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Kva kan datamaskiner (fra 1. forelesing)

» Aritmetiske Logiske funksjonar \/
Flytte data fra ein\/plass til ein anna
Test er eit tal 0?

Styreeinheit
Instruction
Decode
Citrl-logic

Gjere desse operasjonane FORT

Berekne alle beregnbare funksjonar
— Utfare sekvensar av operasjonar
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F, | F, | ENA | ENB INVA | INC | Function
- 0| 1 0 0 o | A
0 | 1 0 1 0 0 | B
ALU og Flytt/kopier
0 | 1 0 1 0 A
1 |0 . + 8 at B
1 1] A 1 0 0 | A+B D
1 1 T T 0 1 A+B+1
1|1 1 0 0 1 | A+t
Styreeinheit 1110 1 0 1 | B+t
Instruction 1|1 1 1 1 1 B-A
Decode 1|1 0 1 1 0 | B-1
Ctrl-logic 1 1 1 0 1 1 —A
0] o0 1 1 0 0 | AANDB
' 0 | 1 1 1 0 0 | AORB
0 | 1 0 0 0 0 |o
1|1 0 0 0 1 |1
1|1 0 0 1 0 | -1
) _ -
w e shift AALU les fraj:\buss mem B buss
CPP =) Ve N
w 5 1: H<-TOS: 00 010100 1000000000 000 0111
TOS m=
w e 2: H+ OPC, 00 111100 000001000 000 1000
o OPC 8 9 3 4
<- sis|FJIRlElE 1 H]o|T c|L]s|P|m{m|w]r]|E
;_U' @) W UUSP SHIFTLLHD1NNNN PDF‘VF‘CDAHE.Er B
= 15 H o oA alelvic| |cls|p RIR|H[A[L] B
a 1 & 18]+ A E[D|H] PYS
S A B
6 » N . D —
—  ALU .z ALU C Mem B

'SHIFTER

B bus registers

0 =MDR 5 =LV
1=PC 6 =CPP

2 =MBR 7 =10
4 =8P =TS one



Microinstruksjon: ALU og Flytt/kopier

e Instruksjon: SP =TOS + OPC

shift ALU les frA C buss - mem B buss
A A

/_)\_v

1: H<- TOS: '00'010100 1000000000" 000" 0111
2:H+ OPC, SP <- SHIFT: 00 111100 000001000 000 1000

Addr JAM shift ALU les frd C buss mMem B buss

A A A e

XXXXXXXXX XXX XX XXKXXXX XXAKXKXXXXXX XXX XXXX

MEXT_ADDRESS

rrrrrrrrrrrrrrrrrrrrrrrr
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Utfgre sekvensar av oprasjonar
* Lakker (loops)

— Repeter ei rekke instruksjonar

« Ubetinga hopp (Unconditional Branch : — j Styreeinheit
eller jump) : Decode

— Hoppar alltid (goto adr xxxx)

« Betinga hopp (Conditional Branch)

— Hoppar viss (Z-flagg = 1 eller N-flagge = 1
goto adr xxxx)

$Nq YLD
___snq)
!
I
SnNg g

o
@
E B
ALU N
z
SHIFTER
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Microinstruksjon Addr feltet

e Addr gir addressa til neste microinstruksjon

Addr JAM shift ALU les frA C buss mMem B buss

4 A \/_A_\/_A_\/ A N\ A \/_A_\I \

XXXXAXXXXX XXX XK XXXXXX XXXXXXXXK XXX XXXX
JIJ S| S |Fo|Fq | E|E] | IHGTG%.EF’MM‘E’H
M|A (AL R M N[N|N PDP‘JF‘EDAIEE o
NEXT_ADDRESS  |P|M[M|L|A alelvic] [c|s|p RIRIT[AlC] s
cln|z|e| A E[D|H] -

rrrrrrrrrrrrrrrrrrrrrrrr

e Addr peikar pa addressa til neste microinstruksjon i
Instruksjonen

— Adr O: Instruksjon 1
1. microinstruksjon ligg pa Addr 0, microinstruksjon Addr peikar pa Addr 1
« 2. microinstruksjon ligg pa Addr 1, microinstruksjon Addr peikar pa 2
3. og siste microinstruksjon ligg pa Addr 3, Addr peikar pa start ny instruksjon
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Microinstruksjon Addr feltet

e Addr gir addressa til neste microinstruksjon

e Instruksjon: SP = TOS + OPC (forrige forelesing)
shift ALU les frA C buss =~ mem B buss
A A

