APXUTEKTYPA KOMIbOTEPHbIX CUCTEM

Jlekumsa 6.
YpOBEHbL MUKDOAPXHUTEKTYPbI



[1naH nekunu

e OpraHusauua AJ1Y

e OCHOBHbIe ONTUMKU3ALUNN
6bICTPOAENCTBUS

o [] PUMeEPbl MUKPOAPXUTEKTYP



YpPOBHU apXUTEKTYpPbl

e LindbpoBon normyeckmum ypoBeHb

e YpOBE€Hb MUKPOAPXUTEKTYPbI

e YpoBeHb apxXuTekTypbl Habopa KOMaHA
e YpOBEHb ONEpPaLMOHHON CUCTEMBI

e YpoBeHb acceMbriepa



MAR
el
a KT ﬂa H H bIX Zﬂd MDR registers
from <
mgirrr:ory PC
BxoAHble CUrHasbl | EEa=
e FO n F1 3agaHue onepauuu;
« ENA n ENB ans pa3spelleHus =
BXOAHbIX CUIrHanoB W Control signal
* INVA — MHBEPCNA NEBOro XoAa — A Enable onto B bus
e INC — nepeHoc buTa B MnaaLmm 4 Write C bus to regiter
pa3pﬂﬂ. TOS
OPC
C bus — T ~<——- B bus
A\_/ S22
ALU control g ALU g

Shifter Shifter control
2



[lpMepbl CUTHAOB

Function

A+B

A+B+1

A+

B+ 1

A AND B
AORB

INC

1

0
0

INVA

ENB

ENA

F,

Fo




CUHXPOHM3aLUKNA TPpaKTa
NAHHbIX

Registers loaded
Shifter instantaneously from
C bus and memory on

output -
Cycle 1 stagle rising edge of clock
starts /
here |« Clock cycle 1 - Clock cycle 2 ——
o New MPC used to
—-—|oad MIR with next
ﬂqA—xyLﬁ microinstruction here
? A f A
MPC
Set up ALU :
signals and available
to drive shifter here
data path

Drive H Propagation
and from shifter
B bus to registers




CurHansl ynpaBneHus

e 9 CUrHANOB AN 3aMMCK AaHHbIX C WKHbI C B
DEMNCTPbI;

e O CcMrHanoB AN4 pa3speLleHnd nepeaadum perncTpos
Ha WuHY B n B AJlY;

e 8 curHanoB anga ynpasnexdns AJ1Y n cxemon caBUra;
e 2 CUrHana, KoT. YKa3blBalOT, YTO HY>XXHO OCYLLECTBUTb
3anmcb Unu 4yteHue dyepes MAR/MDR

e 1 curHan, KoT. YKa3bIBaeT, YTO HY>XXHO OCYyLLEeCTBUTb
BbI30B 13 NamMaTn depe3 pernctpbl PC/MBR



LInkN TpakTa AaHHbIX

[lepenaya 3H-UKM per-poB Ha LUMHY B

[1poxoXkaeHne 3Tux curHanoB depes AJTY n cxemy
caBura

[lepenaya noslydeHHbIX pe3-ToB Ha LnHY C
3anncb X B HY>XXHble perucTpsbl
(*) cunTbIBaHME AaHHbIX N3 MaMSTW.



MnKpokoMaHAa

Bits 9 3 8 9 3 4
J{JlJls|s|FolF{|E|E[ 1|1 H|O|T|C|L|S|P|M[M|W[R|E
MIA|AILI|R NIN[N[N] [P|lO|P|V|P[C|D|A ?EE% =
NEXT _ADDRESS |pP(M|M|L[A AlBlv|cl [cl|s|pP RIT|Alc|
cIN|zl8 |1 A E|D|H| Pus
Addr JAM ALU G Mem B

e Addr — agpec cnean. KoMaHAbl;

e JAM — onpeaeneHue Toro, Kak
BblbMpaeTcs cnea. KoMaHAaa;

e ALU — d@-umn AJTY n cxembl casura;

e C — Bbl6Op pernucrpos, KoT.
3aMUCbIBAOTCH C WKHbI C;

e Mem — ®@-Unn NamMATK;
e B — BbIOOp UCTOYHMKA AN WKHbBI B

B bus registers

0 = MDR
1=PC
2 = MBR
3 = MBRU
4=SP

5=LV

6 = CPP
7 =TOS
8 = OPC
9-15 none



Memory control signals (rd, wr, fetch)
Has avarpamma == ;

