Timing Template & Fetch
MEM 2/3/3 instructions
IR7 IR6 IR5 IR4 1IR3 IR2 IRl 1RO
1 0 S S S D D D

SRC DEST Temp
000=A 000=A 000=A
001=B 001=B 100=B
010=C 010=C 001 =C
011 = MMI 011 = nul
100 = MMA 100=MMA  010=MMA
111 = nul

NB If DEST is MMA, then must be RAM
If SRC is MMI (Immediate) then can be ROM or RAM
If SRC is MMA (Absolute), can be ROM or RAM

MOV 2/3/3 instructions

IR8 IR7 IR6 IRS IR4 1IR3 IR2 IRl
1 1 S S S D D D

SRC DEST Temp Dest

A=000 A=000 A=000
B=001 B=001 B =100
C=010 C=010 C=001
M=011 MH=011 MH=101
nc=100 ML=100 ML=010
PC+=101 PC+=101 AD+=101
PC=110 PC=110 PC=100
NULL=111 ne=111 ne=111

Problem ¢ AD+, MH

CLK
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S"0

S1

S"1

S2

S"2

S3

S"3

Fetch

Sixteen stage state machine

SEL PC, Mem, Read

LD-IR, LD-AD+

Fetch
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Timing Template & Fetch
ALU 2/4/2 instructions
IR9  IR8 IR7 IR6 IRS IR4 1IR3 1IR2
0 0 S/A A A A D D
ALU Fn DES
0000 = NOP 1000 =ADDAB A=00
0001=RESET 1001 =A&B B=01
0010 =HALT 1010 =NOTA C=02
0011= WAITO 1011 = INCB
1100 = RORA
1101 =ROLB
BRANCH 2/4/2 instructions
IR8 IR7 IR6 IRS IR4 1IR3 IR2 IR1
0 1 B B B B X X
0000 =BRZ 0006= BROVF
0001=BRP 0007= BRNOVF
0002= BRN 0008= BRA
0003=BRNZ
0004= BRNP
0005= BRNN
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Sixteen stage state machine

NOP

Fetch

NOP

1 2 3
CLK
ALU i i
BATENAT 2/3/3 instructions S0 IR9 IR IR7 2/4/12111?“?;?5 R4 1IR3 IR2
IR7 IR6 IRS IR4 IR3 IR2 IRl IR0 0 _,_l
: o | s slsIololo o [ SEL PC, Mem, Read 0o | S aAflaAa | A fD]D
o [ 1 LD-IR, LD-AD+
ﬂ M aet 4211 AT Jdolal FetCh ALUFH DES
S2 Vvalt tr zypus aviiaorc
0000 = NOP 1000 = ADDAB A=00
a5 0001=RESET 1001 —A&B B=01
| 0010 = HALT 1010 = NOTA =02
% SEL-AD:, 0011=WAITO 1011 =INCB
1100 = RORA
a8 HpiRe 1101 =ROLB
sS4
S'4
S5
o [ ]
” SEQRES
rll——|
” B
s"7
. B
MOV o —
2/3/3 instructions s BRANCH 2/4/2 instructions
IR§ IR7 IR6 IRS IR4 IR3 IR2 IRI M IR§ IR7 IR6 IRS IR4 IR3 IR2 IRl
S"9
1 1 S s | s D | D | D 0 1 B B| B | B | x X
S10
$"10 [
0000 = BRZ 0006= BROVF
S11 0001= BRP 0007= BRNOVF
- [ 1 0002= BRN 0008= BRA
0003= BRNZ
0004= BRNP
S12 M 0005= BRNN
S"12
S13 M
$"13
s14 M
S"14
SI5 e Timing - NOP
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Sixteen stage state machine

WAIT

WAIT happens on the 0->1 edge of S1,
as soon as IR is loaded.

WAITING flag is latched and Wait-Block is latched.

