7250, BHiEY £—
FT 7 ERBBEERVREWE ZICHRDERESHIE T Z EBFREL 2D,

o HEEVE—F AEY T I7EAD/ Y v MIFIFO ZiFAN LN, FIFO IZIZA Ly Kighiie Lo
Ry hOBBADZLIZRD, KEEREOEZEL 2 LEDIEFINT—FREER, ZOEBEY T—
ARV T 7 ABIBICLVBETDIZLICLY, BIECSLELRD FIFOBEXKRE<HLT
ZEMEREE B,

¢ VE—RNAFEY T/ RANBEA ALy FABIZIVITOIRE. 2TRODAL yRiZl, 248 LW
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FEBICENALVYRRLERD, 20D, FIFO ORET 7w AEEERH»RIVELSRY, VA
N TAERENCES DR RDTEREENELD, LrL, BEVE—F ATV T 7 EREFATS
TLIZEY, FOLEOREFCEVALVYNQEIEREMOZEICLY, FHRALV Yy FERBPRLR
v, FIFO REt~DARHBERT S,

2ANFEEEDHLE

EM-X TiZ 2 AR LA R EERLADE LWV FRTYHR—F LT3, 7— FEREFHEER
POIERREE AT 2AVEELADEFRS RN THHH, EEFLEDLEFNL. E0L5 R
EEEEEAVT, BROAEY 2FIATE S, BEEFLEDE TR, fHHELE/ Wy POTRF LR
BT, FHLADEAOERATYOTF LARREL, TOAEY OREI2EY 777 L LTH
WB, FNIED1Ey R T, HADEAT Yy EBRVENEIPERL, I LEY T, 2Oy
FREART U FEPEART U RPEERET D,

IOEEFLADEREROY Y MAEBE LTETT S L, 2EIC 1 B3 LA DERESFEL
e, BhEbE IRLRD, FOBRSIE. v hF—FEHbLAbE ATV ITEMTHLELD
. BHLEbE T IS EEICE Y F LR TAERKRTL, BBy PEITAFAVRELRD,
TRARRAHA— ANy R ELTBIRRATLE), HEDLEHFRVRVE EOAEI, LFROBY
HBICHMRNETHEOT, ZREIBU TABTBZ LICEY., AfiA— S~y F &Ly FETL
BEBLTE S,

B, LAYy I BBEETIE. HFLELETF LAD AR Y TFT—F2FHAHT. b
LELEDLETI7HR0 ThhE, HEREFEELTWARVWDOT, Ry b TF—F2FH5HE8bE AT
VITKRHTEE L BIC. bR TS AEEICEY F LTAEEZKT T3, bL. fbEbE7 7
A1 ThHhE, TTCHERBELTWTRLADEERO ALy FETRTEROT, Y& 7o b
% IBU ® FIFO I L T, IROA7 v F OLEITB S, -0, FHEbE 7 57 0EFIFITbR,
HHADE T F/OEHIRIKRDO MU X F—ITITbh 3, FHAEDLE IRDBEITR 2V A/ NVEET
BM. Ry NEZEF A ILE 2H A INAARDT, BICREL IR LR, £, FHAbERRIL
L EE, AT Yy PET R LARET — BB T TRAA LR ZITBEME L TVWDHOT, 2 V—F
FIER- FIFO ~&#Tx 370, BE D FIFO ~DEMIT L~ TRBIEX 2V, Zh b0 ix, oS
o bRy T 7Y oS MEREREYE— R T 7R LRAKICA Ly FRITLERBILLTEITESND, &
OHE/RHLADLRIIRE AE VU LE Th 5 [-structure DETICHRIA SN D,

4.3.3 OBU(HAHNRyT73a1z=vh)

OBU(HH/8y 772 =y }) IR EXU H 5V IBU TER SN/ Yy h VoA FIFO Ny 7 7
BT 32=y FTHB, FIFO Ny 7 7 LT, 7oty REIC/NEER (8 37 v b)) O FIFO
EEBE LTS, bLIDOFIFO RHSNIHEAITE, TRULED EXU Oy PEREED D, b
Ly v FERBA OGS EEFTLTVBEAIE. BFEVASETIXTOND, )y NERBTE
EITTAEOKR, EFF AT TFTAVBA—LT3,

EXUCRATy bR 178y 7Y A IVTERENS, 7y MI2T—FhbRoTHY, v b
7— 231 V—FFoEk S5, OBU I OV FEOEEIC ORI >TWD, $72bb, OBUD
FIFO %7 K L AEMA® FIFO & 7— #HMAD FIFO M2 DO FIFO b L, HE AR 22
O FIFO KR EX AL LKLY 170y 7 F A INT2U—FOEERAERATHE L BT,
L U AR EAE T LICE VR P T— IRV FED L Zuy 7Y A2 L1 T—FILAD
ETWD,
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OBU ~i1 EXU Ofiz, IBU 5 b /%7 v NEEREREH D, Zhid, ERV - AT ) HBAH
LICEVAERENTZRE Yy hOEXTH D, IBU»HOBEREZELMICZMNT D, 172U, OBU
BVSIEVD L XIZIBU »LERRSH D EEIIT. Ty Fuy 7 28} 57D OBU ~DEXEERD
T, AHLAEEA Ly FEBICEIVITIZ L L LTS,

