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Tightly Coupled Multiprocessor Computer
System (TCMCS)ell 4 M4 #l=elE AH-g-3t
o AA FAKE A 4+ g, A
A Z2A AL HFE R AT AT Fole
Azt B Z2A A9} vl Re] Afe]g slo]e A
£okS Folk Aol vk 53 H&E o] &5}
w2 e)e} TRAAES gAFe TC-MCS

AL wAE A2d Wl A 713 =835 =}
| 3 w29 vlole AL FE7k AlLF 9
o] 249-8tAl o M4 wlRele WS
Fole FAo] A% AXHI Y
= sl=glo] version. 1 (HW. 1) (1)
o 3ulE nlola e ZEAA (MC68020 (8))
9l VMEbus (9] 5 E&£Y3%E (off-the-shelf
component) & ©]-&% TC-MCSeleh. ¥ 1%
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P :Processor
P P P P upto six
C C C C C . Cache
VMEbus
M M M M M . Memory
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2elo] d5g ML o] E T AR E
ol 4 Frhatch 2 Aol A= HW. 19 A4
ol 2o AA s)Eell el AduEe, S5
olal AARE M4l ] Ee2 el 2foko] ol
A ZlEatel, 3ol e Aol Aol o3k
< oA A e AL 453t}
A slEgel, FoR W8] gokn 2aA
2l o= o tubgkel] a4 ol Fabeh

F 1% HW. 19 M4 sl =g 2fokg gkt
AL® 29t 22 ARE shedl g 44
EE v b w24 o3 A4 A4 waAR
A-geke] ZEAA7E dske bl o) BB Al el
M4 W22l g dASHs Aoleh, BE 9ok
< AA el HAlY T sEs wg 2
Bl F 3] 2elo] T34 5o AMekAo] wE

e

HE 1. HW. 12 cacheAly R9of

Data Memory S,ize' . 8 Kbytes

Block Size . 16Bytes

Tag Organization Directed mapping
Tag Memory Size Dual 512X 16

Hit ratio T7percent

Hit cost 133nsec

Miss cost 975nsec

Write cost 267nsec

Cache type Write-through cache

No separate cache
Physical address cache

Consistency protocol Bus monitoring

Tag memory parity check
Implementation Technology | CMOS Static RAM+TTL

Error Protection

HW. 1 M4 ol 22| & dAlstee el 7]
% (design criteria)-& vh-&3} 2o}

O A7k 243}

Ohit ratio®] 2 o3}

Omissdl] =& 2]ed 4] zk2] 243}

O 4] W22 consistency overhead®] & 4

okgk A% A4S e o
o2 HW. 1 & 2F &5 71533 gol
ALgElE g = 2
71 ol et

M4 vl el Write 715 Heste uby
of wtel ZA Frhx FHE v o] 2] &8, Write
b AL F Ao wlgl 2|2 slelHE A
Y3l= Wirte-thru e e}, o= vlojE &
M4 w Zeldl zh28lE Write-back (or copy-
back) el 7 vl Axpe] AL Z 24 A 2] Wri-
te F7lvtet g4 Wl gl vl 2 & AE3) W F
off W& 288 Fol=d A7 YAn (==
A A2 Write 571 6] 4 o]3l2 ¥ 4 g&

M4 ol 22 Consistency (coherency) EA] 3l
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shsl w22 MCS7 A= s g du o),
FAke el Z2A 42 Write F7]o] 34|
gol A4 Bz dgol e} A W&

ol-FES Y F Uv AEE #x YAk Con-

k=l ek HW. 19
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M4l W 2ee 4SS g 2A 2oste

HA AL 4 ' wZee AT (Static
RAM) 5-& zejsle] FshAl ==u], 33k 4
Asa dzstd 24a4-& 7143t HW. 1
M4 Wl =Zels AA 8 Kbyteol] 16bytes] £
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Write-thru 714] o122 9] Consistency T A
= w24k Write 5 7]& Monitor & 2. 24 4
A AL + Uk &, w2 Write F7
7} wrA 3l Bus monitor7b 714 w2 el &)

o wx slolHE 23 gEshE Helsh

=

oh, e o] A A oM Z2AAE

gk w2 akel] $A 8 B o244 Write 7|7}

“}'O' st shAl so] ZRA AL dlolH AelE

3 4] w 2e] Ab&o] Bus monitors 13
o]

o]