WAITING causes CLKSRC motor to freeze.
Halt will also freeze motor.
Waiting is released by EndWait,
which will allow Clk propagation.
And motor to run.
The interrupted Fetch will complete, and

Wait-Block is released at S1 of next cycle.
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S"0

S1

S"1
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S"2
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S"3

SEL PC, Mem, Read

LD-IR, LD-AD+

A aadtdtall AT alal
ywar trr ADUS avITaulT

SEL-AD+

LD-PC

sS4
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WAIT freeze here

Fetch

ALU
IR9 IRS

WAIT

2/4/2 instructions
IR7 IR6 IRS 1IR4 1IR3 1IR2

S/A A A A D D

ALU Fn DES

0000 =NOP

0001=RESET
0010 =HALT
0011= WAITO

1000 =ADDAB A=00
1001 =A&B B=01
1010 =NOTA C=02
1011 =INCB
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Sixteen stage state machine

MEM 2/3/3 instructions

IR7 IR6 IRS 1IR4 1IR3 IR2 IRl 1RO
1 0 S S S D D D

MOV 2/3/3 instructions

IR8 IR7 IR6 IRS IR4 1IR3 IR2 IRl

S S S D D D

CLK
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S"0
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S"1
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S"10

S11

S"11

S12

S"12

S13
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S15

S"15

Fetch

SEL PC, Mem, Read

LD-IR, LD-AD+

S

A

L
yvait

4211 R alal
I ADUSTavIIauIT

ﬂ SEL-AD+

LD-PC

Bl

Fn-<4 bit Funct>,

L-<DEST>

Fetch

ALU 2/4/2 instructions
IR9 IR8 IR7 1IR6 IR5 1IR4 1IR3 IR2
0 0 S/A A A A D D
ALU Fn DES
0000 =NOP 1000 =ADDAB A=00
0001=RESET 1001 =A&B B=01
0010 =HALT 1010 =NOTA C=02
0011= WAITO 1011 =INCB
1100 = RORA
1101 =ROLB
Proposed Update 1/1/20
BRANCH 2/4/2 instructions
IR§ IR7 1IR6 IRS IR4 1IR3 IR2 IRl
0 1 B B B B X X
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STD<R> Store Direct Sixteen stage state machine Fetch STD<R> Store Direct
ik WLWW_ Store REG into RAM at location held in Mem Addr Reg MR12
80 ALU 3 i
MEM 2/3/3 instructions _,_l 2 Sistuctions
IR9 IR§ IR7 IR6 IRS IR4 1IR3 IR2
IR7 IR6 IR5 IR4 IR3 IR2 IRl IR0 §"0 _,_l
0 0 SA| A| A | A D D
1 0 S S S D D D S1 SEL PC, Mem, Read
s"1 |_| LD-IR, LD-AD+
L . Fetch ALU Fn DES
SRC DEST Temp sz | ‘V‘V(llt tl“ A‘\[}LL\ ayv l‘l(lIU}k
001=B 001=B 100=B H 0010=HALT 1010 =NOTA =02
010=C 010=C 001=C 83 SEL-AD+ 0011= WAITO 1011 = INCB
011 = MMI 011 = nul " 1100 =RORA
8'3 LD-PC 1101 =ROLB
100 = MMA 100=MMA 010=MMA __l
101 =MMD 101 = MMD o8 ‘v‘v'u;t ﬁ“ ‘\\Bun' u\';‘lalullb
111 =nul 111 = nul S"4
NB If DEST is MMA, then must be RAM 85
If SRC is MMI (Immediate) then can be ROM or RAM g5 ﬂ_|
If SRC is MMA (Absolute), can be ROM or RAM
DIRECT modes are LDD<R> & STD<R> 86 SEL M12, MEM
DIRECT modes apply preloaded M12 as SRC or DEST addresses 36 |_| CLR
S7
s"7 |_| SET
S8
ss |_|
MOV 2/3/3 instructions $9 BRANCH 214/ instructions
IR8 IR7 IR6 IRS IR4 1IR3 IR2 IRl - |_| IR§ IR7 IR6 IR5S IR4 1IR3 IR2 IRl
1 1 S S| s D D D S10 SEQRES 0 1 B B | B B X X
$"10 [ ]
SR DEST] JlemplDest sil 0000=BRZ ~ 0006= BROVF
A=000 A=000 A=000 0001= BRP 0007= BRNOVF
B=001 B=001 B =100 S"11 I_ﬂ 0002= BRN 0008= BRA
=010 =010 C=001 0003= BRNZ
M=011 MH=011 MH=101 S12 0004= BRNP
nc=100 ML=100 ML=010 0005= BRNN
PC+=101 PC+=101 AD+=101 S"12 |_|
PC=110 PC=110 PC=100
NULL=111 ne=111 ne=111 S13
Problem ¢ AD+, MH s"13 I_l
S14
S"14 |_|
S15 Title oo B
Timing - Store Direct
S"15 I_l Size Number Revision
A3
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1 [ 2 3