1: H<- TOS: '00'010100 1000000000" 000" 0111
2:H+ OPC, SP <- SHIFT: 00 111100 000001000 000 1000

. Addr kan da sj& slik ut (H <- TOS ligg p& Addr 0):

Addr shift ALU les frAC buss mem B buss
A A

AL
] o A A4 N
1: H<-TOS: 000000001 xxx 00 01010 1000000000 000 0111
2: H + OPC, SP <- SHIFT: 000000002 xxx 00 111100 000001000 000 1000

Addr JAM shift ALU les fr& C buss mMem B buss

A e A o A

)
XXXXXXXXX XXX XK XXXKXXX XXXXKXXXXX XXX XXXX
AL e el el e
MEXT_ADDRESS ghl:}glg.li. ADEC Cl|S|P FIFIEDH mﬁ NTNU
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Instr. | MicroProg minne

0001010010000000000000111
001111000000010000001000
for holding
g4 the microprogram
JMPC
| MIR
Addr |J| ALU C [M|B
] .

shift ALU JesfraCbuss mem B buss
A A

\14 A
1:H<-TOS: 00 010100 1000000000 000 0111—
2: SP <-H+OPCQ00 111100 000001000 000 1000—
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Instr. | MicroProg minne

MPC 3

000000100 a l

000000000/ | 000000001 | XXX Start ny instruksjon

000000100 || 000000101 |XXX| 0001010010000000000000111
000000101 || 000000000 |XXX| _001111000000010000001000

N ]
ij y

Addr ALU
ST

111111111

shift ALU les fra Cbuss mem B buss
A A

\14 R
1:H<-TOS: 00 010100 1000000000 000 0111—
2. SP<-H+OPCO00 111100 000001000 000 1000—
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Lokke eksempel klokke

Start:

S =597? (nei) IMP Sekund
S=0

M =597 (nei) IMP Minutt
M=0

T =12 (nei) IMP Time
T=0

JMP Start

Sekund:

S=S+1
JMP Start

Minutt;

M=M+1
JMP Start

Time:

T=T+1
JMP Start

| programminne:

FFFF

FOO00

EFFF

EO0O0O

CFFF

C000

BFFF

Time ©

BO0OO

NTNU
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Utfgre sekvensar av oprasjonar
* Lakker (loops)

— Repeter ei rekke instruksjonar

« Ubetinga hopp (Unconditional Branch : — j Styreeinheit
eller jump) : Decode

— Hoppar alltid (goto adr xxxx)

« Betinga hopp (Conditional Branch)

— Hoppar viss (Z-flagg = 1 eller N-flagge = 1
goto adr xxxx)

$Nq YLD
___snq)
!
I
SnNg g

o
@
E B
ALU N
z
SHIFTER
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Ma ha hopp inn i microinstruksjon

e Utvidar med JAM

— JAMZ: Sjekkar Z-flagget (zero) til ALU
— JAMN: Sjekkar N-flagget (negativ) til ALU
— JMPC: Ekstra hoppting kjem seinare

« No mogleg a detektera N og Z for a kunne bestemme hopp

— Kan sjekke resultat fra berekning utfart av ALU
— Kan bruke resultatet til betinga hopp

Addr JAM shift ALU les fr& C buss mMem B buss

D A A

XAXXXAXXXXK XXX XK XXXKXXX XKXXKXXXXK XXX XXXX

MININ|M

MEXT_ADDRESS

llllllllllllllllllllllll
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IJVM

www.ntnu.no

Memory contral signals (rd,

wr, fetch)

! ; ;
pr— 4-tn-16
i — MAR Decoder
TTTTTTT
< — *m MEC 9
(I ’
. P=pC | I
! | é . I:I L
.
—— N_BB_Z'E 512 x 36-Bit
1 cantrol store
Sp B o for holding
g+ the microprogram
L!|‘lI s
B JMPC
MIR
GPP  |b [ Addr [J] aLu | c [m]B]
| F |
TOS "
| H High
= L b :
JL Control
. N / N |$| %1{1“ flip—flop signals
AU L T Enable
z onto
..l, B bus
:
C bus T Write
Chus
to register




