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Page Catalog No. 304004

INTRODUCTION

The following equations show the complete logic flow for each instruction in terms of phase
and clock. This logic breakdown per instruction indicates the logic terms involved during
each clock time of every phase.

The right-hand columns contain remarks concerning an equation or group of equations.

The logical derivation of the B Register during Rsa, Brl, and A12, is illustrated in detail
in Appendix A.

The last instructions have the heading "UDI". These are unassigned operator codes.






0

@0 T8

@5 T7

T4

T3

TO
Tr

Tp

HLT

rC24
rCz
sFl
sF3
sHz
sla
Oxc

s0(1,3,4,5,6)

r02

Ax3
sA(0-2)
rA( " )
sA(3-23)
rA( 1] )
sB(0-2)
rB( n )
sB(3-23)
rB( " )
End

Px3

sPO

rP0

sPl

rPl

sP2

rP2

rla
sP(3-14)
rP( " )
Sc
rS(l-14)
Sxp

sS1

s8S2
sS(3-14)
sHt

Cxm
sC(0-23)
rc( " )
rla '
rix

rRc

rF1l

rF3

rGO

rRf

rJu

Oc

r0(1,3,4,5,6)

s02

Halt

T8(TsTsr)

goTs
(#0T8TaC2C5C8(C3+C4))
( " )
T8

@#0T8IaC2C5C8 (C3+Ch)
(#0T8IaGO)C2
OXC9S3,5,6,7,8)

0xcCéh

(01020304)Q1
A(21-23)AnrAr3

]{( ] ) "
A(0-20)Ar3

AC" )t
B(21-23)BnrAr3

_B"( 1" ) "
B(0-20)Ar3

B(" )"

@5 (AD04GO)

(F1G0)Q2

(F1G0(020 506))(P1%P13Pl&1a))
" Y(P P13P141a))

" ) (Pl% Pl4la))
Y(P Pl4la))

" ) (Pl4gia)

" ) (Pl4a)

(PTZPI3P14)Q2F1

P(0-11)Pr3

BOr ) r

T4 (End+F1F2) Inr

Sc

T3TRE (Epd+ —)Gmﬁ
(F1G60(02040506)) (P1 4Ta))Sxp
( " )) (PL4Pra)Sxp
P(0-11)Sxp

$5T0010205

EndGOTsm (Tr+Tp)

M(0-23)Cxm

E( 11 ) 1

TrF1l

Tr (F1F3) (GOHt)

-
-

( " 2Ht
TpP1 (GOHt )
T
TpEndSk

Oc

Oc

ww o nnnnow oo BN R RER NN RN D NN NN RR NN RN

HLT 1

4 Cycles

@5 next (T7)

initiate P register increment

C(3~8) — 0 instruction to O register

Recirculate A T7 thru TO

Recirculate B T7 thru TO

last cycle

P+l — P T7 thru T3

Clear S

P—S
initiate Halt (Set Halt light)

M—>C Tr + Tp

§0 next clock (T8)

Machine enters HALT Status

NOP (20) =0



HLT 2

#0 T8 xC24 = T8(TsTsr)
rCz = (¢oT8
sF1l = T8GO
sF3 = T8GO #5 next (T7)
sHz = T8
@5 T7 Ar3 = (01020304)Q1

sA(0-2) = A(21-23)AnTAr3
A n = I n T
:Aé3'2:)3) = Ago_zo)ir:), Recirculate A T7 thru TO
rA{ " ) =K( 1] ) "
sB(0=2) = B(21-23)BnrAr3
rB( " ) = E( " ) 1" .
sB(3-23) = B(0-20)Ar3 Recirculate B T7 thru TO
rB( " ) = ﬁ( 1" ) 1
End = @5(A004GO) last cycle

T4 Sc = T4(End+F1F2) Inr
rS(L=14) = Sc Clear §

Tr rla = TrFl
rRc = Tr

T F1 = TpEndSk

PEs BT 90 next clock (T8)

rGO = ( " )Ht Machine enters HALT Status
rJu = Tp
Oc = TpEndSk
r0(1,3,4,5,6) = Oc NOP (20) — O
s02 = Oc

The Computer is now in Halt status and will remain in this state until the
mode switch is placed on "IDLE", The following shows what takes place in "IDLE'.,



go T8

@5 T7

T4

Tr

Tp

HLT 3

rC24 = T8(TsTsr)
rCz = ¢OoT8
sF1l = T8GO
SF3 = T8C0 @5 next (T7)
rHt = T&K}E@ﬁﬁﬁb initiate idle (also reset halt light)
sHz = T8
Ar3 = (01025504)Q1
sA(0-2) = A(21-23)AnrAr3
rA( n ) = 'K( 1" ) "
sA(3-23) = A(0=20)Ar3 Recirculate A T7 thru TO
rA( " ) _'K( " ) "
sB(0~2) = B(21-23)BnrAr3
rB( " ) = ‘E‘( ”" ) "
sB(3-23) = B(0~20)Ar3 Recirculate B T7 thru TO
rB( 11] ) = ‘B’( 1] )”“I-I.
End = @5 (A00+G0) last cycle
Sc = T4(End+F1F2)Int ol g
rS(1-14) = Sc ear
rla = TrFl
rlx = Tr(FTFB)(EOHt)
rRc = Tr _
1 = TpEndSk
§§3 - PEN @0 next clock (T8)
rRE = TpP1l (GOHt)
rJu = Tp
Oc = TpEndBE
r0(1,3,4,5,6) = Oc NOP (20) -0
s02 = Oc

The Computer is now in Idle status and will remain in this state.until the
mode switch is placed on "RUN or STEP", The following shows what takes place
when the mode switch is placed on "RUN",



HLT 4

g0 T8 rC24 = T8(TsTsr)
rCz = @OoT8
:g; - %ggg @#5 next (T7)
sHz = T8
@5 T7 Ar3 = (01020304)Ql
sA(0=2) = A(21-23)AnrAr3
11 — 11 "
gﬁg3_2;) ;.§50_20)2r3 Recirculate A T7 thru TO
rA( " ) =K( 1" y "
sB(0-2) = B(21-23)BnrAr3
11 - n 1n
:§E3_2§> ; EEO-20)2r3 Recirculate B T7 thru TO
B( " ) =B("™ )"
End = @5 (A00+GO) last cycle
T4 Sc = T4(End+F1F2)Inr Lear
rS(1-14) = Sc Clear §
Tr rla = TrFl
rRc = Tr
R ig; - fPEﬁdS§ @0 next clock (T8)
sGO = Kﬁ@ﬁﬁggpﬁfﬁggﬁgEDTem Machine enters normal run status
rRE = Tp@#1(GOHt)
rJu = Tp
Oc = TpEndSk
r0(1,3,4,5,6) = Oc NOP (20) — 0
s02 = Oc

The Computer is now in normal run status with the contents of the C
register about to be executed,



go T8

T7

T4

T3

T2
Tl

TO

BRU

rCz

sHz

slx

sJu

Oxc
80(1,3,4,5,6)
r02

Ar3
sA(0=2)
rA( 1 )
sA(3=23)
rA( 1" )
sB(0=-2)
rB( 1" )
sB(3=23)
rB( " )
End

Cr3

sCo

rC0
sC(1,2)
rC( n )
sC(3=-23)
rC( 1] )
sCp

rCp

Pr3
sP(0~2)
rP( 1"t )
sP(3-14)
rP( 1 )
Xz (1=3)
xz( ] )
Yz(1=3)
YE( ” )
sCz

rCz

Sc
rS(1-14)
rCO0

Sxp
85(1,2)
8S(3=14)
rc(l,2)
sC(l,2)
rC( " )
rCz

sCO

rCO

rc(1,2)

Unconditional Branch

= POT8

= T8

ClGO@OoT8
TaGOCLC5C8CITS
TaGcoT2¢0T8
c(3,5,6,7,8)0xc
C40xc
(01020304)Q1

= A(21-23)XnrAr3
o I( 1" ) n

- A(O-20)Ar3
=‘K(" ) "

= B(21-23)BnrAr3
= B( " ) "
= B(0-20)Ar3
=B(" )"

= JuEaxO1l
F1F2(TsQl)
(P12)JuTsCr3q6
(_ﬂ-) "
P(13,14)JuTsCr3Q2
P( " ) "
c(0-20)Cr3

EK n ) "

( 1] )Cp
JuQ2

n

Eaa( 1 )( [}]
P(0-11)Pr3

P( 1" ) "
Xn(1=-3)@0Ix

Xn( " )P0Ix+Ix
Cc(21-23)37

cC "

KzQ1T0

KzQl

IncF1¥214

Sc
(JuTscCr3)Q4Qé
IntEndcoT3

P(0-11)Sxp
(JuTsCr3)T2
(JuTsCr3)Em(1,2)T1
( " )E‘n( ” )"
Fito
0£(JuTsCr3)TO0

0f( " )y
(JuTsCr3)TO

NRH R BB NRNOD R RRNER RN HE DN H g

11

(C21@c2aPpc23) CpTsHEQLFIFZ

Add (1-3) (JuEax+02040506) Px3

)ll

Add(2,3) (JuEax+02040506) Sxp

Initialize indexing

BRU 1

1 Cycle

Instruction to O register

Recirculate A

Recirculate B

Last cycle

P(l=14) — C(10-23)

Parity check

C+ XIx —»P

Input to adder (X-Ix)
Input to adder (C)
Carry logic

Clear S

No input to C3, C6, C9

PwS :
No input to C7, C8

(C1,C2) is (C4,C5) at T1

Set CO if overflow
No input to Cl, C2

T7

T7

T7

T7

T7

T7

T3

thru TO

thru TO

thru T3

thru TO

thru T3

thru TO
thru TO

thru T1

thru T1



BRU 2

Tr Cxm = EndGOTsm(Tr+Tp) ) .
sC(0=23) = M(0~-23) Cxm M — C (Fetch next instruction)
rc( " ) = CxmTr Tr thru Tp
sHt = CpToKpKO@2 Parity error
rIx = (FIF3) (BOHL)Tr
rRe = Tr

Tp rAOO = EndGOTp
rBOO =( ")
sCp = M24CxmAtTsTp Initiate parity
rJu = Tp
Oc = (0103Ta+EndSk)Tp
:8§1’3’4’5’6) o NOP (20) -»0



go T8

T7

T4

T3

TO
Tr

Tp

BRU*

rCz
sHz
sla
sIx
Oxc

s0(1,3,4,5,6)

r02

Ar3
sA(0=2)
rA( 1" )
sA(3~23)
rA( " )
sB(0=2)
rB( " )
sB(3=23)
rB( " )
Cr3
sC(0=2)
rc( ")
8C(3=23)
rc( 1" )
sCp

rCp

Xz (1=3)
XE‘( 1] )
Yz (1=3)
‘Y'z'( " )
sCz

rCz

Sc
rS(l=14)
Ib

Sxc
88(1,2)
8S(3-14)
rCz

Cxm
8C(0~23)
rc( 1] )
sHt

rIx

rRc

sCp

Uncock Active Interrupt

M) P

*(Unconditional Branch, Indirectly Addressed)

= JOoT8

= T8
C2C9(C5+C8+C3C4) POT8
= C1GO@OT8
TacoC2ZgoT8
c(3,5,6,7,8)0xc
= Oxc
(05F1F2+(01020304))Q1
= A(21-23)AnrAr3
=A( 1" ) "
= A(0=20)Ar3
=E(" )M

= B(21~-23)BnrAr3
g'ﬁ'( " ) "
= B(0=20)Ar3

BE_'( n ) 1]

= Ts@oQl

Add(1-3) Cr3JuTs
m( 1" ) "
C(0=20)Cx3

'E( " ) ]

( 1] )Cp 1"
= Xn(1~3)@0Ix

= Xn( " YPOIx+Ix
Cc(21=23)F7

= E( n ) 1"

KzQ1T0

RzqQl

TnxrF1F2T4

= Sc »
1a0102040506TsQ5Q6
JuT3 ,
Add(2,3)Sxc
€(0~11)Sxc

F1TO

JuTsm(Tr+Tp)
M(0=23) Cxm

CxmTr

cgr@(g"'ﬂi
(F1F3) (GOHt) Tr

Tr
M24CxmHtTsTp

(c21@c22c23) CpTsHEQIFIT2

Indirect addressing
Initialize indexing

BRU* 1

2 Cycles

C(3=8) -0 instruction to O

(All instructions except 66

Recirculate A

Recirculate B

C+XeIx »C

Parity check
Xz input to adder
Yz input to adder

Carry logic

Clear S

T7

T7

T7

T7

T7

T7

T7

Uncock active interrupt T3

C+ X¢Ix - S

M — C (Fetch effective add)
Tr thru Tp

Parity error

Initiate parity

register

& 67)

thru TO
thru TO
thru TO

thru TO
thru Tp
thru Tp

thru T1

thru Tr



go T8

T7

T4

T3

T2
Tl

TO

rCz
sHz
rla
sIx
sJu
Ax3
sA(0-2)
rA( 1" )
sA(3=23)
rA( 1" )
sB(0~2)
rB( " )
sB(3=23)
rB( " )
End
Cr3
sCO
rco
sC(1,2)
rC( 11 )
sC(3=23)
rc( 1" )
sCp
rCp
Px3
sP(0=2)
rP( ] )
sP(3=14)
rP( " )
Xz(1=3)
XZ( ")
Yz (1-3)
.Y—E( "y
sCz
rCz
Sc
rS(1l=14)
rC0
Sxp
sS(1,2)
sS(3=14)
rc(1,2)
sC(1,2)
rC( ] )
rCz
sC0
rC0
rc(l,2)

o n Ry nnnnnnnnnyonnn NNy

goT8

T8

C91a

ClGO@O0T8
902030018

05¢0Q1

A(21-23) AnrAr3
'K( " ) n
A(0=20)Ar3

‘K‘( " ) 1
EﬂZl-ZB)Bﬁ?AIS

B( n ) "
B(0=20)Ar3

‘B’( n ) "
JuEax01

Ts@oQl
(P12)JuTscr3Q6
(‘—ﬂ—‘) 1]
P(13,14)JuTsCr3Q2
?( 1t ) "
c(0~20)Cr3

C-( 1 ) 1
(C2¥PC225c23) CpTsHEQLF1F2
( n )CP "
JuQ2
Add(1-3)02040506Pr3
m( " ) 1"
gﬂo-ll)PrB

P( 1 > 1"
Xn(l=3)@0Ix

Xn( " )P0Ix+Ix
C(21-23)@7

C( 1] )n

KzQ1T0

KzQ1

InrF1F2T4

Sc

(JuTsCr3)Q4Q6
TntEndGOT3

Add(2,3) (JuEax+020%40506) Sxp

P(0~11)Sxp
(JuTsCr3) T2
(JuTsCr3)Em(1,2)T1
( 11 )m( " )II
FiTO

0£(JuTsCr3)TO

b—f( 1" y"
(JuTsCr3)TO

10

Initialize indexing

Recirculate A

Recirculate B

Last cycle

P(1=14) — C(10-23)
Parity check

C+ X*Ix -»P

Input to adder (X-Ix)

Input to adder (C)
Carry logic

Clear S
No input to CO

No input to Cl, C2

BRU* 2

T7

T7

T7

T7

T7

3

thru TO

thru TO

thru T3
thru Tﬂ

thru T3

thru T1

thru T1



BRU* 3

Tr Cxm = EndGOTsm(Tr+Tp)
8C(0=23) = M(0-23) Gxm M — C (Fetch next instruction)
rc( " ) = CxmTr Tr thru Tp
sHt = C;'l'ﬁbm Parity error
rix = (FF3) (G0HE) T
rRe = Tr
Tp rAOO = EndGOTp
rB00 = (")
sCp = M24CxmfETsTp Initiate parity
rJu = Tp
Oc = (0103Ta+EndSK)Tp

r0(1,3,4,5,6) = Oc
02 777 4o NOP (20) —0

11



EOM 1

02 EOM 20001 Reset Overflow 1 Cycle
@0 T8 1rC24- = T8(TsTsr)
rCz = gor8
:g; = E¢0T81ac2§5CS(c3+EZ)g #5 next (T7)
sHz = T8
sla = ¢0T8T36§E§§§(6§+EZ) initiate P register increment
Oxc = (@OT8IaG0)C2 ,
s0(1,3,4,5,6) = 0xcC(3,5,6,7,8) C(3-8) - 0 instruction to O register
r02 = Oxc—z
@5 T7 Ar3 = (01020304)Q1
sA(0=2) = A(21-23)AnrAr3 '
" " "
2253_2%) : 220-20)ir3 Recirculate A T7 thru TO
rA( ”" ) = K( " ) —n__
sB(0-2) = B(21-23)BnrAr3
" == " "
§g€3-2;) = ggo-zo)zr3 Recirculate B T7 thru TO
rB( n ) =_( " ) n
End = ¢5(AOO+GO) last cycle
Eom = (¢50105TSQ2Q5)04 T7 thru Tr
rOf = (EomCl0CI1)C23 Reset Overflow
Pr3 = (F1G0)Q2
sPO = (FlGO(oz'Zosos))(PlzaxPlsplaxa))
rPO = { " ) (P1AP(P13P1l41a))
sP1 = ( " ) (P133XPl4Ia)) ‘
rPl = ( " )(?Tizrﬁiaxa)) P+l - P T7 thru T3
sP2 = ( " ) (Pl4pLa)
rP2 = (__ " ) (PI%Ta)
rla = (P12P13P14)Q2F1
sP(3-14) = P(0-11)Px3
rP( " ) = ?( " ) (1]
T4 Sc = T4(End+F1F2)Inr
rS(1-14) = Sc¢ Clear S
T3 Sxp = T3Tnt (End+Juffax)GO+T fmd

sS1 = (F1G0(02040506) (PLIP(PI4La)Sxp
sS2 = ( " ) (Pl4PLa) Sxp P-S
sS(3-14) = P(0-11)Sxp
Tr Cxm = EndGOTsm(Tr+Tp) ‘
sC(0-23) = M(0-23)Cxm ' M > C Tr + Tp
rC(_ " ) = "ﬁ(_ 1" ) "
rla a TrFl
rIx = Tr(F1F3) (GOHt)
rRe = Tr
P ;£§ = TpEﬁdSk ' @0 next clock (T8)
rJu = ’I_‘p
Oc = TpEndSk
x0(1,3,4,5,6) = Oc NOP (20) —» O
s02 = Oc .

12



EOM 2

N2 EGM 20002 Enable Interrupt 1 Cycle’
@0 T8 rC24 = T8(TsTsr)
rCz =-goT8
g; = gworaxamﬁséé(cm); g5 next (T7)
sHx = T8 . ' :
sla - ¢0T81a02C508(63+C4) initiate P register increment
Oxc = (¢0TBIaGO)C2 ' .
s0(1,3,4,5,6) = Och(B 5,6,7,8) C(3-8) — 0 instruction to O register
r02 =
#5 T?7 Ar3 - (0102 304)Q1
s8A(0-2) = A(21-23)AnrAr3
" - " 1] ) .
:2§3_2;) - :EO-ZO)irS Recirculate A T7 thru TO
rA( " ) - K‘( " ) :__ ) .
sB(0-2) = B(21-23)BnrAr3
" = " "
:§§3_2;) - géD-ZO)irB Recirculate B T7 thru TO
rB( n ) _"'( " ) 1] ‘ .
End = @5(A004G0) last cycle
Eom = (#50105T#Q2Q5)04 ‘ o ' T7 thru Tr
Pr3 = (F1G0)Q2 ’ ) I o
sPO = (F1GO(0 506) ) (PLIP(PL3Pl4Ia))
rPO - ( AL )(ﬂgmﬂﬁ))
sPl = ( " Y (Pl Pl41a) : .
Pl = ( " )(""‘lep'l""’f;); P+l P T7 thru T3
sP2 = ( " ) (P14&paa)
rP2 = ( " ) (P1&Ea)
rla = (PTZPI3P14)Q2F1
sP(3-14) s = P(0=~11)Pr3
rP( " ) - F( " ,) "
T4 Sc = T4(End+F1F2)Inr .
rS(1-14) = Sc- Clear S
T3 Sxp = TSE-(EndHuEax)GOFI‘@
sS1 = (F1G0(020%050 6)(P11{B(P141a))$xpl
552 = ( " ) (P14 a) Sxp P oS
sS(3~14) = P(0-11)Sxp
TO sEn = (EomCl0CIT)C22T0 Enable interrupt
~Tr Cxm = EndGOTsm(Tr+Tp) -
sC(0~23) = M(0=23) Cxm M-5C- Tr + Tp
rC( " ) _'ﬁ( n ) "
rla = TxFl___
rIx = Tr(FlFB)(GOHt) .
rRe = Ir :
Tp ii; : TpEﬂdgﬁ . @0 next clock (T8)
rRE = Tp@l (GOHE)
rJu = Tp _
Oc = TpEndSk
r0(1,3,4,5, 6) = Oc NOP (20) -0
- 802 = Oc '

13



FOM 3

02 EGM 20004 Disable Interrupt , . 1 Cycle
g0 T8 rC24 = T8(TsTsr)
‘ rCz : = @0T8 I ——
Fl = 0T8IaC2 C )
:F& - E¢ ac SSC (€3+C ); #5 next (T7)
sHz = T8 )
Sia = @0TBIaC2C5CB(C3+Ch) initiate P register increment
c = (¢0TSIaGO)CZ )
s0(1,3,4,5,6) = Och(B 5,6,7,8) C(3-8) —» 0 instruction to O register
102 =
#5 T7 Ar3 - (01026509291
8A(0=2) = A(21-23)AnrAr3
"oy = A n " )
2223-2;) - :EO-ZO)irB Recirculate A T7 thru TO
rA( " ) =AR(" )" .
sB(0-2) = B(21-23)BnrAr3
" = R n "
§§§3_22) - gEO-ZO)irB Recirculate B T7 thru TO
'rB( 1] ) a’ﬁ( " ) n
End = $5(A004G0) last cycle
Eom = (#50105T8Q2Q5)04 " T7 thru Tr
Pr3 = (FlGO)%Z
sPO = (F1G0(020 506))(Plz§xP13P141a))
rPO = ( " ><Frgm>
sP1 = ( " ) (P1XP(Pl41a)) -
rPl = ( " ) (PTXp(P141a) ) P+l - P T7 thru I3
sP2 = ( " )(pﬁa) |
P2 = ( " ) (P1&ETa)
rla = (PI2P13P14)Q2F1
sP(3-14) = gﬁo-ll)PrB
rP( " ) - P( " ).,..'.'.._ .
T4 Sc = T4(End+F1F2) Inr
S (1-14) = Sc Clear S
T3 Sxp = T3TRE (End+J uEax)GOfiS%é} o
sS1 = (F160(02040506) ) (PL 14Ta) )Sxp
s82 = ( " ) (PL4PIa) Sxp P 8
sS{(3~14) = P(0~11)Sxp
TO <tEn = (EomClOCl1)C21TO Disable interrupt
Tr Cxm = EndGOTsm(Tr+Tp)
sC(0=-23) = M(0-23}Cxm M5C Tr + Tp
I'C( 1 ) nﬁ( " ) " .
rla = TrFl
rIx « Tr(F1F3) (GOHE )
rRc = Tr
Tp rFl = TpEndSk
P F3 - (p . @0 next clock (T8)
rRf = Tp@1l (GOHt) :
rJu = Tp
Oc = TpEndSk -
r0(1,3,4,5,6) = Oc NOP (20) -0
802 = Oc

14



02

o T8

g5 17

T4
i

Tr

Tp

EQGM 20010

rC24

rCa

sF1l

gF3

sHs

sla

Oxc .
80(1,3,4,5,6)
r02

Axr3
sA(0-2)
rA( "y
sA(3=23)
IA( []] )
8B(0~2)
rB( 1] )
8B(3-23)
rn( n )
End

Eam

Pr3

sPO

PO

sPl

rPl

BP2

rP2

rla
sP(3~14)
l'P( 1] )
sOf

Sc
rS(l-14)
Sxp

sS1

sS2
sS(3=14)
Cxm
sC(0-23)
e " )
rla

rIlx

rRe

rFl

rF3

rRE

rJu

Oc¢c
r0(1,3,4,5,6)
802

Set Overflow if X14 # X15

= T8(TsTsr)

= @OT8

= (POT8IaC2C5C8 (C3+Ca))
- ( 1" )
= T8

= GOTBTATETEEB (THER)

= ($0T8TaGO)C2
= 0xcC(3,5,6,7,8)

= (01020304)Q1
= _A_(21-23§AnrAr3
= A( 11] 11}
A(0-20)Ar3
A(" )N
2}21-23)BnrAr3
B( 11 ) n
B(0-20)Ar3

B(" )"
95(A004G0) __ _
(#50105TQ2Q5) 04
(F160)Q2
(F1GO(

) " )(

PN NN NN

" ) (P1&3Xa)
(PI!PI§PiZ)Q2F1

= P(0«11)Pr3

- 'F’( "w ) n

= (EomClOETL)C20T4 (Xn3@Xwl)

= T4(End+¥F1¥2)Inr

- Sc : :

= T3Tnt (EndhJuEax)GOHT

= (F1G0(02040506)) (P13P(F141a))Sxp
= ( " ) (PL4PLa) Sxp

= P(0~11)Sxp

= EndGOTsm(Tr+Tp)
= M(0-23) Cxm
-ﬁ( 1] ) "

= TrF}l

Tr (FIF3) (80HE)
i;s%ds'ﬁ

1591 ()
:gandﬁc‘

Oc¢
Oc

15

506) ) (PLIP(P13P14Ia))
141a))

" Y(prl Pl41la))
" . )(PT§PTZII\))
" ) (Pl4pla)

" EOM 4

1 Cycle

@S next (t7)

initiate P register increment

c(3-8) -0 instruction to O register

Recirculate A T7 Fhru TO
Recirculate B T7 thru TO
last cygle

T7 thru Tx
P+l 5P T7 thxu I3

Set overflow if Xl4 # X15
Clear S

MoC Tr + Tp

@0 next clock (T8)

NOP (20) -0



. EOD 1

06 EOD 2010X Set Bank Register 2 = X * 1 cycle
T@0 T8 rGC24 = T8(TsTsr)
rCz = goT8 _
:g; = EﬁOTSIaC2SSC8(E§+CA); 45 next (T7)
sHz = T8
sla = $0T8TaC2C5C8(C3+Ch) initiate P register increment
Oxc = (@0T8IaGO)C2
s0(1,3,4,5,6) = 0xcC(3,5,6,7,8) C(3=8) — 0 instruction to O register
- r02 = OxcCh '
g5 T7 Ar3 = (01020304)Q1
sA(0-2) = A(21-23)AnrAr3
IA(_ " ) = K( " ) 1] .
sA(3-23) = A(0-20)Ar3 Recirculate A T7 thru TO
I'A( " ) =_A—( n ) 1]
sB(0-2) = B(21-23)BnrAr3
" ' ]
5253-2§) : ggo £0)2r3 ' Recirculate B T7 thru TO
rB( " ) ='§( 1] ) q]
End = @5 (A00+GO) last cycle
Eod = (@50105TsQ2Q5)04 T7 thru Tr
Pr3 = (F160)Q2 .
sP0O = (FIGO(O 506 ))(Plgi;Pl3P14In))
rPO = ( ) (Pl Ia))
sPl = ( " (Pl%!’léla)) .
Pl - ( " g(Pl PT4ta)) P+l —» P T7 thru T3
sP2 = ( " ) (Plipia)
rP2 = ( " ) (P1&PIa)
rla = (P12P13P14)Q2F1
sP(3-14) = P(0-11)Pr3
v rP( " ) A “'P( " ) 1"
T4  sE2m(0-2) = C(21-23) (EodC10CT1C17)
rE2m( " ) =C( " )( n ) : Set bank register 2
Sc = TA(End+FlF2)Inr
rS (1-14) = Sc : Clear §
T3 Sxp = T3Tnt (End-+JuBax)GO+T ,
sS1 = (F1G0(02040506)) (P1 41a)) Sxp
sS2 = ( " ) (PL4PLa) Sxp P =S
sS(3-14) = P(0-11)Sxp
Tr Cxm = EndGOTsm(Tr+Tp)
sC(0~-23) = M(0-23)Cxm " M C Tr + Tp
rc( ") =H( ")
rla . = TrF1l
rlx o Tr(?lFB)(GOHt)
rRe =Tr
I :ﬁ; = TpEndsk #0 next clock (T8)
rRf = Tp@i(&% t)
rJu ] = Tp
Oc¢ = TpEndSk °
r0(1,3,4,5,6) = Oc : NOP (20) = O
802 = Q¢



w6

¢o T8

és T7

T4
T3

Tr

Ip

BOD 202X0

rC24

rCz

sF1

sF3

sHz

sla

Oxc
s0(1,3,4,5,6)
r02
Ar3
8A(0-2)
rA( 1" )
sA(3-23)
rA( 1] )
sB(0-2)
rB( " )
8B(3-23)
rB( " )
End

Ead

Pr3

aP0

PO

sPl

Pl

sP2

rP2

rla
sP(3-14)
t?( " )
sE3m(0-2)
rE3m( ")
8¢ .
S (1=-14)
Sxp

sS1

sS2
sS(3~14)
Cum .
sC(0-23)
tC( " )
rla

rlx

rRe

rFl

3

y .84

Ju

Set Bank Register 3 = X

u T8(TsTsr)

= gOT8 __

= (@0T8TaC2C5CB(CI+CA))
- ( ”" )
= T8 _
$0T8TaC2C5C8(€3+Ch)
(#0T8TaG0)C2

- 0ch(3,5,6,7,8)

= OxcCh

= (01053504)Q1

= A(21-23)EntAr3

’K( " ) "

= A(0=20)Ar3

,‘I(lu ) n

= B(21-23)BnrAr3

_‘BK 1] ) "
-.§ﬂ0-20)4r3

=B(" )™

= @5 (AOD4GO

= (@#50109T8Q2Q5)04

= (F1GO)

= (F1GO 6)) (PLZEAP13P141a))
A :'.n" - " 'Y . )

PIZPISPIA)Q
Pgozngpﬁs

- T&( +%i?i)i3”

= 8¢

i

C(18 20)(Eod0106T1c16) .
).

= T3Int (en: ) GOME
(Flco(mb%%) (Pl

41a))Sxp

= ( " ) (P14PILa) Sxp

P(0=-11)8xp

» EndGOTem(Tr+lp)’
= M(0-23) Cxm

.'ﬁ( mnoyw

- m&ﬁi} (Bome)

- Tplndi‘ﬂ

‘( "

‘= TpPl(G0Rt)

= Tp

os
ml,a,a 5,6) = Oc

.= 0¢

#5 next (T7)

EOD 2

1 Cycle

initiate P register increment

C(3=8) —+ O instruction to O register

Recirculate A

Recirculate B

last cycle

Ml 4P

Set bank register 3

Clear 8

M-C

© #0 next clock (T8)

 MOP (20) <0

7

T7 thru TO

{

T7 thru TO

T7 thru Tr

T7 thxu T3

Tr + Ty



10

g0 T8

T7

T4

T3

TO

Tr

Tp

MIY

rCz

sIx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0-2)
rA( " )
sA(3-23)
I'A( 1 )
sB(0-~2)
rB( " )
sB(3-23)
rB( " )
Cr3
sC(0-2)
rc( 1" )
sC(3-23)
rc( " )
Xz(1l=3)
'}—{‘z"( "y
Yz(1-3)
'{f{( " )
sCz

rCz

sCp

rCp

Sc
rS(1l-14)
Sxc
sS(1,2)
sS(3-14)
rCz

sRf

Cxm
sC(0-23)
rc( " )
sHt

rix

rKO

sCp

sF1

sF2

rRE

If the Y Buffer is empty and ready to acce
#2, the waiting phase, will occur,

Memory to Y Buffer When Ready

goT8

@oT8CLGO

(#0T8Taco)C2
€(3,5,6,7,8)0xc

Choxc

(01020304)Q1
A(21-23)AnrAr3

'A‘( " ) "
A(0-20)Azr3

'K( 1 ) "
B(21-23)BnrAr3

_B—( " ) 1"
B(0-20)Ar3

F( " ) "

F1F2(TsQl)
Add(1-3)@0JuTsCr3
m( "y n
Cc(0~20)cCr3

-C_( " ) "
Xn(1l-3)@0.Ix

Xn( " )POIx+Ix
C(21-23)87

E( " )n

KzQ1TO0@7

KzQl L
(C2¥PC229C23) CpTsHEQLF1F2
( 1" )CP 1"
T4F1F2Inr

Sc

T3F1F2Ju

Add(2,3)Sxc
c(0-11)sxc

FiTo

TOF305Y £ (Y0+Y9)
Ju@0Tsm(Tr+Tp)
M(0-23) Cxm

TrCxm .

CpT KO@2
Tr(F1F3) (GOHt)
GOTrF?2 '
M24CxmHtTsTp
Tp(F1F3010304) TaRf
(TpIa@0)0302
Tp@1(GOHt)

18

MIY 1

M -»Y 2 Cycles
+ Wait

Initialize indexing

Instruction — 0

Recirculate A T7 thru

Recirculate B T7 thru

CHXeIx — C (Add=Xz+Yz) T7

Adder input (XIx) T7
Adder input (C) T7
Carry logic T7
Check parity T7
Clear S

C+ X«Ix S
Set Rf if Y Buffer empty
M — C (Fetch operand) Tr

Parity error

Initiate parity
@6 next clock (T8) if Rf
#2 next clock (T8) if Rf

pt from C, #6 will follow; otherwise,

thru

thru

thru

thru

thru

thru

TO

TO

TO

TO
TO
Tl

TO

Tp



@2 T7

TO

Tp

Ar3 = (01020304)Q1
sA(0-2) = A(21=23)AnrAr3
rA( 7" ) = I’( " ) [1]
sA(3-23) = A(0~20)Ar3

‘I.'A( [} ) = 'A‘( " ).:.'_.....
sB(0-2) = B(21-23)BnrAr3
I.‘B( " ) BF( " ) n
sB(3~23) = B(0-20)Ar3

rB( 1} ) - B( [ ) "

rCz = F1TO '

sRE = TOF303Y£(Y04Y9)
sFl = Tp(F1F301030%4) TaRr £
rRE | = TpﬁI(GOHt)

Recirculate A

Recirculate B

Set Rf if Y Buffer empty
#6 next if Rf
#2 next if RT

The Computer will continue to repeat $2 until to. Y Buffer becomes geady.

19

MIY 2

T7 thru TO

T7 thru TO



g6 T8

T7

T4

T3

sla

End

Rx

Yxx
sCpr
Ar3
sA(0-2)
rA( 1 )
sA(3-23)
rA( 1] )
sB(0-2)
rB( " )
sB(3-23)
rB( 1] )
Cr3
sC(0-2)
rC( " )
sC(3-23)
rC( " )
Xz (1-3)
YZ_( ")
Yz(1-3)
_Y—E( ")
sCz

rCz

sCp

rCp

Px3

sPO

rPO

sPl

rPl

sP2

rP2
sP(3-14)
rP( " )
ria
sYw(1=3)
ryw( ")
sCpr
rCpr

Sc
rS(1l=14)
Sxp

sS1

rS1l

sS2

rS2

nwnn ey nnrnnnnounan

T8F1FAKD

F1F2 _
(01030406F1F3Ts)
Rx05

T8(C21C2 2PC23)
(01020304)Ql
A(21-23) AnTAr3
A( 1] ) "

A(0-20)Ar3

A( " ) "
B(21-23)BurAr3
f( 1" ) "
B10~20)Ar3

—B—( 1 ) "

F1F3(TsQl)
Add(1-3)@6TsCr3
m( 1" ) 1"
c(0=-20)Cr3

—C—( 1" ) 1
A(21-23) 60204
A( 11" ) 11
C(21-23)67

C( 1" ) "
KzQlF1@7

KzQ1l

(c21@c229c23) CpTsHtQ1l@P603

( A 4
(F160)Q2

(P123P13P14Ia)F1G0(02040506) Pr3

( b )
(P13BP141a)

( " )
(Plipia)
)

P(0-11)Pr3

=‘P‘( " ) n

| T (TN IO O A |

(PIZPI3PIZ4)Q2FL
C(21-23)YxxQl Y&

(P13PP141a)F1G0(02040506)Sxp

a 1] ) 1" Y4
(Cc18pc19pc20)Ql
e
T4EndInr

Sc___
T3IntEndGO

( 4
(PIHLa)
(ll )

20

n
n
1"

MIY 3

Initiate P register increment

Last cycle

Initiate transfer of C to Y buffer

Start parity generation for

Recirculate A

Recirculate B

A+ C—-C

Unused adder inputs

Carry logic

Check parity

P4+1 5P

C - Y buffer
Generate parity for I/0

Clear S

P+ 1S

T7

T7

T7

T7

T7

T7

T7

T7

1/0

thru

thru

thru

thru

thru

thru

thru

thru

TO

TO

TO

T

TO

TO

T3

TO



Tr

Tp

sS(3-14)
rs( " )
Cxm
sC(0=-23)
rc( " )
sHt

rla

rix
rAOO
rBOO
sCp
rCpr
rF(1,2)
Oc

s02
r0(1,3,4,5,6)

=

=

P(0-11)Sxp

‘I';'( " ) ”"

EndGOTsm(Tr+Tp)
M(0=23) Cxm

Tr Cxm

CpT rkpROP2
TrFl
Tr(fTFB)(GOHt)
TpEndGO

«¢ ")
M24CxmAtTsTp
Ip

TpEndSk

¢ ")

Oc

Oc

2]

MIY 4

M - C (Fetch next instruction)

Parity error

Initiate parity

#0 next clock (T8)

NOP (20) —» O

Tr thru Tp
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@0 T8

T7

T4

T3

TO

Tx

Tp

MIW

rCz

sIx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0-2)
rA( " )
sA(3-23)
rA( 1] )
sB(0-2)
rB( n )
sB(3-23)
rB( " )
Cr3
sC(0=~2)
rc( 1] )
sC(3-23)
rc( " )
Xz(1-3)
}‘(E( " )
Yz(1-3)
Yz( 1 )
sCz

rCz

sCp

rCp

Sc
rS(1-14)
Sxc
sS(1,2)
sS(3~14)
rCz

sRE

Cxm
sC(0-23)
rC( " )
sHt

rIx

rKO

sCp

sF1l

sF2

rRE

Memory to W Buffer When Ready

B nunnonoennwRnnnnnnnynnnnennnnnnnnn

@oT8

$oT8C1GO
(g0T8Taco) C2
c(3,5,6,7,8)0xc
Clhoxc

(01020304)Q1
A(21=23)AnrAr3

K( " ) 1"
A(0-20)Ar3
At
B(21=23)BnrAr3

—B.( " ) 1]
B(0-20)Ar3

B( " ) 1
F1F2(TsQl)

Add (1-3)#0JuTsCr3
Add( ] ) ]
Cc(0-20)Cr3

‘é‘( 1 ) "
Xn(1-3)@0-Ix___

Xn( " )PoIx+Ix
c(21-23)@7

E’( n )n

KzQ1TO@7

KzqQ1

(C2XpC22PC23) CpTsHEQLF1F2
( " )Cp 1"
T4F1F2Inr

Sc

T3F1F2Ju
Add(2,3)Sxc
C(0-11)Sxc

Fito

TOF305WE (WO+W9)
Ju@0Tsm(Tr+Tp)
M(0-23)Cxm

TrCxm

CpTKpKO@2

Tr (FIF3) (GOHt)
GOTrF2
M24CxmHETsTp
Tp(F1F3010304) IaRf
(TpIag0)0302
TpP1(GOHt)

MIW 1

M -W 2 Cycles
+ Wait

Initialize Indexing

Instruction -0

Recirculate A T7 thru TO

Recirculate B T7 thru TO

C+X+Ix — C (Add=Xz+Yz) T7

Adder input (XIx) T7
Adder input (C) T7
Carry logic T7
Check parity T7
Clear S

C+ X+Ix - S

Set Rf if W buffer empty

M — C (Fetch operand) Tr
Parity error

Initiate parity

$6 next if RE
@#2 next if Rf

If the W Buffer is empty and ready to accept from C, $#6 will follow; otherwise,
the waiting phase, will occur,

22

thru TO

thru TO
thru TO
thru T1

thru TO

thru Tp

82,



MIW 2

g2 T7 'Ar3 = (01020304)Q1
sA(0-2) = A(21«23)AnrAx3
tA( n ) - "A"( " ) "
sA(3-23) = A(0~20)Ax3 Recirculate A T7 thru TO
rA( " ) - ‘K( 1] ) " )
sB(0-2) = B(21-23)BnrAr3
rB( " ) = 'B‘( 1" ) (1]
8B(3-23) = B(0~20)Ar3 Recirculate B T7 thru TO
rB( " ) _"i‘( " ) "
TO rCz = FITO :
sRf = TO?:S_OSWTE(WO—I-W%_ Set Rf 4f W Buffer empty
Tp sFl © = Tp(F1F3010304) Tart #6 next if Rf
: @2 next if KT
rRE . = TpPL(GOHt)

The Computer will continue to repeat $2 until the W Buffer becomes ready.