Sixteen stage state machine

STA<REG>

MEM 2313

SRC
000=A
001 =B
010=C
011 =MMI
100 = MMA

DEST
000=A
001=B
010=C
011 =nul
100=MMA 010=MMA

Temp

000=A
100=B
001=C

NB If DEST is MMA, then must be RAM
If SRC is MMI (Immediate) then can be ROM or RAM
If SRC is MMA (Absolute), can be ROM or RAM

MOV
IR8

2/3/3 instructions

IR7 IR6 IRS IR4 IR3 IR2 IRl

2 2 S S S D D D
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Fetch
3 4 5 6 _7 8 9 10_11 12_13 14_15 16

SEL PC, MEM, RD

LDIR LDAD+

Mottt ll A D alal
ywartrmr ADUS avITaulT

SEL AD+

LD PC

Nloat 4211 A D o alolal
VVAart (o zYD oS avIiaoTT

sPC,MEM, RD

LD-MH L-AD+

Nloat 4211 A D o s2lolal
VVaIr tIr zYDUS aviIitaoTe

[
[ ]
-
F
B

-

S-PC,MEM, RD

L-ML, L-AD+

:l]:l

[
T
[
[ ] SET
,_l S-Add+
[ 1 Lpc
[
=

S-M12, MEM, <SRC-REG>

CLR

Complete SQ Cycle

STA<REG>

ALU
IR9

2/4/2 instructions

IR8 IR7 IR6 IRS IR4 1IR3 IR2

S/A A A A D D

Fetch

Writes to a memory location
<REG> -> MEM-ABS

Load M12

BRANCH
IR$  IR7

2/4/2 instructions

IR6 IRS IR4 IR3 IR2 IRl

0 1 B B B B X X

STA<REG>
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BRA BRA BRA
Fetch
0 1 2 _3 6 7 8 9 10_11 12_13 14_15
. _ CLK _m
Sixteen stage state machine
SO
§"0 Reset State BRA 21472
S1 | SEL PC, MEM, RD
0 B B B B X X
S"1 LDIR LD AD+
Fetch
S2 | WLt Lo AT 0000 = BRZ 0006= BROVF
vyt IO 7S 0001= BRP 0007= BRNOVF
s"2 0002= BRN 0008= BRA
0003= BRNZ
S3 SEL AD+ 0004= BRNP
0005= BRNN
S"3 LD PC
S4 A 14 L AR "
ywait 10T 7YDUS
"4 [ ]
S5 SEL PC, MEM, RD
5's [ LD MH, L-AD+ Update 1/1/20
S6 Mot fan AR
yYvaitTuUl YDUS
>0 ] Load M12
S7 SEL AD+
S"7 I_l LD PC
S8
ss [ ]
S9 SEL PC, MEM, RD
S"9 I_l LD MLo, L-AD+
S10 Wloit £oee AT
vywaitTOT YD US
510 [ ]
o .
S11 SEL AD+ or M12 condit BR Branch
S"11 I_l LDPC
S12
s"12 [ ]
S13
S"13 I_l
S14 SQRES SQRES
S"14 I_l
Title .
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Sixteen stage state machine

MOV Timing
CLK

S0
MEM 2/3/3 instructions
IR7 IR6 IRS IR4 1IR3 IR2 IRl IR0 S"0

1o | s s|s|p|p|DpD el

S"1

S2

S"2

S3

S"3

MOV Timing

SEL PC, Mem, Read

LD-IR, LD-AD+

S A

Fetch

AL 4211 R Halal
ywartrmr ADUS avITaulT

SEL-AD+

LD-PC

sS4
S"4
S5
s"s
S6
S"6
s7
s"7
S8

S"8
MOV

IR8 IR7 IR6 IRS IR4 IR3 IR2 IRl

2/3/3 instructions S9

S"9

1|1 |s s{s|bp|Dp|D S10

S"10
SRC

A=000
B=001
C=010
M=011
nc=100
PC+=101
PC=110
NULL=111

DEST
A=000 S11

S"11
MH=011

ML=100 S12
PC+=101
PC=110
nc=111
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Consider MOV M12->PC, need to wait for Abus
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ALU
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IR8