2]
N ] B Aol ofs zkAd-g Al setb o
gh4 w2 9ol TR AsL ghobAm W& o] &
2] &bl 23t vlctej= 4] 7k{queuing delay)
3} Bus monitor = 3 2| Qu]Fe] 7z Z 24
AE A Aee 43 5 gAl =eb oleh 2
L BEAZ & As7] ¢ Bus monitors ¢ 3
Tag memory2h Z 24 49| vlole] 84HE 3
2)5t7] $18F Tag memory® HEE F+ uwhd
e g}, F Tag memory®| HH-E sH4b
UEE ko] o] F 2ol 9 FAIA &

2] Associatived] 22| (Contents
Addressable Memory) 2] 78224 Tag me-
mory® TFd
sociative 28] 3 Directed mapping2- & T4
Heb AdAl e " TEsERE Rot
Aado g Fajo] ErtEsta (Translation
Lookaside Buffer 5ol T#=3 &), v
2 F ubdglo] &A) gho] A& glvh. Setas-

sociative BF¥-2 Directed mappingih#]st Fully

| =lz} Fully associative,Set as-

associative 8kd] ¢ &7t el 2 W) ¢ Tag me-
mory set® ztil gl+rbel =2l n-set associa-
tivegb i wgbel, RE Tao] £oldhr] w el
2 -setd 4-seto] wro] solEd (VAX11/780
L. 2.-set[10]), Directed mapping ¥ Bo} #
L BZo] Fojsted (L Ay A4 WE
22 7389 S o 2 set associative”} Directed
Bl ok 2u}e] Tag memory, Comparator7}
Fasgh), Ase delde 1 e e
=2 E5tm gk [5] HW. 1 A4l sl=2e= T
#are] ofel gal wE2 F7h AF 5 1H

#led Directed mapping %% 2% Tag memory
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A 7F A AskE 7 o 28l £ (Logical or ertual)
of wiztalAS A A o 2el $AE et
W= Physical o} E#ll &7} 27elch o] 7t
s F oojul Aoerx A4 dEeE T
HE o+ e, Azl AE MMU (Memory
Management Unit) ] of =2 & wigto] glo]
4 W 2elE A8E s Adel Aw Al
Synonym Problem(2)o] wA3ls] =l ol
9] AL 3t sh=glele] Fao] EAbd A
Ak £ZEgofo] mMaFo] sheh A= AL 2
aolel, Fabe] AL e zkeksh xRk o) o
2l Fd MMUS ol =el& #3t Az7ks 7
chaf ok &h7] wi el Azbe] A ®el AT ]Z?O]
71 k@ ol ek Z2lvk Synomym E412] 4

Azl FEAL dol® 5 el AEshsb 5‘
78] =& &4 52 Physical o=@l & 74l
o 2|8 Tt Urh(ELXSIE £Z Ede]
o] AekS 718F Virtual address 4l =2 2]
(11)). A E st=dlo] ver. 19 A4l = Ee
= Physical ol Eal £ & AR-&gteh 24kl a1y

& A13H-2 Fetch algorithm, 9l&E 8 A3} do]

o

B2 Bejste M4l wl2el Hel 5 ofejstaist
gl Y nAdoR o &sT & uby
28 Augie}

3. Mz HJt

chE =244 A4l ol Ee|e] A5 HA
LA ZH(AAT, Average Access Time) 3} ¥ £
2} 8] (BTR, Bus Traffic Ratio= 44| o &
2] 5 A2E Wl W& Apgek/MNe elEelE
GgobA gate A Ma G debd £
deb, &, ZRA A ek dlole & Ap Y
2], 7H AHA Aad s (F sl e
& AHgske FEE e M4l slzelst ot
% R