4.3.4 MU@#EB5AbEI=V)

MU(EbEDbE2=y F) T, HHLADELEOEKBEZELA Ly FOEB£T5, MU IIX IBU
BTy RRESHBR, Oy FOBEICL VU TOMEEITS , HHAEDE AT ~DOFX
ABEARY T2 RADTF—ET VAT 2—X (70 v 7 O%¥ET7=2—X) ZAVDHE, TRLUIMIA
EYVTIRADRET 7R T7x—X (70 y 7 ORiI%ET7=—X) 25, D7D, MU OLEIT R
Ly FEFERERLShT, HHAbE ATV OFEAML, TV 7 L—h by 7OHRBHLBER L Y
KRB A— S~y R L5, B OAREREH Y v ML B AL Y FORBICIEA—/ S~y I
H0THD,

#FoabenTvh

IBU 2 bE S 7y BB EbEAY Y k (7 vy D WCF[1] 7 4—VER 1O T v k) D
BA . BESLADEATY RHEALL. FHAbET 57 UTTHEMF EBETB) OF =y 7 24T
V. ZORRIE CEAENMTOhD, FHADEORDERR TS L. UTORE ry b5V
BTy ORB L REICA Ly K ORBIZITY . TOB. /7y b F—F O WCF[0] % 0 Thiu,
Ny b F— BRI LUR Z 128(5 BN pr0 LIER), HHEbE AT Y NOT—FERAL IR
5 129(B\VE prl EFER), Ay b TR LABERAL YR X 130(H BV fp LIRS ITH#T 5,
WCF[0] 78 1 DERE. /7 v b F— 5 LELEDET —FNENEN 29, 128 IKEMEND, b LA
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SBR. BET 2—RFF—FT I RAETHD, EMCY DATF v 7A€V, HEEHEIITS
7= ®ic. SRAM BRERENTWS, Z7uv I F AIND12DT I ERAYAINVTT 72 AFEER LD
W2 A 7L # A 5 20ns DEER SRAM #EDI TS, SRAM & LTiE7r—AL—E0D SRAM %
HOTWAR, FuFHcTRLALYRZ5EL, EMCY »bRIE¥RARFZ—2 T 5V F (ZBT)
RO SRAM L ABZERTES, T4bL, 78y 7P AINVD2EOY A7 NVICRHLTTF
LAZHAL. TOROYF A ILVTEDT K LAFT—ZOHRAEL, HBVEZDTF L A~DEERA
HEITZ D,

BT =—XE. T EXU D LOGEAEY OBRAHLTH BB, T0EH, MU »LDAEYS
Eﬂﬁ%%bﬁ}%vwﬁﬁﬂb\?V#V—Fbyfoﬁﬁﬁb\ﬁ%f%U@ﬁﬁ&L)ﬁ%éoﬁ
& A Y OFEHRHE USEERESE <. TOERBRVE X (TRLLETHOA Ly FRPHLIZE X)),
MU%%wﬁiéﬁﬁﬁﬁboﬁﬁ&f%%v®7vamyuy&#47wifmmﬁén\%0?—
siruy 7 ORE (TR YY) THAMSAS,

BET—XF, FREXUNLDF—F AEY OFABLBITEERALTHDH, TNIEFH, IBU
#B@%%UL&ﬁN7yF}%Uﬂy77\E&f%977t2\%Bﬁbﬁ%%ﬂ)ﬁﬁ&bﬁ;ﬁ
EXAH. MUDNLOHELEDE ATY BERARNH S, MU 2 b OEFIRAAS —FH <. KIZEXU,
IBU OMEICER % ST 5. MU B—BEV O, MU DT 7t ARHDEDOERIFET =—XTHREE
PEATY DB L AT LEET, Z0OI/uv I A IATRALT K VA~DEERZZITI LD
THod,

EM-X D AFY =97 i3X 43 DEY, =L, BEEEAN Yy bRy 7 7 OERT F VAR A
v 54 AT E L ABASEOTOP DEZBRETHZ LICEWERAETHD, YATLAT BT 7LD
BT R LAY, a—FFul SLORMBT R VA, a—FREy I VATLAZ Yy JOTF L ARAFRL,
VIR Y THRBRORDTHY . ATV F A XS CTEERAETHD, K43 E AT #TINVE
ELIBEORBNMBHAAGFTH DS,

TP FRF U RS AL M, BEEELTWAE Y RFAT RS FATE, AFY EI»6 T
@mofﬂﬁ¢6x5K&oTwéoi&?yFt7%7F@7U—DZFKJD%Eéhfwéo@
BRI, 7Y —Y X FOEFERELTVIHEL IR FN 0 ICPHLITEY, 258 T
FL—bF P ZHEEEXALD ETHE, AEY TR ULRBSMC L BBV F FHREB SR, £ZTA
NRSURES AL N OGBS TbRS, BEOEETIE, —ETFLABAREZL 167 AT
RE DU TOLND LIRS TVD, ZDEIRARFURES AL FOBWEI Y TR, 2—F7n
JSAMIDOE—TFOB ATV E VY TLELE LT, 70y 5 LOMEIIE L AT ) FID S TEAE
L TW5,