23



g6 T8

T7

T4

T3

sla

End

Rx

Wxx
sCpr
Ar3
sA(0=-2)
rA( 1] )
sA(3-23)
rA( 1" )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
Cr3
sC(0-2)
rc( " )
sC(3-23)
rc( M )
Xz(1=-3)
‘}'(—z'( "
Yz(1-3)
-Y_Z-( 1 )
sCz

rCz

sCp

rCp

Pr3

sPO

rP0O

sP1l

rPl

sP2

rP2
sP(3-14)
rP( 1] )
rla
sWn(1-3)
Wn( ")
sCpr
rCpr

Sc
rS(1l-14)
Sxp

sS1

rSl

8S2

rS2

PRy nnennnrnnnnnr oy nnnnag

T8F1FATHKD
FlF2 __
01030406F 1F3Ts

Rx05
T8(C2X¥PC22PC23)
(01020304)Q1
A(21-23)AnrAr3
A( 1 ) 1"
A(0-20)Ar3
ACM ) N
B(21-23)BnrAr3
B( 11 ) 11
B(0-20)Ar3
B(_'.I -_) "
F1F¥3(TsQl)
Add(1-3)@6TsCr3
m( 1 ) ]
€(0-20)Cx3

C( 11 ) 1 _
A(21-23)@60204
A( 11 ) n
C(21-23)¢7

C( 1" ) 11"
KzQlF1@7

KzQ1

(C2X3C229C23) CpTsHEQLP603

( " ) Cp
(F1G0)Q2

(P12PP13P14Ia) F1GO (02040506) Pr3

( m )
(PL3PP1l4Ia)

( " )
(Pl4pia)
™)
P(0-11)Pr3
P( " )ll
(PIZPI3P1%4)Q2F1
C(21-23)WxxQl
C( Il) "
(Cl8BC1¥pCc20)Ql
( T )Ql
T4EndInr

Sc

T3IntEndGO

(P13BP141a) F1G0 (02040506) Sxp

e a——
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MIW 3

Initiate P register increment

Last cycle

Initiate transfer of C to W

Start parity generation for

Recirculate A

Recirculate B

A+C->C

Unused adder inputs

Carry logic

Check parity

P+1-5P

C —» W Buffer

T7

T7

T7

T7

T7

T7

T7

Generate parity for I/0 T7

Clear S

P+ 1S

buffer

1/0

thru

thru

thru

thru

thru

thru

thru

thru

thru

TO

TO

TO

TO

TO

TO

T3

TO

TO



Tr

Tp

sS5(3=14)
rs( 1 )
Cxm
sC(0-23)
rC( 1" )
sHt

rla

rIx
rAOO
rBOO

sCp
rCpx
rF(1,2)
Oc

s02
r0(1,3,4,5,6)

o uwunnanunwndn 0o

o
(¢]

P(0-11)sxp

F( 1" ) n
EndGOTsm(Tx+Tp)
M(0-23) Cxm
TrCxm
CpTr@@KOﬁi
TrFl
Tr(FLF3) (GOHt)
TpEndGO

«c ")
M24CxmWETSTp
Tp -
TpEndSk

«C ")

Oc

25

MIW 4

M —» C (Fetch next instruction)

Parity error

Initiate parity

#0 next clock (T8)

NOP (20) —0

Tr thru Tp



13

go T8

T7

T4

T3

TO
Tr

Tp

POT

rCz

sIx

Oxc
s0(1,3,4,5,6)
102

Ar3
sA(0-2)
rA( ] )
sA(3-23)
rA( 1" )
sB(0-2)
rB( " )
sB(3-23)
I.'B( " )
Cr3
sC(0=-2)
rc( n )
sC(3-23)
rC( 1" )
Xz(1-3)
TZ.( 1" )
Yz(1-3)
YZ-( " )’
sCz

rCz

sCp

rCp

Sc
rS(1-14)
Sxc
sS(1,2)
sS(3-14)
rCz

Cxm
sC(0~23)
rc( n )
sHt

rIx

rKO

sCp

sF2

Parallel Qutput When Ready

s nunnn

{1 | AT | T YT N IR R S |

n-nnn

goT8

@#0T8C1GO
(#0T8IaGo)C2
€(3,5,6,7,8)0xc

XC
(01020304)Q1
A(21-23)AnrAr3
‘A‘( " ) n
A(0=20)Ar3
‘K‘( 1" ) "
B(21-23)BnrAr3
F( 1" ) n
B(0=20)Ar3
f( " ) n
F1F2(TsQl)
Add(1-3)@0JuTsCr3
m( " ) "n
c(0-20)cr3
t-"( " ) n
Xn(1-3)@0-Ix
Xn( " )POIx+Ix
Cc(21-23)07
U( 1 )II
KzQ1To@7
KzQl
(C213C2239C23) CpTsHEQLFIF2
( ] )Cp "
T4F1F2Inr
Sc
T3F1F2Ju
Add(2,3)8xc
C(0=11)sSxc
FiTO
Ju@0Tsm(Tr+Tp)
M(0-23) Cxm
TrCxm
CpT —6ﬁ§
Tr(FLF3) (GOHt)
GOTrF2Z
M24CxmHAETSTp
(TpTa@0)0307

26

(M) -s Qutput Device

Initialize indexing

Instruction —» 0

Recirculate A

Recirculate B

C+X+Ix — C (Add=Xz+Yz)

Adder input (XIx)
Adder input (C)
Carry logic
Check parity

Clear S

C+ X+Ix —»S

M — C (Fetch operand)

Parity error

Initiate parity
@2 next clock (T8)

POT 1

3 Cycles

+ Wait

T7

T7

T7

T7

T7

T7

Tr

thru

thru

thru

thru

thru

thru

thru

thru

TO

TO

TO

TO

TO -

Tl

TO

Tp



poT 2

@2 T7 Ar3 = (01020504)Q1
sA(0-2) = A(21-23)AnrAr3
n" =I 1" 1"
:223_2%) = AEO-ZO)er Recirculate A T7 thru TO
rA( " ) BK( " ) "
sB(0-2) = B(21-23)BnrAr3
B " =‘B’ " 11
§BEB-23) = B§0_20)2r3 Recirculate B T7 thru TO
rB( 1" ) ='§( ”" ) "
sRf = Q2F306F2Rt External Device is ready (Rt)
to receive information T7 thru T3
from the computer.
TO rCz =Firo
Tp sFl = Tp(F1F3010304)IaRf @#6 next if Rf
. #2 next if RE
rRE = Tpﬁi(ﬁaﬂt)

The Computer will continue to repeat $2 until the External Device becomes ready,
at which time the data will be transferred in parallel from the C register to the
device. At Tp time, following the transfer, @#6 will occur.

27



pOT 3

g6 T8 sla - Tamfm Initiate P register increment

Eand - FLE_L_T_ Last cycle

T7 Ax3 = (01020304)Q1
sA(0-2) = A(21~23)AnrAr3

”" = A n (1}
::23_2;) - iEO-ZO)?\]ﬂ Recirculate A T7 thru TO
IA( ” ) - ( 7" ) 11]
88 (0=2) = B(21-23)BnrAr3
" = B " "
:g&sqz;) - :go_zo)ir3 Recit'culate B T? thru TO
!.'B( 1] ) _'S( " ) "
cr3 = FIF3(TsQl) __
8C(0-2) « Add(1-3)@6TsCr3
rc( ") w KIIC ") " A+C-=C T7 thru TO
sC(3~23) = C(0-20)Cr3
%:(") ..C(")"
(1-3) - Tx -

Yz(1-3) = c(21-23)F7 Unused adder inputs T7 thru TO
ﬁ( n) = E‘( " )n
:g: :il%gil’lﬁ Carry logic T7 thru TO
:gg : 2021@3&23%2‘!’5%31’&)3 Check parity T7 thru T0
Pxl = (F1G0)Q2
PO = (PLIP13P141a)F160(02040506) Pr3
rPo - ( w ) [1]
aPl - ;(Plgléla) "
rPl - - "
sP2 = (Pl{@la) " P+1-P T7 thru 13
rP2 = C 7)) "
sP(3-14) = P(0-11)Pr3
1‘?( " ) -F( 1" ) "n
ria = (PTZPIIEIL)Q2F1

T4 Sc = T4EndInr
1'8(1"'14) . SC___ Clear §

T3 8xp = T3IntEndGO
851 = (PLXPPL41a)F1GO(BTOLD506)Sxp
8l - ( " ) " L
8S2 = (Pl4Ka) " P+1-8
rsz - (' '-""'-) n.
88(3~14) = P(0~11)Sxp
ﬁ( [ ) -?’( 3] "

Tr Om = EndGOT am(Tr+TIp)
8C(0-23) » M(0-23)Cxm M - C (Fetch next instruction)
rc( " ) = TrCxm Tr thru Tp
sHt - Cp'rmﬁ Parity error

28



Tp

rla

rix

rA00

rB0OO

sCp

rF(1,2)

Oc

802
r0(1,3,4,5,6)

= TrF

= Tr(F1F3) (GOHt)
= TpEndGO

» ( 1"t

= M24CxmHET8Tp
= TpEndSk

= ( 11 )

= Oc¢

= Oc

29

Initiate parity
#0 next clock (T8)

NOP (20) -0

POT 4



ETR 3

rla = TrF

rIx = Tr(F1F3) (GOHt)

rA00 = TpEndGO

rB0O - (")

sCp = M24CxmHtTsTp Initiate parity
" rF(1,2) = TpEndSk @0 next clock (T8)
Oc = ( ")

s02 = Oc

ro(1,3,4,5,6) = Oc NOP (20) -»0

32



14

go T8

T7

T4

T3

TO
Tx

Tp

ETR

rCz
slx
Oxc -

80(1,3,4,5,6)

r02
Ax3
sA(0=-2)
I‘A( " )
sA(3-23)
rA( "oy
sB(0-2)
rB( ”" )
sB(3-23)
IB( " )
Cr3
8C(0-2)
rC( " )
sC(3-23)
rc( " )
Xz(1-3)
Yi( " )
¥z(1-3)
Yz( ” )
sCz
rCz
sCp
rCp
Sc
rS(1=-14)
Sxc
8s(1,2)
88(3=14)
rCe
Cxam
8C(0=23)
rC( " )
sCz
sHt
rix
rKO
aCp
sFl
sF2

Extract

= @OT8
= §OT8CIGO
= (@OT8IaGO)C2

Choxe
(01020304)Q1

K( " ) "
A(0-20)Ar3
A( " ) n

B( " ) 1"
B(0-20)Ar3
B(" )"
FIF2(TsQl) _

.Add( 1" ) "
. C(0-20)Cr3
= C( 11} ) "
= Xn(1-3)@#0:Ix

= ¥n( " )P0Ix+Ix

= C(21-23)%7
= -C—:( 1 "
KzQ1T0
KzQl

T4F1F2Iny
Sc__
T3F1F2Ju
Add(2,3)Sxc
C(0~11)Sxc
firo__

o Ju@OTem(Tr+Tp)
= M(0-23)Cxm

= TrCxm

= (Tr#0) (040506)

- CpTHERKOTZ
= Tr( >&:€>

= GOTxF2

= M24CxmBtTaTp
= (TpTad0)0304
- ( " )036'2

c(3,5,6,7,8)0xc

A(21-23)AnrAr3

B(21-23)BnrAr3

‘Add (1-3)@0JuTsCr3

(C2XPBCc223C23) CpTsHEQLFIF
( " )cp

30

CAiCMi - AL

Initialize canry
Initialize indexing

Instruction —» 0

Recirculate A

Recirculate B

C+X+Ix — C (Add=Xz+Yz)

ETR 1

2 Cycles

T7 thru TO

T7 thru TO

T7 thru

Addexr input if Ix (indexing)
T7 thru TO

T7 thru TO

Adder input C register

Carry for Adder
Check parity

Clear S

C+Xelx — S

M - C (Fetch Operand)
Parity error

Initiate parity
#6 next clock (T8)

TO

T7 thru Tl

T7 thru TO

Tr thru

Tp



ETR 2

g6 T8 Anr = 0102040606
sla - T”lfm Initiate P register increment
End = F1lF2 Last cycle
T7 Ar3 = (01020304)Q1
sA(0~2) = (A°C)(21-23)(01020406@6)Ar3
TA( ") = @O " HC )
sA(3-23) = A(0-20)Ar3 A'M — A T7 thru TO
rA( " ) = I( " ) "
8B (0=2) = B(21-23)BnrAr3
" = B " 1]
5353_2%) - ggo-zo)irs Recirculate B T7 thru TO
rB( " ) .'E( n ) "
cr3 = F1F3(TsQl) _
8C(0=2) - = Add(1-~3)@#6TsCr3
rc( ") = Kdd¢ ") A+C+1o0¢C T7 thru TO
8C(3=23) = C(0-20)Cr3
rc( " ) - C( ” ) " -
Xz(1-3) -%(21-23)“60204
xz " - 1" "
Yz£1-3; - 0221-2:357 Unused adder inputs T7 thru TO
Y‘z“( ll) - E‘( " )n
i.g: :%z;ginﬁ Carry logic T7 thru TO
:.gg : 5021@?'&2233235%%11603 Check parity T7? thru TO
Pr3 = (F1G0)Q2
aP0 = (PLIGP13PL41a)F1G0(BT040506) Pr3
rPo - ( w ) n
sPl = (Pl 141a) "
rPl = ( =; ) "
sP2 = (Pl{3Ha) " P+1-P T7 thru T3
rP2 = "
s8P(3~14) = P(0-11)Pr3
rp( " ) -f( 1" ) "
rla = (PIZPI3P14)Q2F1
T4 Sc = T4EndInr
rS(1-14) = Scﬁ" Clear S
T3 Sxp = T3IntEndGO
sS1 = (PL¥PL41a)F1GO(O208D506)Sxp
rSl w ( v ) "
sS2 = (Pl4BLa) " P+19S
rS$2 - ("“"F‘“) . "
s8(3=-14) = P(0~-11)8xp
I'S( 1] ) -'F( 1 (1}
Tr Cxm . = EndGOTsm(Tr+Ip)
8C(0-23) = M(0~23)Cxm M — C (Fetch next instruction)
rc( " ) = TrCxm . Tr thru Tp

sHt = CpTdEgkoP2 Parity error

31



16

g0 T8

T7

T4

T3

TO
Tr

Tp

rCz

sIx

Oxc
50(1,3,4,5,6)
r02

Ax3
sA(0-2)
rA( " )
sA(3-23)
rA( " )
sB(0~2)
T.‘B( " )
sB(3-23)
rB( " )
Cr3
8C(0-2)
rC( " )
sC(3~-23)
rC( " )
Xz(1-3)
'X'E( " )
Yz(1=3)
‘v'f"'z'( ")
sCz

rCz

sCp

rCp

Sc
rS(1-14)
Sxc
85(1,2)
88 (3-14)
rCz

Cxm
8C(0-23)
rC( 1] )
sCz

sHt

rix

K0

sCp

sF1

sF2

Merge

@018

gorscico
(#0T81aG0)C2
c(3,5,6,7,8)0xc
Thoxe
(01020304)Q1
A(21-23)AnrAr3
A( " ) "
_é(O-ZO)ArB
AC" )N
ji(21-23)BnrAr3
B( " ) "
B(0-20)Ax3
B(" )"
F1F2(TsQl) .
Add(1-3)@0JuTsCr3
'A"a'a( " ) "
gﬂO-ZO)CrB

C( n ) n
Xn(1-3)@0:Ix
X " )P0Ix+Ix
C(21-23)F7

E( l_l— "
KzQlT0@7

KzQl

(C2¥PC229x23) CpTsHEQLIF1F2

( " )Cp n
T4F1F2Inx

Sc_

T3F1F2Ju

Add(2,3)Sxc
C(0=11)Sxc

FiTo
JugoTsm(Tr+Tp)
M(0-23)Cxm

TrCxm

(Tr#0) 0405Xwl
mﬁofz_.

Tz (FI¥F3) (GOHt)
GOTrF2 .
M24CxmHt TsTp
(TpTad0)0304

( " )0365

33

Al + Mi - Al

Initialize carry
Initialize indexing

Instruction =0

Recirculate A

Recirculate B

CHX*Ix ~» C (AddeXz+Yz)

MRG 1

2 Cycles

T7 thru TO

T7 thru TO

T7 thru TO

Adder input 1f Ix (indexing)

Adder input C register
Carry for Adder
Check parity

Clear S

CHXeIx - S

M - C (Fetch Operand)
Set carry if Xwl
Parity error

Initiate parity
#6 next clock (T8)

T7 thru TO
T7 thru TO

T7 thru T1

T7 thru TO

Tr thru Tp



MRG 2

g6 T8 Anr = 01020406¢6
sla = TBFII"‘m Initiate P register increment
End = F1lF2 . Last cycle
T7 Ar3 = (01020304)Q1
sA(0=-2) = (A+C) (21=-23) (010204 (05+06) @#6)
rA( ") 2 B0 " )( . )
sA(3-23) = A(0-20)Ar3 A+M-—A T7 thru TO
rA( " ) = I ] ) n
8B(0=2) = B(21-23)BnrAr3
rB( " ) ="ﬁ’( " ) 1]
sB(3-23) = B(0-20)Ar3 Recirculate B T7 thru 1"0
rB( n‘ ) =‘E( " ) "
Cr3 = FIF3(TsQl) _
sC(0=-2) = Add(1-3)@6TsCr3
rCc({ ") = K3 ") v A+C+1-C T7 thru TO
3C(3=23) = C(0-20)Cr3 : -
rC( " ) = C( " ) " _
X2(1-3) = A(21-23)#60204
XZ( " ) =7\‘( " ) "
Yz (1-3) = C(21-23)F7 Unused adder inputs T7 thru TO
YE( 1" ) 22 E‘( 1" ) 1]
ig: :%_:_8?157 Carry logic T7 thru
igg : ECZIQJ‘Z'EZ23;€§TEHT:('2‘1¢603 Check parity T7 thru TO
Pr3 = (F1G0)Q2
sPO = (P1APP13P141a)F1GO(D2040506) Pr3
rPO = ( w ) "
sPl = (Plglua) "
Pl = 11"
:PZ = Epu@r_a) " P+1-P T7 thru T3
rP2 - ) "
sP(3-14) = P(0~11)Pr3
rp( " ) =3 ( 1" ) i
rla = (PIZ?__I?SPU;)QZFl
T4 Sc = T4EndInr
rS(l-14) = Sc___ Clear S
T3 Sxp = T3IntEndGO
3§81 = (Plﬁlhla)FlGO(O!azBEOQSxp
rSl = ( v ) "
sS2 = (PL4BLa) " P+1-S
rS$2 = C 7)) "
s§(3-14) = P(0-11)Sxp
rs( 7" ) = P( 1" 2 11 ‘
Tr Cxm = EndGOTsm(Tr+ITp)
sC(0-23) = M(0-23)Cxm . M - C (Fetch next instruction)
rc( " ) = TrCxm Tr thru Tp
sHt = CpTokpROP2 Parity error

34



] {

rla = TrF —

rix = Tr(F1F3) (GOHt)

TAOO = TpEndGO

rBOO = (" _

sCp = M24CxmHtTsTp Initiate parity
rF(1,2) = TpEndSk : #0 next clock (T8)
OC P ( 1] )

s02 = Oc

r0(1,3,4,5,6) = Oc NOP (20) -0

35



17 EOR

go T8

T7

T4

T3

TO
Tr

Tp

rCz

slx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0-2)
rA( 1 )
sA(3-23)
rA( 11 )
sB(0~2)
rB( 11 )
sB(3~23)
rB( " )
Cx3
sC(0-2)
rc( " )
sC(3-23)
rc( 1" )
Xz(1-3)
3{‘;( 1 )
Yz(1-3)
YZ( 1" )
sCz

rCz

sCp

rCp

Sc
rS(l-14)
Sxc
s5(1,2)
sS(3-14)
rCz

Cxm
sC(0~23)
rc( 111 )
sHt

rIx

rKO

sCp

sF1

sF2

Exclusive "or"

= @0T8
= §OT8CLGO
= (POT8IaGO)C2
= €(3,5,6,7,8)0xc
C40xc
(01020304)Qq1
A(21-23)AnrAr3
K( " ) 1"
A(0=-20)Ar3

'A‘( 11 ) 1"
B(21~23)BnrAr3
_B.( 1" ) n
B(0-20)Ar3
3( "_l "n
F1F2(TsQl)

Add (1~3)@0JuTsCr3
Add( " ) "
c(0-20)Cr3

E( " ) "
Xn(1-3)@0-Ix
Xn( " )P0Ix+Ix
c(21-23)@7

E‘( 1" )n
KzQ1To@7

XzQl
(C2XPC22$C23) CpTsHEQLFIF2
( 11 )Cp 11"
T4F1F2Inr

Sc

T3FiF2Ju
Add(2,3)Sxc
C(0~11)sxc
FITO
Ju@OTsm(Tr+Tp)
M(0=-23) Cxm
TrCxm

CpT 092

Tr (FIF3) (GOHt)
GOTrF2
M24CxmHtTsTp
(TpIad0)0304

( " )0302

e n g unnn NN KRN NN NE N RN

nmeWnn

36

EOR 1

AIMi+AIML — Al 2 Cycles
Initiaglize carry

Initialize indexing

Instruction — 0

Recirculate A T7 thru TO
Recirculate B T7 thru TO
C+X+Ix — C (Add=Xz+Yz) T7 thru TO

Adder input if Ix (indexing)

T7 thru
Adder input C register T7 thru
Carry for Adder T7 thru
Check parity T7 thru
Clear S
C+ XeIx -» S
M —» C (Fetch operand) Tr thru

Parity error

Initiate parity
@6 next clock (T8)

TO
Y
Tl

TO

Tp



EOR 2

§6 T8 Anr = 0102040506 :
sla = Tanm Initiate P register increment
Eand = F1F2 Last cycle
T7 Ax3 = (01020304)Q1
sA{0=2) = (%)(21-23;2 0405¢6gAr3
t‘A( " ) - ( )( 1 n 1" _ _ .
8A(3‘23) . = A(0-20)Ar3 AM+ AM - A T7 thru TO
I‘A( ” ) - I( ] ) ::__
8B (0=2) = B(21-23)BnrAr3
::§3-2%) : :éO"ZO)iI:i Recirculate B T7 thru TO
I’B( " ) “'E( " ) n
Cx3 = P1F3(TsQl)
$C(0-2) = Add(1-3)@6TsCr3 ae
rc( ") w Xdd( ") " A+CoC T7 thru TO
8C(3=23) = C(0-20)Cr3
rC( " ) - C( " ) "n
X2(1-3) = A(2123)860204
321_35 :5221_23337 Unused adder inputs T7 thru TO
ﬁ( ” ) - c‘( " "
:.g: :%gil’l Carry logic T7 thru TO
:g: : 2021@%@23%2’1’3&3“&3 Check parity T7 thru T}O
Prd = (F1G0)Q2
) <p1§139141.)mco(8m3')rr3
PO - ( _

sPl - - ;(Plgl‘ila) ‘ "
rPl m "

sP2 = (Pl{BLa) " P+1 P T7 thru T3
P2 m ai ) " -

8P (3~14) = P(0-11)Pr3
r?( " ) _}‘( " ) ”"
rla - (PYZPTIFIZ)qQ2F1
T4 Sc = T4EndIny
rS(1-14) = Sc___ Clear S
T3 S8xp = T3IntEndGO
851 - (r1a141a)rlco(m3>cp
rsl - ( " )
ssz Pllaﬂ) n P+1-8
52 - ("'—H"j "
88(3+14) = P(0-11)8xp
“( ” ) - ( "
Txr GCxnm - am (Tr+Tp)
8C(0-23) = M(0~23) Cxm M — C (Fetch next instruction)
(" ) = TrCxm Tr thru Tp
sHt - Cpl‘m Parity error
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Tp

rla
rIx
rAOO
rBOO

'sCp

rP(1,2)

Oc

802
r0(1,3,4,5,6)

= TrF

= Tr(F1F3) (GOHt)
= TpEndGO

- ( 1]

= M24CxmHtTsTp
= TpEndSk

= ( 11] )

= Oc

= Oc
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‘Initiate parity
#0 next clack(T8)

NOP (20) —» O

EOR 3



! Ty e NOP 1
Ca ¢ il o, ..
20 NOP """ No Operation | R 1 Cycle
-
Fe
g0 T8 rC24 = T8(TsTsr)
rCz = @0T8
sF1 = (JOT8TaC2E5T8 (CIHTE)) @5 next (I7)
sF3 = ( " )
sHz = T8
sla = @0T8TaC2C5C8(C3+C4) initiate P register increment
Oxc = (@0T8TaG0)T2
s0(1,3,4,5,6) = 0xcC(3,5,6,7,8) C(3-8) — 0 instruction to O register
102 = OxcC4
@5 T7 Ar3 = (01020304)Q1
sA(0-2) = A(21-23)AnrAr3
11] = 1" n
:§E3-2:)3) = EEO-ZO)?M:B Recirculate A T7 thru TO
rAC " ) =&(" )'n
sB(0-2) = B(21-23)BnrAr3
" = T n "
:gg3_2%) = §20-20)1)&r3 Recirculate B T7 thru TO
rB( "n ) = 'E‘( n ) "
End = @5 (A00+GO) last cycle
Pr3 = (F1G0)Q2
. sPO = (F1G60(02040506)) (PLXP(P13P141a))
rPO = ( " - ) (P P13P14Ia))
sPl = " Pl%PlAI
sP2 = ( " ) (PL4EIa)
rP2 = ( "o ) (P1%pra)
rla = (PI§P13P14)Q2F1
sP(3-~14) = P(0-11)Pr3
rP( ") =BC" )
T4 Sc = T4(End+F1F2)Inr
rS(1l-14) = Sc Clear S
T3 Sxp = TBT[E_E(End—PJum)GO-F@
sS1 = (F160(820208506) ) (P1 41a))Sxp
sS2 = ( " ) (P14 a)Sxp PS8
sS(3-14) = P(O-ll._)_Sxp
Tr Cxm = EndGOTsm(Tx+Ip) \
sC(0-23) = M(0-23)Cxm M-C Tr + Tp
rc( " ) _____ﬁ( "oy
rla = TrFl
rix = Tr(FIF3) (GOHt)
rRc = Tr
Tp rF = TpEndSk
d rF3 = P @0 next clock (T8)
rRE = Tp@¥l (GOHt)
rJu =Tp
Oc = TpEndSk
r0(1,3,4,5,6) = Oc NOP (20) -0
s02 = Oc
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23

go T8

T7

T4

T3

TO
Tx

Tp

EXU

rCz

sHz

slx

Oxc
s0(1,3,4,5,6)
02

Axr3
sA(0-2)
rA( " )
sA(3-23)
I‘A( 1 )
sB(0=2)
I'B( 1 )
sB(3-23)
rB( 1" )
Cr3
sC(0=-2)
rc( 1" )
sC(3-23)
rC( n )
sCp

rCp
Xz(1=3)
XE( ] )
Yz(1=3)
YE( " )
sCz

rCz

Sc
rS(1l=14)
Sxc
sS(1,2)
sS(3~14)
rCz

Cxm
sC(0~23)
rc( "n )
sHt

rIx

rRe

sCp

Oc
r0(1,3,4,5,6)
s02

Execute

goT8

T8

C1GO@0T8
TaGoC2¢0T8
c(3,5,6,7,8)0xc
Choxc
(01023§OA)Q1
A(21~23)AnrAr3
K( " ) "
A(0-20)Ar3
LN

= B(21=-23)BnrAr3
=§"( n ) 1]
B(0=20)Ar3

‘B"( ] ) "
Ts@oQl
Add(1-3)Cr3JuTs
m( ] ) "
c(0=-20)Cr3

—C-( 1" ) " _
(C2X¥PC279C23) CpTsHEQLIF1F2
( 1] )Cp 1]
Xn(1=3)¢@0Ix
Xn( " )POIx+Ix
C(21~-23)@7

c(
KzQ1lTO

KzqQl

InrF1FoT4

Sc

JuT3F1F2
Add(2,3)Sxc
C(0~11)sSxc

Fito
JuTsm(Tr+Ip)
M(0=23) Cxm
CxmTx
CpToKpKO@?2

(F1F3) (GOHt) Tx
Tr

M24CxmAtTsTp
01031a

Oc

Oc

U N NN NN RN U AN NN NI N O RSN BN
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XU 1

M-oP 1 Cycle

Initialize indexing

Instruction to O register

Recirculate A T7 thru
Recirculate B T7 thru
C+ X-Ix »0C T7 thru
Parity error T7 thru

Adder input 1f Ix (indexing)

T7 thru
Adder input C register T7 thru
Carry logic T7 thru

Clear S

C(10-23) —» S

M - C (Fetch instruction)
Tr thru

Parity error

Initiate parity

NOP (20) —» 0

TO

TO

TO

TO

TO
TO

Tl

Tp



go T8

T7

T4

T3

TO

Tr

Tp

YIM

rCz

slx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0=2)
rA( 1" )
sA(3-23)
rA( " )
sB(0-2)
rB( 1 )
sB(3=23)
rB( 1" )
Cr3
sC(0-2)
rc( " )
sC(3=23)
rC( 1 )
Xz (1=3)
XE( 1 )
Yz (1-3)
Yz( " )
sCz

rCz

sCp

rCp

Sc
rS(1-14)
Sxc
sS(1,2)
sS(3~14)
rCz

sRf

Cxm
sC(0=23)
rC( 1n )
sHt

rIx

rKO

sCp

sF1l

sF2

rRE

If the Buffer is

Y Buffer Into Memory When Ready

= @OT8

= POT8CLGO

= ($0T8IaGo)C2

= C(3,5,6,7,8)0xc

= ChOxc

= (01020304)Q1

= A(21~23)AnrAr3

= I( 1" ) n

= A(0-20)Ar3

= A( " ) ]

= B(21-23)BnrAr3

= B( 1 ) n

=_§_(0-20)Ar3

= B( 1] ) 1"

T2 (TsQl)

Add(1-3)@0JuTsCr3

Add( n ) 11}

€(0=-20)Cr3

= C( " ) "

= Xn(1-3)@0-Ix

= Xn( " YPOIx+Ix

= C(21-23)87

=c( " )"

= KzQlTO@7

KzQl —

(C21PC22PHC23) CpTsHEQLF1F2
11} )Cp ]

T4F1F2Iny

Sc

T3F1F2Ju

Add(2,3)8xc

c(0=11)Sxc

FiTO0

TOF305Y£(Y0+Y9)

JugoTsm(Tr+Tp)

M(0=23) Cxm

TrCxm

CpToRpKO@2

Tr (F1F3) (GOHE)

GATxI2

M24CxmHETSTp

Tp(F1F301030%) Tar£

TpTa@0030ZRE

TpP1 (COHE)
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Y - (M

Initialize indexing

Instruction — 0

Recirculate A

Recirculate B

CHX+ Ix — C (Add=Xz+Yz)

Adder input (XIx)
Adder input (C)
Carry logic
Check parity

Clear S

C+ X-Ix —S

Y Buffer ready to send
M — C (Fetch operand)
Parity error

Initiate parity

#4 next clock if Rf
#2 next clock if Rf

ready, $#2 is ignored and @4 will occur.,

YIM 1

3 Cycles

+ Wait

T7

T7

T7

T7
T7
T7

T7

Tr

thru

thru

thru

thru
thru
thru

thru

thru

TO

TO

TO

TO
TO
Tl

TO

Tp



g2 17

TO

Tp

Ax3
sA(0-2)
rA( " )
sA(3-23)
rA( " )
sB(0=2)
rB( " )
8B(3~23)
B( " )
rCe
sRE
s¥F1l
rF2
rREf

= (01020304)Q1

= A(21«23)AnrAx3

- X( 1] ) [}]

= A(0-20)Ar3

- I( 11] ) ”"

= B(21+23)BnrAr3

= 'B‘( 1t ) 11]

= B(0~20)Ar3

-i( " ) 1]

= ¥ITO

= TOF303¥ 1 (Yo+Y9) '
w (Tp(FiF301030%)TaRf)

- — 02
= épaT(ébﬂt) )

Recirculate A

Recirculate B

Set Rf 1if ¥ Buffer full
@4 next 1f RE
2 next 1f RT

The Computer will continue to repeat $2 until the Y Buffer becomes ready,
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YIM 2

T7 thru TO

T7 thxu Y0



g4 T8

T7

T6

T3
TO

Tx*

Tp

rC24

sla

Mxc

Rx
sRn(1=3)
ar( 1" )
Ar3
sA(0=2)
rA( " )
sA(3=23)
rA( 1" )
sB(0=2)
rB( 11 )
sB(3=23)
rB( 11" )
Cr3
sC(0=2)
rc( " )
sC(3=~23)
rC( " )
Pr3

sPO

rPO

sPl

rPl

sP2

rP2
sP(3~14)
rP( " )
rla
sC24
rC24
rM(0=~24)
rCp

sHt

rla

KO
sF(1=3)
sM(0~24)
m( " )

= T8(TsTsr)

= @4Tsm

= 01030406F1F3Ts
= Rwy(1-3)Tsr

= R 1" 1"

= (01020304)Ql
= A(21=-23)AnrAr3

=K’( " ) "
= A(0-20)Ar3
=K )N

= B(21-23)BnrAr3
=B( " ) 1"
= B(0~20)Ar3
=B(" -2 1"

= F1F3(TsQl)

= Rn(1l~3)RxCr3
= ﬁﬁ( " ) "
B-ESO-ZO)CrB
= C( ”n ) 1"
(F1G0)Q2

( n )
(P13BPL41a)
o

)
(Pl4Hla)

EKOnll)Pr3
=P( " ) n

= (PI2PI3P14)Q2F1

"
n
1"
1"
11

(PLZPPL3P1l4I1a)F1GO(02040506) Pr3

= (COPC1Be2) C24(TsTsr) (Q34Q5)

=( " )e24(
= T3

) (

= TSTOHtKO(F1370106)@2

= CpT«RpROP2
= TrFl

= TrGOF2

= Tpf4
C(0~24)MxcTp
= ( 1" ) n
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)

Initialize parity generation

YIM 3

Initialize P register increment

Information from Y

Recirculate A

Recirculate B

Y Buffer - C

P+1 5P

Generate parity
Clear M

Parity error

#7 next clock (T8)

C - M (Store operand)

T8

T8

T7

T7

T7

T7

T6

thru

thru

thru

thru

thru

thru

thru

Tp

Tp

TO

TO

TO

T3

Tr



YIM 4

§7 T8 End -F Last cycle
T7 Ar3 = (01020304)Q1
sA(0=-2) = A(21-23)AnrAr3
” " "
f:ga-z.?s) : 220_20)2“3 Recirculate A T7 thru TO
IA( " ) _‘A"( " ) "
sB(0~2) = B(21-23)BnrAr3
n - " " .
:gga-z.?a) - g€0-20)1r3 Recirculate B T7 thru Q.
tB( " ) _t( n ) 1] :
Pr3 = F160Q2°
sP(0-2) = P(12-14)TaF160(520%0506) Pr3
4] 11 n " [1]
:523_12) :‘fﬁo_ll);ra ( ) Recirculate P T7 thru T3
rP( " ) - ‘?‘( 1] " :
T4 Sc¢ = T4EndInr cl 3
rS(1-14) = Sc o ear .
T3 Sxp = T3IntEndGO
:g%lﬁzg :{%{13514;IIF£GO§O§E:E506§S§p P(13,14) containa F(1,2) at T3
88 (3-14) = P(0-11)Sxp P-3
rS( " ) - F( ") 1]
TO xSk = @770 ,
Tr Cxm = EndGOTsm(Tr+Tp) M - C (Fetch next instruction)
' 8C(0~23) = M(0-23) Cxm © Tr thru Tp
xc( " ) = TrCxm ’
rla = FIT -——
rix = Tr(F1F3) (GOKt)
Tp TAOO = TpEndGO
. ¢BOO = TpEndGO
oCp - = nzacmﬁiﬁ'rp Initiate parity
rF(1=3) = TpEndSK @0 next
Oc = TpEndSk
802 = Oc NOP (20) -0

10(1,3,4,5,6) = Oc
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32

go T8

T7

T4

I3

TO

Tr

Tp

WIM

rCz

sIx

Oxc
s0(1,3,4,5,6)
102

Ar3
sA(0~2)
rA( " )
sA(3-23)
I‘A( n )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
Cr3
sC(0=2)
rC( " )
sC(3~23)
rc( 1 )
Xz(1=3)
‘X_Z_( "y
Yz(1-3)
Y_Z-( "y
sCz

rCz

sCp

rCp

Sc
rS(1-14)
Sxc¢
sS(1,2)
88(3«14)
rCz

sRf

Cxm
sC(0-23)
rC( " )
sHt

rix

rKO

sCp

sF1l

sF2

rRE

If Buffer is ready $#2 is ignored and @4 will occur,

W

—t—
=

nbonuw e un®pogw w0000 00T ENNN DN

=
=
=
=
"
=

-B;( "

Buffer Into Memory When Ready

goTs

$0T8CLGO

(¢0T8TIaGo)C2

c(3,5,6,7,8)0xc
XC

(01020304)Q1

A(21-23)AnrAr3

—A—( " ) "

A(0-20)Ar3

A( " ) n
2(21-23)mAr3

B( 1] ) "
B(0-20)Ar3

) 1"

F1F2(TsqQl)
Add(1-3)#0JuTsCr3
Add( 1" ) "
gﬂO-ZO)CrB

C( n ) "
§2(1-3)¢0-Ix__

Xn( " )POIx+Ix
C(21-23)87

cC ")y

KzQ1TO@7

Kzq1 L
(C21pC229C23) CpTsHEQLF1F2
(__ " Hep "
T4F1F2Inr

Sc

T3FiF2Ju

Add(2,3)Sxc
C(0=-11)8xc

FITo N
TOF305WE (W0+W9) 06
Ju@g0Tsm(Tr+Ip)
M(0=23) Cxm

TrCxm

CpTxKpKO@2
Tr(FIF3) (GOHt)
GOTI?
M24CxmHAtTsTp
Tp(F1F3010304) TaR{
(TpIa@0)0304RE
Tp@1(GOHL)
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WM

Initialize indexing

Instruction —» 0

Recirculate A

Recirculate B

CHXeIx —» C (Add=Xz4Yz)

Adder input (XIx)
Adder input (C)
Carry logic
Check parity

Clear S

C+ X-Ix —» 8

W Buffer ready to send
M — C (Fetch operand)
Parity error

Initiate parity

$4 next if RE
#2 next if Rf

WIM 1

3 Cycles
+ Wait

T7

T7

T7

T7
T7
T7

T7

Tr

thru TO

thru TO

thru TO

thru TO
thru TO
thru Tl

thru TO

thru Tp



@2 T7

T0

Tp

Ar3 = (01020304)Q1

sA(0-2) = A(21-23)AnrAr3

rA( " ) = -A-( 1" ) "
sA(3-23) = A(0~20)Ar3

tA( " ) =A(C" )"

sB(0-2) = B(21-23)BnrAr3

I'B( " ) = F( 1 ) "
sB(3-23) = B(0~20)Ar3

rB( " ) =B(" )"

rCz = FITO

sRf = TOF305WE(WO+W9)

sF1 = (Tp(F1F301030%) IaRrf)
sF2 - ( _" Y02
rRE = Tp@1(GOHLt)

Recirculate A

Recirculate B

8et Rf if W Buffer full
@4 next if Rf
#2 next if RT

The Computer will continue to repeat @2 until the W Buffer becomes ready.
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WIM 2

T7 thru TO

T7 thru TO



g4 T8

T7

T6
T3

TO
Tr

Tp

rC24
sla

Mxc

Rx
sRn(1=3)
ar( " )
Ar3
sA(0=2)
rA( ")
sA(3~23)
rA( " )
sB(0~2)
rB( " )
sB(3~23)
rB( ] )
Cx3
8C(0~2)
rc( " )
sC(3~=23)
rc( 1" )
Pr3

sP0

rPO

sPl

tPl

sP2

rP2
sP(3«14)
rP( " )
rla
sC24
rC24
rM(0=24)
rCp

sHt

rla

rKO
sF(1=3)
sM(0~24)
rM( " )

T8(TsTsr)

Fl

#4Tsm
01030406F 1F3Ts
Rwy (1=3)Tst

R 1"t "
(01020304)Q1

A(21~23)AnrAr3
A( (1] ) 1"
A(0-20)Ar3
A"y
B(21-~23)BnrAr3
'E( 1" ) 1"
B(0~20)Ar3
B(_Il _2 1
F1F3(TsQl)
Rn(1~3)RxCr3
Rn( 11" ) "
€(0~20)Cr3

C( 1" ) 1"
(F1G60)Q2

(PLIZPP13P141a)F1G0 (02040506) Pr3
"

( " )
(P13PP141a)

( D
(Pl4pia)

P(0-11)Pr3
P( 1 ) "
(PIZPI3PI4)Q2F1

(COEBCKEC2) C24(TsTsr) (Q34Q5)

(3 ToyczaC " H(
T

TsTOHERO (F1370106) 32
CpT«KpROP?2

TrF1l

TrGOF2

Tp@s

C(0=24)MxcTp

C( 11t ) 1]
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WIM 3

Initialize parity generation

Information from W
Recirculate A
Recirculate B

W Buffer —» C

P+1 5P

Generate parity
Clear M

Parity error

@7 next clock (T8)

C -+M (Store operand)

" Initialize P register increment

T8 thru

T8 thru

T7 thru

T7 thru

T7 thru

T7 thru

T6 thru

Tp

Ip

TO

TO

TO

T3

Tr



g7 T8
17

T4
T3

TO
Tr

Tp

End

Ar3
sA(0-2)
FAC ")
8A(3-23)
rA( " )
sB(0~2)
rB( n )
sB(3-23)
rB( " )
. Pr3 .
sP(0-2)
rP( " )
sP(3=14)
rP( " )
Sc
r$(1-14)
Sxp
55(1,2)
rS( t )
88(3-14)
l‘S( 1 )
rSk

Cxm
sC(0-23)
I'C( " )
rla

rix
rA0O
rB0OO
sCp
rF(1-3)
Oc

802
r0(1,3,4,5,6)

TR ¥ %D B R B.HE B KN N BN H RO NN T RN BB ERNER

F1lF2
(01020304)Q1
é(Zl—ZB)AnrAr3
A( " ) "
A(0-20)Ax3

K‘( 1] ) "
B(21-23)BnrAr3
E( n ) "
B(0-20)Ar3

'E( " ) ”"

F1GOQ2 -

P(12-14) TaF160(320%40506) Pr3

‘f‘( " ) " ( " ) 1]
P{0-11)Pr3

"P‘( n "

T4EndInr

'Sc___

T3IntEndGO

P(13,14) TaF160(52040506) Sx
‘F( " ) 11 ( " ) "
P(0=-11)Sxp

'i;'(. " ) "

g7T0

EndGOTsem(Tr+Tp)

M(0-23) Cxm

TrCxm '

FlTy .