Ved hopp

MPC
* MPC oI ———
— MicrProgram Counter ,,_A,é-k l
— JAM kan pavirke MPC I JADR| JAM | 0100000-----0000111 ||™M!
. h |ADR| JAM [|0100000-----0000111 ||mi
® for holding
Betlnga Opp 9+ |ADR| JAM || 1. Hopp microinst
— viss (hoppinstr og Z) eller (hoppinstr og N)
. MPC. set.tll hopp microinstr, JMPC e
— Hopp microinstr. Addr ALU [ ¢ [M[B
1
\ RN

e microinsstr som utfgrer eit hopp

Addr
A

JAM shift ALU les frA C buss Mem B buss

-

VA oA e o

XXX

MEXT_ADDRESS

www.ntnu.no '
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I

oinstr 1

oinstr 2
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Ved hopp JAMZ og JAMN

MPC

— MicrProgram Counter
— JAMZ og JAMN kan pavirke MPC

« Kaorleis hopp

— MPC: 9 bit
9 fra Addr i micro Instruksjon

e Viss JAMZ eller JAMN

”OH
— MPC = Addr
— Neste microlnst Addr

e Viss JAMZ eller JAMN ="1":

www.ntnu.no

— MPC = Adr or 100000000
— Neste microlnst TXXXXXXXX

v

Memory control signals (rd, wr, fetch)

+ 4
4-to-16
MAR et
LR
MDA MPC 9
et
PC 1
I v
= 8
= E"‘_BB_ = 512 « 36-Bit
= = control store
SPp tor halding
the microprogram
LV
JMPC
MIR
CPP [ Addr [J] AU ] c [Mm]B|
TOS
A
OPC JAMN/JAMZ
H -
B bus High ‘
s d Control
6 N N $ 1-bit flip—flop signals
ALU ALU B 4 Enable
control gnllzs.
Shifter [
i 2
C bus T e
Chbus
to register
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 Ved JAMZ eller JAMN (hopp betingelse | microinstruksjon

MPC = (Z and JAMZ) or (N and JAMN) or Addr

Memory control signals (rd, wr, fetch)

[ ,
- 4
] 410-16
Decoder
TTTITTT

MPC 9

Faiiassss B

b J

]

______ 512 « 36-Bit
control store
tor halding
the microprogram

JMPC

MIR
[ Addr [J] AU ] c [Mm]B|
C_|

JAMN/JAMZ

Control
[11-bit flip—flop signals

7 Enable
onio
B bus

f Write
Chbus
to register

www.ntnu.no '



 Ved JAMZ eller JAMN (hopp betingelse | microinstruksjon

MPC = (Z and JAMN) or (N and JAMN) or Addr

Address Addr JAM Data path control bits
0x75 0x92 001 JAMZ bit set
0x92 One of
these
L will follow
0x75
dependin
Ox192 {}an .
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Ved hopp JAMZ og JAMN

MPC 9
* MPC o ———
— MicrProgram Counter . - l
— JAM kan pavirke MPC | ADR  |JAM | 01000--0000111 || Mi¢roinstr 1
. 000000010 000000011| 001 [0100-----0000111 [microinstr 2
« Betingahopp || for holding
100000011 |[ADR| JAM || 1. Hopp til microinst

— viss (hoppinstr og Z) eller (hoppinstr og N) ‘
 MPC set til hopp microinstr. JMPC ﬂ VIR
— Hopp microinstr. Addr ALU E:
* microinsstr som utfgrer eit hopp — ‘ | ||||||||| |

Addr JAM shift ALU les fr& C buss mMem B buss

D A A

MEXT_ADDRESS

........................ "®NTNU
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Ved hopp JMPC

MPC

— MicrProgram Counter
— JMPC kan pavirke MPC

« Kaorleis hopp

— MPC: 9 bit
9 fra Addr i micro Instruksjon
* Viss IMPC ="0"
— MPC = Addr

— Neste microlnst Addr

e Viss IMPC ="1"