%



TE Helsfof sha, 67H9] :i‘ﬂ‘i BREE
VMEbusoll & + UEE & w2 o] &

(Bus Utilization=ct}$] QJ2EHH 8 ZF o
£ A Alzb/rke] QlE2E - A £ A 7H) S
Bl of ghel 3k 6708 od Aske] 10MIPS 2
45 Holsl YsAAE ZEAAE o 22 o)
A FolEek (BEEdle] Ea o) Fo)p ot
of, 714} o 22| Consistency overhead, Queu-

ing delay, =) & S4&3}slo} g},

B A= 99 e BFE w45}y
A4l sl 2ol 44 d4E AAshe sl

Aol el Hat HE Azt
A4 gl A A 4
olel& ApEE w229l kol wiF g H
Apefs ZAR FASUI, MC68020 UAEH
Aol B4 (Ad FY Az 2o ) FHAE
A (run time statistics) & (4% #33t9
eh, (47414 A Féke 4% vlolBl& Trace-
o] &3lod AbEF AR 4
el o] A3l &4l ZF3 (Measurement) 3}4-& #
A e AnE i AEF Aolch,

driven simulation&

7k - 2 Al 7HAAT, Average Access

B AT AZHAAT) 2 Z2 442 do)g
2Tl A Re] slo]elrl ZR A Aol At o
7k 9] - AI7ke R ol 4] o BelE 4}
Eile ZEA AL 458 AHsA slch AAT
+ Hit ratio (hr=1-miss ratio, Z 2447} %
b dlolel 7} A4 w22l 98 2HE) Hit

cost(he, 4] vl el ZEA A7} 15l o
ole17} & ol A ZA17) 2} miss cost(miss7h
TS A ATz ol e A A=l (F
A1), (FA 1) M4l d=ee AATE A4k
5+ SH?{ QabA gl Aol ol & f2l7) THE
M =] ol Z2f (write-thrutype) o] Bcb F-3] 514

7lm (F4 2) 9k el Write-thru M4 =%
Zz 52

gle] A Z 242 Write 7] (wf, write

fraction, ZE A A 2] wlRe] A5 writed &
)& FE27 Miss® Helsted w28 243}
71 el (F42)+ hroll 2505 b= 7

+F Miss9 write 802 Hglsted A 4kal
=

7 o]
AAT=hrXhc+ (1—hr) Xmc +---ee (ZA4 1)
AAT=hr Xhe+ (1—hr—wf) Xmc+wfX we
............ (-’g«/g} 2)
MIPS= acpi+ (Tpici?jfoﬁ/ (ep—2))
............ (_‘g_x_} 3)

% cf . clock frequency
% wec . write cost
% cp . clock period (cp=1/cf)
% rpi . average memory reference per
instruction
% acpi . average clocks per instruction
AAT7F ZAsld 2 N4 o 22 E ALste
Z 2 A A4 (MC68020) ¢l 45 (MIPS, Million In-
T4 3)l s T
o ek ofv ZE2A A7 4F83tE Clockd
FatrE Jeblle, Q2B 84 ok HF Clock
o} qlAE B4 o M e HT 34
(3)ell &lek=d MC680202] === 4 M4 o
2|7t 64% 4 hrg vield & 71599k 1.2010]
seb AlAle] ghell 1,088 Fi ol fE AA &
A ok AlElo] Aol o3t dlo]Ele] zo]E m
stz gk Aolel EFH 2|9k A Ed o] 4lel] 2
& Azlzt zho]l & Holk o]f& A& o] A
@ 4% Aol Al Z2AM g4
= A3 7] 48 (Pipelined or overlapped ex-
ecution) ol £]3F 5 E e #ake
AR 5 ol sEolek A MC68020°]
o Clock-Z 16.67 MHzZ (Z42)& do2
Al4bskd, 1.7 MIPS®] 45& &7 s+
AAT7} 293 nsec Bt} Zojok g8 o 4+ glu},
et B Clock speed® B8-S o o=
A2 Wit 58 23T o Wait state  glo]
27 Y% FHs e Fao] oy wFo
HW. 12 Clocks 27k =5 No wait® E3
& 4 U5 F 16MHzE 3ol of& 16MHz2 &

struction Per Second) &

3l &) 7Fo]
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@ AATE #Al4kst= 303 nsecE A&
aed ¢k 22 AATE vehd 7l $13
Wl 2ele) dA WEg doldrth
AATE (4 1) 3 2] hr, he, me, wi, weoll
ols Aak=lel hre M4 of 7k ZA|