Tr (FLF3) (GOHt)

TpEhdGO

TpEAAGO __

M24CxmHtTsTp

TpEndSk

TpEndSk

Oc

Oc

48

Last cycle

Recirculate A

Recirculate B

kecirculnte P

Clear S

WIM 4

T7 thru TO

T7 thru TO

T7 thru T3

P(13,14) contains P(1,2) at T3

P—>S :

M - C (Fetch next instruction)

Initiate parity
@0 next

NOP (20) —» 0

Tr -thru Tp



33

g0 T8

T7

T4

T3

TO
Tr

Tp

PIN

rCz

sIx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0=2)
rA( " )
sA(3-23)
rA( " )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
Cr3
sC(0~2)
rc( 1" )
sC(3-23)
rc( " )
Xz(1-3)
X_Z‘( n )
Yz(1-3)
Yz( n )
sCz

rCz

sCp

rCp

Sc
rS(1-14)
Sxc
s8(1,2)
8S(3~14)
rCz

Cxm
sC(0~23)
rc( " )
sHt

rIx

rK0

sCp

sF2

Parallel Input to Memory When Ready External Device — (M)

$0T8

goracico
(#0T8IaGo)C2
C(3,5,6,7,8)0xc
Choxc
(01020304)Q1
A(21-23)AnrAr3
‘K( " ) "
A(0-20)Ar3

Z( n ) "
B(21~23)BnrAr3

‘g( " ) ]

B(0-20)Ar3

B( " ) "
FiF2(TsQl)

Add (1-3)@0JuTsCr3
m( ") n
Eﬁ0-20)0r3

C( ”n ) "
Xn(1-3)@0-Ix
Xn( " )POIx+Ix
c(21-23)%7

C( " n
KzQlTO0@7

KzQ1

(C21¥pC2Xpc23) CpTsHtQLFLF2

( ”
T4F1F2Inr
Sc
T3FiF2Ju
Add(2,3)sxc
C(0-11)8Sxc
Fito
Ju@0Tsm(Tr+Tp)
M(0~23)Cxm
Term

Tr (# Ht )

M24meﬁET‘T
(Tp13¢0)0304if

)Cp "
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2

Initialize indexing

Instruction —» 0

Recirculate A

Recirculate B

C+X+Ix — C (Add=Xz+Yz)

Adder input (XIx)
Adder input (C)
Carry logic
Check parity

Clear S

C+ XIx - 8§

M 5 C (Fetch operand)

_Parity error

Initiate parity
@2 next clock (T8)

PIN 1

4 Cycles
"4 Wait

T7

T7

T7

T7

T7

T7

Tr

thru

thru

thru

thru

thru

thru

thru

thru

TO

TO

TO

TO
TO
Tl

TO

Tp



g2 T7

TO
Tp

Ar3
sA(0=2)
rA( 1" )
sA(3-23)
rA( 11 )
sB(0~2)
rB( n )
sB(3-23)
rB( n )
Cxi
sC(0-23)
rc( 1" )
sRf
rCz
sF1
rF2
rREf

(01020304)Ql

A(21-23)EnrAr3

‘A‘( n ) "

A(0-20)Ar3

-A—( 1" ) 1

B(21-23)BnrAr3

‘E’( 1] ) "

B(0~20)Ar3

‘B'( 1" ) 1

(F1F2F306Ts)02Q105

CxicCdo

CxiQ2

Q2F306F 2Rt

Flro__ _ _  _ _

(Tp(F1F3010304) IaRf)
n )02

TpP1(GOHE)

PIN 2

Recirculate A T7 thru TO
Recirculate B T7 thru TO
External Device —» C T7 thru TO

External Device ready (Rt)

@4 next if Rf
@2 next if Rf

The Computer will continue to repeat $#2 until the External Device transmits to C,
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g4 T8

T7

T6
T3

Tx

Tp

rC24
sla
Mxc
Ar3
sA(0-2)
AG ")
8A(3-23)
rA‘ 1" )
8B(0-2)
rB( " )
8B(3~23)
rB( " )
Cx3
8C(0-2)
rc( " )
2C(3-23)
rc( " )
Pr3
sPO
rPO
sPl
Pl
sP2
rP2
sP(3-14)
I'.'P( " )
ria
8C24
rC24
™M(0=24)
xCp
sHt
rla
X0
sP(1=3)
sM(0=24)
m( ” )

= T8(Tglsx)
= Pl
= 04 Sm

= (01020304)Q1
= A(21~23)AnrAr3

- K’( "oy "
- A(O-20)Ar3

(" )"
= B(?.l 23)BnrAr3
_m ") "
= B(O-ZO)ArS
- B( " _)- "

= F1F3(TsQl) _

m C(21-23)@4010%406TsCr3
= C( 1" ) 1"

» C(0-20)Cr3

- C( " ) "

(F160)Q2

- (P12§P13P1413)F100(35 25 )Pr3

(Pl.‘m’lua) "
) ) |
(Pl a) "
(‘—'W'—') "
P(O-ll)Pr3

2F
= (0‘@32)4‘('10!") (Q34Q5)
- ;3 " )C24( "y ")
= TaTORtKO (F1970196) T2
- CpT
- Tt?l__
= TerGOF2
=» Tp‘l;
- C(O-Z‘o)uxcrp
- 'C‘( ” )
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PIN 3.

Initialize parity generation
Initialige P rea:lster increment

Recirculate A

Recirculate B

Recirculate C

P+l P

Generase parity
Clteasr N

Parity error

#7 next clock (T8)

C ,z-p)l x-(ﬂtm;a operand)

T§ thru Tp

T7 thru TO
T7 thru TO
T7 thyu TO

T7 thru T3

T6 thru Tr



g7 T8
T7

T4

T3

TO
Tr

Tp

End

Ar3
sA(0-2)
rAC ")
sA(3-23)
I’A( " )
'8B(0-2)
rB( n )
sB(3-23)
tB( n )
Pr3
sP(0-2)
rp( L1} )
sP(3-14)
rP( " )
Sc
rS(1~14)
Sxp
s8(1,2)
rs( " )
85(3~14)
rs( |.| )
rSk

Cxm
8C(0~23)
rc( H )
rla

rix
rAOQ
rB0OO

8Cp
rF(1-3)
Oc

802
r0(1,3,4,5,6)

g ® N B R ENNYD Y BRUERERDYDBDNND R NN RENE G R NRNRN

F1F2
(01020304)Q1
A(21-23)AnrAr3
X( " ) "
A(0-20)Ax3

’K‘( " ) "
B(21~23)BnrAr3
'ﬁ( " ) 1]
B(0-20)Ar3

i( 1" ) ]

F1G0Q2"

P(12-14) Tar160(32040506) Pr3

’P‘( " ) n ( " ) "
P(0-11)Pr3

"IT( n ) "

T4EndInr

Sc~__

T3IntEndGO

‘F( ) "o n y
P(0~11)Sxp

"P‘( " ) "

g7T0
EndGOTsm(Tr+Tp)
M(0-23) Cxm
TrCxm

FlTo . N
Tr(F1F3) (GOHt)
TpEndGO
TpEndGO _
M24CxmHtTsTp
TpEnd§E

TpEndSk
Oc

Oc
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P(13,14) TaF 160 (52040506) Sxp
"

Last cycle

Recirculate A

Recirculate B

Recirculate P

Clear §
[ Y

PIN 4

T7 thru TO

T7 thru TO

T7 thru T3

P(13,14) contains P(1,2) at T3

P-S :

M - C (Fetch next instruction)

Initiate parity
@0 next

NOP (20) —» O

.Tr .thru Tp



go T8

T7

T4

T3

TO
Tr

Tp

STA

rCz

slx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0-2)
rA( " )
sA(3-23)
rA( " )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
Cr3
sC(0=2)
rc( 1" )
sC(3-23)
rc( 1" )
Xz(1=3)
E( n )
Yz (1-3)
?‘z‘( "y
sCz

rCz

sCp

rCp

Sc
rS(l~14)
Sxc
8S(1,2)
8S(3=14)
rCz

Cxm
sC(0~23)
I'C( n )
sHt

rlx

rKO

sCp

sFl .

0 B B B WU D BB H MR NB B KN ENDEDNEYEHENAYNEEDLNRDN

Store A

@#oT8

#oT8clGo
(¢0T8IaGo)C2
c(3,5,6,7,8)0xc
Choxe
(01020304)Q1
A(21-23)AnrAr3
-A—( " ) 1]
A(0=20)Ar3

K( 1] ) "
B(21-23)BnrAr3
"B'( 1] ) "
B(0=-20)Ar3

‘B’( " "
F1F2(TsQl)

Add (1-3)@#0JuTsCr3
m( " ) n
c(0-20)Cr3

E( n ) 1"
Xn(1-3)@0-Ix__
Xn( " )PoIx+Ix
c(21-23)@7

E‘( " "
KleTﬁ 7

KzQl o
(C2X¥pc2xPc23) CpTsHtQLF1F2
(__" e "
T4F1F2Inr

Sc

T3F1F2Ju
Add(2,3)Sxc
Cc(0~11)Sxc
FIiTO
JugoTsm(Tr+Tp)
M(0~23)Cxm
TrCxm

CpTkpKO
Tr(¥1F3) (GOHt)
coref?
M24CxmHtTsTp
(TpYad0)0304
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A - (M)

Initialize indexing

Instruction —» O

Recirculate A

Recirculaté B

CHX+Ix — C (Add=Xz+Yz)

Adder input (XIx)
Adder input (C)
Carry logic
Check parity

Clear S

C+ XIx -5

M — C (Fetch operand)

Parity error

‘Initiate parity
@4 next clock (T8)

STA 1

3 Cycles

T7

T7

T7

T7

7

T7

Tr

thru

thru

thru

thru

thru

thru

thru

thru

TO

TO

TO

TO

TO
T1

TO

Tp



g4 T8

T7

T6
T3

TO
Tr

Tp

rC24
sla

Mxc

Ar3
sA(0-2)
rA( n )
sA(3-23)
rA( " )
8B(0-2)
rB( " )
8B(3=-23)
B ( (] )
cr3
sC(0-2)
rc( " )
3C(3=23)
rc( 1] )
Pr3

sP0

rP0

sPl

rPl

sP2

rP2
sP(3-14)
rP( 1" )
rla
sC24
rC24
rM(0~24)
rCp

sHt

rla

KO
sF(1-3)

sM(0=24)"

rM( " )

(01020304)Q1
= A(21~23)AnrAx3

"A'( L "
- i(O-ZO)ArZi
=E(" )
= B(21=23)BnrAr3
_'m n ) 1]
= B(0-~20)Ar3

o= B( 11 —l ”"

= FIF3(TsQl) _
= A(21-23)@40405TsCr3
= A( " ) 1"

= C(0-20)Cr3

- C(" y "

(F160)Q2

= (PLIPP13P141a)F1GO(
( o )
(PL¥PPL4Ia)
™
(P14BLa)

SR
P(0-11)Pr3

l(,é'r;ﬂ%'i;z?)_gﬁr

( L1 )024( 11}
z} — - .
TsTORtKO (F1§70106)
CpTHEQKD

TrFl__

TrGOF2

Tpé4

= C(0-24)MxcT

- ‘C‘( " ) "

R n o B BB U R

EE{E’:&‘W

)(
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(COPCIRL2) C24(TsTax) (Q3HQS)

)

STA 2

Initialine parity generation
Initialise P register increment

Clear M

Parity error

@7 next clock (T8)
C -+ M (Store operand)

T§ thru Tp

Recirculate A T7 thru TO

"Recirculate B T7 thru TO

A=C T7 thru TO
P +1 P T7 thru

Generate parity T6é thru Tr



g7 T8
17

T4

T3

TO
Tr

Ip

End

Ax3
8A(0-2)
FA( ")
8A(3-23)
IA( " )
sB(0-2)
rB( ”" )
8B(3-23)
rB( " )
Px3
sP(0-2)
rP( " )
8P(3-14)
I'P( " )
Sc
rS(l-14)
Sxp
8s(1,2)
rS( 1] )
85(3-14)
rs( [1] )
rSk

Cxm
8C(0~23)
IC( " )
rla

rix
rAOO
rBO0O
aCp
rF(l-3)
Oc

802
r0(1,3,4,5,6)

= (01020304)Q1

= A(21-23)AnrAr3

- I( ” ) "

m A(0=-20)Ax3

-':( "oy L]

= B(21~23)BnrAr3

=B( " ) "

= B(0-20)Ar3

A

= P(12-14)Ta¥1c0(320%0506) Pr
- ‘F( ") "o " y v
= P(0~11)Pr3

- P( n "n

= T4EndIny

= 8c

= T3IntEndGO

= P(13,14) TaP160(52040506) Sxp
.‘P‘( "oy "o noyom
= P(0=~11)Sxp

- ( ”" ) 1]

= $7T0 |

= EndGOTem(Tr+Tp)

= M(0-23)Cxm

= TrCxm

LR 3 Y & S —

= Tr(F1r3) (GOHL)

= TpEndGO

= TpEadGO __

= M24CxmHtTsTp

= TpEndSk

= TpEndSk

= Oc

= Oc
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STA 3

Last cycle

Recirculate A T7 thru TO
Recirculate B T?7 thte TO
Recirculate P T7 thru T3

Clear S

P(13,14) contains P(1,2) at T3
PSS

M - C (Fetch next instruction)
Tr thru Tp

Initiate parity
@0 next

NOP (20) - O



36

g T8

T7

T4

T3

TO
Tr

Tp

STB

rCz .
slx

Oxc
s0(1,3,4,5,6)
r02

Ar3

sA(0=2)

rA( ” )
sA(3~23)
rA( (1] )
sB(0=~2)

rB( " )
sB(3-23)
l’.'B( n )

~Cx3

8C(0~2)
I'C( 1 )
sC(3-23)
rc( " )
Xz(1=3)
'x‘z"( " )
Yz (1-3)
YZ'( 1 )
sCz
rCz
sCp
rCp
Sc
rS(l=-14)
Sxc
8S(1,2)
8S(3~14)
rCz
Cxm
5C(0~23)
rc( 11" )
sHt
rix
K0
sCp
sF1l

Store B

= @0T8

= @OT8CLGO

= (@0T8IaGO)C2

= C(3,5,6,7,8)0xc

= C

= (01020304)Ql
A(21-23)AnrAr3
A( 1] ) "
A(0-20)Ar3

A" )M
_§(21-23)BnrA13

B( n ) "
B(0~-20)Ar3

B( ll‘-l "
FiF2(TsQl)

Add (1~3)@#0JuTsCr3
Add( 1" ) " .
= C(0-20)Cr3

o E( " ) (1]

= Xn(1-3)@0- Ix

= Tn( " )F0Ix+Ix
c(21-23)¢7

‘C"'( ‘n_ "
KzQlTO@7

KzQ1 o
(C2¥pc2X3x23) CpTsHLQLF1F2
( (1} )CP "
T4F1F2Inr

Sc

T3FiF2Ju
Add(2,3)Sxc
Cc(0~11)8xc

FiTo
JugoTsm(Tr+Tp)
M(0~23)Cxm

TrCxm

CpT

Tr(¥F1F3) (GOHt)

= GOTr¥2

= M24CxmAtTsTp

= (TpYa¢0)0304
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B -» (M)

Initialize indexing

Instruction —» 0

Recirculate A

Recirculate B

CHKeIx — C (Add=Xz+Yz)

Adder input (XIx)
Adder input (C)
Carry logic
Check parity

Clear S

C+ XIx -8

M —» C (Fetch operand)

Parity error

~Initiate parity
@4 next clock (T8)

STB 1

3 Cycle

T7

T7

T7
T7
T7

T7

Tr

thru

thru

thru

thru
thru
thru

thru

thru

TO

TO

TO

TO

T1

TO

Tp



¢4 18

T7

T6
T3

TO
Tr

Tp

rC24
sla
Mxc
Ar3
sA(0=2)
IA( ” )
8A(3-23)
I'A( " )
sB(0~2)
rB( " )
8B(3=23)
rB( " )
Cr3
8C(0-2)
IC( " )
8C(3=23)
rc( 11} )
Pr3
sPO
rP0O
sPl
rPl
sP2
rP2
sP(3-14)
rP( ” )
rla
sC24
rC24
™M (0«24)
rCp :
sHt
rla
KO
sF(1=3)
sM(0=24)
rM( " )

= T8(T )

- Fl

= P4Ts

- 01023'5070 Ql .

= A(21~23)AnrAr3

-I( " ) "
= A(0=20)Ar3
=K(" )t

= B(21-23)BnrAx3
_m 1] ) "
= B(0~20)Ar3

- B( ] T

= F1¥3(TsQl)

= B(21-23)@40406TsCr3

- B( n ) .n
= C(0-20)Cr3
=C(" )"

= (F160)Q2

= (
= (PLIP141a)
- (T
= (P1 )

- (

= P(0-11)Pr3

o b L

= (CORCIC2) C24 (Te] "r) gqmsy

-( " )c2a(
- T3

= (PLZPP13P141a)F1G0
M )

o bt

= TaTOHERO (F1870106) 0%
- cymiéibég

- TrFl__
= TxGOF2

.n'l'p‘la

= G{0~24)MxcTp
-E‘( " ) "
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).

STB 2

Initialixe paxity generation
Infitialize P rejister increment

Recirculate A

decirculate B

P4+1 P

que parity

. Clear M

Parity error

#7 next clock (1!3)

C —+M (Store operand)

T8 thru Tp

T7 thru TO

£7 thru TO

T7 thru TC

T7 th¥u T3

T6 thru T-



STB 3

@7 T8 End = F1F2 __ Last cycle
T7 Ar3 = (01020304)Q1
sA(0=-2) = A(21-23)AnrAr3
" - A 1 1]
§:§3-2;) - :20-20)ir3 Recirculate A T7 thru TO
rA( 1] ) -—A-( 1 ) :—-
sB(0~2) =‘§(21-23)BnrAr3
" - 1" 1"
:gEB_zg) - gEO-ZO)irB Recirculate B T7 thru TO
rB( " ) Bi( 1] ) "
Pr3 = F1G0Q2
sP(0~2) = P(12-14)IaFlGO(62023506)Pr3
" H 1 1) 1"t "
:523_12) : gﬁo-ll);r3 ( ) Recirculate P T7 thru T3
rP( " ) = 'P?‘( " 1]
T4 Sc = T4EndInr c1 S
rs(1-14) = Sc___ ear
T3 Sxp = T3IntEndGO
s(1,2 = P(13,14) TaF160(02040506) Sx B
isg |’| g -‘FE ”3 ; " E " g nP P(13,14) contains P(1,2) at T3
sS(3~14) = P(0-11)Sxp P -5
rs( " ) o P( " ) "
TO 1Sk = @7TO
Tr Cxm = EndGOTsm(Tr+Tp) M —» C (Fetch next instruction)
§C(0-23) = M(0-23)Cxm ) Tr thru Tp
rc( " ) = TrCxm
rla = FITL . e
rIx = Tr(F1F3) (GOHt)
Tp rAO00 = TpEndGO
rBOO = TpEndGO :
sCp = M24CxmHtTsTp ' Initiate parity
rF(1=3) = TpEndSk @0 next
Oc = TpEndSk
s02 = Oc NOP (20) -0
r0(1,3,4,5,6) = Oc

58



37

@0 T8

T7

T4

T3

TO
Tr

Tp

STX

rCz
sIx
Oxc

s0(1,3,4,5,6)

r02
Ar3
sA(0-2)
rA( 1" )

sA(3-23)

rA( "
sB(0-2)
rB( " )

)

sB(3-23)

rB( "
Cr3
sC(0-2)
rc( 11" )

)

sC(3-23)

rc( 1"
Xz(1=-3)
H( n )
Yz (1=-3)
ﬁ( "y
sCz
rCz
sCp
rCp

Sc

)

rS(l1-14)

Sxc
85(1,2)

8S(3~14)

rCz
Cxm

8C(0-23)

rc( "
sHt
rIx
rK0
sCp
sF1l

)

Store X

¥R B B D H R B R MU EWRDNRPRNR U RERRNER BTN E R NERRN

goT8

@0T8C1GO
(#0T8IaGo)C2
c(3,5,6,7,8)0xc
Choxc
(01020304)Q1
A(21-23)AnrAr3
A( 1"t ) 1"
A(0-20)Ar3
A" )
j§(21-23)BnrAr3
B( n ) "
B(0-20)Ar3

B( H‘ n
ﬁF_Z(T%Ql)

Add (1-3)@0JuTsCr3
m( 1] ) "
c(0-20)Cr3

E( " ) "
Xn(1-3)@0-Ix__
¥n( " )FoIx+Ix
c(21-23)87

‘(‘:‘( :- "
KzQLlTO0@7

KzQ1 ‘

(C21¥pCc2Xpc23) CpTsHtQ1F1F2

« __ " ep "
T4F1F2Inx

Sc

T3F1F2Ju
Add(2,3)Sxc
C(0~11)Sxc
FiTo
Ju@0Tsm(Tr+Tp)
M(0~23)Cxm
TrCxm

CpT 0
Tr(¥1lF3) (GOHt)
coref2
M24CxmHtTsTp
(TpTad0)0304
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X->C

Initialize indexing

Instruction - O

Recirculate A

Recirculate B

CHXeIx —» C (Add=Xz+Yz)

Adder input (XIx)
Adder input (C)
Carry logic
Check parity

Clear S

C+ XIx —»S

M - C (Fetch operand)

Parity error

'Initiate parity

¥4 next clock (T8)

STX 1

3 Cycles

T7

T7

T7

T7

T7

T7

T7

Tr,

thru

thru

thru

thru

thru

thru

thru

thru

TO

TO

TO

TO
TO
Tl

TO

Tp



¢4 T8

T7

T6
T3

TO
Tr

Tp

rC24
sla
Mxc
Ar3
sA(0-2)
rA( (1] )
sA(3-23)
I'A( 1" )
sB(0=-2)
rB( " )
sB(3-23)
I‘B( " )
Cr3
sC(0-2)
I‘C( " )
8C(3-23)
rc( 11 )
Pr3
sPO
rP0O
sP1l
rPl
sP2
rP2
sP(3-14)
rP( " )
rla
sC24
rC24
rM(0=24)
rCp
sHt
rla
rKO
sF(1=3)
sM(0=24)
rM( 1" )

TSS? [39)
FIF
#4T5m
(01020304)Q1
A(21~23)AnTAr3
A( " ) "
A(0-20)Ar3
=AM )
= B(21-23)BnrAr3
_'F( n ) n
= B(0-20)Ar3

" "

7aQ1)

h20) Cr3
nb"

(130 Q2

(PLY¥PP141a)
( T )
(Pl4pia)
™)
P(0-11)Pr3

ey gar

( "oo)e24(
T3

cpT RO
TrFl
TrGOF2

Tpd4

= C(0-24)MxcTp
- ( 11] ) 1"

#4040506TsCr3
s 11)
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(PIE@EIBPIhIa)FlGO(0§0z3506)Pr3
( "

(capcigr2) C24(Ts ?‘rg gQZHQS)

TsTOHtKO (F1J70106)32

STX 2

Initialize parity generation
Initialize P register increment

Recirculate¢ A

Recirculat& B

X —»C

P+1 5P

Generate parity
Clear M

Parity error

#7 next clock (T8)
C - M (Store operand)

T8 thru Tp

T7 thru TO

T7 thru TO

T7 thru TO:

T7 thru

T6 thru Tr



@7 T8
T7

T4

T3

W' T0
Tr

Tp

End

Ar3
8A(0-2)
rAC ")
8A(3-23)
rA( " )
sB(0-2)
rB( 1] )
sB(3~23)
rB( " )
Px3
sP(0-2)
rP( " ) ‘
sP(3=-14)
l‘P( " )
Sc
rS(1-14)
Sxp
sS(1,2)
rS( ] )
8S(3~14)
rs( (1] )
rSk

Cxm
sC(0~23)
rc( ”n )
rla

rlx
rAOO
rB0OO

sCp
rF(1-3)
Oc

s02
r0(1,3,4,5,6)

¥ %00 % B B R ¥ B O R R AT R D W U-DENR A AR BB R NN DN

FLE2
(01020304)Q1
A(21-23)AnrAr3
A( " ) "
A(0-20)Ax3

X( " ) "
B(21-23)BnrAr3
‘E( (1] ) "
B(0-20)Ar3

E( n ) "
F1G0Q2

P(12-14)TaF160(32040506) Pr3

’r?( ”" ) - n (
P(0-11)Pr3

‘IT( " ) "
T4EndInr

Sc

T3IntEndGO

P(13,14)TaF160(0

‘F( " ) " (
E’_(O-ll)Sxp

P( " ) "

#710
EndGOTsm(Tr+Tp)
M(0~23) Cxm
TrCxm

FlTp -
Tr (F1F3) (GOHt)
TpEndGO
TpEndGO
M24CxmHETSTp
TpEndSk
TpEndSk

Oc

Oc

204050 6) Sxp
" 1

61

Last cycle

Recirculate A

Recirculate B

Recirculate P

Clear S

STX 3

T7 thru TO

T7 thru TO

T7 thru T3

P(13,14) contains P(1,2) at T3

P -S

M - C (Fetch next inatruction)

Initiate parity
@0 next

NOP (20) —»O

Tr thru Tp



40

#0 T8

T7

T4

T3

Tr

Tp

SKS 10400

rC24

rCz

sF1

sF3

sHz

sla’

Oxc
s0(1,3,4,5,6)
02

Skr

Sks

Ar3
sA{0-2)
rA( " )
sA(3-23)
rA( 11 )
sB{0-2)
rB( " )
sB(3-23)
rB( 1" )
End

Pr3’

sPO

rPO

sPl

rPl

sP2

rP2

rla
sP(3-14)
I‘P( 0" )
Sc
rS(1-14)
Sxp

sS1

852
sS(3-14)
Cxm
sC(0-23)
I'C( " )
rla

rix

rRc

sSk

rFl

sF2

rF3

TRE

rJu

Oc
r0(1,3,4,5,6)
s02

Channel Inter-Record Test
(W Buffer)

[N I | B

oo

1

LT L A 1 A Y i I

[N A A R A A L I

R W WH HDHE MR

T8(TsTsr)
¢oT8
(@0T81aC2C5CB(C3+CL))
( " )

T8

¢oT8TaC2C5C8(C3+CL)
(90T8Taco) T2

0xcC(3,5,6,7,8)

oxeC4
Skrz

(01020304)Ql

A(21-23)AnrAr3

T( " ) "

A(0-20)Ar3

'A_( 1" ) "

B(21~23)BnrAr3

‘B"( 1" ) "

B(0-20)Ar3
‘B"( " ) "
@#5Bc23
(F1G0)Q2
(F160(020
( "
( "

506)) (Pl P13P14Ia))
) (PTX(PT3P14Ta))
Yy (P13EXPl4Ia))

( " ) (PITXPI4Ta))

( " ) (Pl4gXa)

( " ) (P1Z T a)

(PTZPI3P14)Q2F1

P(0-11)Pr3

'P'( " ) "

T4(End+F1F2) Inr

Sc
T3Tnt (EndJu ax)G0+§£§;}
(F1GO( 06)) (Pl 14Ta) )Sxp
( " ) (Pl&PLa) Sxp
P(0-11)Sxp

EndGOTsm(Tr+Tp)

M(0-23)Cxm

‘H‘( " ) "

TrFl

Tr (FIF3) (80H0)

Tr

@#5010%4A00TrSks

TpEndSk

TpSk

TpEnd3k

TpPT(EOHE)

Tp

TpEndSk

Oc

Oc 62

SKks 1

Inter-~Record Condition L Cycle
Not True = P + 1 —» P
Inter-Record Condition 2 Cycles

True =P + 2 - P

@5 next. (17)

Initiate P register increment

C(3-8) — 0 instruction to O register

Signal complete

Recirculate A T7 thru TO
Recirculate B T7 thru TO
Last cycle

P+l = P T7 thru T3
Clear §

P ->S

M>C Tr + Tp
Skip if Sks

#0 next clock (T8) if Sk not set
#7 next clock (T8) if Sk set

NOP (20) -0



@7

T8

T7

T4

T3

TO
Tr

Tp

rC24

Ck

End

sla

Ar3
sA(0-2)
I'A( 1] )
sA(3-23)
rA( " )
sB(0-2)
I‘B( " )
sB(3-23)
I‘B( " )
Cr3
sC{3-23)
l‘C( " )
Pr3

sPO

rPO

sPl

rPl

sP2

rP2

rla
sP(3-14)
rP( " )
Sc
rS(1-14)
Sxp

sS1

sS2
sS(3-14)
rSk

Cxm
sC(0-23)
rc( " )
rla

rix

rRc

sCp
rF(1-3)
rRfE
rJu
Oc
ro(1,3
s02

)4)5)6)

BowCn oo onw oo nnon o

(N

I
SN NS N N

I

L (| | I '}

llllllﬂllllul!ﬂllﬂﬁ

[ H

F( "

T8(TsTst)
@718Ts

F1F2

T8¢7sk
(01020304)Q1
A(21-23)AnrAr3
K( " ) "
A(0-20)Ar3

—A—( " ) 1"

B(21-23)BnTAr3
F( " ) 1"
B(0-20)Ar3

) "
@705(TsQl)
C(0-20)Cx3

( " ) "
(F1G0)Q2

((FlGO)(SiEiB? 6)) (PLAEXPL3P14Ia))
) (PTTAXPI3PIZTIa))

" Y(P13EXPLl4Ia))
) (PTXXPT4Ta))
" ) (PL4BlLa)

" ) (PT&HIE)
(PIZPI3PI4)Q2F1

P(0-11)Pr3

'P'( " ) "

T4EndInr

Sc

T3TntEndGO
(F1G0(35616306))(Pl3}XP1413))SxP
( " ) (Pl4adXa)Sxp
P(0-11)Sxp ‘

@710

EndGOTsm(Tr+Tp)

M(0~23)Cxm

'-(n )n

TrFl___

Tr (FIF3) (EOHt)
Tr
M24CxmHAtTsTp
TpEndSk
TpP1(GOHL)

Tp

TpEnd3k

Oc

Qc

63

Last cycle

SKS 2

Initiate P register increment

Recirculate A

Recirculate B

0 5C

P+l - P

Clear S

PS5
Reset skip

M—>C

Initiate parity

@#0 next clock (T8)

NOP -» O

T7 thru TO

T7 thru TO

T7 thru T3



40

g0 T8

T4

T3

Tr

Tp

SKS 10500

rC24
rCz
sF1
sF3
sHz
sla
Oxc

s0(1,3,4,5,6)

r02

Skr

Sks

Ar3
sA(0-2)
rA(C ')
sA(3-23)
rA{ ")
sB{0-2)
l’.‘B( " )
sB73-23)
fB( " )
End

Pr3

sPO

rPO

sP1

rPl

sP2

rP2

rla
sP(3-14)
rP{ " )
Sc
rS(1-14)
Sxp

sS1

sS2
sS{3-14)
Cxm
sC(0-23)
rC’ " )
rla

rix

rRc

sSk

rF1

sF?2

rF3

rRE

rJu

Oc

r0(1,3,4,5,6)

s02

Channel Inter~Record Test
(Y Buffer)

= T8(TsTsr)
= @OTS

= (P0T8TacC2C)HCB(TI+CL))
= " )
= T8 :

= @OT8Tac2C5C8(C3+Ch)

= (P0r8Iaco)C?

= 0xcC(3,5,6,7,8

OxcCh

i

non
2l
’——l
(@]
S
~
l
O
(@]
'—\
o
Q
-
[
Q
-
O
(@]
N
o
@]
N
=
(@]
N
N
(@]
N
W
Q
fury
(5]
<
0
(¢}

= Skrz

= (01020304)Q1
A(21-23)AATAr3
=K ") !

= A(0-20)Ar3
=R(C" )"

= B(21-23)BnrAr3
=’B’( 1] ) 1"
= B(0~20)Ar3
_.‘E'( " ) "

= ¢58c23

= (F160)Q2
e (FlGO(OZOZESOb))(PlZEXPl3P141a))

" Y(PIXEAPI3P141a))
" ) (PL3E(PLl4Ia))

" ) (PIEAPIZTa))

" Y {(Pl4gLa)

- ) (PTEE)

= (PIZPI3P14)Q2F1

P(0-11)Pr3

‘P’( " ) 1"

T4(End+F1F2) Int

Sc

T3THE(EndtJuEax)GO+T3

= (F1GO(DZ2040506) ) (P1¥D(P14Ia))Sxp
= ( " ) (P14BIa) Sxp
= P(0-11)Sxp

= EndGOTsm(Tr+Tp)

M{0-23)Cxm

H‘( 1" ) "

TrF1l

Tr(FIF3) (TOHt)

= Tr

= (J50104A00TrSks

TpEndSk

TpSk

= TpEndSk

= 1pBT(&0HL)

= Tp

= TpEndSk

= Oc

= Oc 64

NN NN

1l

[}

"

1l

o

i

SKS 3

Inter=Record Not True =
P+1-5P

Inter~Record True =
P+ 2 P

1 Cycle

2 Cycles

(17)

?5 next

Initiate P register increment

C(3-8) --0 instruction to O register

Signal complete

Recirculate A T7 thru TO

Recivculate B T7 thru TO

Last cycle

P+l — P T7 thru T3

Clear §

P— S

M—C Tr + Tp

Skip if Sks

@0 next clock (T8) if Sk not set
@7 next clock (T8) if Sk set

NOP (20) -0



@7

T8

T7

T4

T3

TO
Tr

Tp

rC24

Ck

End

sla

Ar3
sA(0-2)
I'A( " )
sA(3-23)
rA( 1 )
sB(0-2)
rB( " )
sB(3-23)
rB{\ 1t )
Cr3
sC’3-23)
rc( " )
Pr3

sPO

rPO

sPl

rPl

sP?2

rP2

rla
sP(3~14)
rP( 1" )
Sc
rS(1-14)
Sxp

sS1

sS2
sS(3-14)
rSk

Cxm
sC(0=-23)
rC( " )
rla

rlx

rRc

sCp
rF(1-3)
rR{

rJu

Oc
r0(1,3,4,5,6)
s0Q2

o

I

Wnon o H nouon

U S B | I

IR I

I B R | 1}

i non ooy otonon R

N VI | T |

T8(TsTsr)
@718Ts

F1F2

T8@7Sk
(01020304)Q1
A(21-23)AnTAr3
K( " ) n
A(0-20)Ar3

A( " ) 1"
B(21-23)BnrAr3
'E‘( " ) "
B(0-20)Ar3

“B’( 1" ) "
@705(TsQl)
C(0-20)Cr3

C( " ) 1"
(F1G0)Q2

(FlGO)(3§ 06)) (PLAP(PL3P14Ia))
) (PTI(PI3PILTa))
" Y(PLXXPl4la))

) (PTXXPTL4Ta))

" ) (P14DIa)

) (P14 a)

(
(
( "
(

( "
(PT2P13PT4)Q2F1
P{(0-11)Pr3

‘P’( " ) "
T4EndTnr

Sc

T3TntEndGO

(F1G0(02040506) ) (P133(Pl4Ia) )Sxp
) (Pl4ia)Sxp

( "
P(0O-11)Sxp
@710
EndGOTsm(Tr+Tp)
M(0-23)Cxm

m " ) 1"
TrFl
Tx (F1F3) (GOHt)
Tr
M24CxmHETsTp
TpEndSk__
1pﬁ'(couc)

Tp

TpEnd3k

Oc

Qc

65

Last cycle

SKS 4

Initiate P register increment

Recirculate A

Recirculate B

0-—=C

P+l - P

Clear S

P ->S
Reset. skip

Mo C

Initiate parity

@0 next clock (T8)

NOP - O

T7 thru TO

T7 thru TO

T7 thrn T3



40

g0 T8

g5 T7

T4

T3

Tx

Tp

SKS 20001

xC24
rCz
sF1l
sF3
sHez
sla

‘Oxc

s0(1,3,4,5,6)
r02

Sks

Ar3
sA(0-2)
rA( " )
sA(3-23)
A" )
sB(0-2)
rB( " )
sB(3-23)
rB( " )

‘End

Pr3

sPO

rPO

sPl

rPl

sP2

rP2

ria
sP(3-14)
rP( " )
Sc
rS(1-14)
Sxp

sS1

sS2
sS(3=14)
Cxm
sC(0-23)
rc( t )
rla

rIx

rRc

sSk

rFl

sF2

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

Skip if Overflow not set

T8(TsTsr)

dor8
(@0T8IaC2C508(C3+C4))
( " )
™
@0T81aC2C5C8(C3+C4)
(@0T8IaGO)C2
0xcC(3,5,6,7,8)
Oché__ —
(glogl§)9230f
(01020304)Q1 .
A(21-23)AnrAr3

KK n ) "

= A(0-20)Ar3

=K(" )"

= B(21-23)BnrAr3

= 'g'( " ) 1"

= B(0-20)Ar3

='F( n ) "

@58c23

(PIZPI3P14)Q2F1
P(0-11)Px3

=‘P( " ) " —-‘
T4(End+F1F2)Int
Sc

n oW N BN B U NR.AN

P(0=~11)Sxp
EndGOTsm(Tr+Tp)
M(0-23)Cxm
Q.EK " ) "

= TrFl’
Tr(F1F3)(G5Ht)
Tr
#50104A00TrSks
TpEnd§R

TpSk _._
TpEndSk

Tp@1 (GOHE)

Tp

TpEndgi

Oc

Oc

Ly 00w nn

66

(F1G0)Q2
(FlGO(giBZEEEE))(plz$(p13p141a))

( " ) (FIE(P13P14Ta))
( " ) (PLIP(Pl4Ia))

( " ) (PTX¥D(P14Ia))

( " ) (Pl&ia)

( " ) (P14 a)

T3TEE(End+JuEE§)Go+§§§§}
(F160(02040506) ) (P1 14Ia))Sxp
( " ) (PL4ELa) Sxp

SKS 5

Set = P+l - P reset overflow 1 Cﬁ‘%e

Reset = P42 —» P

#5 next (T7)

2 Cycles

initiate P register increment

C(3-8) — O instruction to O register

Overflow not set

Recirculate A

Recirculate B

last cycle

P+1 5P

Clear §

M-C

Skip 1if Sks

T7 thru TO

T7 thru TO

T7 thru T3

Tr + Tp

@0 next clock (T8) if Sk not set
@7 next clock (T8) if Sk set

NOP (20) — O



@7

T8

T7

T4

T3

TO
Tr

Ip

rC24

Ck

End

sla

Ar3
sA(0-2)
rA( " )
sA{3-23)
rAC " )
sB(0~2)
rB( n )
sB(3~23)
rB( " )
€r3
8C(3-23)
I‘C( " ) .
Pr3

sPO

rP0O

sPl

rPl

sP2

rP2

rla
sP(3-14)
rP( " )
Sc .
rS(1-14)
Sxp

sS1

sS2
sS(3=14)
rSk

Cxam
sC(0=-23)
I‘C{ " )
rla

rlx

rRe

sCp
rF(1-3)
rRE

rJu

Oc
r0(1,3,4,5,6)
s02

8 R B B R BB D B DB A DB GE B

BECEEEEEE S EEEEEEEEEE RN

R

T8(TsTsx)
@#7T8Ts
F1F2

(01020304)Q1

A(21-23)AnrAr3
X( n ) t
A(0-20)Ar3
A" )"
B(21-23)BnrAr3
E( 11] ) n
B(0=20)Ar3

‘lg‘( ”" ..2 "
@705(TsQl)
c(0-20)Cr3

‘C'( n ) n
(F1G60)Q2

" ) (

" ) (P13XP141a))
" ) ( " )
" ) (P14l a)