I 4-t0-16
- <=1 MAR | ksl
TTTTTTT
[he Mic-1 e
x MPC 9
[0 A 4
8| 1
512 x 36-Bit
control store
for holding
x 94 the microprogram
L v =
A JMPC
MIR
CPP = | Addr [J] ALU | ¢ [m]B]
T I
TOS —
JAMN/JAMZ
OPC F—=
High ,
= Eibe o ;
Jl Control
6 N N 1-bit flip—flop signals
ALU 1 Enable
z onto
]! B bus
Shifter 7
C bus f Write
C bus
to register

10



£l OcHoBHble onTuMmM3aLmm (1)

e CHMXEeHMe Kon4yectBa MUMKPOKOMaHA
e 3-LUMHHAA apXUTEKTYpa

e bnok BbIBOPKM KOMaHA

e YnpexaatoLlas Bbibopka KomMaHA

e KoHBenep

11



£l OcHoBHble onTUMM3aLmK (2)

e [lepeynopsagoynBaHme MUKpPOKOMaHA
e [loaMeHa perncTpos
 [TpOorHo3npoBaHne BETBIEHUN

e CNekynaTUBHOE BbIMNO/IHEHNE

12



@)KEH ne Koandecrea MMKpPOKOMaAH/

Label Operations Comments

pop1 MAR =SP =SP -1; rd Read in next-to-top word on stack

pop2 Wait for new TOS to be read from memory

pop3 TOS = MDR; goto Main1 Copy new word to TOS

Main1 PC = PC + 1; fetch; goto (MBR) MBR holds opcode; get next byte; dispatch
Label Operations Comments

pop1 MAR =SP=SP -1; rd Read in next-to-top word on stack
Main1.pop PC =PC + 1; fetch MBR holds opcode; fetch next byte

pop3 TOS = MDR; goto (MBR) Copy new word to TOS; dispatch on opcode

13



3-lUMHHAA apXUTEKTYypa

Label Operations Comments
iload1 H=LV MBR contains index; Copy LV to H
iload2 MAR =MBRU + H; rd MAR = address of local variable to push
iload3 MAR=SP=SP +1 SP points to new top of stack; prepare write
iload4 PC =PC + 1; fetch; wr Inc PC; get next opcode; write top of stack
iload5 TOS = MDR; goto Main1 Update TOS
Main1 PC =PC + 1; fetch; goto (MBR) MBR holds opcode; get next byte; dispatch
Label Operations Comments
iload1 MAR =MBRU + LV; rd MAR = address of local variable to push
iload2 MAR=S5SP =5P + 1 SP points to new top of stack; prepare write
iload3 PC =PC + 1; fetch; wr Inc PC; get next opcode; write top of stack
iload4d TOS =MDR Update TOS
iloads PC =PC + 1; fetch; goto (MBR) MBR already holds opcode; fetch index byte

14




2 low-order bits

-<—— B bus

From memory [ > | |
<— IMAR [1]
¥ -

+1 [—

—~—— C bus

il PC H

' L +1,2 A

Write PC

15



[TpobnemMbl KOHBEUPa

e RAW- B3aMMOCBA3U
e \WAR- B3aMMOCBSA3U
e \WAW- B3aMOCBS3U

16



[lepeMeHOoBaHne perncTpos u
nepeynopsagovynBaHne MMKpOKoOMaHA

Registers being read ||Registers being written
Cy | # | Decoded Iss |[Ret | 0|1(2|3|4|5|6|7||0|1|2|3|4|5|6|7
1 1 | R3=RO0*R1 | 1 111 1
2 | R4=R0+R2 | 2 211 1)1
2 | 3| R5=RO+R1| 3 32| 1111
4 | R6=R1+R4 | - 32| 1111
3 | 5| R7=R1*xR2 | 5 3(3|2 1111 1
6 | S1=R0-R2 | & 433 1111 1
2 3(3|2 1 1 1
4 4 342 1 1 1111
7 | R3=R3*51 | - 342 1 1 1111
B | S2=R4+R4 | 8 342 3 1 1111
1 2132 3 1111
3 1122 3 111
5 6 2|1 3 1 111
6 7 2(1(]1]3 1 1 111
4 111|112 1 1 1
5 12 1 1
8 1 1
7 1 1
8 1 1
7




evensum = 0;
oddsum = 0;
i=0;
while (i < limit) {
K=i*ixi
if (((i/2) * 2) ==i)
evensum = evensum + k;
else

oddsum = oddsum + k;

i=i+1;