2]
e o

Me

B

o
2 hrH S S AAsHA =ed, Bob 2H4Ag A
2 2# =7 Tag memory(TM) ¢l Associa-
tivity, Fetch algorithm 5ol ¢lsf A=<l T™
¢} F&+ Directed map¥4l, Fetch algorithm
2 Demanded fetch & dukd o2 &=+ 7F
chgk ub4l S Ajelgiel, £ Zyle ool =2
glob M4 w2l 4folel AL vlole g 7
Bl 24 A sbwl Spatial localitydll &%t
he7b Z7bshAl Sl 94 2718 del s
Temporal localityoll €& hit7} &3] zh43t
Al 5lo] A4 hrob FasHAl el weld 2
arg M4 Wz2ele] A&l 2719k vEe] hr
of F83%F deg gtel wf(write fraction =
write3| F/ul 2] AT 34H) e FYPY 2T
Aol whe} 2A gebd = Aok of 7ledl 4 4k
oo o ZRawS lEw o] Al
A AEl B gl 20% 2 &k wew Write®
Holl & 4 US55 Write buffer A}
= I ubR Wzl ZTRA A7 A T
B sle FrERIE mEgtel
L MC68020% #FE3S = (d2EHA
229 hre 64%2 7HA) odeizbA A
o Re| 2ok B8 Zsle]l g hed WEF
l= Ao HAe stede] AAERH
rH of FaE 4+ & 27 (8K, 32K)E L
Zolclk, EFF Tag memoryt Direct map
31, Write-through M4l dl =2 & =4
+#do] A8l 7] ol Write® 25 miss
g olch MCH8020= W& ALE
2 4o g4 o el AL
ol 7 el ozl af o,
]
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o o W fH & A
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HUJEFSLF{NH

i# 29‘ zhe oubaal On-chip M4l #=2E
Agabz] e 7490 hr Bel 4~6% A
7he Jebala et

H2. 027X /&Y FTlof g

Hit ratio
BS/CS. 8 Kbytes | 16 Kbytes | 32 Kbytes:
4 Bytes 65.3 70.8 74.9
8 Bytes 71.8 75.0 77.8
16Bytes 75.1 77.2 78.9
32Bytes 76. 8 78.4 79.7
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A2 A 7+3F Cache Controller®] de 1|3
Zwsj 2o 2zt Sl 2] AAEcE MC
680209 ¥ £ Clockoll 2lsl F71=le] 53¢
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gaf ok gheb, gk MC6802001 714 wh2 A o
olH & st 7 4 e A7k WA FEHY 4
F & 2clock Fol22 133 nsec ©18+8] hee
Jol7b glek 2 AH4] s 2elol A& 45 nsec?l
RAME AF&38l1 hits$ | No wait state®
ZF A ]717 skl M4 w22 AT Az o
dl 2 w3k s shsekd A 7 RS
& 3&‘4 2822 het 133 nsec7t Hrl
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o] A Bekg) 24 ZA b Missvh HA &
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A7le ZrA A0 o] A7t T2 TR

dl2e] BE yE A4 7H2 300nsec, Nib-

ble mode & Z1}4l 0 8 168}0] BB oJ% A}-£3

% 74-% 500nsec®| <]zke] g slch Arbitra-

tiong <8 TR A7 dolg e =3
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Arbitratione] ¥ ®HE F8o] Fug €Wr g &
b Mart g, W& Eelolm 9
on/offA] 7k2. 2 <F 30nsecs] of-f7F g5k},
Miss7} 241 8l = Cache Controller+ MC68020
oAl @A e W& 718 FWi (Bus Error
ﬂ 2|) Miss& 2|7} k% A A Z (retry cycle)
S SLEE 317 alFoll A AJEe] 9§ 7 Clock
2 17P(266nsec)°] v} 39 3}A =},
F02 mcol] Frhslojok & A 7HE i e
=Fo] skl Alad wzdd &8 A7l WHE
ol ¢ REyt HEaE 9aAYS W R B
P Mg ARl glemE Aol Ao 4
2E3 A= A
7 S22 Bep Sk s Mol HadkAl 5
E‘”, g 7loll e 4 A4S 7F4el gl ALE
stod ATTSF M o] &8 AlAbst Fol
Q225 ZekstEE dbrl, Azl o2 4ulo]E
o} 16ufe]E o] £& 271E M @ mew AA
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(A 2)el] AATE 29 7 g AAgE
Zlo] & 3olr}. WriteF 7]+ Write-thru 71 4]
w225 A&7 @l dA MAaE ARE-st
Al =l Write buffer® 73% 724-% ZEH]
Aol R Tt W2 AL 7S Al
g7 4 gl wlEell 266nseced] Writef'a— +
e = k. Write buffergle] 78#% 7%
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E3. oHIIX HH/EY 371011 CHE Mo H&
AlZt(nsec)