( " o)
(PIZPI3P14)Q2F1

P(0-11)Pr3

'P{ " —_)—_H

T4EndInr

Sc

T3IntEndGO _

(F1GO (02040506) ) (PLIP(PL4Ia))Sxp
( " ) (PL43Ia) Sxp
P(0~11)Sxp

@710

EndGOTsm(Tr+Tp)

M(0=23) Cxm

ﬁ( " ) "

TrFl

Tr(F1F3) (GOHt)

Tx

M24CxnHETSTp

TpEnd§k
Tp@1 (GOHLt)

NN NN

67

((F1G0) (02040506) ) (PLaB(P13P141a))
i )

Last Cycle

SKS 6

Initiate P register increment

Recirculate A

Recirculate B

0-¢C

P+l —» P

Clear S

P -5
Reset skip

M-C

Initiate parity

#0 next clock (T8)

NOP —» O

T7 thru TO

T7 thru TO

T7 thru T3



40

g0 T8

g5 T7

T4

T3

Tr

Tp

SKS 20002

rC24

rCz

sF1l

sF3

sHz

sla

Oxc
s0(1,3,4,5,6)
102

Sks

Ar3
sA(0-2)
rA( " )
sA(3-23)
rA('" )
sB(0-2)
rB( 1] )
sB(3-23)
rB( 1] )

‘End

Pr3

sP0O

rPO

sPl

rP1l

sP2

rP2

rla
sP(3~14)
rP( " )
Sc

S (1l-14)
Sxp

sS1

sS2
sS(3~14)
Cxm
sC(0-23)
rc( " )
rla

rIx

rRc

sSk

rFl

sF2

rF3

rRf

rJu

Oc
r0(1,3,4,5,6)
802

Skip if Interrupt Disabled

T8(TsTsr)
gors

( " )
™
@0T81aC2C5C8(C3+Ch)
(#0T8IaGo)C2
0xcC(3,5,6,7,8)
Ochlf___ _

10 22En
(01020§OA)Q1
A(21-23)AnrAr3
x( " ) 1]
= A(0-20)Ar3
=KC" )"
= B(21+23)BnrAr3
- 3{ 1] ) n
= B(0-20)Ar3
= B‘( —ll ) 1"
= (5B8c23
(F1G0)Q2

( " Y(P14Ha)
( " -, )(Plila
(PIEPI3PI4)QZF1
P(0~11)Pr3

g-P( " ) " _
T4(End+F1F2) Inr

Sc

P(0~11)Sxp
EndGOTsm(Tr+Tp)
M(0=-23)Cxm
?'HK " ) "o,

= TrFl

= Tr(F1F3) (GOHt )
= Ty —— -
= @50104A00TrSks
= TpEndSk

= TpSk ___

= TpEndgk

= ‘TpP1 (GOHt )

= Tp -

= TpEndSk

= QOc

= Oc

% nnn 9w

68

(F160( 06)) (P1ZXP13Pl4la))

( " ) (PTER(P1I3P141a))
( " ) (P13 Pl4Ia))
( " ) (PIBXP1l4Ia))

T3TRE (End+Jukax) cmﬁ
(F1G0(02040506) ) (P1 14Ia))Sxp
( " ) (Pl43Aa) Sxp

SKS 7

Engbled = P+l — P 1 Cycle
Disabled = P+2 —» P 2 Cycles

@5 next (T7)

initiate P register increment
C(3-8) — O instruction to O register

Interrupt disabled

Recirculate A T7 thru TO
Recirculate B T7 thru TO
last cycle

P+l - P T7 thru T3
Clear §

PS8

M->C - Tr + Tp
Skip 1f Sks

#0 next clock (T8) if Sk not set
#7 next clock (T8) if Sk set

NOP (20) — 0



g7 T8

T7

T4

T3

TO
Tr

Tp

rC24
Ck

End

sla

Ar3
sA(0-2)
rA( ")
sA(3-23)
I‘A( " )
sB(0-2)
rB( " )
sB(3=-23)
I'B( 1" )
Cr3
sC(3-23)
rC( " )
Pr3

sP0

rPO

sPl

rPl

8P2

rP2

rla
sP(3-14)
rP( 1" )
Sc
rS(1-14)
Sxp

sS1

sS2
sS(3-14)
rSk

Cxm
sC(0=-23)
rC( 1] )
rla

rlx

rRe

sCp
rF(1-3)
rRf

rJu

Oc
r0(1,3,4,5,6)
802

T8(TsTsr)
= §7T8Ts
= F1F2

Tﬂﬁg@
(01028304)Q1

= A(21-23)AnrAr3

= I( " ) 1"

= A(0-20)Ar3
=X(" )"

= B(21-23)BnrAr3
=B( " ) "

= B(0=-20)Ar3

= 'B'( ” ) n

= #705(TsQl)
= C(0-20)Cr3
"-C( 11 ) "
= (F1G0)Q2

(PIZPI3P14)Q2F1
= P(0~11)Pr3

ﬂ'P( 1] ) 11}
T4EndInr

Sc
T3IntEndGQ

g a8 nn g8
AN AN

( "
P(0~11)Sxp
@710
EndGOTsm(Tr+Tp)
M(O-23)me
ﬁ( " "

TrFL
Tr( )(Gai t)

M24meHthTp
TpEnd8k
rpn Ht)

TpEnd§E
Oc
Oc

(r1c0)('§'253 06)) (P12P(P13P141a) )
)

)(

)(
) (Pl4dXa)
)( B | )

(F160(02040506) ) (PLIB(PL4Ia) )Sxp

) (P14PLa) Sxp

69

) (P1¥XPl4Ia))

Last Cycle

SKS 8

Initiate P register increment

Recirculate A

Recirculate B

0 -C

P+l -5 P

Clear S

P S
Reset skip

M5C

Initiate parity
@0 next clock (T8)

NOP —-» 0

T7 thru TO

T7 thru TO

T7 thru T3



SKS 9

40 SKS 20004 Skip of Interrupt Enabled Disabled = P+l —» P 1 Cycle
) Enabled = P+2 — P 2 Cycles
#0 T8 rC24 = T8(TsTsr)
rCz =gor8 _
sF3 = ( " )
sHz = T8 _
sla = ¢0T81§§§535§(C3¥§Z) initiate P register increment
Oxc = (#0T8IaGO)C2
s0(1,3,4,5,6) = 0xcC(3,5,6,7,8) C(3-8) — O instruction to O register
r02 = OxcCh
Sks = (glOgTé)ng(En-l-@) Interrupts enabled
g5 T7 Ar3 = (01020304)Q1 ;
sA(0-2) = A(21-23)AnrAr3
;‘2%3"2;) :fgo ;2'0)3\1-3 "’ ' Recirculate A T7 thru TO
I'A( B ) - I( " ) " ’
8B(0~2) = B(21+-23)BnrAr3
1"t n 1
5323_2%) :ggo-zo)iﬂ ' Recirculate B T7 thru TO
rB( " ) =‘B‘( " ) 1} ..
‘" End = @§58c23 - last cycle °
Pr3 = (FlGO)gZ
sPO = (F1GO( 06)) (Pl P13Pl41a))
rPO = ( " . )(PI%PI?PMI&))
Pl = ( " ) (P1ID(Pl41a)) -
rprl = ( " )(ﬁ%ﬁiﬁg)) P+l - P T7 thru T3
sP2 = ( " Y(Pl4pHa)
rP2 = ( " Y(P a
rla = (PTZPI3P14)Q2F1
sP(3-14) = P(0-11)Pr3
I'P( ”" ) -Y(," ) nﬂ
T4 Sc = T4(End+F1F2) Inr a
rS(1l-14) = Sc Clear 8
T3 Sxp = T3Int (End-hJufax)GO+T
sS1 = (F1G0(02040506) ) (P13P(P14Ia) )Sxp
sS2 = ( " ) (P14PIa) Sxp PS8
sS(3=14) = P(0~11)Sxp
Tr Cxm = EndGOTsm(Tr+Tp)
sC(0=~23) = M(0-23) Cxm M-C Tr + Tp
rc( " ) =HM(C" )"
rla = TrFl
rIx = Tr(F1F3) (COHt)
rRc = Tr -
sSk = ¢5015§_AO0Tr5ks Skip if Sks
e :i; - %ggﬁd k . #0 next clock (T8) if Sk not set
tF3 = TpEndSk @7 next clock (T8) if Sk set
rRf = TpBl(GOHt) ’
rJu = Tp
Oc = TpEndSk .
r0(1,3,4,5,6) = Oc NOP (20) — 0O
802 = QOc

70



g7 T8

T7

T4

T3

TO
Tr

iy

rC24

Ck

End

sla

Ar3
sA(0-2)
rA( n )
sA(3-23)
rA( " )
sB(0~2)
IB( " )

sB(3-23)

tB( n )
Cr3
8C(3-23)
rC( " )
Pr3

sPO L)
rP0

8Pl

rPl

sP2

rP2

rla
sP(3-14)
rP( " )
Sc
r3(l=14)
Sxp

sS1

sS2
s8(3-14)
Sk

Cxm
sC(0-23)
rc( 11) )
rla .
rix

rRc L
5Cp
rF(1-3)
rRE

rJu

Oc

r0(1,3,4,5,6)
° 802

T8(TsTsrx)
@#718Ts
F1F2

T8@78
(01020304)Q1 ,
A(21-23)AnrAr3

- I( n ) e

A(0-20)Arx3

=K( " ) "

B(21-23)BnrAr3

= 'B( " ) "

B(0~20)Ar3

’F( ” ) "

#70% (TsQ1l)
c(0-20)Cx3

“t( \1} ) "

NN NN N

(F1G60)Q2
((F1G0) (02040506) ) (PL2g(P13P141a))
1 ) ( LAJ )

" ) (P13XPl4Ia))
"¢ m )
" ) (Pl4gia)

" ) ( Y )
(PIZPIEPIK)Q2F1

P(0-11)Pr3

B'P( " ) n

T4EndInT

Sc

T3IntBndGO
(F160(020%0506) ) (P133XP14Ia) ) Sxp
( " ) (P146ELa) Sxp
P(0~11)Sxp

@710

EndGOTsm(Tr+Tp)

= M(0~23) Cxm
q 'ﬁ( " ) "

Tr ‘
M24CxmAtTsTp
TpEn: '
Tp¥1 (GOMt)

T

P
TpEndSk

Oc
Oc:

71

Last Cycle

SKS 10

Initiate P register increment

Recirculate A

Recirculate B

0 -C

P+l P

Clear S

P -S
Reset skip

MaC

Initiate parity
@0 next clock (T8)

NOP —» 0

T7 thru TO

T7 thru TO

T7 thru T3



40

@0 T8

gs 17

T4
T3

Tr

SKS 20010

rC24

rCx

sFl-

s¥3

sHz

sla

Oxc
80(1,3,4,5,6)
02

- 8kr

Sks

Ar3
sA(0-2)
rA( ")
sA(3-23)
rA( " )
sB(0~-2)
rB( " )
sB(3-23)
l‘B( " )
End

Pr3

sP0

rPC

sPl

rPl

8P2

P2

rla
sP(3-14)
rP( 1] )
Sc
r8(1-14)
8xp

881

852
85(3~14)
Caam
5C(0-23}
w@(" )
rla

i

s¥2

r¥3

<At

rJu

Oc
r0(1,3,4,5,6)
202

W Buffer Error Test

- TB(TsTsr)

= PoT8

= (P0T8TaC2C5CB(TI+TR))
- ( " )
= T8

= @0T8Yal2C5CB(C3+Ch)

= (#0T8Yaco)T?
OxcC(3,5,6,7,8)

0xcCh

Cl0CI1Cc20WeCT

Skrz
(0105504)(11

A(21-23)AnTAr3
_r( 1"t ) "
= A(0-20)Ar3

- I( n ) "

= B(21-23)BnrAr3
.‘E( " ) 11}
= B(0-20)Ar3
5‘5( " ) n

= (F160)
= (F1G0(
= ( " ) (

" ) (Pl4gxa)
) (F1ZYa)

B
T4 (End+¥F1F7) o

Sc

T3Tnt( YGO+T
(nm(m )(P1
- ( n

= P(0-11)Bxp

= BndCOTS®(Tr+Tp)
= M(0-23)Cxm
=H(" )"

= TrFl

= Tz (FIFY) (Biic)
- Tr O

= #5010% 00Ty Sks
= TpEndSk v

= TpSk

= TpEndSk .

= TpBT(HE)

- Tp *

- 'L'pEndSE

= Oc

= Qc¢ 72

" ) (P13 Pl4la))
) (PTXXPIZTaE) )

SKS 11 .

Error = P+ 1 5P
No Error =P + .2 - P

1 Cycle
2 Cycles

@5 next (T7)
Initiate P register increment

C(3-8) -0 instruction to O register

No Error Detected

Recirculate A T7 thru TO

Recirculate B T7 thru TO

Last cycle

06)) (PLX(P13P1l4Ia))

a))

P+l P T7 thru T3

Clear §

141a) )Sxp
) (P14gRa) Sxp

P oS

M-C Tr + Tp

Skip if Sks

#0 next clock (T8) if Sk not set
#7 next clock (T8) if Sk set

'NOP (20) —0



@7 T8

T7

T4

T3

TO
Tr

Tp

rC24

Ck

End

sla

Ar3

sA(0-2)

rA( ")

sA(3-23)

rA( " )

8B(0~2)

rB( " )

8B(3-23)

rB( 1] )

Cr3

sC(3-23)

rc( " )

Pr3

sPO

PO

sPl

rPl

sP2

rP2

rla .

sP(3-14)

rp( 11 )

Sc

rS{1-14)

Sxp

aSl

882

88(3~14)

sk

Cxm

aC(0-23)

re( " )

rla

rlx

rRe

sCp

rF(1-3)

rRf

rJu

Oc

t0(1,3,4,5.,6)
2

802

T8(TsTsr)
@778Ts
F1F2

Té@lﬁg,@
(01020304)Q1

= A(21-23)AnTAr3
"I( " ) "
= A(0-20)Ax3

- (n ) 1]

= B(21~23)BnTAr3
’F( " ) "
= B(0-20)Ar3
’F( " "

= @705(Teql)

= C(0-20)Cr3

- U( " ) "
(F1G60)Q2

" Y(P1XP(P1l41a))
" ) ( a))
" ) (PL4Ea)

" ) (PTZX &)
(FT2PI3FIZ)Q2F1

= P(0-11)Pr3
.‘F( " ) "
= T4EndInr
m S¢ '
T3TAtEnd :
(F160( 06)) (PLIAP(P141a))Sxp
= ( " ) (P14PLa) 8xp

= P(0-11)Sxp

= §7T0

= EndGOTsm(Tr+Tp)

= M(0~23)Cxm

,,m "oy

= TrF

- rr(%ﬁi)(ﬁuc)

w Tr

= M24CxmltTsTp

- TpEndg
= TpP1(GOHt)

= Tp
= TpEndfk
=-0Oc
= Q¢

NN N NN

73

((P160) (8%B48506) ) (P12 P13P141a))
" ) (PFTIXPI3PIZTa))

SKS12

Last cycle
Initiate P register increment

Recirculate A T7 thru TO

Recirculate B T7 thru TO

0 -C

P+l - P T7 thru T3

Clear S

P -S
Reset skip

MaC

Initiate parity
#0 next clock (T8)

NOP -0



40

‘@0 T8

g5 717

T4

T3

Tr

Tp

SKS 20020

rC24
rCz
sFl
s¥3
sHz
sla.

‘Oxc

80(1,3,4,5,6)
102

- Skr

Sks

Ar3
sA{0=2)
TA( ”" ),
sh(3-23)
tAC Y )
sB(0-2)
rB( "_)
sB(3-23)
B Y )
End .
Pr3
sP0

. *PO

sP1l
rPl
8P2
TP2
rla
sP(3~14)
rp( Li] )
Sc
r$(1-14)
Sxp
sS1
882
85(3-14)
Cxan
8C(0-23)-
(" )
rla
rlx
TRhe
s8k
Fi
sF2
73
TRE

o xdu

Oc
r0(1,3,4,5,6)

02

Y Buffer Error Test

- TB(TsTsr)

= @OT8

= (#0T8TaC2C5CB(TI+TR))
- " )
= T8

= @0T8YaC285TB(C34C4)
= (PoT8Yaco)T2

= OxcC(3,5,6,7,8)

a Oxclh

= C10CI1Cl9YeCl

= Bkrz

= (01020304)Q1

= A(21=23)AnrAr3

_T( " ) "

= A(0-20)Ar3

= K( n ) "

» B(21~23)BnrAr3

-‘ﬁl " ) 1]

= B(0-20)Ar3

) 1"

« " )(

= (F1G0)
gr100(§§8283533)(912&19139141a))

a))

o (A

) (P13P(Pl4la))

P(0-11)Pr3
r'( " ) 11}
T4(End+¥1F2) Int

Sc
T3Int( )G0+§;§§%
(rlco(ggg*§§§%§)(rl 4Ia))Sxp

) (P14BIa)Sxp

( "
P(0-11)8xp
EndGOTsm(Tr+Tp)
M(0-23)Cxm

)Ol
TrFl
Tx(¥IF3) (BVHe)
Tr
#5010%A00TrSks
TpEndSk
TpSk
TpEndSk
TpBT (&)
Ip
TpEndSk

= Oc
= Q¢ . 74

SKS 13

1 Cycle
2 Cycles

Error =P+ 1 - P

No Error = P + 2 —» P
]
L)

@5 next (T7)

Initiate P register increment

C(3~8) -0 instruction to O register

No error detected

Recirculate A T7 thru TO
Recirculate B T7 thru TO
Last cycle

P+1L - P T7 thru T3
Clear §

P 5S

M-C Tr + Tp
Skip if Sks

@0 next clock (T8)\i£ Sk not set

#7 -next clock (T8) if Sk set

NOP (20) -0



g7 18

T7

T4

T3

TO
Tr

Ip

rC24

Ck

End

sla

Arld
8A(0-2)
tA( 1] )
sA(3-23)
tA( " )
s3(0-2)
23( 1] )
8B(3~23)
rB( " )
Cr3
&8C(3~-23)
rc( " )
Pr3

sPO

rPO

sPl

rPl

sP2

rP2

rla
sP(3-14)
rP( " )
Sc
rS{1-14)
Sxp

aS1

8S2
88(3~14)
rSk

Cxm .
8C(0-23)
rC( " )
rla

rix

TRe

sCp
rF(1-3)
rRf

rJu

Oc
r0(1,3,4,5,6)
802

T8(Ts!sr)
@718Ts
F1F2 Last cycle

SKS 14

Tﬂ% ' Initiate P register increment
(olo 4)Ql

A(21-23)AntAr3
EEO-QO).{ﬂ o Recirculate A
zx »” ) n oo
B(21-23)BATAr3
‘K " ) "
B(0-20)Ar3 Recirculate B
!K " ) "
g705(TsQl)
C(0-20)Cr3 0 =C
CK 1] ) 1 -
(F160)Q2
¢ (r160) (TR506)) (PLAXP13P141a))
) (PIZXPTIPILYE))
" ) (PLXP(Pl4Ia)) .
" ) (PTHXPTGTa) ) P+l - P
" ) (P14fLa)
! ) (PT&PKa)
(PTZPI3PI4)Q2F1
P(0-11)Pr3
!K " 1]

T4EndIny
Sc ™ Clear 8

T3TntEnd
(F1G0 (&5%55) ) (P13 Pl4la) )Sxp

( " ) (P14 a)Sxp P S
P(0-11)Sxp

é710 Reset skip
EndGOTsm(Tr+Tp) .
M(0~23)Cxm MC

’R " ) " . )

TcF

Tr( F3) (C0Ht)

H24deﬂET'Tp  Initiate parity
§§§¥?oouc) #0 'next cloFk (T8)
Tp

TpEndSk

Oc NOP - 0

Qc

PN NN N N

75

T7 thru T0

T7 thre T0

P77 thru I3



SKS 15

40 SKS 20040 Skip if Break Point 4 not set BP4 set = P+l - P 1 Cycle
BP4 reset = P+2 - P 2 Cycles
@0 T8 rC24 = T8(TsTsr)
rCz = goT8
sF1 = (@OT8IaC2C5C8(C3+C4h))
oF3 - ( . ) @5 next (17)
sHz = T8
sla = @OT8IaC2C5C8 (C3+Ch) initiate P register increment
Oxc = (#018TaG0)C2
s0(1,3,4,5,6) = OxcC(3,5,6,7,8) C(3-8) — O instruction to O register
r02 = OxcC4__
Sks = (c1og1%)p18€BL Break Point 4
g5 T7 Ar3 = (01020304)Q1 '
sA(0-2) = A(21-23)AnrAr3 -
!.'A( 1" ) = I‘( 1" ) (1] . .
sA(3-23) = A(0-20)Ar3 Recirculate A T7 thru TO
I'A( Al ) - ‘K‘( " ) "
sB(0~2) =_§(21-23)§EEAr3
I’.'B( " ) = ( " ) n .
sB(3-23) = B(0-20)Ar3 Recirculgte B T7 thru TO
rB( n ) =F( n ) 1"
‘End = @5Bc23 last cycle
Pr3 = (FlGO)gZ :
sPO = (F1GO( 06)) (PLIEXPL3P1l41a))
rPO = ( " ) (P1EP(P13P1l41a))
sPl = ( " ) (PLIP(Pl4sIa))
rPl = ( n )(lePIAIﬂ)) P+1 - P T7 thru T3
sP2 = ( " Y (Pl a)
rP2 = ( " (P a
rla = (PIZPI3P14)Q2F1
sP(3~14) = P(0-11)Pr3
rP( " ) ="P( " ) "
T4 Sc = T4(End+F1¥2)Inr
£S (1-14) = Sc Clear §
T3 Sxp ~ T3Tnt (M)cmgﬁ
sS1 = (F1G0(02040506)) (P13 4Ia))Sxp
sS52 = ( " Y (P14HIa) Sxp P S
sS(3~14) = P(0~11)Sxp
Tr Cxm = EndGOTsm(Tr+Tp)
sC(0-23) = M(0-23) Cxm M —C Tr + Tp
!‘C( " ) nﬁ( 1" ) "
rla = Tr¥F1l
¥lx = Tr(F1F3) (GOHt)
tRc = Tr
85k . = $50104A00TrSks skip if Sks
e :g; : £:§Ed$k ' #0 next clock (T8) if Sk not set
F3 = TpEndSx R @7 next clock (T8) if Sk set
rRf & TpO¥l (GOHt)
rJu = Tp
Oc = TpEndSk
r0(1,3,4,5,6) = Oc NOP (20) -0
802 = Oc

76



47 T8

T7

T4

T3

TO
Tr

Tp

rC24

Ck

End

sla

Axr3
sA(0-2)
rA( " )
sA(3-23)
rA( 1" )
sB(0~2)
rB( " )
sB(3-23)
rB( " )
Cr3
sC(3~23)
rc( " )
Pr3

sP0

PO

sPl

rPl

8P2

P2

rla
sP(3-14)
rP( " )
Sc
r3(1=14)
Sxp

sS1

sS2
sS(3~14)
Sk

Cxm
sC(0=-23)
tC( [1] )
ria’ )
rix

tRe

sCp
rF(1-3) -
rRE

rJu

Oc
t0(1,3,4,5,6)
802

= K( "

T8(TsTgx)

g718Ts
F1F2

ngzgg;jggi
TAr3

(o1o

04)Q1
= A(21-23)
= X(
= A(0-20)Ar3

)

)"

= B(21-23)BnrAr3
= B(
= B(0~20)Ar3

BF( "

)

)"

= §705(TsQl)

Last Cycle

SKS 16

Initiate P register increment

Recirculate A

Recirculate B

= C(0-20)Cr3 0-C
35Ny
= (F
- E(FlGO)( 02043506 ))EPlZEKP13P14Ia))
- ) " )
= ( " ) (P1X¥EXPl4sIa))
- " ) T——_——"~«——~) P+l - P
= ( " ) (Pl4gXa)
= ( n )( 114 >
= (PIZPI3P14)Q2F1
= P(0~11)Pr3
_'p( " ) 11]
: gznndfﬁ? Clear S
= T3I0€EndGO
= (F1G0(02040506) ) (PL3H(PL4Ia) )Sxp
= ( n Y (PLl4ETIa) Sxp P S
= P(0-11)Sxp
= §7TO Reset skip
= EndGOTsm(Tr+Tp)
M~C

= '¥(Fn ) 1]

= Tr

- Tr(éﬁﬁ) (GOHt)
= Tr

= M24meHET§Tp
= TpEn

- Tpaiqgaﬁ_)

- '[’p

= TpEndSk

= Oc

= Oc

77

Initiate parity
@0 next clock (T8)

NOP —» 0O

T7 thru TO

T7 thxu TO

T7 thru T3



40

go T8

¢s T7

T4

T3

Tr

Tp

SKS 20100

rC24

rCe

sF1

sF3

sHz

sla

Oxc
s0(1,3,4,5,6)
r02

Sks ¢
Ar3,
sA(0-2)
I‘A( " )
sA(3-23)
I‘A('" )
sB(0-2)
rB( " )
sB(3-23)
!.'BV( " )
‘End

Pr3

sPO

rPO

sPl

rPl

sP2

rP2

rla
sP(3=-14)
rP( " )
Sc
rS(1-14)
Sxp

sS1

sS2
sS(3~14)
Cxm
sC(0-23)
rc( " )
rla

rIx

rRc

sSk

rF1l

sF2

rF3

rRf

rJu

Oc
r0(1,3,4,5,6)
802

Skip if Break Point 3 not set

= T8(TsTsr)
= got8 _
(@0T8IaC2C5C8(C3+Ch)
- ( [}
-8
#0T8TaC2C5CE (C3+Ch)
(#0T8IaGO)C2
0xcC(3,5,6,7,8)
OxcCéh ‘
@%@&17@3
(01020304)Q1

"A(21-23)AnrAr3

)
)

= x( 1" ) n
= A(0-20)Ar3
=K )
= B(21-23)BnrAr3
__'B'( " ) n
= B(0=-20)Ar3
= F(l—_) ”"
= @5Bc23 ,
= (F1G0)Q2
= (F1GO( O6))(P1g P13P14]a))
= ( " (R P13P141a))
= ( " ) (PLIP(Pl41a))
= ( " ) (PTHXP141a))
= ( " ) (P14fXa)
= ( ! )(P a
= (PIZPIBPIZ)QZFI
= P(0-11)Px3
=‘P( 1" ) 1"

= T4(End+F1¥2)Inr

= Sc
- T3TﬁE(End+Jq§§§)GO+§§g59
(F160(33040506) ) (PLIXP141a))Sxp

( "o ) (P143a) Sxp
P(0-11)Sxp
EndGOTsm(Tr+Tp)
M(0~23)Cxm
BH( " ) 1]

= TrFl
Tr(FiFS)(EﬁHt)
= Tr
#50104A00TrSks
= TpEnd3k

= TpSk ___
TpEndSk

TpP1 (GOHt)

Tp -

TpEndSk

Oc

Oc

78

SKS 17

P+1 - P 1 Cycle

BP3 set . =
BP3 reset = P+2 - P 2 Cycles
#5 next (T7)

initiate P register increment
C(3-8) — O instruction to O register

Break Point 3

Recirculate A T7 thru TO

Recirculate B : T7 thru TO
last cycle

P+l 5P T7 thru T3
Clear §

P =S

M->C Tr + Tp
Skip if Sks

#0 next clock (T8) if Sk not set
#7 next clock (T8) if Sk set

NOP (20) -0



g7 T8

T7

T4

T3

T0
Tr

Tp

rC24
Ck

‘"End

sla
Ar3
sA(0-2)
rA( L3 )

‘8A(3-23)

rA( n )
sB(0~2)
rB( (1] )
8B(3-23)

'rB( []] )

Cr3
8C(3=23)

rC( " ).

Pr3
sPO
tP0
8Pl
rPl
sP2
P2
rla
sP(3-14)
rP( ")
Sc
rS(1~14)

. Sxp

sS1l
sS2
sS(3~14)
1Sk
Cxm
sC(0=23)

. rc( " )

rla
rix
rRe
sCp
rFr(1-3)
rREf
rJu

Oc

r0(1,3,4,5,6)
802

T8(TsTsr)
¢718Ts
F1F2

r&m@

(01020304)Q1
= A(21-23)AnrAr3

-‘K( " )
= A(0-20)Ar3
= 'K( n ) 1]

= B(21~-23)BnrAr3

“B( " )
= B(0-20)Ar3
=B(" )"

= $705(TsQl)

= P(0~-11)Sxp

= EndGOTsm(Tr+Tp)
= M(0-23) Cxm
.'E( n

-
=
-
o=
-
-

@710

TrF

Tr

TpEndSk

)"
Tr(F1F3 )(GOHt)

M24CxnfTETE Tp

Tp@1 (GOHE)

Tp
TpEndSk
Oc :
Oc

79

- m C(0=-20)Cr3
- trio0z
= (F
= ((FlGO)(“iolﬁso ))(Plzgxplapléla))
= ( )
= ( " (P13@XP141a))
= ( " )( " )
= ( " ) (Plidia)
= ( 11} )( L )
= (PI2PI3P14)Q2F1
= P(0-11)Pr3
o= 'F( 1] -)-—H
= T4EndInt
= Sc
= T3IntEndGO , B
= (F160(82040506) ) (P13@(P141a))Sxp
= ( " ) (P14pPLa) Sxp

Last Cycle

SKS 18

Initiate P register increment

Recirculate A

Recirculate B

P+% - P

Clear S

P 5

Reset skip

M-C

Initiate parity

@0 next clock (T8)

NOP - 0

T7 thru TO

T7 thru TO

T7 thru T3



8KS 19

40 SKS 20200 Skip if Break Point 2 not set ° BP2 set = P+l P 1 Cycle
BP2 reset = P+2 - P 2 Cycles
¢$0 T8 rC24 = T8(TsTsr)
xrCz = goT8 _
sF1 = (P0T8IaC2C5C8(E3+Ch)) @5 next (T7)
sF3 = ( " )
sHz = T8 -
sla = ¢0T81§_§—2C5-C—8(C3+Clt) initiate P register increment
Oxc = (#0T8IaG0)C2 . : '
s0(1,3,4,5,6) = 0xcC(3,5,6,7,8) G(3-8) - O instruction to O register
: r02 = OxcC4__ ' '
Sks = (glOglé}Qlé@Z Break Point 2
@5 T7 Ar3. = (01020304)Q1 :
sA(0-2) = A(21-23)AnrAr3
I‘A( n ) = K( n ) " i
sA(3-23) = A(0-20)Ar3 Recirculate A T7 thru TO
cA( " ) =X(" )"
sB(0=~2) = B(21-23)BnrAr3
rB( " ) = ‘B’( " ) n ‘
sB(3-23) = B(0-20)Ar3% Recirculate B T7 thru TO
X.‘B( " ) ag( " ) "
‘End = @5Bc23 last cycle
Pr3 = (FlGO)%.’!
sPO = (F1GO{( 06))(P1%P13P1413))
rPO = ( " Y(P P13P141a))
sPl = ( " Y(PLI(Pl4la))
rPl ' I ¢ " )(Pl%PlZIa)) PHl - P 17 thru T3
sP2 = ( " Y(Pl4Ka)
rP2 = ( " Y(P a
rla = (PIZPI3P14)Q2F1
sP(3-14) = P(0-11)Pr3
rP( " ) . “P( " )r;n r
T4 Sc = T4 (End+ )Inx
S (1-14) = Sc Clear S
T3 Sxp = T3m(End+Ju§a_x)G0+@
sS1l = (F160(52040506) ) (P1 141a))Sxp
s82 = ( " )y (PL4PLa) Sxp P —S
sS(3~14) = P(0=11)8xp
Tr Cim = EndGOTsm(Tr+Tp)
sC(0=-23) = M(0~23)Cxm MoSC Tr + Tp
I‘C( " ) = ¥(" ) "
rla = TrFl
rix = Tr(F1F3) (GOHt)
rRc = Tr
sSk = #50104AD0TrSks Skip if Sks
Tp rFl = TpEndSk
sF2 = TpSk - : $0 next clock (T8) if Sk not set
F3 = TpEndgk #7 next clock (T8) if Sk set
rRf = Tpm.( t) .
rJu ‘= Tp '
Oc = TpEndSk
r0(1,3,4,5,6) = Oc NOP (20) -0
sp2 = Oc

80



#7 T8 rC24

Ck
End
sla

T7 Ar3
sA(0-2)
TA( ")
sA(3-23)
IA( n )
8B(0-~2)
tB( " )
sB(3-23)
rB( 1] )
Cr3
8C(3-23)
tC( " )
Pr3
sP0
rP0
sPl
rPl
sP2
P2
rla
sP(3-14)
IP( " )

T4 Sc

' rS(1l«14)

T3 Sxp
sS1
sS2
sS(3=14)

TO 18k

Tr Cxm
sC(0-23)
rc( " )
rla
rix
tRe

Tp sCp
rF(1-3)
rRf .
rJu
Oc ;
x0(1,3,4,5,6)
802

T8(TsTsx)
#718Ts
= P1F2

T8Y78 .
(0102 Ql
= A(21-23)AnrAr3

-K( " ) 1"
= A(0~-20)Ar3
=K(" )"

= B(21-23)BnrAr3
«B( " ) "
= B(0-20)Ar3
-B(" )"

= @705 (TsQ1)
= C(0-20)Cr3
.‘c’( " ) "
= (F1G0)Q2

" )(PlSEXPlAIa )
T
" ) (Pl4ph a)

11} ) <—'-'ﬂ—_)
(PIZPI3PI4)Q2F1

= P(0~11)Pr3

LN D DA B B B
P Y atataye

= T3IntEndGO
= (F1GO(0 §EZO§O6))(PlKEKPl4Ia))Sxp
= ( " ) (P43 a) Sxp
= P(0~11)Sxp
- §710
= EndGOTsm(Tr+Tp)
= M(0-23)Cxm
-H( " ) ”

= TrF
- mﬁ 3) (GOHt )

= Tr

= M24anHtTSTp
- Tpm

L Tpn

= Tp

= TpEnd3k

= Oc :

= Qc

81

, ((r1co>(35'25§ 6))(_;z$xp13914xa))
.

SKS 20

Last Cycle
Initiate P register increment

Recirculate A T7 thru TO

Recirculate B T7 thru TO

0-C

P+l 2P T7 thru T3

Clear S

P S

Reset skip

MC

Initiate parity
#0 next clock (T8)

NOP - 0



40

@0 T8

@5 17

T4

T3

Tr

Tp

SKS 20400

rC24

rCz

sF1

sF3

sHz

sla

Oxc
s0(1,3,4,5,6)
r02

Sks

Ar3

sA(0-2)
I'A( " )
sA(3-23)
A( " )
8B(0~2)
rB( ”" )
sB(3-23)
I.'B( " )

‘End

Px3

sPO

rP0O

sPl

rPl

sP2

rP2

rla
sP(3-14)
I'P( ] )
Sc
rS(1-14)
Sxp

sS1

sS2
sS(3=~14)
Cxm
sC(0=-23)
rc( " )
rla

rIix

rRc

sSk

rFl

sF2

rF3 !
rRf ¢
rJu

Oc
r0(1,3,4,5,6)
802

Skip if Break Point 1 not set

_I‘( "

T8(TsTsr)
@#0T8

($0T8TaC2THTB(CI4TE) )

( "
T8

)

@0T8IaC2C5C8 (C3+Ch)

(#0T8IaGO)C2
0xcC(3,5,6,7,8)
OxcCéh4

(gogT% )C15KDL
(01020304)Q1
A(21-23)K§EAr3
I( " ) 11}
A(0-20)Ar3

" .
B(21-23)BnrAr3

= F( " ) "

"F( "

=*P( "

9 B 088 § ¥ 88 2B RN NU BME

n’( "

B(0~20)Ar3
) "
gsBc23

(F1G0)Q2
(mco(%iM)) (P12XPL3P14Ia))
) (PIBXPI3P141a))

11

SN NN N

( 1"
(PIZPI3P14)Q2F1
P(0-11)Pr3

) "
T4(End+F1F2) Inr
Sc

( 1"
P(0~11)Sxp
EndGOTsm(Tr+Tp)
M(0=23) Cxm

) "
TrF1
Tr (F1F3) (GOHt )
Tr ——
@#50104A00TrSks
TpEnd3k
TpSk __
TpEndgk
TpP1 (COHE)
Tp -
TpEndSk
Oc
Oc

) (PLED(P1l4Ia))
) (P Pl4la))
) (Pl4pha)
)(P a

T3TEE(End+Ju§E§)Go+T3€E)
(F1G0(02040506) y (PLIF(PL41a))Sxp
) (P14Pra) Sxp

82

SKS 21

BP1l set = P+l P
BPl reset = P42 — P

1 Cycle
2 Cycles

@5 next (T7)

initiate P register increment
C(3-8) — O instruction to O register

Break Point 1

kecirculate A T7 thru TO
Recirculate B T7 thru TO
last cycle

P+1 - P T7 thru T3
Clear §

P -8

M —C Tr + Tp
Skip 1f Sks

#0 next clock (T8) if Sk not set

@7 next clock (T8) if Sk set

NOP (20) —» O



@7 T8

T7

T4

T3

TO
Tx

Tp

rC24

Ck

End

sla

Ar3
sA(0-2)
rA( n )
sA(3-23)
Z‘A( n )
8B (0~2)
t’B( " )
sB(3-23)
rB( " )
Cr3
8C(3-23)
tC( ”" )
Pr3

sP0

rP0

sPl

rPl

sP2

rP2

rla
sP(3-14)
rP( " )
Sc
rS(l“l‘G) )
Sxp

sS1l

sS2
5S(3=14)
Sk -
Cxm
sC(0-23)
rC( ] )
rlia

rix

rRe

sCp
r¥F(1-3)
TR

rJu

Oc

r0(1 3,4,5, 6)

- TG(ngsr)
= @7T8Ts
= F1F2

(01020304)Q1

= A(21-23)AnrAr3

= X( " ) 1"
= A(0-20)Ar3

. I( n ) "

= B(21-23)BnrAr3
- g( " ) n

= B(0-20)Ar3

- 'g( 1] ) "

= @765 (TsqQl)
= C(0-20)Cr3
= ‘C'( [1] ) ”"n
(F1G0)Q2

NSNS\

P(0-11)Pr3
""P( 111 —)._"
= T4EndInr
Sc
T3IntEndGO

"
P(0-~11)Sxp
@710

= M(0-23)Cxm
.,'g( n ) "
=" TrF
Tr(F1F3)(GOHt)
- Tr
M24CxmHETSTp
= TpEndSk
= Tp@l (GOHE)
-Tp

TpEndSk
= Q¢ .
= Oc

i

(?IE?TB?TZ)erl

EndGOTsm(Tr+Tp)

((¥1G0) (0 5 40506 ))(PlZﬁXPlBPl&Ia))

Pl}EKPIAIaZ)

)(Plﬁila)
Y™

(F1G0(320Z0506) ) (PLIINP14Ia) ) Sxp

) (PL4PIa) Sxp

83

Last Cycle

SKS 22

Initiate P registet increment

Recirculate A

Recirculate B

P+l - P

Clear S

P -5
Reset skip

M-C

Initiate parity

@0 next clock (T8)

NOP - 0

T7 thru TO

T7 thru TO

T7 thru T3



40

@0 T8

T4

T3

Tr

Tp

SKS 21000

rC24

rCz

sF1l

sF3

sHz

sla

Oxc
s0(1,3,4,5,6)
r02

Skr

Sks

Ar3
sA(0-2)
rA( " )
sA(3-23)
rA( " )
sB(0-2)
I.'B( " )
sB(3-23)
rB( " )
End

Pr3 .

sPO

rPO

sPl

rP1l

sP2

rP2

rla
sP(3-~14)
rP( " )
Sc
rS(1-14)
Sxp

sS1

sS2
sS(3-14)
Cxm
sC(0-23)
X.'C( "oy
rla

rIx

rRc

sSk

rFl

sF2

rF3

rRf

rJu

Oc
r0(1,3,4,5,6)
sO02

Skip if W Buffer Ready

wwononu

| A DN M N (O O |

[N R A A O T IR | B T

ooy onow NN

]

T8(TsTsr)

@oT8
(@OT8TaC2C5CB(C3+CB))
( " )
T8
@0T8TaC2C5C8(C3+Ca)
(@0r8TaGco)C?
0xcC(3,5,6,7,8)

0xcCh

Skrz

(01020304)Q1

A(21-23)AnrAr3

T( " ) "

A(0-20)Ar3

A ) r

B(21-23)BnrAr3

i( 1" ) "

B(0-20)Ar3

'}'3"( " ) "

@5B8¢c23

(F1G0)Q2
(F160(02040506) ) (P1AIX P13P141a))
( " ) (PFTRXPI3PT4Ta))
( " ) (P13IXPl4la))
( " ) (PTXPI4Ta))
( " )(Pl4gxa)

{ " ) (PIZETa)
(PT2PI3P14)Q2F1

P(0~11)Pr3

P‘( " ) "