— Unik adresse basert pa MBR

— MPC = MBR or addr
— Neste MBR or addr

* MBR inneheld OpCode

www.ntnu.no

v

Memory control signals (rd, wr, fetch)

+ 4
4-to-16
MAR et
LR
MDA MPC 9
et
PC 1
I v
= 8
= E"‘_BB_ = 512 « 36-Bit
= = control store
SPp tor halding
the microprogram
LV
JMPC
MIR
CPP [ Addr [J] AU ] c [Mm]B|
TOS
A
OPC JAMN/JAMZ
H -
B bus High ‘
s d Control
6 N N $ 1-bit flip—flop signals
ALU ALU B 4 Enable
control gnllzs.
Shifter [
i 2
C bus T e
Chbus
to register

@NTNU
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MicroProgramert styreeining IJVM

Memory control signals (rd, wr, fetch)

I :
v 1
— 4-to-16
Decoder
TTTTTTT
——— e
< PC |
5 5 .
-~ MBR — I 8l
—] | MBR 512  36-Bit
— - control store
SP for holding
b 9. the microprogram
| Y ey
at JMPC
- MIR
cPP = [ Addr JU] AU ] ¢ [m[B]
7 | L |
TOS —_—
£
JAMN/JAMZ
| H | High
[ Bbus b :
L Control
6 SN N [] C11-bit flip—flap signals
ALU 4 Enable
Zz onio
L B bus
Shifter [ .
Ch 2
us f Write
Chbus
to register
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MicroProgramert styreeining IJVM

Memory control signals (rd, wr, fetch)

I :
v 1
— 4-to-16
Decoder
TTTTTTT
——— e
< PC |
5 5 -
-~ MBR — I 8l
—] | MBR 512  36-Bit
— i control store
SP for holding
b 9. the microprogram
| Y ey
at JMPC
~ MIR
cPP = [ Addr JU] AU ] ¢ [m[B]
7 | L |
TOS —_—
£
OPC JAMN/JAMZ
| H | High
[ Bbus b :
L Control
6 SN N [] C11-bit flip—flap signals
ALU 4 Enable
Zz onio
L B bus
Shifter [ .
Ch 2
us f Write
Chbus
to register

@NTNU
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MicroProgramert styreeining IJVM

Memory control signals (rd, wr, fetch)

3 ,
: ; ;
— 4-to-16
Decoder
TTTTTTT
——— e
< WoR ] e .
< PC | [ ;
———> MBRH 512 x 36-Bit
— - control store
SP for holding
b 9. the microprogram
| Y ey
at JMPC
l - MIR
cPP = [ Addr JU] AU ] ¢ [m[B]
7 ] | L |
TOS —_—
£
OPC JAMN/JAMZ
H High
[ Bbus o1 :
L Control
6 SN N [] C11-bit flip—flap signals
Ty A — 4 Enable
Zz onio
L B bus
Shifter [ .
Ch 2
us f Write
Chbus
to register
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MicroProgramert styreeining IJVM

Memory control signals (rd, wr, fetch)

I :
v 1
— 4-to-16
Decoder
TTTTTTT
< MDR == PG
i 9
S S—
< PC | .
5 - [@] r
-~ MBR — I 8l
—] | MBR 512  36-Bit
— - control store
SP for holding
b 9. the microprogram
| Y ey
at JMPC
- MIR
cPP = [ Addr JU] AU ] ¢ [m[B]
7 | L |
TOS —_—
£
JAMN/JAMZ
| H | High
[ Bbus b :
L Control
6 SN N [] C11-bit flip—flap signals
ALU 4 Enable
Zz onio
L B bus
Shifter [ .
Ch 2
us f Write
Chbus
to register
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MicroProgramert styreeining IJVM

Memory control signals (rd, wr, fetch)

3 ,
: ; :
— 4-to-16
< Decoder
TTTTTTT
——— e
< PC | %
5 - [@] r
-~ MBR — I 8l
—] | MBR 512  36-Bit
— - control store
SP for holding
b 9. the microprogram
| vV =
T # s IR
cPP = [ Addr JU] AU ] ¢ [m[B]
& ] ]
TOS —_— |
£
JAMN/JAMZ
| H | High
[ Bbus b :
L Control
6 SN N [] C11-bit flip—flap signals
ALU 4 Enable
Zz onio
L B bus
Shifter [ .
Ch 2
us f Write
Chbus
to register
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MicroProgramert styreeining [JVM