BS/CS 8 Kbytes | 16 Kbytes | 32 Kbytes
4 Bytes 245/289 208/253 180/225
16 Bytes 189/234 171/215 156/201

HE 4. IR 2/ ZT710) LS MC680202]
M= (MIPS)

BS/CS 8 Kbytes | 16Kbytes | 32Kbytes
4 Bytes 1.83/1.67 | 1.97/1.80 | 2.10/1.90
16 Bytes 2.06/1.87 | 2.15/1.94 | 2.23/2.00
oL o]l &F
oA Ao w2 w gKulo]lE o4t 41
] ol el & AF-E3kw MC68020-& 1. 7MIPS of
Aol Ass el S o 4 e} ole} 22
AEE Gl A adFgglfo] ZRAAY o2y
£ AHEE A ol R REQ Z4lo] A glebar
b A A o] Asbef] A=

AR Astele, e
B ZEAA BE] z

2] 2] DMA (Direct Memory Access) &%kl
olgt wl ol v ®elE AREE @ x)ofo] wkaghe}
debd ZRA A ANFrE Fokd W) o7 Z g
A Ao FastAl sewll, o ghe 2 4
Zholl wl B3l x]ed A 7b-& Z R4 4 2] w2 o
S8l el YR T ous o gEe

Q.

42 ZkAle] Srksked mlmelE ARga e mpe}

e b gl oEe
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B 4l 7&-"* skl Ho 2449 459
] glatc), Bl A= olek o] HW.

A xLoﬂ ok

_c:k
i
hi

19 289 6742 Z2AAE
oo 2 Z2AAY 4%
=

=9 AAbsyl 98 A
< 2 4 A (4] ]l 2e]) 9] i

ol gFol ol
o1aret.
EESIE
el QlzEd 4 FHE |2 AL A2
T RS AEEFA T A
.................. (_'101/5} 4)

_rpiXmr XbmtrpiXwfXbw (Z45)
- 1P i e (A

ait+ (rpi X (AAT—133))

% ait . average instruction execution time
% wif . write fraction
% bm . miss bus cost

% bw . write bus cost

(B4 4) £ Z2AHY HE o] §5S vhe}
WL ek, w9l A7 (9] ALEH do| F4
A71)e] gt B2 ALEA RO B, WA E L3

=
= A% M4 w2l A Miss7t ”—.._-“gi‘i% )
o} Z 2 A 48] Writc 7] olc}, &t
£3l% sy R AE34
1 wo]a W22 Abg Al 7L kol A odFdh
ape} e, (FA5)w (FAH4)E
WA 2 B30 16 MHz 8| ClockS A48k 2
Falsg Ao Fxbo] AlAls)
o] Miss® QlaF W& 41§ F-2 F#ldo] Write
o ¢3F Zojrt,
R+ kgl 2ol H Y Ao R
2
B

[o]
1l

h~

ﬂl

E
AATS] 133 nsecE ¥l o] aitqkell 71&
clocke] £&=e] v s Folct, FE5+& o
M4 Fefoll A& W& o] 85& A4 AL
7+ 3F2] ofel] -2 Wirte buffer& AR-2-3F
ok, Write buffer® A8 24 T84

A5 wolt dlAl AR MAE ol A

OifD 2 ol
Ao

EZ M4 Z71E Tl
o]-&Fo] A s Z4AIA e
ol ZR2 A48 Write &

& AL Write-thru 714

£ *P%?Ul Wﬂ—"ﬁroﬂ E -’F %i7l ol et
59 g M4 8 = 100

E5. O{IIX| /B ZVI0] CHEF A
O| 2% (percent)