T4(End+F1F2) Int

Sc
T3Tnt (End4Jufax)GO+T13

(F160(02040506) ) (P1¥D(P141a))Sxp
( " ) (P14&PIa) Sxp

P(0-11)Sxp
EndGOTsm(Tr+Tp)
M(0-23)Cxm

n'( n ) "

TrF1 )
Tr(¥FIF3) (80HL)

Tr

#50104A00TrSks
TpEndSk '

TpSk

TpEnd3k
TpPT(E0HE)

Tp

TpEndSk

Oc '
Oc 84

SKs 23

Not Ready = P + 1 —» P 1 Cvcle
Ready = P + 2 - P 2 Cycles

@5 next. (T7)

Initiate P register increment

C(3-8) -0 instruction to O register

Buffer ready (disconnected)

Recirculate A T7 thru TO
Recirculate B T7 thru TO
Last cycle

P+l -5 P T7 thru T3
Clear S’

P ->S

M-C Tr + Tp
Skip if Sks

@0 next clock (T8) if Sk not set
@7 next clock (T8) if Sk set

NOP (20) — 0



@7

T8

T7

T4

T3

TO
Tr

Tp

rC24

Ck

End

sla

Ar3
sA(0-2)
I‘A( " )
sA(3-23)
L‘A( " )
sB(0-2)
rB( (1] )
sB(3-23)
rB( " )
Cr3
sC(3-23)
rC( " )
Pr3

sPO

rPO

sP1l

rP1

sP2

rP2

rla
sP(3-14)
rP( " )
Sc
rS(1-14)
Sxp

sS1

§S52
sS(3-14)
rSk

Cxm
sC(0-23)
rc( " )
rla

rlx

rRc

sCp
rF(1-3)
rRf

rJu

Oc
r0(1,3,4,5,6)
s02’

o

wonwononowonowononon o of

1

LN I A A R A A A

o
“

'
4

Wonoi

T8(Tsfsr)
@718Ts

F1F2

T8@¢7Sk
(01020304)Q1
A(21-23)KnTAr3
K( 1] ) "
A(0-20)Ar3
‘A‘( 1" ) "
B(21-23)BnrAr3
'E‘( " ) "
B(0-20)Ar3
‘E'( 1" ) "
@705(TsQl)
C(0-20)Cr3

( " ) "
(F1G60)Q2

SKS 24

Last cycle
Initiate P register increment

Recirculate A T7 thru TO
Recirculate B T7 thru TO
0 5C

((Flco)(6“823§ 6) ) (PLAP(P13P14Ia))

(
( "
( "
(

"
( "
(PT2PI3PIZ)Q2F1
P(0-11)Pr3

‘?{\ " ) "
T4EndInr

Sc

T3TntEndGO

) (PTXPI3PI4Ta))

§§§%§§§§%§§§§§ P+l - P T7 thru T3
) (PL4PIa) :
) (PT4Pa)

Clear S

(F160(372040506) ) (PLIBXPL4Ia) )Sxp

( "
P(0-11)Sxp
@710 ~
EndGOTsm(Tr+Tp)
M(0~23)Cxm

m " ) "
TrFl__

Tr(F1F3) (GOHL)
Tr
M24CxmHtTsTp
TpEndSk
Tp@1(GOHL)

Tp

TpEndSk

Oc

Qc

) (P14 a)Sxp P oS

Reset skip

M C
Initiate parity
@0 next clock (T8)

NOP - O

85



40

g0 T8

T4

T3

Tr

Tp

SKS 22000

rC24

rCz

sF1

sF3

sHz

sla

Oxc
s0(1,3,4,5,6)
02

Skr

Sks

Ar3
sA{0-2)
rA( " )
sA(3-23)
A " )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
End ’
Pr3

sPO

rPO

sP1l

rPl

sP2

rP2

rla
sP(3-14)
rp( " )
Sc
rS(1-14)
SXp

sS1

852
sS(3-14)
Cxm
sC(0-23)
I'C( 1] )
rla

rIx

rRc

sSk

rFl

sF2

rF3

rRf

rJu

Oc
r0(1,3,4,5,6)
s02

Skip if Y Buffer Ready

Honow om0 0w n 8 n % %0 0 % 8 u o 4w un

LI T T N N T N N

u

T8(TsTsr)
#oT8

(@OT8IaC2C5CB(TI+Ca))
’ "

T8

)

@#0T8TaC2C5CB(C3+Ch)

(#0T8Taco)T?
0xcC(3,5,6,7,8)
0xcCh

C10CT1C13YIOYI1YI2YI3Y14CT

Skrz
(01020304)Q1
A(21=23)AnrAr3
K’( 1" ) 1"
A(0-20)Ar3

’A'( " ) "
B(21-23)BnrAr3

‘B‘( 1] ) 1"

B(0-20)Ar3
"E( " ) "
@sBc23
(F160)Q2

(F1G0(02040506) ) (PL2GX PL3P141a))

) (PTXYPI3P14Ia))

( n
(

( "
¢

{ 1"
(PT2P13P14)Q2F1
P(0-11)Pr3

'P"( " ) n
T4(End+F1F2) Tnr
Sc

T3Int (End+Jufax
(F 160 (B3HT50E)
( "
P{0-11)Sxp
EndGOTsm(Tr+Tp)
M(0-23)Cxm

‘M‘( 1] ) n

TrF1

Tr (FIF3) (80Ht)
Tr
@#50104A00TrSks
TpEndSk

TpSk

TpEndSk
TpPT(E0HL)

Tp

TpEnd3k

Oc

= Oc

Yy (P133XPl4la))
) (PIX¥(PT4Ta))
)(Pl4gla)
) (PTZETa)

foE
) (Pl 14Ia) )Sxp

) (Pl4Pia)Sxp

86

SKS 25

L Cycle
2 Cycles

Not Ready = P + 1 — P
Ready = P + 2 - P

@5 next (T7)

Initiate P register increment

C{3-8) —» 0 instruction to O register

Buffer ready (disconnected)

Recirculate A T7 thru TO
Recirculate B T7 thru TO
Last cycle

P+l 5 P T7 thru T3
Clear S

P 58S

M-C Tr + Tp
Skip if Sks

@0 next clock (T8) if Sk not set
@7 next clock (T8) if Sk set

NOP (20) —» 0



@7

T8

T7

T4

T3

TO
Tr

Tp

rC24

Ck

End

sla

Ar3
sA(0-2)
!‘A( " )
sA(3-23)
rA( n )
sB(0-2)
rB( " )
sB(3-23)
I-'B( 1" )
Cr3
sC(3-23)
rC( " )
Pr3

sPO

rP0O

sP1

rPl

sP2.

rP2

rla
sP(3-14)
rP( " )
Sc
rS{(1-14)
Sxp

sS1

sS2
sS{3-14)
rSk

Cxm
sC(0-23)
rC( " )
rla

rix

rRc

sCp
rF(1-3)
rR{

rJu

Oc
r0(1,3,4,5,6)
s02

ononon ooy ononononon R oo

[

n
n

| U | S R | N ' A [

[ J AT N N S N | N DA S NS AN B N

T8(Tsfsr)
@718Ts

F1F2

T8@7Sk
(01020304)Q1
A(21-23)AnrAr3
'A'( " ) 1]
A(0-20)Ar3

‘K‘( " ) "
B(21-23)BATAr3
F( 1 ) n
B(0-20)Ar3

F( 1" ) "
@705(TsqQl)
C(0-20)Cr3

C‘( " ) "
(F1G0)Q2

Last cycle

SKS 26

Initiate P register increment

Recirculate A

Recircilate B

0 =C

((F1G0)(63823§—'))(Plz:xP13P141a))

TN AN N N

( 1"
(PT2PI3P14)Q2F1
P(0-11)Pr3

'F( " ) "
T4EndTnr

Sc

T3TAtEndGO

) (PIZXPI3PI4Ta))
) (P13GXP1l4Ia))
) (Pl4Pla)
) (PT4gTa)
Clear S

(F160(02040506) ) (P13 PLl4la))Sxp

( 1"
P(0-11)Sxp
@710 ,
EndGOTsm(Tr+Tp)
M(0~23)Cxm

'ﬁ'( 1] ) ]
TrFl
Tr(FIF3)(GOHL)
Tr
M24CxmHETsTp
TpEndSk
TpP1(GOHL)

Tp

TpEndSk

Oc

Qc

) (Pl4Rh a)Sxp PSS

~Reset skip

M-oC
Initiate parity
#0 next clock (T8)

NOP —» O

87

T7 thrw. TO

T7 thru TO

T7 thru T3



40

go T8

gs T7

T4

T3

Tr

Tp

SKS 24000

rC24

rCz

sFl

sF3

sHz

sla

Oxc
s0(1,3,4,5,6)
102

Sks

Ar3
sA(0-2)
l‘A( " )
sA(3-23)
rA( 1" )
sB(0-2)
l‘.‘B( " )
sB(3-23)
I‘B( " )
End

Pr3

sPO

rPO

sPl

rPl

sP2

rP2

rla
sP{3-14)
I‘P( " )
Sc
rSi.1-14)
Sxp

sS1

8S2
sS(3-14)
Cxm .
sC(0-23)
TC( ” )
rla

rIx

rRc

8Sk

rFl

sF2

rF3

14184

rJu

Oc
r0(1,3,4,5,6)
s02

Power Off Test

Hllﬂllllllllﬂﬂl!llllliIlﬂﬂﬂl!lllllll!llllllllllllllllllllIlllllllllll-l!ﬂllllllIlllllllllll

N

SKS 27

1 Cycle

Power Off =P + 1 —
£ = P+ P 2 Cycles

Power Not Of

T8(TsTsr)
@¢oT8

(

(B0T8TaC2C5C8(C3+C4))

)

8
@oT8TaC2C5CB(C3+CL)

(#0T8Taco)C2
OxcgéB 5,6,7,8)
Oxc

(c10e 156D
(01020304)Q1
A(21-23)AnTAr3
K’( " ) 1]
éﬁO—ZO)ArB
ACH )N
B(21-23)BnrAr3

"B'( " ) "

B(0-20)Ar3

'F( " ) 1"

@#5Bc23
(F1G0)Q2

(F1G0(02040506) ) (PL2GX P13Pl4Ia))
Y(PTXD PI3P141a))

( 1"
( n
( 1"
( "

(PIZPIEPlQ)QZFL
P(0-11)Pr3
'P'( " ) "
T4(End+F1F2) Int
Sc
T3Int (End4+JuEax
(1o SRS,
( "
P(0-11)Sxp
EndGOTsm(Tr+Tp)
M(0-23)Cxm

( " ) "
TrFl
Tr (FIF )(CU t)
Tr
@#5010%2A00TrSks
TpEndSk
TpSk
TpEnd3K
TplT (&BHL)
Tp
TpEndSk
Oc
Oc

) (P13B(Pl4Ia))
) (PTXXPTATa))
) (P14gla)
) (FIZETa)

)GO+T3
) (P13
) (P143BlLa)Sxp

88

141a))Sxp

@5 next (T7)

Initiate P register increment

C(3-8) — 0 instruction to O register

Recirculate A T7 thru TO
Recirculate B T7 thru TO
Last cycle

P+l —» P T7 thru T3
Clear S

P—>5S

M- C Tr + Tp
Skip if Sks

@0 next clock (T8) if Sk not set
@7 next clock (T8) if Sk set

NOP (20) —O



@7

T8

T7

T4

T3

TO
Tr

Tp

rC24

Ck

End

sla

Ar3
sA(0-2)
rA( " )
sA(3-23)
rA( "n )
sB(0-2)
rB( (1] )
sB(3-23)
I‘B( " )
Cr3
sC(3-23)
rC( " )
Pr3

sPO

rPO

sPl

rPl

sP2

P2

rla
sP(3-14)
rP( " )
Sc
rS(1-14)-
Sxp

sS1

8S2
sS(3-14)
rSk

Cxm
sC(0-23)
rC( " )
rla

rlx

rRc

sCp
rF(1-3)
rRf

rJu

Oc
r0(1)3)4;5)6)
sQ2-

oRoR oo ownowononomonononnoR s R R rN Ny RN

it

o
i

nonowa

T8(Tsfsr)
@718Ts

F1F2
T&@)k,@@
(01020304)Q1
A(21-23)AnrAr3
K( " ) 1]
A(0-20)Ar3

'A'( " ) "
B(21-23)BnrAr3
‘g'( " ) "
B(0-20)Ar3

'B'( 1" ) "
@705 (TsQl)
€(0-20)Cx3

E’( n ) "
(F160)Q2

Last cycle

SKS 28

Initiate P register increment

Recirculate A

Recirculate B

0 -»C

((FlGO)(S?Bﬁﬁ?‘”))(PLZEKP13P141a))

1
"

TN N

"

(PIZPI3PIZ)Q2F1
P(0-11)Pr3

‘F( n ) "
T4EndTnr

Sc

T3TntEndGO

) (PTHXPI3PTATa))
Y (P13P(Pl4la)) ,
)y (PTTXPI4Ta)) P+1 - P
) (PL4PIa)
) (PTG a)

Clear S

(F160(87040506) ) (PLI@XP14Ia) )Sxp

( "
P(0-11)Sxp
@710
EndGOTsm(Tr +Tp)
M(0~23)Cxm

m " ) "
TrFl
Tr(¥F1F3) (GOHt)
Tr
M24CxmHETSTp
TpEndSk
TpP#1(GOHL)

Tp

TpEndSk

Oc

Oc

) (Pl4dX a)Sxp P—S

Reset skip

M-C
Initiate parity
@0 next clock (T8)

NOP -» 0

89

T7 thru TO

T7 thru TO

T7 thru T3
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@0 T8

T4

T3

Tr

Tp

SKS 40001

rC24
rCz
sF1l
sF3
sHz

sla

Oxc
s0(1,3,4,5,6)
r02

Sks

Ar3
sA(0-2)
rA{ " )
sA(3-23)
rA( " )
sB(0-2)
rB( ")
sB(3-23)
I'B( " )
End

Pr3

sPO

rPQ

sP1l

rPl

spP2

rP2

rla
sP(3-14)
IP( 11} )
Sc
rS${1-14)
Sxp

sS1

882 .
sS(3-14)
Cxm
sC(0-23)
r0( 13} )
rla

rlx

rRc

sSk

rFl

sF2

rF3

rRf

rJu

Oc
r0(1,3,4,5,6)
s02

Skip if Not Bank Register 2

|1 T T R N T | I | O 1

Wnonwonouwononenon

T8(TsTsr)
¢goT8

(@0T8IaC2C5C8(CI+Ch))

( 1"
T8

)

@0T8TaC2C5CB(C3+Ch)

(@0r8TaGco) T2
0xcC(3,5,6,7,8)
OxcCsh

CI0ET1c9C23 (E2mOE2m1E2m2)

(01020304)Q1
A(21-23)AnrAr3
I( " ) "
A(0-20)Ar3

A )
B(21~23)BnrAr3

'B_( " ) "

B(0-20)Ar3

=§( 1" ) "

a8 a8 n 8 nn Ry RN

i

@#58c23
(F160)Q2
(F160 (020
( "
(

( "
g 1"

\
(PI2PI3P14)Q2F1
P(0-11)Pr3

'P'( n ) "
T4(End+F1F2) Int
Sc ’

TBTEE(gnd%JuEax
(F1GO{( 06)) (P1¥P(P14Ia) )Sxp

( "
P(0-11)Sxp
EndGOTsm(Tr+Tp)
M(0-23)Cxm

H‘( 1] ) "

TrFl

Tr (FIF3) (G0Ht
Tr
#5010%A00TrSks
TpEndSk

TpSk

TpEndSk
TpPT (&0HE)

Tp

TpEndSk

Oc

Oc

506)) (PLAP(P13Pl4la))
Y (PITXXPI3P141a))

Y (P133XPl4Ia))
) (PTE(PI4Ta))
Y(Pl4gIa)
) (PIZ4ETa)

YGO+T3

) (P14pia)Sxp

90

SKS 29

Bank Register 2 = P+l — Pl Cycle
Not Bank Register 2 = 2 Cycles
P+ 2P

@5 next (17)
Initiate P register increment
C(3-8) —» 0 instruction to O register

Not Bank Register 2

Recirculate A T7 thru TO
Recirculate B T7 thru TO
Last cycle

P+1 P T7 thru T3
Clear §

P >5S

M->C Tr + Tp
Skip if Sks

@0 next clock (T8) if Sk not set
@7 next clock (T8) if Sk set

NOP (20) —0



T8

T7

T4

T3

TO
Tr

Tp

rC24

Ck

End

sla

Ar3
sA(0-2)
rA( " )
sA(3-23)
rA(_ " )
sB(0-2)
rB( " )
sB(3-23)
rB( 1" )
Cr3
sC(3-23)
rC( " )
Pr3

sPO

rPO

sPl

rPl

sP2

rP2

rla
sP(3-14)
I'P( 1" )
Sc
rS(1-14)
Sxp

sS1

s§2
sS(3-14)
rSk

Cxm
sC(0-23)
rC( " )
rla

rix

rRc

sCp
rF(1-3)
rRf
rJu

Oc
r0(1,3,4,5,06)
s02

A T TN Y1 AN A T N O N O

onon

T8(Tsfsr)
@718Ts
F1F2

-~

= T8@7Sk

i

[ A A HE | N |

a
!.

[ 1S R I A

I

(01020304)Q1
A(21-23)KnrAr3
K( " ) "
é}O-ZO)Ar3
A( " ) "
B(21-23)BnrAr3
g’( " ) 1"
B(0-20)Ar3
'F'( " ) 1"
@705 (TsQl)
C(0-20)Cr3

( 13 ) 1
(FLGO)Q2

((FIGO)(5E 06)) (PLAB(P13P141a))
) (PTZP(PI3PI4Ta))

" Y(PLIXPLl4Ia))
) (PTEXPI4Ta))
" ) (Pl4PLa)

! ) (PT4PIa)
(PT2PI3PI4)Q2F1

P(0~11)Pr3

'I','( 1" ) "

T4EndInr

Sc

T3Tnt EndGO
(Flco(02023§06))(9133x9141a))8xp
( " ) (P14Bha)Sxp
P(0-11)Sxp

@710 ‘

~ AN AN A

: EndGOTsm(Tr+Tp)

M(0-23)Cxm
mll )||
TrFi

Tr(FLF3) (COHt)
Tr
M24CxmHETSTp
TpEndSk

= TpP1(GOHL)
Tz Tp

TpEndSk
Oc
Oc

21

Last cycle

SKs 30

Initiate P register increment

Recirculate A

Recirculate B

0 -»C

P+l - P

Clear S

P S
Reget skip

M o> C

Initiate parity

@0 next clock (T8)

NOP - 0O

T7 thru TO

T7 thru TO

T7 thru T3
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#0 T8

T4

T3

Tp

SKS 40002

rC24
rCz
sF1
sF3
sHz

‘sla

Oxc
s0(1,3,4,5,6)
rQ2

Sks

Ar3
sA(0-2)
I‘A( " )
sA(3-23)
I'A( " )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
End

Pr3

sPO

rP0

sP1

rPl

sP2

rP2

rla
sP(3-14)
rP( i )
Sc
rS(1-14)
Sxp :
sS1

sS2
sS(3-14)
Cxm
sC(0-23)
rc( " )
rla

rlx

rRc

sSk

rFl

sF2

rF3

rRf

rJu

Oc
r0(1,3,4,5,6)
s02

Skip if Not Bank Register 3

LT T B H

L N | | [T A | ' | Y (T (Y IO | N VAN TR '

"
i
NN NN

LI I I O

i

T8(TsTsr)

@oT8
($0T8IaC2C5C8(CI+CE))
( " )
T8

$OT8TaC2C5CB( CI+Ca)
(@0T8TaGo)C?
0xcC(3,5,6,7,8)

0xcCh

CIOCIIc9c22 (E3mOE3m1E3m2)
(01020304)Q!
A(21-23)AnTAr3

K( " ) "
A(0-20)Ar3

K( 1" ) "
B(21-23)BnrAr3

f( 1] ) "
B(0-20)Ar3

‘B'( 1" ) "

@58c23

(F1G0)Q2

(F1G0(02040506) ) (P18 P13P141a))
( " Y (PITXL(PI3P141Ia))
" ) (PLXPXP1l4Ia))
" ) (PIXE(PILTA))

" ) (Plagla)
{ " ) (P1Z&Ta)
(PIQPI?PI&)QZFL
P(0-11)Pr3

'P'( " ) 1]
T4(End+F1F2) Int

Sc

P(0-11)Sxp
EndGOTsm(Tr+Tp)
M(0-23)Cxm

ﬁ'( 1] ) n

TrFl
Tr(FIF3)(CUHt
Tr
$#5010% 00T rSks
TpEndSk

TpSk

TpEndSk
TpdT (&)

Tp

TpEndSk

Oc

Oc 92

TBTEE(gndiJUEax)GO+§é§§B
(F1GO( 06)) (Pl 14Ia))Sxp

( " Y(P14aa) Sxp

SKS 31

Bank Register 2 = P+l P | Cycle
Not Bank Register 2 = 2 Cycles
P+ 2 5P

@5 next. (T7)

Initiate P register increment
C(3-8) —» 0 instruction to O register

Not Bank Register 3

Recirculate A T7 thru TO

Recirculate B T7 thru TO

Last cycle

P+l -5 P T7 thru T3
Clear S

P >S

M-sC Tr + Tp
Skip if Sks

. @0 next clock (T8) if Sk not set

@7 next clock (T8) if Sk set

NOP (20) -0



@7

T8

T7

T4

T3

TO
Tr

Tp

rC24

Ck

End

sla

Ar3
sA(0-2)
rA( " )
sA(3-23)
rA( " )
sB(0-2)
rB( " )
sB(3-23)
rB( (1] )
Cr3
sC(3-23)
rc( ")
Pr3

sPO

rP0

sPl

rPl

sP?

rP?2

rla
sP(3-14)
rP( 1" )
Sc
rS(Ll-14)
Sxp

sS1

sS?2
sS(3-14)
rSk

Cxm
sC(0=-23)
rC( " )
rla

rlx

rRc

sCp ;
rF(1-3)
rRE

rJu

Oc
r0(1,3,4,5,6)
s02

Puno#onowononon o8 o8 R onNoR R uounon

4

|

PR ooonnownon oo nono#on i ow

[ I ' A

T8(Tsfsr)
@718Ts
F1F2 Last cycle

SKS 32

T8@7Sk Initiate P register increment
(01023§OA)Q1

A(21-23) AntAr3
§§0—20)ir3 ' ' Recirculate A
Ix " ) "
B(21-23)BnrAr3
E( 1] ) n .
B(0-20)Ar3 Recirculate B
'F( " ) "
@705(T=qQl)
c(0-20)Cr3 _ 0 -»C
C{ " ) "
(FlGO)Q2
((FlGO) (ﬁﬁﬁ"") ) (PLABXP13P141a))
) (PTTXPI3FI4Ta))
( " Y(PLXP(Pl4la))
( " ) (PTXXPIZTa)) B+ =P
¢ " ) (PLABILa)
( " ) (PTHIR)
(PTZ2PI3P14)Q2F1
P(0-11)Pr3
?t " ) n
T4EndTnr
Sc Clear S
T3TRtEndGO
(F1G0(6§023§06))(Pl}EXPl&Ia))Sxp
( " Y (Pl4Xa)Sxp P 58S
P(0-11)Sxp
@710 Reset skip
EndGOTsm(Tr+Tp)
M(0~23)Cxm Mo C
ﬁz " ) "
TrFl
Tr (F1F3) (GOHt)
Tr
M24CxmAtTsTp Initiate parity
TpEndSk
TpUT(EEHt) @#0 next clock (T8)
Tp 4
TpEndSk
Oc , ‘ NOP - 0
Qc

93

T7 thru TO

T7 thru TO

T7 thru T3
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go T8

T7

T4

T3

BRX

rCz
sHz
sIx
sJu
Hx(1=3)
Hal
Ha2
Ha3
Ar3
sA(0=2)
rA( ")
sA(3-=23)
rA( " )
sB(0~2)
rB( 1" )
sB(3-23)
rB( 1" )
Cr3
sCO
rCO
sC(1,2)
rC( 1 )
8C(3=23)
rc( " )
sCp
rCp
rHz
Pr3
sP(0=2)
rP( 1t )
sP(3~14)
rP( 11 )
Xnr
sXw(1l=3)
Xw( ")
Xz(1=3)
YZ-( " )
Yz(1=3)
Y’E'( 11 )
sCz
rCz
Sc
rS(1-14)
rC0

Increment Index and Branch

= (JOT8
=T8
clcogors
= TaGOC4C5C8CIT8
Xn(1=-3)F1

N

= Hx]l (Hx2Hx3Hz)-Hix1 (Hx2Hx3Hz)

= Hx2(Ax3Hz)Hix2 (Hx3Hz)

= Hx3Hz+4Hx3Hz
= 05¢0Q1
= A(21~23)AnrAr3
= A,( 11 ) 11
= A(0~20)Ar3
=E(" ) M
= B(21~-23) BnrAr3
= B( 1" ) 11"
= B(0=20)Ar3

"B'( 1" ) 1
Ts@oqQl
(P12) JuTscr3Q6
("'rlj 1
P(13,14)JuTsCr3Q2
F( 11" ) 1"
C¢(0-20)Cr3
C( 1 ) "

( " )Cp
(Ax1-Hix24Hx3)T8
JuQ2 o
Add(1-3)02040506Px3
m( " ) "
P(0-11)Pr3

T,'( 1" ) 1"
Ju0105
Ha(1-3)TsJu0105
ﬁ'z( ] ) 1]
Xn(1-3)@0Ix .
Xn( " )POIx+Ix
c(21-23)37

_C—( 1 ) " .
KzQ1TO0

Kzql

InrF1F2T4

= Sc ‘

= JuTsCi-3Q4Q6

B an e nnuwnnwennn s nnnnnn

(C2¥BCc22$Cc23) CpTsHEQLF1F2

94

(X+1 - X) 1If X(9)=1
M — P branch

X+l - X) If X(9)=0
P+l - P

Initialize indexing

Half adder inputs

Half adder outputs

Recirculate A

Recirculate B

P(1-14) - C(10=-23)

Parity check

C+ X+Ix —»P

X+ 1 X

Adder input (X-Ix)
Adder input (C)
Carry logic

Clear S

No input to C3, C6, C9

BRX 1

1 Cycle

2 Cycles

T7

T7

T7

T7

T7

T7
T7

T7

thru

thru

thru

thru

thru

thru

thru

thru

thru

TO

TO

TO

T3

TO
TO

Tl

Tl



T2

Tl

TO

Tr

Tp

Sxp
sS(1,2)
sS5(3=14)
r0l
rC(1,2)
sC(1,2)
rC( 1 )
End

rCz

sCO

rCO
rC(1,2)
Cxm
3C(0~23)
rc( " )
8Cz

sHt

rIx

rRe
rA00
rB0O0

sCp

sF1l

sF2

rJu

Oc
r0(1,3,4,5,6)
s02

= IntJIuBaxGoT3

= Add(2,3) (JuEax+02040506) Sxp

]

P(0~11)Sxp
XwlJub5T2
(JuTsCr3)T2
Em(1,2) (JuTsCr3)Tl
'E'ﬁ( " )( " ) "
= JuEax01

= F1T0

= 0£(JuTsCr3T0)
= b?( " )

= JuTsCr3T0

= EndGOTsm(Tr+Tp)
= M(0=23)Cxm

= Canl'x
040506@0Tx

= CpTAKpKD
(FIF3) (GOHt) T
= Tr

EndGOTp

¢ ")
M24CxmAtTsTp
04Ia01¢0Tp

62 "

i

[ B B |

(01031a+EndSk) Tp
Oc o
Oc

LI B |

95

BRX 2

P S

Reset 01 if (X9 = 1)
No input to C7, C8

Branch condition (X9 = 1)

No input to Cl, C2
Branch condition (X9 = 1)
M —» C (Fetch operand) Tr thru Tp

Initiate C register increment
Parity error

Branch condition (X9 = 1)
Initiate parity

@6 next 1f 01 (X9 = 0)

NOP (20) -0 1f 01 (X9 = 1)



g6 T8

T7

T4

T3

TO

Tr

Tp

End

sla

Ar3
sA(0=-2)
rA( 1" )
sA(3=23)
l’.‘A( (1] )
sB(0-2)
rB( " )
sB(3=23)
rB( n )
Cr3
sC(0=2)
rc( " )
sC(3=~23)
rc( " )
Pr3
sP(0=2)
rP( 1" )
sP(3-14)
rP( 1" )
Xz(1-3)
Yz(1l=3)
YE( " )
sCz

rCz

rla

Sc
rS(1-14)
Sxp
s8S(1,2)
sS(3=14)
rCz

rCp

Cxm
sC(0=-23)
rc( n )
rRc
rAOQ
rBOO

sCp

rF1l

rF2

Oc

x0(1,3,4,5,6)

s02

e Earuy w0 nrrrnnrrNoRR RN NRRDRN

F1F3

1Y
(01020304)Q1

A(21-23)AnrAr3
K( 1" ) "
é(O-ZO)Ar3
SN
B(21-23)BnrAr3
B( " ) 11"
B(0-20)Ar3

':‘B’( 1" ) "
TsF1F3Q1
Add(1-3)TsCr3¢6
m( 1 ) 1"
Cc(0-20)Cr3

E’( 1" ) "
F1G0Q2
Add(1-3)02040506Pr3
m( " ) n
_B(O-ll)Pr3

_P_(_ 1] ) 11

Ix

C(21-23)@7

C( 1 ) 1
KzF1Ql

KzQl
(PI2P1I3P14)Q2F1
InrT4

Sc

IntEndGOT3
Add(2,3)02040506Sxp
P(0~11)8Sxp

F1TO

TsHtROF 1 (§76403)P2T0

EndGOTsm(Tr+Ip)
M(0~23) Cxin
CxmTr

Tr

EndGOTp

¢ ")
M24CxmHtTsTp
EndSkTp

c ")

« "))

Oc

Oc

96

Recirculate A

Recirculate B

Recirculate C

C+1-5P

Adder input (C)

Carry logic

Clear S

BRX 3

T7

T7

T7

T7

T7

thru TO

thru TO

thru TO

thru T3

thru TO

thru T1

C+l —» S (C contains original P)

M —» C (Fetch next instruction)
Tr thru Tp

Initiate parity
@0 next clock (T8)

NOP (20) -0
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go T8

T7

T6
T4

T3

T2

Tl

BRM
rC24
rCz

sHz

sIx

sJu

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0=-2)
rA( ")
sA(3-23)
I'A( " )
sB(0-2)
rB( " )
sB(3=23)
rB( 1" )
Cr3

sCO

rCO
sC(1,2)
rC( 1 )
sC(3~23)
rc( 1" )
sCp

rCp

Mxc

Px3
sP(0=2)
rP( 1" )
sP(3-14)
rP( 1" )
Xz(1-3)
E( " )
Yz(1l~3)
YZ( 1 )
sCz

rCz
sC24
rC24

Sc
rS(1l~14)
rCO
tM(0=24)
Sxp
sS(1,2)
sS(3=14)
sC(0=~2)
rc( 1" )
sC(0~2)
rc( [}] )

Mark Place and Branch

T8(TsTsr)

goTs

T8

CLGO@oT8
TaGOC4C5C8CIT8
TacoC2¢goT8s

= €(3,5,6,7,8)0xc

= Ch4Oxc

= (01020304)QL

= A(21~23)AnrAr3

= A( 1" ) 1

= A(0=20)Ar3

=E(" O r

= B(21~23)BnrAr3

ﬂ'ﬁ'( n ) 1"

= B(0=20)Ar3

=‘E‘( 1" ) 1"

= TsgoQl

= (P12)JuTsCr3Q6

= (“n"‘) 1]

= P(13,14)JuTsCr3Q2
=*F( 1 ) L]

= C(0~20)Cr3

'C-( 11 ) 1 .
(C21Pc224xc23) CpTsHEQLFIF2
( ")cp "
Ju0105Tsm

JuQ2

Add(1=3) JuEaxPr3
m( 1 ) H
P(0-~11)Pr3

'P-( 1 ) "
Xn(1-3)@0Ix

Xn( " )P0oIx+Ix
C(21-23)F7

?( n )n

KzQ1T0

RzqQ1

C2% (TsTsr COBCIARC2) (Q3+4Q5)
c24( " Yo ")
InxF1F274

Sc

JuTsCr3Q4Q6

T3

IntJuEaxGOT3

Add(2,3) (JuEax+02040506) Sxp
P(0-11)Sxp
E2m(0-2)T2(JuTs) Cr3

[

nowwnnnn Ry R nRnHBRLIRLRNLNEDNNENN

m( 1] )TZ( " ) "
E3m(0~2)T2(JuTs) cr3

= m( n )TZ( n ) "
97

BRM 1

M)9-23 0f - (M)
1 5P

P>
M+
Initialize parity generation

Initigte indexing

Instruction to O register

Recirculate A T7 thru
Recirculate B T7 thru
P(1=-14) — C(10-23) T7 thru
Parity check T7 thru
Initialize store into memory

T7 thru
C+X'Ix —»P T7 thru
Adder input (X-Ix) T7 thru
Adder input (C) T7 thru
Carry logic T7 thru
Generate parity T6 thru
Clear S

No input to C3, C6, C9 T3 thru

P —S P(CHX+Ix)

2 Cycles

TO

TO

T3

TO

Tp

T3

TO

TO

Tl

Tr

Tl

Record bank register 2 into C(6-8)

Record bank register 3 into C(3=5)



TO

Tx

Tp

rCz
sCO
rCO
rC(1,2)
sHt
rIx
rRc
sF1
sF2
rJu
sM(0-24)

The C register

Cco

Cl thru C2
C3 thru C5
C6 thru C8
c9

Cl10 thru C23

= Flro _

= 0f(JuTsCr3TO

= 5}% “ s"r ; Set CO if overflow
= JuTsCr3TO No input to Cl, C2
= CpT 092 Parity error

= (FIF3) (COHE) Tr

= Tr

= 04Ta01¢0T

= 07 e n¢ P #6 next clock (T8)
= Tp

= C(0=24)MxcTp C M

at Tp contains the following information:

State of the Overflow Flip~Flop
¢

Contents of Bank Register 3
Contents of Bank Register 2

)

Original contents of the P register

98

BRM 2



g6 T8 End

sla

Ar3
sA(0=2)
rA( 1] )
sA(3-23)
rA( 1" )
sB(0=2)
‘I.'B( ] )
sB(3-23)
rB( 1" )
Cx3
sC(0~2)
rc( 1 )
sC(3=23)
rc( 1 )
Pr3

sP0O

rP0

sP1l

rPl

sP2

rP2

rla
sP(3=14)
rP( (1] )
Xz (1=-3)
Yz(1=3)
YE( "y
sCz

rCz

Sc
rS(1~14)
Sxp

sS1

8S2
88(3~14)
rCp

Cxm
8C(0=23)
rc( " )
rRc
rAOO
tB00
sCp
rF(1,2)
Oc
r0(1,3,4,5,6)
802

T7

T4

T3

TO
Tr

Tp

= F1F2

- Tk
= (01020304)Q1

= A(21-~23)AnrAr3

=-A—:( "oy "

= A(0~20)Ax3

- ( 11 ) "

= B(21-23)BnrAr3

B'B_( 1 ) n

= B(0~20)Ar3

= ( n —) 1

= F1F3(TsQl)

= Add(1-3)TsCr3¢6

m( " ) 1]

Cc(0~20)Cr3

,,E( 1" ) "

F1G0Q2

(F1G0 (02040506) ) (P123P13P141a) Pr3
( 1" )( 1Y ) "
( " ) (P133P141a) Pr3
( 1" )( T ) n
( " ) (PLl4FLa)Pr3

(» " )(‘“——rr“—) "
(PI2PI3P14)Q2F1

EKO-ll)Pr3

BS. " ) n

Ix

C(21-23)@7

C( 1" ) 1

KzQlF1

Rzq1

InrT4

Sc

IntEndGOT3
(F1G0(02040506) ) (P13PL4Ia)Sxp
( " ) (P14BLa) Sxp
P(0~11)Sxp

TsHcRO (F1#79403) @210
EndGOTsm(Tr+Tp) )
M(0=23) Cxm

CxmIr

Tr

EndGOTp

« ")

M24Cxmlit TsTp

EndSKTp

« "))

= Oc¢

= Oc

99

BRM 3

Initiate P register increment

Recirculate A T7 thru TO
Recirculate B T7 thru TO
Recirculate C T7 thru TO

P+1 ~» P (P contains the original
contents of the C register.)

T7 thru T3
Adder input (C) T7 thru TO
Carry logic T7 thru TO
Clear S
P->S

M - C (Fetch next instruction)
Tr thru Tp

Initiate parity
#0 next clock (T8)

NOP (20) —»O
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go T8

@5 T7

T6
T4

I3

Tr

CLX 00000, 2

rC24
rCz

sF1l

sF3

sHz

sla

sIx

Oxc
s0(1,3,4,5,6)
r02

sRc

Ar3
sA(0=-2)
rA( n )
sA(3-23)
rA( n )
sB(0-2)
rB( n )
sB(3-23)
rB( 1] )
End

Px3

sPO

rP0O

sPl

rPl

sP2

rP2

rla
sP(3-14)
rP( n )
Xnr
sXw(1-3)
Xw( ")
Sc
rS(l-14)
Sxp

sS1

sS2
s5(3=14)
Cxm
sC(0-23)
rC( ] )
rla

rix

rRc

rFl

rF3

rREf

rJu

Oc
r0(1,3,4,5,6)
802

Clear X

Bown nw wonw o o n N nnn N nwnnnnnnnn RN Ny og 0w ouu

T8(TsTsr)
@goT8

($0T8IaC2C5C8(C3+C4))

( 1
T8

)

$0T8IaC2C5C8(C3+C4)

goT8clco __
(#0T8IaGo)C2
0xcC(3,5,6,7,8)
OxcC4

($018TaGO) C2C3C4C5C6

(01020304)Q1
A(21-23)AnrAr3
A( 1] ) 1]
A(0=20)Ar3
AC" )"
B(21-23)BnrAr3
'ﬁ( 1 ) 1]
B(0-20)Ar3

B( " )

@5 (A00+GO)
(F160)Q2
(F1G60(02040506)
( n

( n

( "

; "
(P12P13P14)Q2F1
P(0-11)Pr3

BN )"
(010203041Ix)

( " ) Xw(
( " YXw(

) (PL3EXP13P1l4Ia))
)(PTﬁC?Pl3P14Ia))
) (PL3GXPL4Ia))

) (PITXP14Ia))

) (Pl4PLa)

) (P14EXa)

1-3)T7
n )T7

T4(End+F1F2)Inx

Sc

(F1G0(020%40506)
1"
P(0~11)Sxp
EndGOTsm(Tr+Tp)
M(0-23)Cxm
"ﬂ'( n ) "
TrFl
Tr(F1F3) (GOHt)
Tr
TpEndSk
"
Tp@1 (GOHt)
Tp
TpEndSk
Oc
Oc

T3TﬁE(End+JuEE§)GOFI3g§§

) (PLIP(P14Ia))Sxp
) (P14EXa) Sxp

100

RCH 1

1 Cycle

#5 next (T7)

initiate P register increment
Initialize Clear X

C(3-8) —» 0 instruction to O register

Recirculate A T7 thru TO

Recirculate B T7 thru TO

last cycle

P+l —» P T7 thru T3
T7

g X T6 thru TO

Clear S

P -S

M->C Tr + Tp

@0 next clock (T8)

NOP (20) —~ 0
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go T8

g5 T7

T4

T3

Tr

Tp

CLA 00001

rC24

rCz

sF1

sF3

sHz

sla

Oxc
s0(1,3,4,5,6)
r02

sRc

Ar3

Anr
sA(3-23)
rA( 1 )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
End

Pr3

sPO

rP0O

sP1

rPl

sP2

rP2

rla
sP(3-14)
rP( 1] )
Sc
rS{(1-14)
Sxp

sS1

852
sS(3-14)
Cxm
sC(0-24)
rc( " )
rla

rix

rRc

rF1l

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

Clear A

nnonn o nonnnognRwonunN

= B(0=20)Ar3

[}

BB onononnonn

b nn

| O I |

T8(Tsfsr)

goTs8

(
T8

(#0T8TaC2C5C8(C3+C4))
)

$0T8IaC2C5C8 (C3+C4)

(#0T8IaGO)C2
0xcC(3,5,6,7,8)

OxcC4

(#0T8TaG0) C2C3CLC5CH

(01020304)Q1

ReC23

A(0-20)Ar3

'K( 1" )

B(21-23)BrrAr3

‘B‘( 1 )
F( n )

@5 (AD0+GO)

(F1G0)Q2
(F160(

(

(

(

(

(

(P12P13P14)Q2F1
P(0-11)Pr3

?( " )

"

06)) (PLAFXP13P14Ia))

) (PTRXPI3P14Ia))
) (PLX(PL41a))

) (P13 P1%1a))

) (P14PKa)

) (P14 )

T4 (End+F1F2)Int

Sc

(

P(0~11)Sxp
EndGOTsm(Tr+Tp)
M(0=24)Cxm

’M‘( 1" )
TrF1l

Tr (F1F3) (GOHt)

Tr -
TpEndSk

Tp@1 (GOHE )

Tp
TpEndSk
Oc
Oc

TSTHE(End+deE§)GO+§£§§?
(F1GOo( 41a))Sxp

06)) (P1

) (P14HLa)Sxp

101

RCH 2

1 Cycle

#5 next (T7)

initiate P register increment

C(3~8) — O instruction to O register

no inputs to A(0-2)

causes @ — A T7 thru TO
Recirculate B T7 thru TO
last cycle

P+l —» P T7 thru T3
Clear S

P =S

M-C Tr + Tp

@0 next clock (T8)

NOP (20) —» O
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go T8

g5 T7

T4

T3

Tr

Tp

CLB 00002

rC24
rCz
sF1l
sF3
sHz
sla
Oxc

s0(1,3,4,5,6)

r02

sRc

Ax3
sA(0-2)
rA( n )
sA(3-23)
rA( n )
Bnr
sB(3=23)
rB( " )
End

Pr3

sPO

PO

sP1l

rPl

sP2

rP2

rla
sP(3-14)
rP( ] )
Sc
rS(l-14)
Sxp

sS1

sS2
8S(3~14)
Cxm
sC(0-23)
rC( 1] )
rla

rix

rRc

rF1l

rF3

rRE

rJu

Oc

r0(1’3J4)5}6)

s02

Clear B

onowonomwnonnnnnnnnnn

oo wnnnnu

B nn o nnnnn

T8(TsTsr)

RCH 3

1 Cycle

@oT8

(#0T8IaC2C5C8(C3+C4))

(
T8

)

#0T8TaC2C5C8(C3+Ch)
(#0T8IaG0)C2

0xcC(3,5,6,7,8)

OxcCh4

(@0T8TaG0) C2C3C4C5CH
(01020304)Q1

A(21-23)AnrAr3

K( n

)

"

A(0-20)Ar3

("
RcC22

)H

B(0-20)Ar3

'B'( 1"

)ll

#5 (A00+G0)

(F1GO)

2

(F1G0(02040506) ) (P129XP13P14Ia))

(
(
(
(
(

(P12P13P14)Q2F1

"
1"
1"
"
1t

P(0-11)Pr3

_P'( 1"

Sc

) "
T4(End+F1F2)Inr

Y(PLa(P13Pl4Ia))
) (P133X(P1l4Ia))

) (P13XP14Ia))

) (P14PLa)

) (P14 a)

06)) (P1

"

P(0~-11)Sxp

EndGOTsm(Tr+Tp)

M(0-23)Cxm

TI( n
TrFl

Tr _
TpEndSk

Ip
TpEndSk
Oc
Oc

) 1"
Tr(FIF3) (GOHt)

Tp@1 (GOHt )

T3TAE (End+JuBax) c%@
(F1Go (528405506 141a))Sxp
(

) (P14PIa) Sxp

102

@5 next (17)

initiate P register increment

C(3-8) - 0 instruction to O register

Recirculate A T7 thru TO
no inputs to B(0-2)

causes @ — B T7 thru TO
last cycle

P+l - P T7 thru To
Clear S

P —S

@#0 next clock (T8)

NOP (20) —» O



g0 T8

@5 T7

T4

" T3

Tx

Tp

CAB 00004

rC24
rCz

sFl

sF3

sHz

sla

Oxc
s0(1,3,4,5,6)
r02

sRc

Ar3
sA(0-2)
rA( 1" )
sA(3~23)
rA( n )
Bnr
sB(0-2)
rB( n )
sB(3-23)
rB( n )
End

Pr3

sPO

rP0

sPl

rPl

sP2

rP2

rla
sP(3-14)
l‘P( " )
Sc
rS(l-14)
Sxp

sS1

882
sS(3~14)
Cxm
sC(0-23)
rC( " )
rla

rix

rRe

rFl

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

Copy A into B

by na e nonsnonnnnnNnnnnynnnnnNnnunn NN NN

nuwononononn

T8(TsTsr)

@oT8

(#0T8TaC2C5C8(C3+C4))

( " )

T8

@0T8IaC2C5C8 (C3+C4)
(#0T8TIaG0)C2

0xcC(3,5,6,7,8)

0xcCé .