2/4/2 instructions
IR7 IR6 IRS 1IR4 1IR3 1IR2

S/A A A A D D

BRANCH
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IR7

2/4/2 instructions
IR6 IRS IR4 IR3 IR2 IRl

B B B B X X
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LD A<REG> Sixteen stage state machine
MEM 2/3/3 instructions
IR7 IR6 IRS IR4 1IR3 IR2 IR1 1RO
1 0 S S S D D D

SRC DEST Temp
000=A 000 =A 000 =A
001 =B 001 =B 100=B
010=C 010=C 001=C
011 = MMI 011 =nul
100 = MMA 100=MMA 010 =MMA
111 =nul

NB If DEST is MMA, then must be RAM
If SRC is MMI (Immediate) then can be ROM or RAM

If SRC is MMA (Absolute), can be ROM or RAM

MOV 2/3/3 instructions
IR§ IR7 IR6 IR5 IR4 IR3 IR2 IRl
1 1 S S S D D D

CLK

SO

S"0

S1

S"1

S2

S"2

Fetch

6 7 8 9 10 11 12 13 14__15

SEL PC, Mem, Read

LD-IR, LD-AD+
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:l]:l

LD-MH, LD-AD+

1] | 11 D
walt OTU CIIr OTa I ©

S-AD+

—

—
—
—

L-PC

d S d re

M

S-PC, MEM, RD

M

L-ML, L-AD+

d

M

re

[ ]

S-M12

-
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[ ]

M
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M

LOAD REG from MEM ABSOLUTE

LDA<REG>

ALU 2/4/2 instructions
IR9 IR8 IR7 IR6 IRS IR4 1IR3 IR2
0 0 S/A A A A D D
Fetch
Proposed Update 1/1/20
Load M12
BRANCH 2/4/2 instructions
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0 1 B B B B X X
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Sixteen stage state machine

LDI<reg>

MEM 2/3/3 instructions
IR7 IR6 IR5 IR4 IR3 IR2 IRl 1RO

1 0 S S S D D D

SRC DEST Temp
000=A 000=A 000=A
001=B 001=B 100=B
010=C 010=C 001=C
011 = MMI 011 =nul

100 = MMA 100=MMA 010=MMA

NB If DEST is MMA, then must be RAM
If SRC is MMI (Immediate) then can be ROM or RAM
If SRC is MMA (Absolute), can be ROM or RAM

MOV

IR8 IR7 IR6 IRS IR4 IR3 IR2 IRl

2/3/3 instructions

1 1 S S S D D D
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SEL PC, Mem, Read

LD-IR, LD-AD+

abgall A

AL 4. R alal
ywartrmr ADUS avITaulT

SEL-AD+

LD-PC

J |

Mot 4211 AT o alalal
VVAaIt tr zYD oS avIiaore

SEL PC, Mem, Read

LD-<REG>, LD-AD+
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ALU
IR9 IRS

LDI<reg>

2/4/2 instructions
IR7 IR6 IRS 1IR4 1IR3 1IR2

S/A A A A D D

Fetch

Wait next low clock state after PC has loaded

BRANCH

IR8  IR7

2/4/2 instructions
IR6 IRS IR4 IR3 IR2 IRl

B B B B X X

Contents of next memory location is loaded into <REG>
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Sixteen stage state machine

LDA

CLK

S0
MEM 2/3/3 instructions
IR7 IR6 IRS IR4 1IR3 IR2 IRl IR0 S"0

s|s|p|p|bpD el
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sS4
S"4
S5
s"s
S6
S"6
s7
s"7
S8

S"8
MOV

IR8 IR7 IR6 IRS IR4 IR3 IR2 IRl

2/3/3 instructions S9

S"9

2 |2 | s s{s|bp|Dp|D S10

S"10
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S"11
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EL PC, MEM, RD
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R
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ALU 2/4/2 instructions
IR9 IR8 IR7 IR6 IR5 IR4 IR3 [IR2
0 0 S/A A A A D D
BRANCH 2/4/2 instructions
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0 1 B B B B X X
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