(a)

CnekngatnsHoe BbinosiHeHue

evensum = 0;
oddsum = 0;
=0

4 Y

i >= limit

while (i < limit)

k=

if ((i/2) * 2) = = i)

EaEAF

I T—F

evensum = evensum + k;

oddsum = oddsum + k;

—

———

i=i+1;

(a) ®parMeHT NporpamMmMeil.

(b) bnok cxema.

(b)



NetBurst MMKpoapxXuTeKTypa

To memory bus

_J LMemory subsystem Execution unit
~7
System interface Level 1
ry » data cache
Y y Y
Level 2 cache 4
(instructions and data) Integer and floating-point

execution units

F 3

Y A

Fetch/decode| _ Trace . Retirement
nit > ™ Schedulers :
u cache > unit
r 9 T
wROM

Branch prediction
unit

F 3

Front end Qut-of-order control




ﬁ NetBurst

KoHBenep

Y

. L1
Decode unit —
BTB
Front b v
end Microcode| | ..o cache Trace
ROM BTB
-
v A
Allocation/Renaming unit
Out‘ h A Y L2
of- < Non- Memory cache
order memory queue
control queue
v r A A
ALU sched| [ALU sched| |Load sched| |Store sched 1
L I
h Y l A Y
_i Floating-point register file Integer register file )
Y v
M Load/
FP MMX C}VE Int Int store
unit
SSE
A 4
Pl L1data
h Y Y A 4 CaChe

Retirement unit

20

To/from
memory



[1naHupoBLUnKKN AJTY

e AJTY1 1 6510K cMeLleHns on-uum ¢ nii.
TOYKOU

e AJTY2 1 6710K UCNOJSTHEHUS on-LUnKn C nJi.

TOYKOM
e KOMaHAbl 3arpy3ku
e KoMaHAbl COXpaHeHUS

21



MukpoapxutekTtypa UltraSPARC 111 Cu

To memory
_ System interface >
Instruction PR e ——
cache L2 cache controller |« >
———————————— L2
4 Memory controller cache
Branch Instruction (off chip)
table issue unit l
A 4 ¢ : *
Instruction Data Prefetch Write
buffer cache cache cache

FP/graphics|| Integer
execution || execution —>
unit unit

Load/store
unit

22



0’ KOHBenep

SPARC 1 =

X :
,\Address multlplexor/

F
I L
B @ Instruction decoding
A 4
1
________________ Instruction queueing Tttt T T
J
R N Working register file [«
I -
—> ) 4 L
= register file ALY/ \ALY D S8
N Iy pp—— — ] - v L __ @ ol
cache »o 25
h 4 h 4 ©
c ol < | > S 3
T a: — g: T 1T —'--g— _l_d_— Prefetch jr— —
3|2 = tl EXICTL cache
M ) 1= 2 1= & alignment <
= la =la
- s e s rFr—r—tT 1T - —
gl S c_ll‘é
Wil 2ls || 86
-1 @ | -1 S H-——t———q——— g —————————— ] —-_———
E I ol v
X
____________ [ I I A R =1 (o] (- 2 I
ueue
T q
A 4 A 4 k. l
D — Architectural register file | Write cache l—-

cache

23




MukpoapxutekTypa 8051

11IM1\/

Main bus
roM K> [<—— Rom
ﬁ ﬁ Local bus
RAM ADDR == |  ROMADDR K==
R K= K=> BUFFER <>
sP K= PC incrementer
B K= PC <>
ACC |dmp DPTR
T™MP2 K& K> Timer 0
™MP1 K= K== Timer 0
Timer 0
ALU k&> Porto
K== Port1
al K== Port2
PSW K= K==>1 Port3

24



Cnacnbo 3a BHMMaHue!
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