(@0T8IaG0) C2C3CLC5C6
(01020304)Q1l

A(21-23)AnrAr3

A( ] ) ]

A(0-20)Ar3

A( " ) "

RcC21

A(21-23)RcC21Ar3

A( n ) n

B(0~20)Ar3

BC" )"

@5 (AD04GO)

(F1G0)Q2
(F1G0(02040506) ) (PL2P(P13P14Ia))
" ) (PIXE(P13P141a))
n ) (PLXE(PLl4Ia))
" ) (P13GXP141a))
" ) (Pl4ra)

! ) (PT4PLa)
(PI2P13P14)Q2F1

P(0-11)Pr3

?( " )__"— L
T4(End+F1F2)Inr

Sc

TBTHE(End+JqE§§)GO+§g§§§
(F1G0(02040506) ) (P1 141a))Sxp
( " ) (P14PLa) Sxp
P(0~11)Sxp

EndGOTsm(Tr+Tp)

M(0-23)Cxm

ﬂ_( " ) "

TrF1l

Tr (FLF3) (GOHE)

Tr

TpEndSk

NNNNN

Tp@1 (GOHt)
Tp
TpEndSk
Oc

Oc

103

RCH 4

1 Cycle

#5 next (T7)

initiate P register increment

C(3-8) - 0 instruction to O register

Recirculate A T7 thru TO
A B T7 thru TO
last cycle

P+l » P T7 thru T3
Clear S

P S

M~»C Tr + Tp

@0 next clock (T8)

NOP (20) — 0



RCH 5

46 CBA 00010 Copy B into A 1 Cycle
$0 T8 rC24 = T8(TsTsr)
rCz = ¢oT8 o _
:g; - §¢0T81aczgséé(c3+ﬁl); g5 next (T7)
sHz = T8
sla = (0T8IaC2C5C8(C3+Ch) initiate P register increment
. Oxc = (#0T8IaG0O)C2
s0(1,3,4,5,6) = 0xcC(3,5,6,7,8) C(3-8) — 0 instruction to O register
r02 = 0xcC4 o
sRc = (@0T8IaG0O)C2C3C4C5CH
@5 T7 Ar3 = (01020304)Q1
Anr = ReC20
sA(0-2) = B(21~23)RcC20Ar3
rA( n) =§( n ) ]
sA(3-23) = A(0=20)Ar3 B—A T7 thru TO
rA( " ) =I( " ) n
sB(0=2) = B(21-23)BnrAr3
1 —_— R 1" "
:g23_2%> ; ggO-ZO)er Recirculate B T7 thru TO
rB( 1] ) =§( 1 ) "
End = @5 (A00+G0) last cycle
Pr3 = (F1G0)Q2
sPO = (F1G0¢02040506)) (P12E(P1L3P14Ia))
rPO = ( " ) (P12 P13P141Ia))
- 1
s Z " ;g%ﬁ; P+l P T7 thru T3
sP2 = ( " ) (Pl4EXa)
rP2 = ( "o ) (P1&HLa)
rla = (P12P13P14)Q2F1
sP(3~14) = P(0-11)Pr3
. rP( n ) =?( ] ) n
T4 Sc = T4(End+F1F2)Inr
rS(1-14) = Sc Clear §
T3 Sxp = T3TAE (End+JuFax) GO+T3Kmd
sS1 = (F1G0(02040506) ) (PL3P(P14Ia))Sxp
§S2 = i ) (PL4PLa) Sxp P—S
sS(3~14) = P(0-11)8Sxp
Tr Cxm = EndGOTsm(Tr+Tp)
sC(0-23) = M(0-23)Cxm M-C Tr + Tp
rc( " ) ___—ﬁ( 11 ) "
rla = TrFl )
rIx = Tr(F1F3) (GOHt)
rRe = Tr
Tp rFl = TpEndSk
£F3 =( ' #0 next clock (T8)
rRE = Tp@L(GOHt) :
rJu = Tp
Oc = TpEndSk
r0(1,3,4,5,6) = Oc NOP (20) -0
s02 = Oc

104



RCH 6

46 CBX 00020 Copy B into X 1 Cycle
#0 T8 rC24 = T8(TsTsr)
rCz =g¢gorg
z}g : E¢OT8 2|csc (C3+C 4); d5 next (T7)
sHz = T8
sla = $0T8TaC2C5C8 (C3+Ch) initiate P register increment
Oxc = (@0T8IaGO)C2
s0(1,3,4,5,6) = 0xcC(3,5,6,7,8) C(3-8) — 0 instruction to O register
r02 = OxcCh
sRc = (POT8IAGO)C2C3C4C5C6
@5 T7 Ar3 = (01020304)Ql
sA(0~2) = A(21-23)AnrAr3
1" — 1" n
;223_2%) ;-§E0_20)1r3 Recirculate A T7 thyxru TO
rA( ") =E(" y n
sB(0-2) = B(21-23)BnrAr3
1" —_ R 1" "
2353-2%) ; gEO-ZO)irB Recirculate B T7 thru TO
B(" ) =B(" )"
End = @5 (A00+4+G0) last cycle
Pr3 =(F1G0)Q2
sPO = (F1GO(0 ZOZOSO 6)) (PL2P(PL3P1l4Ia))
rPO = ( ) (PI2P(P13P141a))
s n
or i S  ERReI) P e 17 thru T3
sP2 = ( " ) (PL4ELa)
rP2 = ( " ) (P14 )
rla = (P12P13P14)Q2F1
sP(3-14) = P(0-11)Pr3
tP( " ) =B(" )"
Xnrx = (Rcl9)
sXw(l-3) = (" )B(21-23) B —X T7 thru TO
Xw( ") = (" )‘E( "oy
T4 Sc = T4(End+F1F2)Inr :
rS (1-14) = Sc - Clear S
T3 Sxp = T3TEE(End+JdE§§)GO+§%§§§
sS1 = (F1G0(020%0506)) (PL3IP(P14Ia))Sxp
sS2 = ( " ) (P14PLa) Sxp P =S
88(3=14) = P(0~11)Sxp ’
Tr Cxm = EndGOTsm(Tr+Tp)
5C(0~23) = M(0~23)Cxm M—>C , Tr + Tp
rC( 1" ) a‘ﬁ'( "oy 1"
rla = TrF1l
rix = Tr(F1F3) (GOHt)
tRc = Tr .
T ;g; ; prﬁdSk @0 next clock (T8)
rRE = Tp@1l(GOHt)
rJu = Tp .
Oc = TpEndSk
r0(l,3,4,5,6) = Oc NOP (20) -0
s02 = Oc 105
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@0 T8

g5 T7

T4

T3

Tr

Tp

CXB 00040

rC24
rCz

sF1

sF3

sHz

sla

Oxc
30(1,3,4,5,6)
r02

sRc

Ar3
sA(0=2)
rA( n )
sA(3-23)
I‘A( 1" )
Bnr
sB(0=-2)
rB( n )
sB(3-23)
rB( 1" )
End

Pr3

sPO

rP0O

sPl

rPl

sP2

rP2

rla
sP(3-14)
rP( " )
Sc
rS(1-14)
Sxp

sS1

5582
sS(3~14)
Cxm
sC(0=23)
rc( 1 )
rla

rIx

rRc

rFl

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

Copy X into B

wnonnnnnn 0N

ENnnnnununan 0w nnnn

| JN | S | YT I O T | [N (N A I O 1

T8(TsTsr)

gors

( " )
™
#0T8IaC2C5CB (C3+C4)
(#0T8IaGO)C2
0xcC(3,5,6,7,8)
Och4__ o
($0T8IaG0) C2ZC3C4C5CH
(01020304)Q1
A(21-23)AnrAr3

I( " ) 1
A(0=-20)Ar3

I( n ) n

RcCl8
Xn(1-3)RcCl8Ar3

'XH( 1" ) n
B(0-20)Ar3

"F( 1 ) 1"

@5 (A00+G0)
(F1G0)Q2

(F1G0(02040506) ) (P12¢XP13P141a))
) (PIXXP13P141a))

( n

¢ ) (PIXX?141a))
( " ) (PLX(P141a))
¢ ) (PLUTXa)
(" ) (P1%Ta)
(P12P13P14)Q2F1

P(0-11)Pr3

P( " )—II— .

T4 (End+F1F2) Inr

Sc

T3TAE (End-+JuEax) Gw%ﬁ
(F1G0(07050506) ) (PLINP14Ia) )Sxp
) (P143Xa) Sxp

( 11
P(0=11)Sxp
EndGOTsm (Tx+Tp)
M(0~23)Cxm

E( " ) "

TrF1l

Tr (F1F3) (GOHt)
Tr

TpEndSk

( 1]

Tp@1 (GCHE)

Ip

TpEndSk

Oc

Oc

106

RCH 7

1 Cycle

#5 next (T7)

initiate P register increment

C(3-8) —» 0 instruction to O register

Recirculate A T7 thru TO
X -8B T7 thru TO
last cycle

P+1 — P T7 thru T3
Clear S

P S

M- C Tr + Tp

#0 next clock (T8)

NOP (20) - 0O
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@go T8

@5 T7

T5

T4

T3

Tr

Tp

RCH 00100

rC24
rCz
sF1l
sF3
sHz
sla
Oxc

s0(1,3,4,5,6)

r02
sRe
Ar3
sA(0-2)
rA( " )
sA(3-23)
rA( " )
sB(0~2)
rB( 1 )
sB(3-23)
rB( n )
End
Pr3
sPO
rP0O
sPl
rPl
sP2
rP2
rla
sP(3=14)
rP( n )
slx
rRc
Sc
rS(1-14)
Xnr
sXw(l=3)
rXw(l=-3)
Sxp
sS1
sS2
sS(3«~14)
Cxm
sC(0-23)
rc( 1" )
rla
rlx
rRe
rF1l
rF3
rRE
rJu
Oc

x0(1,3,4,5,6)

802

Copy least significant 9 bitis only

extend bit 15 throughout X when
X is designation register,

T8(TsTst)
@oT8

(
T8

(#0T8TaG0)C2
0xcC(3,5,6,7,8)
Oxcaz
OTSIgGO)CZCBC
(01020304)Q1
A(21-23)KH_Ar3
A( " ) n
A(0-20)Ax3
(v )
B(21-23)BnrAr3
T_;;( n ) n
B(0-20)Ar3
B( " ):—-l.l

lllllll!llllllllllllllllllllnlll!nﬂ

(F1G0)Q2

( 1"

( "

( "

( 11"

( 1
(PlZPlSPlZ)QZFl
P(0-11)Pr3

'P‘( n ) "
ReCl7T5(C15+C19
Cl7T5
T4(End+F1¥F2) Inr
Sc

010203041Ix

( n YXwlT7
( " )XwiT?/

( n
P(0~11)Sxp
EndGOTsm(Tr+Tp)
M(0~-23)Cxm
ﬁ( " ) "
TrF1l
Tr (F1F3) (GOHE)
T

Illl»llll'l!IE||n.]|‘lllllllI|ll|lll|!|||lllllllllll|llll

TpEndSk

( 1]

Tp@1 (GOHt )
Tp
TpEndSk
Oc

]
(@]
[o]

)

goT8TaC2C5C8(T3+Ch)

C4C5C6

(F1G0(02040506) ) (P128XP13P141a))

)( PIXXP13P14ia))
) (PL3@XP141a))

) (P13 P14Ia))

) (P14DLa)

) (P14Pra)

)

T31nt(End+JuEax)Go+§g§§§
(F1G0(02040506) ) (PLIXP14Ia) )Sxp

) (PLligxa) Sxp

107

@5 next (T7)

RCH 8

1 Cycle

initiate P register increment

C(3-8) —» 0 instruction to O register

Recirculate A

Recirculate B

last cycle

P+l - P

only for CAX or CBX
A and B recirculate

Clear S

extend X15 thru X0

P S

M—>C

#0 next clock (T8)

NOP (20) — 0O

T7 thru TO

T7 thru TO

T7 thru T3

T4 thru TO

Tr + Tp
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#0 T8

g5 T7

T4

T3

Tr

Tp

CXA 00200

rC24
rCz
sF1
sF3
sHz
sla
Oxc

s0(1,3,4,5,6)
02

sRc

Ar3

Anr
sA(0-2)
rA( " )
sA(3-23)
rA( " )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
End

Pr3

sPO

rP0O

sPl

rP1l

sP2

rP2

rla
sP(3-14)
rP( " )
Sc
rS(1-14)
Sxp

sS1

sS2
sS(3~14)
Cxm
sC(H=23)
rc( 1" )
rla

rIx

rRc

rFl

rF3

rRE

rJu

Oc

r0(1,3,4,5,6)

s02

Copy X into A

Bwnwnnnwnnnnnon N W nnnn

I T T I I R R I B R R |

o
0

T8(TsTsr)
@goT8

(#0T8IaC2C5C8(E3+CL) )

(
T8

)

#0T8IaC2C5C8(C3+C4)
(#0T8TaGo) C2

0xcC(3,5,6,7,8)

0xcC4

(#0T8IaG0) C2C3C4C5C6
(01020304)Q1

ReCl6

Xn(1-3)RcCl6Ar3

"

"x'n—( n)

A(0-20)Ar3

‘K( n ) n

B(21-23)BnrAr3

—B_( n )

B(0-20)Ar3

'g( n ) n

@5 (A00+G0)

(F1G0)Q2

(F1G60(02040506) ) (P12XP13P14Ia))
) (PIXXP13P14Ia))
) (PL3XPl4Ia))

) (P138XP141a))

( "
( 1
( "
( 1"
( 1

(P12P13P14)Q2F1
P(0-11)Pr3

?’( 1] ) n

T4(End+F1F2) Inr

Sc

(

P(0~11)Sxp
EndGOTsm(Tr+Tp)
M(0~23)Cxm

'H'( " ) 1"
TxF1l

Tr(ﬁIFB)(GOHt)

Tr _
TpEndSk
( n

Tp@I (GOHE )

Tp
TpEndSk
Oc

) (P14Pia)
) (P14dXa)

TsIHE(End+JuEZ§)Go+$3é5§
(F1G0(02040506) ) (P139XP14Ia) )Sxp
) (Pl4gia) Sxp

108

RCH 9

1 Cycle

@5 next (T7)

initiate P register increment

C(3-8) — 0 instruction to 0 register

X A T7 thru TO
Recirculate B T7 thru TO
last cycle

P+1 - P T7 thru T3
Clear S

P S

M-C Tr + Tp

@0 next clock (T8)

NOP (20) —» O



RCH 10

CAX 00400 Copy A into X 1 Cycle
g0 T8 rC24 = T8(TsTsr)
rCz = @POT8 .
:;‘; - E¢o*r8‘f§czﬁsé“8(6§+é'4); g5 next (T7)
sHz = T8
sla = PO0T8TaC2C5C8(T3+C4) initiate P register increment
Oxc = (#0T8TaG0)C2
s0(1,3,4,5,6) = 0xcC(3,5,6,7,8) C(3-8) — 0 instruction to O register
r02 = 0xcC&
sRc = (#0T8TaGc0)C2C3CATC5C6
@5 T7 Ar3 = (01020304)Ql
sA(0-2) = A(21-23)AnrAr3
" n 1"
2223_23) :.§EO-20)XR3 Recirculate A T7 thru TO
rA( 1 ) =—A-( 1" ) "
sB(0-2) = B(21~23)BnrAr3
" H— " n
:gg3_2:)3) - gEO-ZO)g‘rB Recirculate B T7 thru TO
rB( n ) "-E( " ) "
End = @5 (A00+G0) last cycle
Pr3 = (F1G0)Q2
sPO = (Flcod%§616306))(PlzexP13P141a))
rP0 =C ) (PFTEXPI3PT4Ta))
= ]
ii} - E " gg%%%géé%égfgg P+l - P T7 thru T3
sP2 = ( " ) (Plia)
rP2 = ( " ) (P143Ka)
rla = (PI2P13P14)Q2F1
sP(3-14) = P(0~11)Pr3
cP( " ) =F( " y n
Xnr = (RceCl5)
sXw(1=-3) = (" )A(21-23) A ->X T7 thru TO
Xw( ") = ( " )E(21-23)
T4 Sc = T4(End+F1F2)Inr
rS(1-14) = Sc Clear §
T3 Sxp = T3Int End+JuE§§)Go+T3££}
sS1 = (F1G0{02040506)) (P1X(P14Ia) )Sxp '
882 = ( " ) (Pl4Bla) Sxp Pes S
sS(3-14) = P(0-11)Sxp :
Tr Cxm = EndGOTsm(Tr+Ip)
sC(0~23) = M(0~23)Cxm M-C Tr + Tp
rc( " ) ='ﬂ‘( n ) "
rla = TrF1l
rlx = Tr (F1F3) (COHL)
rRe = Tr _
TP ;i; - ?pEﬁdSk @0 next clock (T8)
rRE = TpPl(GOHt)
rJu = Tp
Oc = TpEnd3k
r0(1,3,4,5,6) = Oc NOP (20) -0
s02 =

Oc 109
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@#0 T8

g5 T7

T4

13

Tr

Tp

CNA 01000

rC24

rCz

sFl

sF3

sHz

sla

Oxc
s0(1,3,4,5,6)
r02

sRc

Ar3

Anr
sA(0-2)
rA( ] )
Hx(1-3)
sA(3-23)
rA( 1] )
sB(0~2)
rB( 1" )
sB(3-23)
I‘B( 1] )
End

Pr3

sPO

rPO

sP1

rP1l

sP2

rP2

rla
sP(3-14)
rP( 1] )
Sc
rS(1-14)
Sxp

sS1

sS2
sS(3-14)
Cxm
sC(0-23)
rC( " )
rla

rIx

rRc

rFl

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

Copy Negative of A into A

o wnnn oo nynnnnnrnnnNn NN R RN NN

T8(TsTsr)

goTs
(#0T8IaC2C5C8(C3+Ch)
( "
T8
goT8TaC2C5C8 (C3+Ch)
(goT8IaGo)C2
0xcC(3,5,6,7,8)
QXCEZ; P At B R 4
(goT8TaGo) C2C3C4C5C6
(01020304)Q1

ReCl4

Ha(l-3)RcCl4

ﬁja‘( " ) "
F103K(21-23)
A(0-20)Ar3
A
B(21-23)BnrAr3

TB’( " ) "
B(0~20)Ar3

B(" )"

@5 (A00+GO)

(F1G0)Q2

)
)

(F160(02040506) ) (P12P(P13P14Ia))
) (PTXXPI3P141a))
) (PLX¥(PL4Ia))

) (P13 P14Ta))

) (Pl4Bia)

) (P1Zgxa)

( 111
( 1"
( n
¢
(P12PI3P14)Q2F1

P(0-11)Pr3

'P.( " ) "

T4(End+F1F2) Inr
Sc

( n
P(0-11)Sxp
EndGOTsm (Tr+Tp)
M(0=23)Cxm

‘M’( n ) n

TrF1l
Tr(FTFB)(GﬁHt)
Tr

TpEndSk

Tp@1 (GOHt)

Tp ‘
TpEndSk

Oc

Oc

T3TRE (End+JuEax) GO+T3m)
(F160(02040506) § (P133(P1414a) ) Sxp
) (PL43Ia) Sxp

@5 next (T7)

RCH 11

1 Cycle

Set carry into half adder
initiate P register increment

C(3-8) — 0 instruction to O register

Ha = Hx+1l
Hx f;K
A = Atl = ~A

Recirculate B

last cycle

P+1 —» P

Clear S

P S

M ->C

@0 next clock (T8)

NOP (20) -0

T7 thru TO

T7 thru TO

T7 thru T3

Tr + Tp
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go T8

T7

T4

T3

TO
Tr

Tp

SKE

rCz

sIx

Oxc
80(1,3,4,5,6)
102

Ar3
8A(0~2)
rA( 1" )
8A(3~23)
rA( " )
sB(0-2)
rB( 1" )
sB(3-23)"
I‘B( 1" )
Cr3
8C(0-2)
rc( " )
8C(3=23)
rC( " !)
Xz(1=3)
ﬁ( 1] )
Yz(1-3)
'Y';( " )
sCz

rCz

sCp

rCp

Sc
rS(1-14)
Sxc
88(132)
s§5(3~14)
rCe

Cxan
8C(0-23)
rc( " )
sHt

rlx

rKO0

sCp

sF1l

sF2

Skip if A Equals (M)

= @OT8
= $OT8CLGO
= (@0T8TaGO)T2
= C(3,5,6,7,8)0xc
- x
= (01020304)Q1
= A(21-23)AnrAr3
_x( "oy "
= A(0-20)Ar3
=A(" )"
= B(21-23)BnrAr3
-'B( "oy "
= B(0~20)Ar3
= B( n—zn
= FIF2(TsQl) _
= Add(l-3)@0JuTscCr3
'm(") " .
- c<o-20)c:3_

(" )ll
= Xn(1-3)¢o Ix__
= Xn( " )POIx+Ix
= C(21-23)37
-C( n 11}
= KleTO
= KzQ1

= (C21BC229C23) CpTsHtQlFiF2
(1]

- ( 1] )Cp
= T4F1¥F2Inr

= Sc¢

= T3F1F2Ju

= Add(2,3)8xc

= C(0-11)Sxc

= Fi10
= JugoTem(Tr+Tp)
M(0-~23) Cxm .
TrCxm -a_

CpT 002

Tr (F1F3) (COHt)
GOTrFE____
M24CmHt TSTp

= (Tplad0)0104

= ( " )o3iol

111

ﬂ S
/\f\
vv
we e
"U"U

Initialize carry
Initialize indexing

Instruction — O

Recirculate A

Recirculate B

CH+Ix — C (Add=Xz+Yz)

SKE 1

2 Cycles
3 Cycles

T7 thru TO

T7 thru TO

T7 thru T0

Adder input if IX (indexing)

Adder input C register

Carry for Adder
Check parity

Clear S

C+ XIx —+8

Mac(huhwumﬂl

Parity errox

Initiate parity
#6 next clock (T8)

T7 thru TO
T7 thru TO

T7 thru T1

. T7 thru T0

-

Tr thru Tp



$6 T8 sola

End
s8k
T7 Ar3
8A(0«2)
!.’A( ")
8A(3-23)
rA( 11 )
8B (0~2)
I'.‘B( ")
sB(3=-23)
r’( ” )
Cx3
3C(0~2)
I'C( " )
8C(3-23)
rc( " )
Xa(1-3)
Ye(1-3)
Yz( ")
sCz '
rCe
sCp
rCp
Pr3
sP0
rP0
aPl
Pl
aP2
P2
8P(3-14)
rP( " )
rla
Sk
T4 Sc '
rS(1-14)
T3 8xp
8S1
xSl
852
rs2
88(3-14)
3 ts( 1] )
Tr Cxm
sC(0~23)
rc( " )
sHt

= (Ol 6)I8
. Geeae
= A(21-23)AnrAr3
=A( ") "
= A(0-20)Ax3
.'K( n ) "

= B(21-23)BnrAr3
-"g'( " ) 11
= B(0-20)Ar3
,."5‘( " "

= P1¥3(TsQl)

= Add(1-3)@6Fscr3
- m( " ) (1]
= C(0-20)Cr3

- C( noyn

= C(21-23)UT

- C( " "

= KeQlF1@7

= FzQ1

(c28c2:x23) GpTstQ1rd603
( 1 1] )cp ."
(F1G60)Q2

(

(m:mu.u; ::

(P14ia oom

( " -

= P(0=11)Pr3

_T " ”"

= (P12P Q2F1 o
APr(21-23) ($601030%40506Q1)02
T4BndIne

Sp!__

T3IntEndGO
(plzluu)noo(m)s;{p
( 1]

PliNa . "

= P(0-11)8xp
-‘F( " ”"

= EndGOTsm(Tr+Tp)
= M(0=23)Cxm

Z CoTeHONT

112

(P128P13P141a) F160 (BIBLB506) Pr3
o | A ) " .

SKE 2

Initigte P register increment

Last cycle

Recirculate A

Recirculate B

Recirculate C

Adder input ()
v

Adder input (C)

Carry logic

Check parity

P+1 P

Not skip logic
Clear S

T7

T7

T7

T7

T7

T7

T7

T7

T7

P13,14 contains P1,P2 at T3

P+1 S

thru TO

thru TO

thru TO

thru TO
thru TO

thru TO

thru TO

thru T3

thru TO

M 5 C (Fetch next instructionm)

Parity erro¥

Tr

thru Tp



Tp

ris

fIx

TACO

rBOO

sCp

r¥(1,2)

oF3

Oc

802
r0(1,3,4,5,6)

= TrFl

Tr (5[1’3) (ﬁl{t)
TpEndGO

- " ).

= M24CxmHtTsTp
= TpEndSk

= TpSk

= TpEndSk

= Oc

= Oc

113

Initiate parity
P0 next if Sk
@7 next if Sk

NOP (20)—0

SKE 3



g7 T8
T7

T4
T3

TO

Tr

sla

End

Ar3
8A(0~2)
rA( " )
sA(3-23)
rAC " ).
8B(0-2)
rB( ")
8B(3-~23)
rB( ” )
Pr3

sPO

PO

sPl

rPl

aP2

P2

 sP(3eld)

(")
ria
Sc

_t8(leld)

Bxp

sS1l

ril

882

rs2
88(3=14) -
r3( " )
8k

rCp

Cam
8C(0~23)
xc(" )
rla
rIx
ThAOO
rB0O
sCp

¥ (1~3)
Oc¢c

802
r0(1,3,4,5,6)

= Sk@7T8T KD

- = F1F2

- (01028' ﬁﬂ)Ql
= A(21-23)AntAr3

‘.X( ‘u ) 1]
= A(0-20)Arx3
=K(" )"
-_3_(21-23)Bn‘rAr3
- B'( " ) 1]
w B(0=20)Ar3
-‘ﬁ‘( " ) "

= (F1G0)Q2

= (PLAPPL3P141a)F1GO(0 2023506) Pr3

= C )
= (P13PP141a)

- ")

= (Pl4pia)

= (

= P(0~11)Pr3
_?( "oy

« T4EndInt
- Sc__
= T3IntEndGO

= (PlﬂMIa)Fl(}O(OZOzaSOﬁ) Sxp
s () no

= P(0-11)Sxp

- P( 1" ) L]

= §7T0

» TeTOHEKO (#1039476) 32
= EndGOTsm(Tr+Tp)
= M(0~23)Cxm

= TrCxm

u Tx¥1

= Tx(¥1F¥3) (COHt)
= TpEndGO

-m( "

= M24CemHtTsTp

= TpEndSk '
- ( 11} )

= Oc

= Oc

= (Pligia) "
SRR

114

SKE 4

Initiate P register imcrement
Last cycle

Recirculate A T7 thrxu TO
Recirculate B T7 thru TO
P+1-P T7 thru T3
Clear S

P13, Pl4 contain Pl, P2 at T3
P+1-S

M - C (Fetch naxt instruction)
Tr thru Tp

Initiate parity check
#0 next clock (T8)

NOP (20) -0
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go T8

T7

T4

T3

TO
Tr

Tp

BRR

rCz
sHz
sIx
Oxc

r0
Ar3
sA(0~2)
rA( " )
sA(3-23)
rA( " )
8B(0~2)
rB( 11 )
sB(3«23)
'.l'.'B( " )
Cr3
sC(0~2)
rc( L] )
sC(3=23)
rc( " )
sCp
rCp
Xz(1=3)
XE( "y
Yz (1=3)
Yz( " )
sCz
rCz
Sc
rS(1l=14)
Sxc
85(1,2)
85(3~14)
rCz
Cxm
sC(0=23)
rc( 1" )
8Cz
sHt
rIx
rRc
sCp
sF1
sF2

80(1,3,4,5,6)
2

Return Branch

=
=

LA e o0 R0 om0 0D N BE D ND NN R NN

goTs

T8

C1GO@oT8

TacoC2got8

€(3,5,6,7,8)0xc
XC

(0102030Q291

A(21=23) AnrAr3

’A‘( " ) "

é_(O-ZO)Ar3

A( " ) 1]

B(21-23)BnrAr3

F( 1" ) 1"

.EjO-ZO)Ar3

B( " ) 1"

(TsQ1)F1F2

Add(1-3)JuTscCr3¢o

_A_d_d( ] ) "

c(0=20)Cr3

“6( " ) 1"

(C21PC223x23) CpTsHtQLF1IF2

( 1" )CP "

Xn(1l=3)@0Ix

Xn( " )PoIx+Ix

C(21=-23)@7

-C'( " ) "

KzQ1T0

KzqQ1

InxF1F2T4

Sc

JuF1F2T3

Add(2,3)Sxc

Cc(0~11)Sxc

F1TO

JuTsm@o (Tr+Tp)

M(0~-23) Cxm

CxmIr

040506¢0Tr

C ROJ2Tx

( F3)(§5Ht)Tr

Tr

M24CxmfItTsTp

04Ta01@0Tp

62 "

115

M +1 P

Initiate indexing

BRR 1

2 Cycles

Instruction to O register

Recirculate A

Recirculate B

C+XIx -»C

Parity check

Adder input (X-Ix)
Adder input (C)
Carry logic

Clear S

C(10=23) —» 8

M —» C (Fetch operand)

T7

T7

T7

T7

T7

T7

T7

thru TO

thru TO

thru TO

thru TO

thru TO

thru TO

thru T1

Tr thru Tp

Initiate C register increment

Parity error

Initiate parity
#6 next clock (T8)



g6 T8

T7

T4

I3

Tr

Tp

End

sla

Ar3
8A(0~2)
rA( ")
sA(3=23)
rA( 1" )
sB(0=2)
rB( n )
sB(3~23)
rB( " )
Cr3
sC(0=2)
rC( (1] )
sC(3=-23)
rc( 1" )
sCp

rCp

s0f

Pr3
sP(0~2)
rP( " )
sP(3=~14)
rP( " )
Xz (1~3)
Yz(1=3)
Yz( " )
sCz

rCz

rla

Sc
rS(1l=14)
Sxp
s8(1,2)
sS(3=«14)
Cxm
sC(0=23)
rc( 17" )
sHt

rRc
rA0O
rB0OO

sCp
rF(1,2)
Oc.
r0(1,3,4,5,6)
802

]

F1F2

Flﬂ%ﬁw
(01020304)Ql

A(21-23) EnTAr3
A( " ) "
A(0-20)Ar3

A" )M
B(21~23)BnrAr3
B( n ) "
B(0~20)Ar3

B( 1] ) n
TsF1F3Ql
Add(1=-3)TsCr3¢6
Add( " ) ]
C(0~20)Cr3
C(_:'__) "
TsCpHt03¢@6Q1
—T-gcp 11"

03 (02040506) cogeT7
F1G0Q2
Add(1-3)02040506Pr3
Add( " ) "
P(0-11)Pr3

P( n ) ]

Ix

C(21-23)97

C( n )n
KzF1Q1l

RzqQ1
(P12P13P14)Q2F1
InrT4

Sc

IntEndGOT3
Add(2,3)02040506Sxp
P(0=11)Sxp
EndGOTsm (Tr+Tp)
M(0=23) Cxm
CxmTx
CcpTokpRODZ

Tr

EndGOTp

( n -)—-
M24CxmHtTsTp
End3kTp

« ")

Oc

Oc

116

Reclrculate A

Recirculate B

Recirculate C

Check parity
Set overflow if CO

C+1-P

Adder input (C)

Carry logic

Clear S

C+1-S8

BRR 2

T7 thru

T7 thru

T7 thru

T7 thru

T7 thru

T7 thru

M — C (Fetch next instruction)

Parity error

Initigte parity
@0 next clock (T8)

NOP (20) —» 0

Tr thru

TO

TO

TO

T3

TO

T1

Tp



g0 T8

T7

T4

T3

TO
Tr

Tp

SKB

rCz

sIx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0~2)
rA( L1 )
sA(3-23)
rA( 1] )
sB(0-2)
rB( 1 )
sB(3-23)
rB( 1" )
Cr3
8C(0-2)
rC( " )
sC(3=23)
rC( " )
Xz (1=3)

YE( " )

Yz(1=3)

Y;( " )

sCz

rCz

sCp

rCp

Sc
rS(1-14)
Sxc
88(1;2)
sS(3-14)
rCz

Cxm
sC(0=-23)
rc( 1" )
sHt

rlx

rKO

sCp

sF1l

sF2

Skip if B and M do not Compare Ones Bi»(M)i=l; P + 1 — P

@oT8

@#0T8C1GO
(#0T81aGO)C2
c(3,5,6,7,8)0xc

XC
01025504)Q1

A(21-23)AnrAr3

KE " )) "

A(0=-20)Ar3

A( 11 )‘All

B(21-23)BnrAr3

ﬁ( " ) "

B(0-20)Ar3

ﬁx " y "

FIF2(TsQl) _ _

Add (1-3)@0JuTsCr3

Kaa( " ) "

c(0-20)Cr3

zr " ) "

Xn(1-3)@0-Ix__

Xn( " )@0Ix+Ix
C€(21-23)87

C( 11] [}

KzQ1T0@7

RzQ1
(czxaczzgcz3)CprsucQ1rl‘§
( n ) p ”
T4F1F2Inr

Sc

T3F1F23u
Add(2,3)Sxc
c(0-11)Sxc
Tlro__
JugoTsm(Tr+Tp)
M(0-23)Cxm
TrCxm

CpT
Ts (# 3) (Eﬁut)

GOTrFZ

M24mencrsgp
(TpIad0)0104
( " )0301
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Bi» (M)i=0; P + 2 — P

Initialize carry
Initialize indexing

Instruction — O

Recirculate A

Recirculate B

CHX+Ix — C (Add=Xz+Yz)

SKB 1

2 Cycles
3 Cycles

T7 thru TO

T7 thru TO

T7 thru

Adder input if Ix (indexing)
T7 thru TO

Adder input C register

Carry for Adder )

Check parity

Clear §

C+ X*Ix -8

M — C (Fetch operand)

Parity error

Initiate parity
#6 next clock (T8)

TO

T7 thru TO

T7 thru Tl

T7 thru TO

Tr thru

Tp



g6 T8

T7

T4

T3

Tr

sla

End

sSk

Ar3

sA(0-2)
rA( n )
sA(3-23)
rA( 1t )
sB(0~2)
rB( " )
sB(3-23)
rB( " )
Cr3

sC(0-2)
rC( 1" )
sC(3-23)
rC( n )

Xz (1-3) .