BS/CS 8 Kbytes. | 16Kbytes | 32Kbytes

4 Bytes 16.6/15.2 | 14.0/12.8 | 11.8/10.7

16 Bytes |13.8/12.6 | 11.7/10.8 | 9.9/ 9.0
S dA ool wiel, 7 Z2A49 L o]
ARG FAd ] Alolsha 919 o=t M4 Fel
2 Fstriets A5 Askele] 642 ZRAA
E VME busoll #& 4 b, 2y AA A&
ol 89 o A4 Z2 A4 W] AL 5
gla o2 WA §ly] Wil ZHAle] dofuteh, o
o} e ZhAlY HEE doloRy Z2A A4
7} F7bE el A Z2A AL 452 Ak dl

2414 (A, B, C) & AH&aet 7R, 54
ol 28 8% FEL Z 247 FAldl ¥
£8 48¢ 7% (AB,BC,CA) #E3} ,C,
X BU?, AN Z2A A7 FAldl Z2AAE
g3 A9 (ABC) #E ,C,xBUS ol 5
cf, NS Z2AAE A4 4$E (T46)

3 2l
5ol olgel ZRA AT BAG NEE A4E
T UE
= 2Co X BU A+ +3CpX BU" -+ (54 6)
Wz} Mg AT W BPUE
45

= CXBU++++0n,Ca X BU™!

.................. (-;ﬂ-x_l' 7)

shbe] Z2A A7 HEE ST o W2l
ZE43el o3k =l Al zb A4kl Sl A (T4
6)L 3t TEAAE FALE AT Ho] (FA
7)0] ok (FA6)E E59 7 Feflel] HE
ol T iele 1% vlRkel g 20 A
o] T 24

Foll FAIGEE 6
AL T g ZRAA 7F DF% g Z 24 A0k
Aol HEE AHEEH 2 #HEL Lo X BU?
o] fek, T FA HEE ST o shit
£ AYs| 3 shst sletelA HBR FE A4
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o ZRAAG 5oy ©®e W o] 2ES
vEb = A4 o2& 2}gsle =24
B A5 Aslrh deldg o £+ gl

H6. OZH7HX| FHH/E2 ZT|0f CHBE A|AE2

= (n=8)
BS/CS 8 Kbytes | 16 Kbytes- | 32 Kbytes
4 Bytes 9.63/8.99 | 10.8/10.0 | 11.8/10.8
1.60/1.49 | 1.8/1.66 | 1.96/1.8
16 Bytes 11.2/10.3 | 12.1/11.0 | 12.7/11.6
1.86/ 1.7 | 2.01/1.83 | 2.10/1.93
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ETHE B3

CPU : Central Processing Unit

CRU : Channel Request Unit

ECU : External Control Unit

EPU : Execution Processing Unit

GlU . G Bus: Interface Unit

MAU : Memory Control and Address Translation
Unit

MIU : Memory Interface Unit

MMU : Main Memory Unit

MPU : Micro Processor Unit

PL.A  Programmable Logic Array

SIM : Single Inline Memory Module

ASTTL : Advanced Schottky TTL

TTL. : Transistor Transistor Logic

CAS | Column Address Strobe

DIP  Dual Inline Package

DMA : Direct Memory Access

ECL. : Emitter Coupled Logic

MAB : Memory Array Bus

MIPS : Million Instruction Per Second

PGA : Pin Grid Array

PLCC : Plastic Leaded Chip Carrier

RAS : Row Address Strobe

RF1 ; Radio Frequency Interference

SMB : System Main Bus _
SOIC : Small Qut-line Integrated Circuit package
SOJ : Small Out-line J-lead package

AM : Amplitude Modulation

BPF . Band Pass Filter

C/N : Carrier to Noise Ratio

L.PF . Low Pass Filter

S/N : Signal to Noise Ratio

ASIC : Application Specific Integrated Circuit
ASTL : Advanced Schottky Transistor Logic
PL.D : Programmable Logic Device

RISC : Reduced Instruction Set Computer
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