Memory control signals (rd, wr, fetch)

I :
+ 1
— 4-to-16
< Decoder
ILLLER
<—§o3 MR == PG
= Ly
e
———> MBRH 512 x 36-Bit
— - control store
SP for holding
b 9. the microprogram
| vV =
CPP =
TOS —_—
£
oFC JAMN/JAMZ
H High
[ Bbus o1 :
L V.4 Control
6 SN N [] C11-bit flip—flap signals
Ty A — 4 Enable
Zz onio
L B bus
Shifter [ .
Chb 2
us f Write
Chbus
to register
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MicroProgramert styreeining [JVM

« OpCode fra MBR

o Generer adresse til microcode (MPC)
« MPC peikar pa 1. microinstruksjon

o Utfar microlnst | INSRUKSJONEN

|
£

bt = 1 e J[a[3Tels[FFE[E[ T [H[ol el s [Mmp]r
= | oty mialall]r n[NIn|N| |Plole|v|r|c|o|alfE 5
W g, o0 next_aooress  [e|mmlc|al | alelvle] |c|s|e rlat[al&] B
e = c|n|z]s|1 - E|D|H] %
_.,:.I-.lll
=" 15— J[ILaTe[sFIF[E[E[ T Tl e]L [s [P [l
gy - el MIAJA]L|R MNIN|NIN POPVPCDAIE B
3 | NEXT_ADDRESS PIM|MIL | A AIBI|VI|C C|S|P RIR}T|A h
o cin|z]s|1 o E|D|H] ™
;.' M JIJ|JIS|S|Fo|F4|E|E] ] HOTCLSPMME’HF
g MIAJAJL IR NIN|N|N POPVPCDAIE$ B
N NEXT_ADDRESS PIMIMIL |A AlB|VIC C|S|P R|IR A
t—— . clnlzlsls A EDE bus

Mikroprogram: Sekvens av ulnstr.
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Har no el generell datamaskin

Conirol signals

Control
inpuis

Control
it

.. Data
oulpuls

Confrol  Data
outpuls  inputa

o Styreeining (control unit) < Utfgrende enhet (datapath)
o Styrer utfgrende einingar + Register
— vha. mikroprogram « ALU: Aritmetisk-logisk eining

@NTNU
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Generell datamaskin minne

e Minne -
_ Programminne Von Neumann-arkitektur
— Dataminne Memory
Arithmetic / gt
Control logic unit | 71
unt ™ Jgi——r- Quipui

f
Aocurnulator.

@NTNU
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Minne 1 IJVM

RN Yol o]| @ oTe] g |
: [ ; o Memory Address Register
i o Memory Data Register
= i Brukes for data
ﬁ*ﬂ J | . » MAR inneholder ordadr.
memry | | e 8-bit port
i
i

» Program Counter
Memory Buffer Register
Brukes for instruksjoner
PC inneholder byteadr.
8 bit utvides til 32

Enten med O eller sign
extension

@NTNU
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Minne 1 IJVM

e Klokkesyklus k
« MAR/PC blir oppdatert i slutten av syklus
e Klokkesyklus k + 1

o Antar at minneaksess tar 1 syklus
Tilsvarer 100% treffrate pa hurtigbuffer (urealistisk)

+» MDR/MBR blir oppdatert i slutten av syklus
e Klokkesyklus k + 2

o Data/lnstr. lest fra hovedlager er klart til bruk

Registers loaded

Shifter instantaneously from
output C bus and memory on
Cycle 1 stable rising edge of clock
starts [ /
tiere ‘4 ' Clock cycle 1-— - Clock cycle 2 -
e T New MPC used to
ke s L« load MIR with next
e i I b microinstruction here
- f A
MPC
Set up ALU :
signals and available
to drive shifter here
data path

Drive H Propagation B ‘ \-‘ I | \-l | I
and from shifter

B bus to registers
Innovation and Creativity
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Generell datamaskin
Von Neumann-arkitektur