Yz (1-3)
‘f’z-( ")
sCz
rCz
sCp
rCp
Pr3
sPO
rPO
8Pl
rPl
sP2
rP2
sP(3-14)
!'P( " )
rla
rSk
Sc
rS(1-14)
Sxp
sS1
rS1l
8S2
rS2
8§(3-14)
rS( " )
Cxan
sC(0-23)
rc( (1] )
sHt

= (0103040%86)T8
= (01020304)Ql
= A(21-23)AnrAr3
- A( " ) 11}
= A(0-20)Ar3
=A(" )"

= B(21~23)BnrAr3
-'E( 7 ) "
= B(0~20)Ar3

- B( ” ‘—2 1"
FIF3(TsQl)__
Add(1-3)@6TsCr3
m( " ) n
Eﬂ0-20)0r3

C( " ) ”

Ix

c(21-23)F7

C( " "
KzQlF1¢7

Kzq1

( " )CP
(F1G0)Q2

( i )
(P1L3P141a)
(R14iLa)
a
‘_"W"’)

(
P(0=11)Pr3

(§IIPT3PI:.)Q2F1

T4EndInc
Sc
T3TntEndGo

(

(Plﬁa;

= P(0-11)Sxp

= ?( " "
= EndGOTsm(Tr+Tp)
= M(0~23)Cim

- T

(c2XPc2m@c23) CpTsitQl@603

(P128P13P141a)F160 (BT043506) Pr3

"
1"
"
"
n

B-C(21-23)02(¢60103040605Q1)

(plglua)mco(mmxp
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SKB 2

Initiate P register increment

Last cycle

Recirculate A

Recirculate B

Recirculate C

Adder input ()]
Adder input (C)

Carry logic

Check parity

P+1-5P

Don't skip if B-(M)

Clear S

T7

T7

T7

17
T7
T?7

T7

T7

P13,14 contains P1,P2 at T3

P+1-S8

Parity error

thru

thru

thru

thru

thru

thru

thru

thru

thru

M - C (Fetch next instruction)

TO

TO

TO

TO
TO

TO

TO

3

TO

Tr thru Tp



Tp

rls

*Ix

TAOO

rBQ0

8Cp

rF(1,2)

sF3

Oc

802
r0(1,3,4,5,6)

= TYF1l
« 1 (FIF3) ()

= TpRndGO

- ( ”n

- M“Klﬂ&tﬁ!p
= TpEnd3k

= TpSk

= TpEndSk

= Oc

= O¢
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Initiate parity
#0 next 1if Bk
#7 next if 8k

NOP (20) -»0

SKB 3



@7 T8

T7

T4

T3

TO

Tr

sla
End
Ax3

"sA(0-2)

l'A( " )
sA(3-23)
rA( 1] )
sB(0-2)
rB( " )
sB(3-23)
rB( (1} )
Pr3

sPO

PO

sPl

rPl

sP2

rP2
sP(3=14)
Z'P( " ) v
rla

Sc
r5(1l~14)
Sxp

8S1

81

882

rS2

88 (3=14)
Y.'S( " )
8k

rCp

Cxom
8C(0=23)
rc( " )
rla

rIx

rADO

rBOO

sCp
rF(1~3)
Oc

802 :
r0(1,3,4,5,6)

= (01020304)Q1

= A(21-23)AntAr3
= K( " ) 1"

- _A_(O-ZO)Ar3
=A(" )
=;§§21-23)BnrAr3
= B( " ) "
-_!3_(0-20)Ar3

= B( " ) ”n

= (F1G0)Q2

= (P11§913P1413)FlGO(053z3506)Pr3

- ( N )
(P1¥PP141a) "
oy

= (Pl4Pia) "
= ( "
n_l?_(O-ll)Pr3

-P(" ) "

= (PTZPI3P1Z)Q2F1

= T4EndInr

= Sc___

= T3IntEndGO

= (
= (Pl4pLa) "
- )

P(0-11)Sxp

= P( " ) 1"

= 770

» TsTOHtKD (F1038486)#2
= EndGOTsm(Tr+Tp)

= M(0-23) Cxm

TrCan

TrFl

- Tr (FLF3) (COHL)

TpEndGO
( 1)
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= (P13BP14Ia)F100(02040506)Sxp
*“‘“Tr‘——‘) " )

SKB 4

Initiate P register increment
Lagt cycle

Recirculate A

Recirculate B

P+1-P

Clear S

P13, Pl4 contain Pl1, P2 at T3
P+1-S8 '

M - C (Fetch next ingtruction)

Tr thru Tp

Initiate parity check
#0 next clock (T8)

NOP (20) —0O

T7 thru TO

T7 thru TO

T7 thru T3



@0 T8

T7

T4

T3

TO
Tr

Tp

SKN

rCz

sIx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0=-2)
rA( 1" )
sA(3-23)
rA( 1] )
sB(0-2)
rB( " )
sB(3-23)
rB( " >
Cr3
8C(0=2)
rC( (1] )
sC(3-23)
I'C( " )
Xz (1-3)
')‘('E( n )
Yz(1-3)
ﬁ( ")
5Cz ]
rCz

sCp

rCp

Sc
rS(1-14)
Sxc
53(1;2)
s§(3~14)
rCz

Cxm
sC(0-23)
rC( " )
sHt

rlx

rKO

sCp

sF1l

sF2

Skip 1f M Negative

"0 B W ou o

g onn

Bns 88 W8 D0 BN RN DE N RREDDRNRRD NN

@oT8

@oT8C1GOo
(#0T8IaGO) T2
c(3,5,6,7,8)0xc
&OXC
(01020304)Q1
A(21-23)AnrAr3
K‘( " ) "
A(0-20)Ar3
AC" )
B(21-23)BnrAr3
B( " ) "
B(0~20)Ar3

B( "n -—) "
FiF2(TsQl)

Add (1-3)90JuTsCr3 -

m( 1" ) "
c(0-20)Cr3

'6 " ) "
Xn(1-3)@0-Ix__
Xn( " )@0Ix+Ix
C(21-23)@7

C( :l—. 1
KzQlT007

KzQl

(c21Pc22023) CpTsHEQ1F1F2

( " ) Cp
T4F1F2Int

Sc

T3F1F2Ju
Add(2,3)Sxc
c(0-11)Sxc
Flro__
Ju@OTsm(Tr+Tp)
M(0-23)Cxm
TrCxm o7

CpT 002
Tr( F3)(35Ht)
GOTrff____
M24CxmHt TsTp
(Tpla@0)0104

( " )0301
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SKN 1

M>20;P+15P 2 Cycles
M<O0; P+2 P 3 Cycles
Initialize carry

Initialize indexing

Instruction — 0

Recirculate A T7 thru TO
Recirculate B T7 thru TO

C+X+Ix — C. (Add=Xz+Yz) T7 thru

Adder input if Ix (indexing)

TO

T7 thru TO

Adder input C register T7 thru TO

Carry for Adder T7 thru Tl
Check parity T7 thru TO
Clear §

C+ X*Ix —» 8

M - C (Fetch operand) Tr thru

Parity error

Initiate parity

@6 next clock (T8)

Tp



g6 T8

T7

T4

T3

Tr

sla
End
Ar3
sA(0=2)
rA( " )
sA(3=23)
rA( " )
sB(0=2)
rB( " )
sB(3-23)
rB( " )
Cx3
sC(0~2)
rC( 1" )
sC(3-23)
rc( " )
Xz (1-3)
Yz (1=3)
ﬁ( ] )
sCz
rCz
sCp
rCp
Pr3
sP0O
PO
sPl
rPl
sP2
rP2
sP(3~14)
rP( " )
rla
Sc
rS(1=-14)
Sxp
sS1
rSl
sS2
rS2
sS(3=14)
rs( 1" )
Cxm
8C(0~23)
rC( n )
sHt

Ly n ey nnn Ry Rn R RN RENRNRERRRNRRDNRN

T8F1F3d ko)
FIF2
(01020304)Q1
A(21-23)AnrAr3

K( " ) 1

A(0=20)Ar3

K( 1" ) "

B(21~23)BarAr3
_B-( 1t ) 1
B(0=20)Ar3

‘B‘( 1 ) "

F1F3(TsQl)
Add(1-3)@6TsCr3
Add( 1 ) "
€(0~20)Cr3

9& 1" ) 1"

Ix

C(21-23)@7

C( " )~l|
KzQlF1§7

KzQl

(C21pCc22C23) CpTsHEQLP603

( " ) Cp
(F1G0)Q2

(P1LZPP13P141a) F1G0(02040506) Pr3
1

( LA
(P13#Pl41a)
(G
(P1l4Bla)
C o)
P(0~11)Pr3

—P—( " ) "

(P12P13P14)Q2F1
T4EndInr

Sc

T3IntEndGO

(PlJEPlAIf)FIGO(67525306)Sxp

P(0~11)Sxp

—P_( " ) 1"

EndGOTsm(Tr+Tp)
M(0~23) Cxm
TxrCxm '

CpTKpKOP2
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SKN 2

Initiate P register increment

Last cycle

Recirculate A

Recirculate B

Recirculate C

Adder input (@)
Adder input (C)

Carry logic

Check parity

P+1-P

Clear S

T7

T7

T7

T7
T7

T7

o T7

T7

thru

thru

thru

thru

thru
thru

thru

thru

P13, Pl4 contain Pl, P2 at T3

P+15S

M — C (Fetch next instruction)
Tr thru Tp

Parity error

TO

TO

TO

TO
TO

TO

T@

T3



Tp

rla = TrF1

rIx - = Tr(¥IF3) (COHE)

sSk = 0103040 60506Tr (CPIx)
rAOO = TpEndGO

rB0OO = ("

sCp = M24CxmHETsTp

rF(1,2) = TpEndSk

sF3 = TpSk

Oc = TpEndSk

s02 = Oc

r0(1,3,4,5,6) = Oc

123

Sk 1f M <O

Initiate parity
#0 next 1f 8k
@7 next if Sk

NOP (20) —0

SKN 3



47 T8

T7

T4

T3

TO

Tr

Tp

sla -
End
Ax3
sA(0-2)
rA( ")
sA(3-23)
I‘A( " )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
Pr3

sP0

PO

sP1l

rPl

aP2

tP2
sP(3=14)
tP( " )
rla

Sc
r8(1l=14)
Sxp

881

81

s82

rS2
88Y{(3=14)
rs( ¥ )
r8k

rCp

Oom
8C(0=23)
tC( 1" )
rla

rlx
rAOO
TBOO
sCp
rF(1=3)
Oc

802

10(1,3,4,5,6)

= k7780

= F1F2

(0102356 4)Ql

= A(21-23)E\T’Ar3
=X ")

= A(0-20)Ar3
=KC" ) n

= B(21-23)BnrAr3
- B( n ) (1)
-_B_(O-ZO)ArB

- B( ” ) "

= (F1G0)Q2

(Pllﬁ?lBPlhIa)!lGO( EBZB 506) Pr3

-( il

= (P1X¥PPl4Ia)
C ).

= (Pl{dka)

= (

- P(0-11)Pr3

- P( " ) ]

- (FI'TFIT'II)erI
« T4EndInr

= 8c___

= T3IntEndGO

= (PLgHa)
- T

= P(0-11)Sxp
- P( 1 ) 11
= @770

= TsTOHEKD (F1039486) 32

= EndGOTsm(Tr+Tp)
- )((0-23)0:0:\

= TrCxm

= TrFl

= Tr(FI¥3) (S0Ht)
= TpEnd@0

-( 11

- H24CnnHthTp

= TpEnd8k
-( " )
= Oc
-.Oc

[ 1]
[ 1]
"
1 1]

- (P13$P14Ia)3100(05525506)Sxp
) n

1124

SKN 4

Initiate P register increment_

last cycle

Recirculate A

Recirculate B

P+1 P

Clear 8

T7 thxu TO

T7 thzu TO

T7 thru T3

P13, P14 contain P1, P2 gt T3

P+18

M - C (Fetch next ingtruction)

Initiate parity check
§0 next clock (T8)

NOP (20) -»0

Tr thru Tp



=4

T8

T7

T4

T3

TO
Tr

Tp

SUB

rCz

slx

Oxc
80(1,3,4,5,6)
r02

Ar3
sA(0-2)
rA( 1] )
8A(3-23)
IA( " )
sB(0~2)
rB( " )
sB(3~23)
rB( n )
Cr3
8C(0-2)
rc( " )
sC(3=23)
rc( ” )
Xz(1-3)
E( " )
Yz (1=3)
Y;( " )
sCz

rCz

sCp

rCp

Sc
rS(1=14)
Sxc
85(1,2)
a8 (3=14)
rCe

Cxan

. 8C(0-23)

rC( " )
sCz
sHt
rix
rKO
sCp
sFl
sF2

88U RDID RN R.E AN E R-E N AR DB B FRREREDESE

Subtract

= @oT8
= §OT8CIGO
= ($0T8IaG0)C2

(01020304)Q1
é(21-23)AntAr3
A( " ) "
A(0-20)Ar3
A(Y )N
B(21-23)BnrAr3
B( 11 ) 1"
B(0-20)Ar3

§-( 11 _2 (1]
F1F2(TsQl) __

Add( " ) 11}
EﬁO-ZO)CrS
C( n ) "
Xn(1-3)@#0:Ix

C(21-23)F7
C( " "
KzQLlTO
KzQl

T4F1F2Iny

Sc__ _____
T3F1F2Ju
Add(2,3)Sxc
C(0-11)Sxc
Fito__

= Ju@0Tsm(Tr+Tp)
= M(0-23)Cxm

= TrCxm

= (Tr@0) (040506)
= CpTEKEKO72.

= Tr(FI¥3) (GOHt)
= GOTxF2

= M24CxmftTsTp

= (TpTa00)0304

0302

=( "

023,5,6,7,8)0xc
C c

Add (1~3)@0JuTaCr3

(" )P0Ix+Tx

(C2¥EX225023) CpTsBtQ1FiF2
( * )ep |
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A~ M -5A

Initialize carry
Initialize indexing

Instruction -0

Recirculate A

Recirculate B

CHX+Ix —+ C (AddmXz+Yz)

SUB 1

2 Cycles

T7 thru TO

T7 thru TO

T7 thru

Adder input if Ix (indexing)

Adder input C register‘

Caxrry for Adder
Check parity

Claar S

CiXelx - 8

M —»C (Fetch Operind)

T7 thru

TO

TO

T7 thru TO

T7 thru

T7 thru

Tr thru

Set carry for two's complement

Parity error

Initiate parity
#6 next clock (T8)

Tl

TO

Tp



g6 T8

T7.

T4

T3

Anr
Ck
sC(0-23)
rc( 7" )
sla
End
Ar3
sA(0-2)
rA( n )
sA(3-23)
rA( n )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
Cr3
sC(0-2)
rC( 1" )
sC(3-23)
rC( 1] )
Xz (1-3)
'}‘(’z‘( " )
Yz (1-3)
—Y"z“( n )
sCz
rCz
sCp
rCp
Pr3
sPO
rP0
sP1
rPl
sP2
rP2
sP(3-14)
rP( " )
rla
Sc
rS(l-14)
Sxp
sS1
rSl
sS2
r$2
s8(3-14)
rs( ”" )

01020304¢6
(#601020304) 06T8Ts
€(0-23)Ck

C( 1" "

T8F1F

F1F2

(01020304)Q1

Ad—d( n )( n
A(0=-20)Ar3
AC" )"
B(21=23)BnrAr3
'E'( " ) n
B(0~20)Ar3
B )
F1F3(TsQl)
Add(1-3)@6TsCr3
ATd‘( 1] ) (1]
€(0-20)Cr3

C( " ) n _
A(21-23)@60204
‘A’( " ) 1
c(21-23)@7

'C'( " )n
KzQlF1¢7

KzQl

( 1" )CP
(F1G0)Q2

( m )
(PL3PP141a)

( " )
(P14HLa)
7T
EﬁO-ll)Pr3

P( n ) 1"
(PT2P13P14)Q2F1
T4EndIny

Sc__
T3IntEndGO

( )

Rnnon B0 n NNy unynRnnNRE RN nnnunnn

P(0-11)5xp
=P( 1" )"

)

Add(1-3) (01020304@6) Ar3

(C2XPCc229x23) CpTsHEQLP603

(P12PP13P141a)F1G0(02040506) Pr3

"
1"
1"
1"
1"

(P1¥P14Ia)F1G0(02040506) Sxp
"

"
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Invert C

SUB 3

Initiate P register increment
Last cycle

A+C+ 1A=
A- M

) —»A

Recirculate B

A+C+1l-ocC

Adder
Adder
Carry

Check

P+1

Clear

P+1

input (A)
input (C)
logic

parity of €

T7

T7

T7

T7

T7

T7

thru

thru

thru

thru

thru

thru

thru

thru

TO

TO

TO

TO

TO

TO

T3



TO

Tr

Tp

sOf

Ofe

Cxm
sC(0-23)
I‘C( 1 )
sHt

rla

rlx

X1ld

X1d

rA0O
rBOO

sCp
rF(1,2)
Oc

s02 ,
r0(1,3,4,5,6)

($601020304)T00fe

g nnwnnmnn R

nenu

AddlXz1lYzl+Add1XzlYzl
EndGOTsm(Tr+Tp)
M(0=23)Cxm
TrCxm
CpTHRpPROF2

TrF1l

Tr (F1F3) (GOHt)
Cz (0102030406)Tr
C_Z.( " ) n
TpEndGO

«C ")
M24CxmitTsTp
TpEndSk

C ")

Oc

Oc

127

Overflow logic

SUB 3

M —» C (Fetch next instruction)

Parity error

Save carry

Initiate parity
@0 next clock (T8)

NOP (20) -0

Tr thru Tp



55

g0 T8

T7

T4

T3

TO
Tr

Tp

ADD

rCz

sIx

Oxc
50(1,3,4,5,6)
r02 !
Ar3
sA(0-2)
I‘A( " )
8A(3-23)
rA( " )
sB(0-2)
rB( 1 )
sB(3-23)
rB( 1" )
Cr3
8C(0=-2)
rc( 1" )
sC(3-23)
I’C( 1" )
Xz(1-3)
3‘(‘5( ] )
Yz (1-3)
_Y-Z-( ||')
sCz

rCz

sCp

rCp

Sc
rS(l-14)
Sxc
SS(].;Z)
sS(3-14)
rCz

Cxam
sC(0-23)
I'C( n )
sHt

rlx

rK0

sCp

sF1

sF2

Add

= @OT8

= @OT8CLGO

= (@0T8TaGO)C2

= ¢(3,5,6,7,8)0xc

= XC

= (01020304)Ql
A(21-23)AnrAr3

I( " ) "
A(0~20)Ar3

ACM )M
EﬂZl-ZB)BnrAr3

B( " ) "
B(0-20)Ar3

B( " .-)- "
FIF2(TsqQl)

Add (1=-3)@0JuTsCr3
KaH( " n
c(0-20)Cr3

E‘( " ) 1]
Xn(1-3)@0-Ix__

Xn( " )@0Ix+Ix
C€(21-23)87

C( :l_ [}]

KzQ1TO0@7

RzqQ1 _ _
(c2¥@Pc22pc23) CpTsHEQ1F1F2
( n )CP "
T4F1F2InT

Sc

T3F1IF2Tu
Add(2,3)8xc
C(0=-11)Sxc
Firo
JugOTsm(Tr+Tp)
M(0-23)Cxm
TrCxm
CpTuKgK0d2
Tr( _23)(35Ht)
GOTrF2__ _
M24CxHE TsTp
(TpIlad0)0304

( " )o302
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App 1

A+ (M) »A 2 Cycles.
Initialize carry

Initialize indexing

Instruction —» 0

Recirculate A T7 thru TO
Recirculate B T7 thru TO
C+X+Ix - C (Add=Xz4¥Yz) T7 thru TO

Adder input if Ix (indexing)

T7 thru TO
Adder input C register T7 thrud0
Carry for Adder T7 thru T1
Check parity T7 thru TO
Clear §
C+ X*Ix »S
M - C (Fetch operand) Tr thru Tp

Parity error

Initiate parity

@6 next clock (T8)



g6 T8

T7

T4

T3

TO

Tr

Anr
sla
End
Ar3
sA(0~2)
rA( 1" )
sA(3~23)
rA( 1" )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
Cr3
sC(0-2)
rc( 1" )
sC(3~23)
rC( 1" )
Xz (1-3)
R_Z'( 1" )
Yz(1=3)
‘ﬁ( 1 )
sCz
rCz
sCp
rCp
Pr3
sPO
rP0
sPl
rP1
sP2
rP2
sP(3-14)
rP( 1" )
rla
Sc
rS(1l=-14)
Sxp
sS1
rS1
sS2
rS2
sS(3-14)
rs( " )
sOf
Ofe
Cxm
sC(0-23)
rC( 1 )
sHt

= 0102030486
= T8F1F3

= FLF2

= (01020304)Ql

= Add(1~3) (01020304@6)Ar3

= "Ea'( " ) "
= A(0-20)Ar3
=E(" )1
=.§£21-23)BnrAr3
=B( " ) 1"

= B(0-20)Axr3

=']§‘( " ) ]

= F1F3(TsQl)
= Add(1-3)@6TsCr3
=m( n) n
= C(0~20)Cr3
=F( " )n—
= A(21-23)060204
==-K( 1" ) "
= C(21-23)F7

‘E‘( " )n
KzQlF137
KzqQ1

( 1 )CP 1"
(F1G0)Q2

( v )
(P13PPl4Ia)

P(0=11)Pr3

"rT( ] ) n
(PTZPI3P14)Q2F1
T4EndInrx

Sc

T3IntEndGO

(
(PL4DLa) "
(' 14 ) 1"
P(0-11)Sxp

"P"( 1 )n
(#601020304)T00fe
Add1Xzl1Yz1+Add1XzlYzl
EndGOTsm(Tr+Tp)
M(0=23) Cxm

TrCxm

CpTﬂ@BEaai

R0 w0000 un 8RN NRnRENRRRRNR
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(C21c22pc23) CpTsHEQLPE603

(P12@P13P14Ia)F1G0(02040506) Pr3

1"
"
"

(PlS&PléIa)F1G0(55323§06)Sxp
—"_Tl"——) "

ADD 2

Initiate P register increment

Last cycle

Recirculate B

A+ C->C

Adder input (A)
Adder input (C)
Carry logic

Check parity

P+ 1P

Clear S

P+ 1558

Overflow logic

T7

T7

T7

T7

T7

T7

T7

T7

thru TO

thru TO

thru TO

thru TO

thru TO

thru TO

thru TO

thru T3

M — C (Fetch next instruction)
Tr thru Tp

Parity error



Tp

rla
rix
X1ld
X1d
rAOO
rBOO
sCp
rF(1,2)
Oc

s02
r0(1,3,4,5,6)

TrFl

Tr (F1F3) (GOHt)
Cz(0102030486) Tr
'6;( " )n
TpEndGO

«c ")
M24CxmHETSTp
TpEndSk

c ")

Oc

Oc
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Save carry

Initiate parity

@0 next clock (T8)

NOP (20) - O

ADD 3



go T8

T7

T4

T3

TO
Tr

Tp

Suc

rCz
slx
Oxc
50(1,3,4,5,6)
r02

Ar3
sA(0-2)
rA( " )
sA(3-23)
T.'A( " )
sB(0-2)
rB( " )
sB(3-23)
rB( n" )
Cr3
8C(0-2)
rc( " )
sC(3=23)
rc( " )
Xz(1-3)
'X'E( 1] )
Yz(1-3)
Yz( " )
sCz

rCz

sCp

rCp

Sc
rS(1=-14)
Sxc
85(1,2)
a8S (3-14)
rCz

Cxm
8C(0=-23)
l‘C( " )
sCz

sHt

rIx

KO0

sCp

sFl

sF2

Subtract With Carry

g8 0 DR M B ORN NN R QO HEE D DYE R TR DN B DR KRR UDR

gors

goT8ClGO0
(@0T8IaGO)C2
c(3,5,6,7,8)0xc
Thoxe
(01020304)Q1
A(21-23)AnrAr3
A( 1 ) "
‘é(O-ZO)ArB
A(" )
B(21-23)BnrAr3
B( " ) 1"
B(0-20)Ar3
B(" )
F1F2(TsQl) _
Add(1-3)#0JuTsCr3
Add( " ) 1"
E&O-ZO)CrB

C( " ) "
Xn(1-3)@0:1Ix
n( " )PoIx+Tx
c(21-23)@7

E( 1" "
KzQLlTO097

KzQl

(C21PCc22C23) CpTsHEQLF1F2

( 11]
T4F1F2Inr
Sc_
T3F1F2Ju
Add (2,3)Sxc
C(0-11)Sxc
Fito _
JugOTsm(Tr+Tp)
M(0-23)Cxm
TrCxm

(Tr@0) 0405Xwl
CpTHRpK032

Tr (FIF3) (GOHt)
GOTrF2 )
M24CxmAtTsTp
(TpIad0)0304

¢ " )0302

)Cp "
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A~ (M) + Carry — A

Initialize carry
Initialize indexing

Instruction —» 0

Recirculate A

Recirculate B

CHX+Ix —» C (Add=Xz+Yz)

suc 1

2 Cycles

T7 thru

T7 thru

T7 thru

Adder input {f Ix (indexing)

Adder input C register
Carry for Adder
Check parity

Clear S

CiXelx —» S

M 5 C (Fetch Operand)
Set carry if Xwl

Parity erroxr

Initiate parity
#6 next clock (T8)

T7 thru
T7 thru

T7 thru

T7 thru

Tr thru

TO

TO

TO

TO
TO

Tl

TO

Tp



g6 T8

T7

T4

T3

Anr
Ck
sC(0-23)
I'C( " )
sla
End
Ar3
sA(0~2)
rA( 1] )
sA(3-23)
IA( ] )
sB(0-2)
rB( 1] )
sB(3-23)
rB( " )
Cr3
sC(0~2)
rc( 1" )
sC(3~23)
rC( " )
Xz (1-3)
3‘(;( " )
Yz (1-3)
'?E‘( 1" )
sCz
rCz
sCp
rCp
Pr3
sPO
rPO
sP1l
rP1l
sP2
rP2
sP(3-14)
rP( " )
rla
rOf
Sc
rS(l-14)
Sxp
sS1
rS1l
sS2
rS2
sS5(3~14)
rs( 11 )

mw o n o nn o nn RN nnnnnnnnnn

| T | A S R O |

0102030406__

« " )06T8Ts
T(0-23)Ck

C( n ) n

T8F1FX KD

F1F2

(01020304)Q1

Add(1~3) (01020304@6)Ar3
Add( " )( 1 ) 1"
A(0=20)Ar3

A" )
B(21-23)BnrAr3

B( "n ) "
_B(0-20)Ar3

B(__‘_‘ —_2 11}

F1F3(TsQl)

Add (1-3)@6TsCr3

Ha"( " ) n
C(0-20)Cr3

C( 1" ) " _
A(21-23)(360204

A( " ) ”n
(21-23)07

C( 1" ) "

K2QLlF1@7

KzQ1

(C2XPC22PC23) CpTsHEQLP6
( " )Cp ]
(F1G0)Q2
(P123P13P14Ia)F1GO (0204

( LLJ ) "
(P13P14Ia) "
("’"’"'_TY__) n
(P14Pia) "
(—'ﬂ—) n
P(0-11)Pr3
'P( " ) 1"
(PIZFI3P14)Q2F1
(#601020304)05Q2
T4EndInr
Sc .
T3IntEndGO

(P13PP141a)F1G0 (0204050
"

( " )

(P1l4pra) "
( n ) "
P(0-11)Sxp

P(" )"
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03

0506) Pr3

6) 8xp

Invert C

suc 2

Inititate P register increment
Last cycle

A+ C + Carry —»A =
A - (M) + Carry » A

Recirculate B

A+T+ Carry —» C

Adder
Adder
Carry

Check

Reset

Clear

input (A)
input (C)
logic

parity of C

- P

Overflow

S

T7

T7

T7

T7

T7

T7

T7

T7

T7

thru TO

thru TO

thru TO

thru TO

thru™

thru TO

thru TO

thru T3

thru T3



TO

Tr

Tp

sOf

Ofe

Cxm
sC(0-23)
rC( " )
sHt

rla

rIx

Xid

X4
rA0O
rB0O

sCp
rF(1,2)
Oc

s02
r0(1,3,4,5,6)

nnuwunan

(¢601020304)T00fe
Add1Xz1Yz1+Add1Xz1Yz1
EndGOTsm(Tr+Tp)
M(0-23) Cxm

TrCxm

cpT & pKOd2

TrFl
Tr (F1F3) (GOHt)
Cz(0102030406)Tr
.C_E( 1] ) n
TpEndGO

( "
M24CxmHETsTp
TpEndSk

«c "))

Oc

Oc
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@verflow logic

suc 3

M —» C (Fetch next instruction)

Parity error

Save carry

Initiate parity
@0 next clock (T8)

NOP (20) —O

Tr thru Tp



57

g0 T8

T7

T4

T3

TO
Tr

Tp

rCz

sIx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0-2)
rA( "n )
sA(3-23)
rA( "oy
sB(0-2)
rB( 1] )
sB(3-23)
rB( " )
Ct3
sC(0-2)
rC( 1] )
sC(3-23)
1.c( ”" )
Xz(1-3)
_X—E( " )
¥z(1-3)
Yz( " )
sCz '
rCz

sCp

rCp

Sc
rS(1-14)
Sxc
s5(1,2)
8§ (3-14)
rCz

Cxm
sC(0=23)
rc( " )
sCz

sHt

rix

rK0

sCp

sF1l

sF2

Add with Carry

g o % B W RO A NS W URE YW B DO R BB E RN U P B HED R DN D TR NRBDEREB

goTs

dorsclGo
(#0T81aGO)C2
c(3,5,6,7,8)0xc
az’o:{c) 272
(01020304)Q1
A(21-23)AnrAr3
"A'( " ) 1]
_é(O-ZO)ArB
A" )M
l§(21-23)BnrAr3
B( " ) "
B(0-20)Ar3
B ) "
F1F2(TsQl)
égg(l-3)¢0JuTsCr3
Add( " ) "
EKO-ZO)CrS

C( 1] ) n
Xn(1-3)@0:Ix
(" )P0Ix+TIx
c(21-23)F7

E( 1 "
KzQl1T0@7

KzQl

(__" Jep "
T4F1F21Inr
Sc__
T3F1F2Ju

Add (2,3)Sxc
C(0-11)sxc
Fito__
Ju@0Tsm(Tr+Tp)
M(0=-23)Cxm
TrCxm
(Tr@#0)0405Xwl
CpTHRKO032

Te (F1F3) (GOHt)
GOTrF2 .
M24CxmHEtTsTp
(1pTad0)0304

( " )0302

(C2XPC224X23) CpTsHEQ1IF1F2
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A+ (M) + Carry — A

Initialize carrxy
Initialize indexing

Instruction ~» 0

Recirculate A

Recirculate B

C+X*Ix — C (Add=Xz+Yz)

ADC 1

2 Cycles

T7 thru TO

T7 thru TO

T7 thxu TO

Adder input if Ix (indexins)“

Adder input C register
Carry for Adder
Check parity

Clear §

C+Xelx - S

M — C (Fetch Operand)
Set carry if Xwl

Parity errorx

Initiate parity
#6 next clock (T8)

T7 thru TO:'
T7 thru 10

T7 thru T1

T7 thru TO

Tr thru Tp



g6 T8

T7

T4

T3

TO

Tr

Anr

sla

End

Ar3

sA(0-2)
rA( " )
sA(3-23)
rA(C " )
sB(0-2)
rB( " )
sB(3-23)
rB( 1" )
Cr3

sC(0=-2)
rc( ")
sC(3-23)
rC( LI
Xz(1-3)
5{?( n )
Yz(1-3)

'ﬁ( n)

sCz
rCz
sCp
rCp
Px3
sPO
rPO
sPl
rPl
sP2
rP2
sP(3-14)
rP( "oy
rla
rOf
Sc
rS(1-14)
Sxp
sS1
rSl
sS2
rS2
sS(3-14)
rS( " )
sOf
Ofe
Cxm
sC(0-23)
rC( " )
sHt

l(lllllllll!llllllllllllllllll

Illlllllllllll

01020304@6

Tsrlfagjgg

F1F2

(01020304)Q1

Add(1-3) (01020304%6) Ar3
Add( " )( " ) "
A(0-20)Ar3

“"( n ) n

B(21~23)BnrAr3
B( 1 1] ) 1"
B(0~-20)Ar3

_B—( 1] ) 1"

F1F3(TsQl)
Add(1~3)@6TsCr3

m( " ) "

C€(0=-20)Cr3

E‘( "n ) n

A(21-23)@60204

1‘( " ) n

C(21-23)F7
C( 1 ) 1"
KzQlF137

KzQl
(c21pc222pc23) CpTsHEQLPF603

( " )CP n
(F1G0)Q2

(P129913P141a)Flco(‘ﬁﬁlosoa)Pr3

( " )
(P13PP141a)
(‘—"—’ﬂ"

P(0-11)Pr3

='F( 1" ) 1"

e nnann N

(PlZElgPlz)QZFl
(¢601929304)05Q2
T4EndInr

Sc___

T3IntEndGO

(PliBPIAIa)F1G0(02040506)3xp

(P14Pla) "

(“""TT'"‘") 1"
P(0-11)Sxp

ﬂ" )n

(¢601020304)T00fe
Add1Xz1Yz1+Add1Xz1Yz1
EndGOTsm(Tr+Tp)
M(0~23) Cxm

TrCxm

Cpr@Eﬁaaf
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Apc 2

Initiate P register increment
Last cycle

A+ C

A+ (M) + Carry —» A

Recirculate B

A+ C

Adder
Adder
Carry

Check

P+1

Reset

Clear

P+1

input (A)
input (C)
logic

parity

- P

Overflow

S

Overflow logic

T7

T7

T7

T7

T7

T7

T7

T7

thru TO

thru TO

thru TO

thru TO
thru TO
thru TO

thru TO

thru T3

M — C (Fetch next instruction)
Tr thru Tp

Parity error



Tp

rla
rix
X1ld
X1d
rAOO
rBOO
sCp
rF(1,2)
Oc

s02
r0(1,3,4,5,6)

A T 1 [ | I

TrFl . .
Tr(FlE})(GOHt)
Cz(0102030486) Tr
E'Z-( " ) n
TpEndGO

( "
M24CxmHETsTp
TpEndSk

C ")

Oc

Oc
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Save carry

Initiate parity

@0 next clock (T8)

NOP (20) —» 0

ApC 3



60

@0 T8

T7

T4

T3

TO
Tr

Tp

SKR

rCz
sIx
Oxc

s0(1,3,4,5,6)

r02
Ar3
sA(0-2)
rA( " )

sA(3-23)

rA( "
sB(0~2)
rB( ")

)

sB(3-23)

B( "
Cr3

sC(0-2)
rc( ")

)

sC(3=-23)

rc( "
Xz (1=-3)
'}'{'E( " )
Yz (1-3)
'Y—-E( " )
5Cz

rCz

sCp

rCp

Sc

)

rS(l=-14)

Sxc
sS(1,2)

sS(3-14)

rCz
Cxm

sC(0=~-23)

rc( "
sHt
rIx
rKO
sCp
sF1

)

Reduce Memory and Skip if Negative

= @goT8

= @OT8CLGO

= (P0T8IaGo)C2

= C(3,5,6,7,8)0xc

= C4Oxc

= (0102630é291
A(21-23)AnrAr3

= A( 1 ) "
=.é(0-20)Ar3
=AC" )
= B(21-23)BnrAr3
= B( " ) "
=_§(0-20)Ar3
=B( " )"
= F1F2(TsQtl)
= Add(1-3)@#0JuTsCr3
= m( " "
= _(3_(0-20)Cr3

C( " ) 1"

Xn(1-3)@0- Ix

Xn( " )P0Ix+Ix
Cc(21-23)87

'é‘( " "

KzQLTO@7

KzQl L
(C216Cc2Xr23) CpTsHEQLF1F2
( " )CP "
T4F1F2Inr

Sc

T3FiF2Ju
Add(2,3)Sxc
Cc(0-11)Sxc

F1TO

Ju@oTsm(Tr+Tp)
M(0-23)Cxm

Tx Cxm

CpT gk pKO

Tr (F1F3) (GOHt)
GOTrF2

M24CxmHETsTp
(TpTa®0)010%

v n g w8 n g uww NN

I I I
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™M -1-M
M) >0; P+1-P
(M) <0; P+2 P

Initialize indexing

Instruction —» 0

Recirculate A

Recirculate B

C+X¢Ix — C (Add=Xz+Yz)

Adder input (XIx)
Adder input (C)
Carry logic
Check parity

Clear S

C+ X*Ix -5

M — C (Fetch operand)

Parity error

Initiate parity
@4 next clock (T8)

SKR 1

3 Cycles

T7

T7

T7

T7

T7

T7

thru

thru

thru

thru

thru

thru

thru

thru

TO

TO

TO

TO
TO
Tl

TO

Tp



6l

g0 T8

T7

T4

T3

TO
Tr

Tp

MIN

rCz

sIx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0-2)
rA( 1 )
sA(3-23)
rA( " )
sB(0-2)
rB( 1 )
sB(3~23)
rB( " )
Cr3
sC(0-2)
rC( " )
sC(3-23)
rC( 1" )
Xz(1=-3)
X—Z-( 1" )
Yz(1-3)
Y—Z( " )
sCz

rCz

sCp

rCp

Sc
rS(1-14)
Sxc
sS(1,2)
sS(3-14)
1rCz

Cxm
sC(0~23)
rC( n )
sCz

sHt

rIx

rKO

sCp

sF1

Memory Increment

@#oT8

@0T8C1GO
(P0T8IaGoO) C2
c(3,5,6,7,8)0xc
Choxc
(01020304)Q1
A(21-23)AnrAr3
A( " ) n
A(0-20)Ar3
AC )N
B(21-23)BnrAr3
B( n ) (1]
B(0-20)Ar3
_B-:-(——I-I —2 1"
FiF2(TsQl)
Add(1-3)@0JuTsCx3
Add( " ) ]
c(0-20)Cr3

’E( 1" ) 1"
Xn(1-3)@0eIx
Xn( " )P0oIx+Ix
C(21-23)F7

C( 1] )n
KzQ1TO@7

KzQ1
(C21PC22HC23) CpTsHEQLF1F2
( 1] )Cp 1"
T4F1F2Inr

Sc

T3F1F2Ju
Add(2,3)Sxc
C(0-11)Sxc
FiTo
Ju@0Tsm(Tr+Tp)
M(0-23) Cxm
TrCxm
(Tr@0)040506
CpTuKpKOP2
Tr(F1F3) (GOHt)
GOTrF?2
M24CxmHtTsTp
(TpIa@0)0104

oy onow o Ronor NN rnEnnnnn
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M +1 (M

Initialize indexing

Instruction —» 0

Recirculate A

Recirculate B

CHX+Ix — C (Add=Xz+Yz)

Adder input (XIx)
Adder input (C)
Carry logic
Check parity

Clear S

C+ X-Ix —» S

M — C (Fetch operand)
Initiate increment C

Parity error

Initiate parity
@4 next clock (T8)

MIN 1

3 Cycles

T7

T7

T7

T7

T7

T7

Tr

thru

thru

thru

thru

thru

thru

thru

thru

TO

TO

TO

TO
TO
Tl

TO

Tp



g4 T8

T7

T6

T3
TO

Tr

Tp

rC24
sla
Mxc
Ar3
sA(0-2)
rA( 1" )
sA(3-23)
rA( 1" )
sB(0~2)
rB( " )
sB(3-23)
rB( " )
sCp
rCp
Cr3
sC(0=-2)
rc( 1 )
sC(3-23)
rC( 1] )
Xz (1-3)
Yz(1-3)
?E( " )
sCz
rCz
Pr3
sPO
rP0
sP1l
rPl
sP2
rP2
sP(3-14)
rP( 1" )
ria
sC24
rC24
rM(0=24)
sOf
Ofe
sHt
rla
rKO0
sF(1=3)
sM(0-24)
rM( n )

n

T8(TsTsr)

F1F

@4Tsm

(01020304)Q1
éﬁZl-ZB)AnrArB

A( 1" ) "
A(0=20)Ar3

_A_( 1" ) "
B(21-23)BnrAr3

B( " ) "
B(0-20)Ar3

B( 1" ) 1" I
(C21Pc2xpc23) CpTsHEQLP401
( _ -H )CP n
F1F3(TsQl) _
Add(1-3)@#40105TsCr3
Add( " ) 1"
c(0~-20)Cr3

Et_? z_n

$405061Ix
€(21-23)97

C( " ) "

KzQ1lF1@7

Rzq1

(F1G0)Q2

(PlZEPlBP14Ia)F1G0(05023506)Pr3
LiJ 11

( )
(P13PP141a) "

( Y ) 1"
(P14pra) n

P(0~11)Pr3
P( " ) 1
(PI2P13P14)Q2F1

(CaBCIPC2) C24(TsTsr) (Q3+Q5)

( 17" )C24( 1] ) ( H1]
T3

0£feT0$40105Ts
Add1Xz1Yzl#Add1Xz1Yz1
CcpTHKpKOP?

TrF1l

TrGOF2

Tp@4

C(0-24)MxcTp

Ez n ) ]

141
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Initialize parity generation

MIN 2

Initialize P register increment

Recirculate A

Recirculate B

Parity check

C+1-M
Adder input (@'s)
Adder input (C)

Carry logic

P+1-P

Generate parity
Clear M

Overflow logic
Parity error

@7 next clock (T8)

C —»M (Store operand)

T8

T7

T7

T7

T7

T7

T7

T7

T6

thru

thru

thru

thru

thru

thru

thru

thru

thru

Tp

TO

TO

TO

TO

TO

TO

T3

Tr



MIN 3

g7 T8 End = F1F2 o Last cycle

T7 Ar3 = (01020304)Q1
sA(0-2) - A(21-23)AnrAr3 ' : P
FA( n ) = A( " ) n ‘
8A(3-23) = A(0-20)Ar3 Recirculate & . .+ T7 thru TO
I.'A( " ) -‘K( " ) l—
sB(0-2) = B(21-23)BarAr3 | .
tB( " ) - B( " ) " . ’ . .
s§B(3-23) = B(0-20)Ar3 Recirculate B . T?Itﬁru T0
rB( (1] ) _‘5( n ) "
Pr3 = F1G0Q2-
sP(0-2) - ;(12-14)1;7100(853235—)9:3 , o
rP( ") «=PC " ) ( ) , : _
sP(3-14) = P(0-11)Pr3 Recirculate P T7 thru T3
r?( " ) -‘F( n ) n :

T4 Sc = T4EndInr al 3
rs$(1=14) - 8c1___ ear

T3 Sxp =~ T3TntEndGO
i S 14;%1' 100505323 e P(i3,14) contatne 2(3,2) ot T3
8S(3~14) = B(0-11)Sxp P8
rS( " ) F( " )

TO 1Sk S = §7T0 ,

Tr Cxm = EndGOTsm(Tx+Tp) M - C (Faetch next instruction)
8C(0-23) = M(0-~23) Cxm Tr thru Tp

) c( " ) = TrCn ' ’ :

rla = FlTx .
rix = Tr(F1F3) (GOHt)

Tp rA00 = TpEndGO
rBO0 = TpEndGO_
sCp - HZAmeHthTp . . Initiate parity
rF(1-3) = TpEndSk #0 next
Oc = TpEndSk
802 = Oc NOP (20) —» O

r0(1,3,4,5,6) = Oc

142



62

g0 T8

T7

T4

T3

TO
Tr

Tp

rCz
slx

Oc
s0(1,3,4,5,6)
r02

Ar3
sA(0-2)
rA( 1" )
sA(3~23)
rA( 11 )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
Cr3
s8C(0-2)
rc( 1" )
8C(3~23)
rC( 1 )
Xz (1-3)
rz'( n )
Yz(1-3)
E( ")
sCz

rCz

sCp

rCp

Sc
rS(l~14)
Sxc
s5(1,2)
88 (3~-14)
rCz

Cxm
sC(0~23)
rc( (1] )
sHt

- rlx

rKO
sCp
sF1

Exchange A and Memory

= @0T8

= @OT8ClGO

= (#0T8IaG0)C2
c(3,5,6,7,8)0xc
Choxc
(01020304)Q1
A(21-23)AnrAr3

A( " ) n
A(0-20)Ar3

AC! )
B(21-23)BnrAr3
'E( 1] ) 1]
B(0-20)Ar3

= B( 7 "

= FlFE(T%Q1) _
= Add(1-3)@0JuTsCr3

= m( " "
= C(0~-20)Cr3
=C(" )"

= Xn(1-3)¢0'1x_*
= Xn( " HPoIx+Ix
= C(21-23)07

= 'C‘:“( :- 1"
KzQlTO0d7

KzQ1

( 1" )Cp 111
T4F1F2Inr

Sc

T3F1F2Ju
Add(2,3)Sxc
C(0~11)Sxc
Flro
JGgoTsm(Tr+Tp)
M(0~23)Cxm
TrCxm
CpTxkpKO
Tr(F1F3) (GOHt)
Gor:e¥2
M24Cxmfit TsTp
(TpYa@0)0104

138 0B 2 BR N NREEN NN
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(C2¥BC2XpC23) CpTsHEQIF1F2

—

A« (M)

Initiglize indexing

Instruction —» 0

Recirculate A

Recirculate B

CtXeIx — C (Add=Xz+Yz)

Adder input (XIx)
Adder input (C)
Carry logic
Check parity

Clear S

C+ XIx —»8§

M — C (Fetch operand)

Parity error

Initiate parity
@4 next clock (T8)

XA 1

3 Cycles

T7

T7

T7
T7
T?