EMOC-Y THIERIZEEIZ AE Y TR LARELFERIC LTV, TatydNORE” 77 IMAERON
FlicEo b +3E. UTFOLIREXIREAEY TR VAFIARRAEL, RIETHHSNF TH

54



£43: AFYU~wvS
AEYTRKLR NE

0x000000 - Ox007fff | MELEAA T v by T 7
0x008000 - OxO0bfff | #Bk/<X7 v kAR T
0x00c000 - OxO0fff | #Is K F
0x010000 - Ox0Ifff | ¥ AFATas 54
0x020000 - a—FFas I h ,

- Ox6fffff | =2 —F AT KBS A b
0x070000 - OxQ77fff | S AT LARTF U FEF AL b
0x780000 - Ox07fiff | IEBEEEAN Ty b NNy T 7

B8T5, FIANCFSATIR, TRXTOAEY TR LVRRZH L THAEENTE S,
o 7ty NHEL X Z MEMPRO KRESNETF VALY S TREDT F LVA~DEZ AR
o BEXEAN ATy bRy 7 7 BROFRAH L
o EEEEAN ATy bRy 7 7 BIEA~OFTEAHE L/ FEEAH

FERIZ, F¥%k 7 77 PRTEON %2 1123 5L, AFVORY T 4% F =y 7L, RYT4=T7—%R
s, R T 45 —FIARREL., FIANCFIBEHTS,

4.3.7 MAINT(A>VTF2RaAz=vlh)

AVTFr Ry ME, AVTFUARZREZBLUTELN T BAHEAMNHERNLDO AL TF U R
BRIZEZDLLEBIZ, AVT TV AR EETTEH2=y b THD, EMC-YDRTDZY vTFT7ay
THRZAEYFR—hiZ, R EYMEBRINV-FILENT, AVTFUVATRVREEINDTE Y b
DTRLVABELNTEY, FOELE2FHAETIENAETH D, £, TOIHL0—MITEEXHRL D
ARETHD, AVTFFUVATRLVRO—EBEZMED ITFT,

TDAVTFUATRVADOHEA UL, fIFETLIEMNIITI LN TEEHDT, urs 3
AEEITLEBNLABORREZ A NHE#EIOHEAHTI ERFAETHD, EMXERFA77YT
BAREEFTRVL—RS AT FVER DA TF o ABEEZFIHLTWS,

RANHBEENO AT F U RABRELFATAICIE. AVTFUARINL AV T FURABERERED
ZLithB, EMCY DAVTFUANRZADAMNES E LTIHUTO 10 KOESHH 5D,

MCLK AVTFrr2flrsuyy, YATh7uy /012070y 7R3,
MSTBN AV T TV AV —F AORMBERE, v —T 7747 RfE5TH S,
MDI 4 €Y R DAV TFFVRANT— 4,
MDO 4 Ey rDAVTFFLAHITF— 4,

R413ICAVTFUVANADEAIV T F % — b ERYT, ZZTma BT I7EALLIELTNS A
VFFUATR VA, ma[l) @A HLOBE0, EXRALOHE1 LTS, e, mtd T AT T
ADLHAHEND R EY DT —F mtwd iZ AV T TV RARZEEABIETHR2EY FOT—F
THD, e, ArvFFrrRamy oItz AV TFHr A 7ay &A%, 12 7avy s A7
£ MSTBN # N ARZRETDHZ LiIZL viThbh s,

55



mclk

mstbn
By HH LBy

mdi Comef3:0) X" mal%:4] )/ 14
mdo \ ®=f7 ,Z mtrd(2:0] X mtrd{7:4] X matref11:8] X matrd[ 15:12] X mtrd(19:16] X mtrd(23:20) ) :24] 31:28]

K 4.13: AVFFURANRRADI LIV Fr—Fh

EMC-Y BD VY NI, AvTFrRa=y ;db, EMCYRABDY Yy TR VRZAV /3
75T LiEiThbhg, . EDLEICUTOLS RUIEULZITI LEV DD,

PE &S 0x47 FP[31:20) KL PE B B2 RET D,

N—F 4 2% 0xIf IORT. HSTRT CHYIREZRET D, AV FT7x—AKR—F, ZL—AaN\y T 7
R—F LD EMC-Y USHidBE IORT i1 0, HSTRT 2 Th7uk v+ bDR A b EHEEE D
REY I MEBAE AV I T2 AR —RIZBIEFETEILICRETILERH D,

AEYTAFIE AV T b 2ADCTRICER. ETEAEVEZ YT LRI T 42 ERIE
LLRELTHD, 0x63 MEMPRO 2B 22 {E25%E L. 0x62 PREON. MAEON #% 1 IZ87E
T35,

56