Memory
Arithmetic
Cont{ol logic unit
uni _ o~
* L

www.ntnu.no '

Memeary control signals (rd, wr, fetch)

! 4
4-to-16
Decoder
TTTTTTT
MPC 9
dE_ —_—
v

512 « 36-Bit
control store

for holding

f
Accumulator

In P ut the microprogram
JMPC
[ Adar Ju] A | c M[B]
Qutput
JAMMN/JAMZ

MIR

ngh

Control
signals

4 Enable
onto
B bus

'T Write
Cbus
to register

@NTNU
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ISA vs. mikroarkitektur

ILOAD ]
ILOAD k

IADD ISA-instr.
ISTORE |

ILOAD i

BIPUSH 3

=0

| EE L JJ[J]s|S|FolF | EIE[ 1) TIHIOTICIL S|P [MIMIVIR
= = = o s dlajalL|R NINININL |PlO|P|VIP[C|D[ALR|E B
= - NEXT_ADDRESS [P |M|M|L A alslvic] [cls|p r|RlT|A ;
e - cin|z]s|1 A E|D|H] ¢

m JIJ|JS|SIFolFEEfI|IIHIOITICILIS|PIMIMIWIR|E
— — alajAalL|R n[n[NIN [Plo|r|v|P|c|D|AlR|E B
| NEXT_ADDRESS |p|Mm|m|L |4 alslvic] [c|s|P r|R|t|A bus
— 1 cInfz|s|1 A E|D[H| ™

y J1J[JSIS|FolF|EIE[1)1IHIO(TICIL S|P [MMIvIR
alajalL|r NINININD (PlolpfviplclolAfBIEFl o
J . : NEXT_ADDRESS |P|M[M|L (A alglvic] [c|s|P RIRITIALC] &
CIN|Z]s|1 A E|D|A ®

Mikroimﬁram: Sekvens av Hlnstr.



IJVM Stakk basert

« Nar en metode blir kalt, settes det av plass
pa stakken til alle lokale variabler

« Reqister LV (Local vaniables) peker til der
farste (nederste) vanabel ligger

» (Register 5P (Siack pomnter) peker til toppen av
atakken)

+ Adressen til en lockal vanabel blir LV + offset
¢ Dermed ikke absclutt minneadrasssl

o LV-0g SP-adresser er ordadresser

www.ntnu.no '

SP — a3
a2
LV — al

108
104
100
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IJVM Stakk basert

SP - c2
LV — cl SP — d5
SP — b4 b4 d4
b3 b3 d3
b2 b2 d2
LV — b1 b1 LV — d1
SP — a3 108 a3 a3 a3
az 104 a2 az az2
LV — al 100 al al al

Figur 1: Metode A har tre lokale variabler
Figur 2: A kaller B som har fire lokale variabler
Figur 3: B kaller C som har 2 lokale variabler
Figur 4: C & B returnerer, A kaller D
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IJVM Stakk basert

« Nar en metode blir kalt, settes det av plass
pa stakken til alle lokale variabler

« Reqister LV (Local vaniables) peker til der
farste (nederste) vanabel ligger

» (Register 5P (Siack pomnter) peker til toppen av
atakken)

+ Adressen til en lockal vanabel blir LV + offset
¢ Dermed ikke absclutt minneadrasssl

o LV-0g SP-adresser er ordadresser

www.ntnu.no '

SP — a3
a2
LV — al

108
104
100
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IJVM: MicrArch vs Instruction Set Architecture

e Instruksjonsset

Hex Mnismon iz Maaning

10 SIPLEH byre Push byte anfo siack

IERES LOAD vamom Push lozal varable onio slack

w13 L W dndex Fush constant from constant podl orta 5130k
1Ty =0p Cielete word an top of s23ck

w36 [STORE wamum Foip ward fnem sEack and siane i local var
h5s up Coopy top wond on siack and push anbo stack
Ox5F SWaP Swap ihe two fop words on the stack

e Minnemodell

Constant
Pool

~——CPP

www.ntnu.no '

-

~—SP

Current
Operand
Stack 3

Current
Local
Variable
Frame 3

~— LV

Local
Variable
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