T7

Tr

thru

thru

thru

thru

thru

thru

thru

thru

TC

T(

T(

TC

TC

Tl

TC

Tp



g4 T8

T7

T6

T3
Tr

Tp

Anr
rC24
sla
Mxc
Ar3
sA(0-2)
rA( 1 )
sA(3-23)
rA( 1 )
sB(0-2)
I’.'B( 1" )
sB(3-23)
rB( " )
sCp
rCp
Cr3
sC(0-2)
'I.‘C( " )
sC(3-23)
rC( n )
Pr3
sPO
rP0
sPl
rPl
sP2
rP2
sP(3-14)
rP( 1 )
rla
sC24
rC24
M(0-24)
sHt
rla
rKO
sF(1-3)
sM(0-24)
rM( 1" )

o n NN RN RN NRIN

#4010506

T8(TsTsr)

F1F3

$4Tsm

(01028304)Q1
C(21-23)@#4010506Ar3

C( 1" ) n
A(0=20)Ar3

A" )"
B(21-23)BnrAr3

F( " ) n
B(0~20)Ar3

'B'( 1" ) " .
(c21Pc229c23) CpTsHEQLPLO1
( . —ll )Cp "
F1F3(TsQl)
A(21-23)@4010506

A( " ) "
EﬂO-ZO)CrB

C( " ) 1"

(F160)Q2
(PL2FP13P141a) F1G0 (02040506) Pr3
( I ) "
(P13PP141a) "

(“"""ﬂ"‘—"‘"") "

P(0-11)Pr3

‘IT( ] ) ||«
(P12P13P14)Q2F1
(COBCIPC2) C24(TsTsr) (Q3+Q5)
( " )C24( 1" )( " )
T3

CpTﬂgsiﬁﬁé

TrF1l

TrGOF2

Tp@a

C(0=24)MxcTp

E‘( " ) 1"

144

XMA 2

Initialize parity generation
Initialize P register increment

T8 thru Tp
C—oA T7 thru TO
Recirculate B T7 thru TO
Parity check T7 thru TO
A->C T7 thru TO
P+ 1P T7 thru T3
Generate parity T6 thru Tr

Clear M
Parity error

#7 next clock (T8)

C - M (Store operand)



g7 T8
T7

T4

T3

TO
Tr

Ip

End

Ar3
s8A(0-2)
rAC ")
8A(3-23)
IA( " )
sB(0-2)
rB( 1 )
sB(3-23)
tB( " )
Pr3
sP(0-2)
rP( " )
sP(3-14)
I.'P( " )
Sc
rS(1-14)
Sxp
s8(1,2)
rs( 1 )
8S(3-14)
rs( " )
rSk

Cxm
8C(0-23)
rc( 1] )
rla

rix
rA00
rBOO

sCp
rF(1=3)
Oc '

802 ,
r0(1,3,4,5,6)

R AR % B B B NN B VR BN B R AN DN ERZNNLER R DB RN RN

F1lF2

(0102030&291
A(21-23)AnrAr3

K( " ) (1]

A(0-20)Ar3

X‘( " ) 1]

B(21-23)BnrAr3

i"( " ) "

B(0-20)Ar3

‘ﬁ( ] ) n

F1G0Q2 -
P(12-14)TaF160(320%0506) Pr3
"5( " ) n ( " )n
P(0~11)Pr3

‘I‘,‘( n ) n

T4EndInT

Sc___

T3IntEndGO
P(13,14) TaF 160 (52040506)Sxp
?( Y no( " y m
P(0-11)Sxp

‘I','( "oy n

@710

EndGOTsm (Tr+Ip)

M(0~23) Cxm

TrCxm

) Y5

Tr(F1F3) (GOHt)

TpEndGO

TpEndGO_

M24CxmHtTsTp

TpEndSk

TpEndSk

Oc

Oc

145

Last cycle

Recirculate A

Recirculate B

Recirculate P

Clear §

XMA. 3

T7 thru TO

T7 thru TO

T7 thru T3

P(13,14) contains P(1,2) at T3

P ->S

M - C (Fetch next instruction)

Initiate parity
@0 next

NOP (20) -0

Tr thru Tp



63

go T8

T7

T4

T3

TO
Tr

Tp

ADM

rCz

slx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0=-2)
rA(")
sA(3-23)
rA( " )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
Cr3
sC(0-2)
rC( " )
sC(3-23)
rC( ")
Xz(1-3)
X;( " )
Yz(1-3)
Yz( ")
sCz

rCz

sCp

rCp

Sc
rS(1-14)
Sxc
sS5(1,2)
8S(3~-14)
rCz

Cxm
sC(0~-23)
rC( " )
sHt

rIx

rKO0

sCp

sF1l

Add A to (M) and Store in (M)

= $0T8

= @OT8CLGO

= ($0T8IaG0)C2

= €(3,5,6,7,8)0xc
= C

= (01020304)Q1

= A(21-23)AnrAr3
= A( 1" ) "

= A(0=-20)Ar3

=‘Z( 1] ) 1]

= B(21~-23)BnrAr3
=‘§( " ) 1]

= B(0~-20)Ar3

g‘i( n ) "
F1F2(TsQ1l)
Add(1-3)@0JuTsCr3
Add( " ) "
c(0=-20)Cr3

EK 1 ) "
Xn(1-3)@0-Ix__
Xn( " )P0oIx+Ix
c(21-23)87

E? " "
KzQ1TO@F7

KzQl o
(C2¥pc2Xpc23) CpTsHtQLF1F2
( " )CP "
T4F1F2Inr

Sc

T3F1F2Ju
Add(2,3)Sxc
Cc(0~11)Sxc

FiTO
JugoTsm(Tr+Tp)
M(0=-23) Cxm

Tr Cxm Ko7

CpT 0

Tr (FIF3) (GOHE)
GOTF2
M24CxmHtTsTp
(TpTad0)0104

146

A+ @M - M

Initialize indexing

Instruction - 0

Recirculate A

Recirculate B

C+X.Ix — C (Add=Xz+Yz)

Adder input (XIx)
Adder input (C)
Carry logic
Check parity

Clear S

C+ XIx -8

M - C (Fetch operand)

Parity error

Initiate parity
#4 next clock (T8)

ADM 1

3 Cycles

T7'

T7

7

T7

7

T7

T7

Tr

thru

thru

thru

thru

thru

thru

thru

thru

TO

TO

TO

TO
T
Tl

TO

Tp



¢4 T8

T7

T6

T3
TO

Tr

Tp

rC24
sla
Mxc
Ar3
sA(0~2)
rA( " )
sA(3-23)
rA( " )
sB(0~2)
rB( 1" )
sB(3~23)
rB( " )
sCp
rCp
Cr3
sC(0=2)
rC( 1" )
8C(3~23)
rc( 1" )
Xz (1=-3)

'i'z‘( n)

Yz(1=3)

-Y‘—z'( II)

sCz
rCz
Pr3
sPO
rP0O
sPl
rPl
sP2
rP2
sP(3~14)
rP( " )
rla
sC24
rC24
™M(0=24)
sOf
Ofe
sHt
rla
KO
sF(1=-3)
sM(0=24)
rM( " )

T8(TsTsr)

Fl

#4Tsm
(01020304)Q1L
A(21~23)AnrAr3
‘K( " ) ]
A(0=20)Ar3

AC" )"
§ﬂ21-23)BnrAr3
B( ] ) "
B(0~20)Ar3

F 1] ) "
(CZK3022§£23)CstHth¢401
«_ " ) Cp
F1F3(TsQl)
Add(1-3)@40106TsCr3
m( " ) "
c(0~20)Cr3

_C-( " ) "
A(21~23)@405

A( 11 ) "
Cc(21-23)F7

a"( ] )n
KzQlF1§7

KzqQ1

(F1G0)Q2

(P12$913P14Ia)FlGO(OZOZBSO 6)Pr3

)

(PL3¥PPl41a) "
(""——n—'—-) "
(P14 a) "
(—"—n'—') 1]
P(0=11)Pr3

f‘( n ) "
(PIZPI3PT4)Q2FL

(CcoPCIPe2) C24(TsTsx) (Q34Q5)

( ”"n

T3
0£eT0@405
Addlfii?‘1+Add1Xz1Yz1
CpTdEBKUﬁ?

TrF1

TrGOF2

Tp@4

C(0-24)chTp

C( " ) "

)C24( 1" ) ( n

147

Initialize parity generation

ADM 2

Initialize P register increment

Recirculate A

Recirculate B

Parity check

A+MoM

Adder input (A)
Adder input (C)

Carry logic

P+1->P

Generate parity

Clear M
Overflow logic

Parity error

@7 next clock (T8)

C > M (Store operand)

T8

T7

T7

T7

T7

T7

T7

T7

T7

T6

thru

thru

thru

thru

thru

thru

thru

thru

thru

thru

Tp

TO

TO

TO

TO

TO

TO

TO

T3

Tr



ADM 3

¢7 T8 End = F1F2 Last cycle
T7 Ar3 = (01020304)Q1 :
8A(0-2) = A(21~23)AnrAr3
" - A " "
§ﬁ23-2;) - :20-20)%:3 Recirculate A T7 thru TO
I‘A( " ) .'K( " ) :——
sB(0-2) = B(21-23)BnrAr3 .
”n - 11] 1" .
2223_2;) - g§0-20)1£3 Recirculate B T7 thru TO
T.'B( (1] ) _i( 1 ) "
Pr3 = F1G0Q2 __ -
sP(0-2) = P(12-14) TaF160(320540506) Pr3
(1] D, " n n 1]
5523-12) : 5%0-11)%t3 ¢ ) Recirculate P T7 thru T3
rP( " ) - ‘13( ] ) "
T4 Sc = T4EndInt cl g
rS(1-14) = Sc___ ear
T3 Sxp = T3IntEndGO .
s(1,2 = P(13,14)TaF160(02040506)S
iSE h g ,‘?é f ; " E " ; o P(13,14) contains P(1,2) at T3
85(3-14) = P(0-11)Sxp P s
rs( 1" ) ) P( n ) ”"
TO Sk = ¢§7T0
Tr Cxm = EndGOTsm(Tr+Tp) M - C (Fetch next instruction)
8C(0~23) = M(0~23) Cxm Tr thru Tp
rc( " ) = TrCxm
rla = FITL . e
rix = Tr{F1F3) (GOHt)
Tp rAOO = TpEndGO
rBOO = TpEndGO
sCp = M24CxmHtTsTp A Initiate parity
rF(1-3) = TpEndSk @0 next
Oc = TpEndSk
s02 = Oc NOP (20) — O
r0(1,3,4,5,6) = Oc

148



go T8

T7

T4

T3

TO
Tr

Tp

MUL

rCz

sIx

Oxc
30(1,3,4,5,6)
r02

Ar3
sA(0=2)
rA( " )
sA(3-23)
rA( L1 )
Bonr

l’.‘B( " )
sB(3-23)
rB( " )
Cr3
s8C(0=-2)
I'C( 1" )
8C(3-23)
rc( " )
Xz(1-3)

H( n)

Yz(1-3)
?‘;( "y
sCz

rCz

sCp

rCp

Sc
rS(l=14)
Sxc
85(1,2)
8S(3-14)
rCz.

Cxm
sC(0~23)
rc( ” )
sHt

rIx

K0

sCp

sF2

sF3

sKO

Multiply

= ¢0T8

= @0T8CIGO
= (P0T81aG0)C2

= C(3,5,6,7,8)0xc
- C

= (01020304)Q1

= A(21-23)AntAr3
BA( 1] ) n
= A(0-20)Ar3
ACT )
(9$003040506)

( 1" )
B(0-20)Ar3

B( " "
’1F2(T%Q1)

Add (1-3)@#0JuTsCr3
= K&'E( ") "
= C(0-20)Cr3
-E( 1" ) "

= Xn(1-3)@0-Ix

= ¥n( " )P0Ix+Ix
= C(21-23)%7

C( " 1"
KleTO

Kle

(__" eop
T4F1F21Inr

Sc

T3F1F2Ju
Add(2,3)Sxc
C(0«~11)Sxc
FITO
JugoTsm(Tr+1p)
M(0~23)Cxm
TrCxm

CpT

Tr( F3)(

Mzacxmﬂif‘rp .
(TpYa®0)040506
( " )(1304—
("™ )030406

(CZHSCZZBCZB)CstHtQI

"
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A* (M) —»A

Initialize indexing

Ingtruction —» 0

Recirculate A
0 —B

CHX+Ix — C (Add=Xz+Yz)

Adder input (X*Ix)
Adder input (C)
Carry logic

Cheék parity

Clear §

C+ XIx -8

M - C (Fetch operand)

Parity error

Initiate parity
@3 next clock (T8)

mode

MUL 1

4 Cycles

T7

T7

T7

T7

T7

T7

Tr

Hold Computer in "1 bit per

thru TO

thru TO

thru TO

thru TO
thru TO
thru T1

thru‘TO

thru Tp

clock"



g3

g3

T8

T7
T6
T5
T4
T3
T2
T1
TO
Tr
Tp

T8
T7
T6
T5
T4
T3
T2
Tl
TO
Tr

Arl
sAO
rAO
sA(l,2)
rA( " )
sA(3=22)
rA( " )
sA23
rA23
Brl
Rsa
sBOO

Rsa causes the

with the C register, the results occuring in B,

B23

=‘K( 1"

F2F30506K0
B2305Arl

A(0,1)05Ar1

) "

= A(2-21)Arl

=I( 1"

) 1"

= A2206Arl

22

(

RsaC0

(F2F30506K0)A23

" )A23

MUL 2

Shift A right 1 bit ~ bring in first
product bit (always 0)

Shift B right if A23
Shift B right and add C if A23
BOO = CO after the first Rsa

B register to shift right 1 bit and then be added in parrallel octates

and represents one product bit,

Brl causes the B register to shift right 1 bit,

one product bi

t.

(refer @3 T8) generates B(22) from A(22)

INSNNNNNNN N
-
N’ N NN NN NS s

0
w
=

(refex @3 T8)
' )

U AN
-
N’ N N N N o N N NS

B(21)
B(20)
B(19)
B(18)
B(17)
B(16)
B(15)
B(14)
B(13)

= $30506Tp
generates B(12)

B(11)
B(10)
B(9)
B(8)
B(7)

B(6)

B(5)
B(4)
B(3)
B(2)

"

A(21)
A(20)
A(19)
A(18)
A(17)
A(L6)
A(15)
A(LS)
A(13)

A(12)
A(11)
A(10)
A(9)
A(8)
A7)
A(6)
A(5)
A(4)
A(3)
A(2)
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One bit (B23) is shifted into A

B23 is shifted into A and represents

#7 next clock



g7 18

T7

T6

T4

T3

(refer @3 T8) generates B(1l) from A(1)

Anr = ¢76304636€

Bnr =

Ck = @7T8Ts

sC(0~23) = T(0=~23)Ck

rc( n ) == C( [ 1] ) "

End = F1F2

sla = T8¢78

(refer @3 T8) generates B(0) from A(0)
sBc23 = Rsa@7Ql

Cr3 = $705TsQl

rC(0=2) = "

sC(3-23) = C(0-20)Cr3

rc( n" ) _T( n ) "

sCp = (CZK¥CZZ$CZ3)C—(¢7GSOAGBUBXTEEEQ1
rCp = " Ycp( " )
rKO = ¢7Q15301

Pr3 = (F1G0)Q2

sPO = (PlZEPlBPl#Ia)FlGO(353535 6)Pr3
rP0O =

sP1 = (P13§P14Ia) "
rP1 = (—“—Tr‘""—") "
sP2 = (Pl4pLa) "
er = (*‘TT“") "
sP(3=14) =_£§O-11)Pr3

rP( " ) = P( 1" ) "

rla = (PI2P13P14)Q2F1

Ar3 = (¢703040506)K0Tp

sA(0=-2) = Add(1-3) (¢#703040506)Ar3
rA( " ) = m( " )( n ) "
sA(3=23) = A(0=20)Ar3

'X.‘A( n ) =‘I’( " ) ”n

Xz (1-3) = B(21~-23)@70506

XZ( 1" ) = "E’( 1" ) 1"

Yz1 = §7RE

Yz2 = ¢7K0

Yz3 = @7Bc23

Yz3 = (@78c23

rB0OO = Ar3GO

sB(0~-2) = A(21l= 23)¢7o30463'6

rB( " ) = K( " )

sB(3-23) = A(0-20)Ar3

rB( 1 ) =X( " ) "

Sc = T4EndInr

rS(1-14) = Sc

Sxp = T3IntEndGO ,
s5(1,2) = P(13,14)TaF1G0(02040506)Sxp
rS( H) __.?'( " ) 11" ( ”" ) ”n
8S(3~14) = P(0~11)Sxp

rs( 11 ) =?( n ) 11}
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MUL 3

Invert C

Last cycle
Initiate P register increment

Rsa means A0 = 1; T+ 1 = «C
0 =»C T7 thru TO

T7 thru TO

Release=-Computer from 1 bit/clock mod

Check parity

T7 thru T3

P+ 1P

B+Bc - A (add Bc's to B) T6 thru Tr

Adder input (B) T6 thru Tr
Adder input (Bc) T6 thru Tx
A -B T6 thru Tr
Clear S

P(13,14) cont&ins P(1,2) at T3
PSS



TO
Tr

Tp

rSk
Cxm
sC(0-23)
rC( " )
sHt
rla

rlx

rAQO

rB0OO

sCp

rF(1-3)

sOf

Oc

s02
r0(1)3:4:5;6)

@710
EndGOTsm(Tr+Tp)
M(0=23) Cxm
TrCxm.
CpIKpROP2
F1Tr

Tr (FIF3) (GOHt)
TpEndGO
TpEndGO
M24CxmHETsTp
TpEndSk
(#703040506) TpAOAOO
TpEndBk

Oc

Oc
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MUL 4

M — C (Fetch next instruction)

Parity ertor

Initiate parity
@0 next
-1 times =1

NOP (20) —0

Tr thru Tp



65

go T8

T7

T4

T3

TO
Tr

Tp

DIV

rCz

sIx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0=2)
rA( n )
sA(3-23)
rA( 1" )
sA0O
sB(0-2)
rB( " )
sB(3-23)
rB( "oy
Cr3
sC(0=2)
rC( 1" )
sC(3-23)
I‘C( " )
Xz(1-3)
‘X—z‘( ] )
Yz (1-3)
Y—Z-( " )
sCz

rCz

sCp

rCp

Sc
rS(1-14)
Sxc
s8(1,2)
sS8(3-14)
rCz

Cxm
8C(0~23)
T.'C( ] )
sHt

rIx

rKO

sCp

sF3

Divide

$oT8
@#oT8C1GO
(#0T8IaGO)C2
€(3,5,6,7,8)0xc
XC
FIF205Q1
A(21-23)AnrAr3
A( n ) "
_éﬁO-ZO)Ar3
A( " ) 1]
A0OgoT7
_B(21-23)BarAr3
B( " ) "
B(0-20)Ar3
?_(_" —)- "
F1F2(TsQl)
Add(1-3)@#0JuTsCr3
m( " ) "
c(0-20)Cr3
E‘( 1] ) n
Xn(1-3)@0- Ix
Xn( " )PoIx+Ix
C€(21-23)@7
C( 1" )n
KzQ1TO0@7
RzqQl

( 1" ) Cp "
T4F1F2Inr

Sc

T3F1F2Ju

Add (2,3)Sxc
Cc(0~-11)Sxc
FiTO
Jug0Tsm(Tr+Tp)
M(0~23)Cxm
TrCxm
CpTrKpKO@2
Tr(F1F3) (GOHt)
GOTrF2
M24CxmHETSTp
(TpIa@0)0304

Bnonorwnn R nnrnRnER LR ENERDR RN RN RN N

(C21@c223C23) CpTsHEQLFIF?
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A,B/(M) —A,B

Initialize indexing

Instruction —0

Recirculate A

Set AOO = Sign of A

Recirculate B

CHX+Ix - C(Add=Xz+Yz)

Adder input (XIx)

Adder input (C)
Carry logic
Check parity

Clear S

C+ X'Ix =S

M — C (Fetch operand)

Parity error

Initiate parity
@1 next clock (T8)

DIV 1

10 Cycles

T7

T7

T7

T7

T7

T7

T7

thru

thru

thru

thru

thru

thru

thru

thru

TO

TO

TO

TO

TO
Tl

TO

Tp



g1 T8

T7

T6
T4

T3

Tr

Tp

Anr

Bnr

Ck
sC(0-23)
rc( " )
sCz

sHz

sIx

Ar3
sA(0-2)
rA( 1" )
sA(3=23)
rA( 1" )
Hx(1=3)
'ﬁx_( 11 )
sB(0-2)
rB( n )
sB(3-23)
rB( " )
Xz (1=3)
X’z"( "
Yz (1=3)
?E( ")
Cr3
sC(0=2)
rC( " )
sC(3=23)
rc( ' )
sCp

rCp

sRf

Sc
rS(1l=14)
Sxc
sS(1,2)
rs( " )
3S(3=14)
rS( 1" )
sBc23
sHt

sF2

Sc
rS(1=-14)

llHHIIIIllllllIlllllﬂllllllIlllllllIlllllllllIIIIIIIIlIllIlIIHII

@105
@105
@$1T8COTs

T(0=~23)Ck

C( 1] )n

@1T8C0

T8

@1T8Co

F1F205Q1
(Ha(1-3)A00+B(21-23)A00)#105Ar3
(EE‘( n ) " +B( " ) " ) "
A(0-20)Ar3

A( 11 ) 1"

B(21-23)¢1

B( 1" )u
Add(1-3)@105Axr3
m( 1" ) "
B(0-20)Ar3

:—B—( "oy on

(A(21-23)A00+A(21~23)A00) @1
(A( n ) 1" +A( 1" ) 1 ) 11
C(21-23)@7

C( n ) 1"
FIF2(TsQl)
C(21-23)F1F2F3TsCr3
C( 1"t ) 1"
€(0-20)Cr3

C( " ) "

(czmzmzs)Cstthmle
) E 11

¢1(Q3Q6) (BOB1B2A0ALIA2BCc23)

T4F1F2Inr

Sc

T3F1F2Ju

Add(2,3)S5xc

Add( n ) "

€(0-11)Sxc

C( " ) 1"

#1TrHzA00

CpT HKpKO B2
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DIV 2

Invert C if C >0

Initiate - B if A =-
Set Ix = Sign of (M)

B oAif A >0

B+l oA<0 T7 thru TO

Half Adder inputs (B+l) T7 thru TO
(B23 is turned off unconditionally)

1Al - ICI - B T7 thru TO

Adder input (JA})

T7 thru TO
Adder input (|CI)
Recirculate C T7 thru TO
Check parity T7 thru TO

Rf means |A,Bt - tCl 20 T6 thru Tp
when A > 0
Clear S

Junk input to C

Set Bc23 if B =0 and A <O
Parity error
@3 next

Clear S



@3 T8
T7

T6

T5
T4
T3
T2
Tl
TO

Tr
Ip

852 = 51525k (¢#30506)
AL2 = (¢#30506)S2
sB0OO = (BIFB2Bc2)AL2
rBOO = (BIEB2Bc2)AL2
Ck = (¢30506)S2Ts (CAIBAFBz0)
sC(0~23) = C(0-23)Ck

rC( " ) = ( 1 ) 1"
sOf¥* =

sS1 = (¢30506)S?
rS?2 = ( moy
Arl = (¢30506)S1
sA23 = CO0506Arl
rA23 =C0 "

Rsa = (¢30506)Sks1
sBc23 = (COPLx)Rsa06
rBc23 = (COHIx)
rS1l = (@30506)S1
(refer @¢3T8)

( " 1 T7)

«n" "T6) generates Al

( " ”" T8)

( " " T7)

«" "T6) generates A2

rCp = TOHtKOTs (F2070436)02
(refer @¢3T8)

(" "T7) generates A3

rRE = TpP1I(GOHt)
Sd2 = (#30506) TpSk
sS11 = 5d25T1512513
sS12 = 8428128713
sS13 = Sd2513

*The overflow léglc is as follows:

(ﬁ—GGBU) = p051t1ve result (1A,Bl 3

(B 3550)(Rf55)

(BzddB0) (A0OFEX)
BzoB0

DIV 3

Set 5(1,2)=1 (Counts:0,1,2,0,1,..etc)
Cycle A,B left 2 bits

Invert C if sign of last result =
sign of C

(¢30506)T7(‘§§Ib“11“12>(('“agsa)(RfEU+(‘Uﬁ§E“))+BzoBO)

Set §(1,2) = 2

Cycle A(Q=21) right 1 bit =
aycle B23 — A0

Generate lst quotiant bit (AOQ)

B(00-22)+C(0~23) — B(0-=23)

If C is inverted at T7: C+1(sBc23)
if C # C original; C(rBc23) if C =
C original,

Set S(1, 2) =0

5(1,2) =
z
" 0
" 1
1" 2
1" O
S(1,2) =1
11] 2

Set S5(11,12,13)=7 (Counts 7,6,5,4,..
etce)

> 1M1)

all zero 's result (lA BI = | M!)

all one's with Be23 set (JA,B| =1|Ml|; signs different)
positive result (IA,BI > IMI)

minus one inverted in B with Bc23 on
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@3

@3

¥3

T8
T7
T6
T5
T4
T3

T2

Tl
TO
Tx
Tp

T8
T7
T6
TS5
T4
T3
T2
Tl
TO
Tr

Tp

T8
T7
T6
T5
T4
T3
T2
Tl
TO
Tr
Ip

H A AASAAASAAAAA

1
1"
"
1"
1"

ONNNINNSNNN NN

rS13

(refer @3
1 1"

(refer ¢3

1"
1"
1
1
1"
1"

NSNNNNNANNNA

%

sS13

(refer @3

n
1"
1"
1t
1"
1"
1
"
1

S13

n

T6 ST1SI2SI3) generates A3

T8
T7
T6
18
T7
T6
T8
T7
T6
T8

T7
T6
T8
T7
T6
T8
T7
T6
T8
T7
T6

T8
T7
T6
I8
T7
T6
T8
T7
T6
T8
T7

it
1"
n
1"
1
”n
1"
1"
1"
1

= 5d2S1
ST13T2813

1"
1"
1
n
1"

= §d2s812513

N N N N N N N N N N\

3
)

N N o N N NN N NS N

= §d2813

STIST3313)

= 5d2S1

)

)
)
)
)
)
)
)
)
)
3

1"

A4

A5

A6

A7

A8

A9

AlO

All

Al2

Al3
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5(1,2) =
1
1"
1"
"
1"
1"
1"
1
1]
1"

Set §(11,12,13) = 6

$(1,2) =

Set $(11,12,13) = 5

8$(1,2) =

Set §(11,12,13) = 4

0
1
2
0
1
2
0
1
2
0

1

2
0

OCNNMHHONERONM

1

NHEHOMHEHONMRLRON

DIV 4



DIV 5

3 T8 (refer @3 T6 ST1SI2SI3) generates Al4 - 8(1,2) =0
T7 ( 1" " 78 1 ) 1] 1
T6 ( 1" " !II7 " ) 1" 2
T5 ( " 1" T6 1" ) 1" Als 1 0
Tll' ( 11" [ 1] T8 1" ) 1" l
T3 ( " n 77 " ) 1" 2
T2 ( L " T6 " ) 1" Al6 1" 0
T1 ( n n omg 1" ) " 1
O (" L 1" ) 1" 2
Tr ( 1" LU AT 1" ) " Al7 n 0
TP ( " " T8 " ) 1" l
rS1l = 5d25115125813 :
sS12 = §d28T28T3 Set S(11,12,13) = 3
sS13 = 542513
@3 T8 (refer $3 T7 SILSI2513) S(1,2) = 2
T7 ( " 1" T6 [1] ) " A18 1" 0
T6 ( " n TS 1 ) " 1
TS ( n " T7 71" ) " 2
T4 ( 1" n T6 " ) " A19 1" 0
T3 ( 1] 1" T8 1" ) 1" 1
T2 (" "oT7 " ) " 2
Tl ( (1] 1" T6 11 ) 1" A20 1" 0
TO ( 1"t 11 T8 1" ) n l
Tr ( 1] " T7 1" ) 1" 2
Tp ( " 1 T6 11 ) 11" Azl ”" O
rS1l3 = Sd2S13 Set 5(11,12,13) = 2
@3 T8 (refer $3 T8 ST1ST28I3) s(1,2) =1
T7 ( " 1 T7 " ) " 2
T6 ( " 11] T6 111 ) 1" A22 1" O
TS ( " " T8 "o ) " 1
sSk = (¢30506)T5511512513
T4 (refer @3 T7 SILS12513) " 2
sKO = (#30506)S2Sk (BOFB1B2Bc2) Save BO (BO would be last by AL2)
T3 Arl = (¢30506)S1 Cycle A(0=21) right 1 bit =
_ cycle B23 — AO
iﬁ%g : 2%050§Ar1 Generate last quotiant bit (A23)
Brl = (¢30506)S1sk Shift B(00-23) right 1 bit
sBOO = KOBrl06 ' '
£B00 = R0 " Set BOO = BO (refer sKO @3 T4)
rKO = #306Q6
Tr sCz = A00(#30506)Tr Initiate - A if original sign of A
is minus
Tp Rsa = (@30506)SkTpCO Force remainder to lie between 0 and
Brl = ($30506)SKkTpCO + 1
sF1 = TpSk @7 next clock
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DIV 6

¢$7 T8 Anr = (#703040506) (AOOHLx)
Bor = ( " )
rC24 = T8(TsTs1)
Ck = @718Ts
sHz = T8
End = F1F2 Last cycle
. sla = T8¢7SM€3@) Initiate P register increment

skO = (@7T8Bc23A00) KO is used to negate the Becs
sRE = ( " ) Rf combines the - Bcs with B

T7 Ar3 = @706Q1
sA(0-2) = A(21-23)Anr-+ia(1l-3) Anr (AOOPIx) L )
]’.‘A( 1 ) =K( n ) 1" _,m( n )Anr( " ) é — A if sign A= sign M T7 thru TO
sA(3-23) = A(0-20)Ar3 A4l A if sign A # sign M
rA( " ) = z( n ) 1]
Hx (1l = -
322 n3; - 2221"23gF123 Half adder input (&)
sB(0-2) = Add(1=-3)@703040506Ar3
tB( ") = K3d( ") " B —»B if sign of B = AOO 77 thru TO
sB(3-23) = B(0~-20)Ar3 -B —»B if sign of B # A0O
I'B( " ) F( (1] ) 1]
Xz (1=3) = (B(21-23)A00+B(21-23)A00)@#70506 Adder input (B) if A00 = +
Xz( ") = (B( " )AOO0+B( " )Ao0) " Adder input (B) if A00 = =
Yz(1=3) = Rf@7
Yz( ") = REg7 Negate the Bc's
sKO = (#706Q1A00Bc20)
sRf = ( " ) Form 2's complement of the Bc's
Cr3 = ¢705(TsQl) T7 thru TO
sC(3=23) = C(0~-20)Cr3
rc( 11 ) = C( " ) 1"
Pr3 = (F1G0)Q2
sPO = ((¥1G0) (02040506)) (PL2GXP13P141Ia) )Pr
rPO - ( 1 )( T ) "
sP1l = ( " ) (P13P(P1l41a) )Pr3
rPl = ( " YC T )y"P+1-P T7 thru T3
sP2 = ( " ) (Pl4dMa)Pr3
rP2 = ( " )("—"ﬂ—"’) "
rla = (P12P13P14)Q2F1
sP(3=14) = P(0~11)Pr3
rP( " ) =?( 1" ) 1]

T4 Sc = T4EndInr
rS(l=-14) = Sc . Clear S

T3 Sxp = T3IntEndGO
sS1 = (F160(02040506)) (PL¥XPL4Ia))Sxp
sS2 = ( " ) (P14BIa) Sxp P S
s8(3-14) = P(0~11)Sxp "

TO =Sk = @¢7T0 ~ Reset skip

Tr Cxm = EndGOTsm(Tx+Tp)
sC(0~23) = M(0~23)Cxm - M->C Tr thru Tm
rc( " ) = CxmTr "
rla = TrFl
rIx = Tr(F1F3) (GOHt)
KO0 = @7Tr 158
rRe = Tr



Tp

rAOO

sCp

rF(1=3)

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

nuwnonnn g

EndGOTp
M24CxmHETsTp
TpEnd3Sk
Tp@#1(GOHL)
Tp

TpEndSk

Oc

Oc

159

Initiate patrity
@0 next clock (T8)

NOP -0

DIV 7



66

go T8

T7

T5
$1 T4

T3

T2

¢3 T1

RSH- 000XX

rCz
sIx
Oxc
s0(1-6)
ro( ll)
sA0O
Cr3

- 5C(0«2)

rc( " )
Xz(1-3)
XZ( ”n )
Yz (1=3)
Y-Z—( " )
sCz

rCz

sCp

rCp

sF3
sC(0-2)
rc( 1" )
Sc
rS(1-14)
Sxc
sS(1,2)
sS(3~14)
sF2
rS(1=8)
Sx48
sS$(9,10)
rS(11-14)
sSk

Arl

sAO

rAO
sA(1=23)
X‘A( " )
Brl

sBO

rBO
sB(1~23)
rB( " )
Sd2

rS9
sS10
rS10
sS11
rSll
s512
rsSl2

Right Shift A,B

(#0T8)

( " )cleo

(¢ " )TacoC2

C(3=-8)0xc

C( " ) "

AO@OT7

F1F2TsQl

Add(1=3)@oJuTscr3

K&'ﬁ( " ) 1"

Xn(1=3)@0Ix

Xn( " )P0Ix+Ix

C(21-23)@7

C( " ) "

KzQ1TO@7

KzqQl

(c2¥Pc2xpc23) CpTsHEQ1IF1F?2

( " )Cp "
#0TaQ4d30405

C(21=23)F1F2F3Ts

)

T4FIF2Inr

Sc

T3F1F2Ju

Add(2,3)Sxc

c(0-11)Sxc

$105Q72 .

¢l05T2

(S65758+59510)@#105T2

Sx48

Sx48 .

(#105T2) (56575859510511512513514)
#30506Sk

A0005CLAT1

A0005CLAr1

A(0-22)Arl

A( n ) "

#305065k

égQOSBrl

A23058r1

B(0~=22)Brl

"i( " .-)- 1] )

(#305068k)S14
sd2810(S11512513)

$d28T0( " )
$d2810¢( g )
S$d2811(S12513)
sd2s1l( " )
Sd2S12813 -
Sd2s12513

nhr o n P2 R 8 8RR D0 DB R DRI BN DN D RPD RN DD MDD RR R NN DDDE B R DU R U E BN

160

RSH 1

A,B right XX bits 24&X=3. cycles
o E To Y s

extend Sign of A

Initiate indexing
C(3=8) —» 0 if not Indirect Addressing

Save sign of A

C(15=23)+X(15-23)Ix—» C T7 thru T5

Adder input (X) if indexing
Adder input C
Adder carry logic

Try for parity check T7 thru T2

#1 next clock (T4)
C recirculate, Indexing
is terminated, T4 thru T2

Clear S

C(l0=23)4X(15=23)Ix—S
put shift count into §

@3 next clock (T1)
Clear S(1=8)

Set S(9-14) = 48 if shift
count 2 48,
Shift count = 0

Extend sign bit

Shift A,B right 1 bit if Bk

Count every other clock until Sk set

Decrement count by 2
every other clock



(continued)

g3 T1

TO
Tr
Tp

Tp

s8S13
rS13
sSl4
rSl4
sSk
(refer @#3 T1)
( " )
( " )
rR{

Sd2513

§d2813

(#3050638k)STZ
" YS1l4

(#3055k) (S95T0ST1512)S13

TpUl(EﬁﬁE)

RSH 2

Count each clock

Count = 0 or 1
Initiate X into Xz during @7

Clear Rf

If Sk is not set (8k) at Tp, #3 will continue to occur with each clock

responding as shown in ¢#3 Tl until Sk sets,

will stop, except the clock, until Tp,
at Tp when Sk is set,

Arl
sAOQ
rAO
sA(1=-23)
rA( " )
Brl
sBO
rBO
sB(l=23)
rB( " )
sF1
rRE

(#30506) TpSkS1l4
A0005C%
A0005CH
A(0=22)Arl"

T( n ) "
(#30506)TpSkS1l4
A23Brl

A23Brl
B(0~22)Brl

‘ﬁ'( l'l ) "

TPSK e
Tp@1(GOHL)

1A1

When this .happens, all functions
The following shows what occurs

Clean up right shift A,B
(1f Sl4 reset, no shift occurs)

@7 next clock (T8)
Clear Rf



#7 T8 Ck
sC(0-23)
rC( " )
End
sla

T7 Ar3
sA(0=2)
: rA( " )
sA(3-23)
I‘A( " )
sB(0=2)
rB( 7" )
sB(3-23)
rB( " )
Pr3
sP0
PO
sPl
rPl
sP2
rP2
rla
sP(3=14)
. rP( " )
T4 Sc
rS(l=14)
T3 Sxp
sS1
sS2
sS(3=14)
TO 1Sk
Tr Cxm
sC(0=23)
rC( " )
rla
rix
KO
rAOO
Tp sCp
rF(1=3)
rRE :
Oc
s02
r0(1,3,4,5,6)

¢718Ts

= T(0-23)Ck

c( " )ck
F1F2

skrag ks
¢706Q1
A(21-23) ARTAT3

= T( " ) 1"

'ZK "

A(0=-20)Ar3
)H
B(21=23)BnrAr3

=‘EK " ) "

"B_( 11

B(0~20)Ar3
y "
(F1G0)Q2

( " )( 1" )(
(
(
( "
(

P(0-11)Pr3
F( " ) "
T4EndInT
Sc
T3TntEndGO

) (02040506) (P1EP13P141a) Pr3

a) "

" ) (P1 141a) Pr3
") (Pl%ﬂiia) "
) (PL4PLa) Pr3

) )(fTZEfZ) "

(F160) (TZ0ZB506) (PL¥HPL41a) Sxp

( 1" ) ( n
P(0=-11)Sxp
@710
EndGOTsm(Tr+Tp)
M(0-23) Cxm
CxmTr

TrFl

Tr(FIF3) (COHE)
@7Tr

TpEndGO __
M24CxmTpHtTs
'I‘pl-2nd§1z‘p
TpP1(GOHt)
TpEndSk

Oc

Oc

162

) (P14HLa) Sxp

Invert C

RSH 3

Initiate P register increment

Recirculate A

Recirculate B

P+1-5P

Clear S

Fetch next instruction

Initiate parity
#0 next clock (T8)

NOP (20) -0

T7 thru TO

T7 thru TO

T7 thru T3



go T8

T7

I5
gL T4

T3

T2

g3 T1

RCY 200XX

rCz
sIx
Oxc
s0(1-6)
rO( n‘)
sAOO
Cr3
sC(0=2)
rC( 1" )
Xz (1=3)

KZ( " )

Yz (1-3)
YZ( " )
sCz

rCz

sCp

rCp

sF3
sC(0-2)
rC( 1" )
Sc
rS(1=14)
Sxc

- s58(1,2)

sS(3~14)
sF2
rS(1=-8)
Sx48
s$(9,10)
rS(11~14)
sSk

Arl

sAO

rAO
sA(1=-23)
rA( " )
Brl

sBO

rBO
sB(1~23)
rB( " )
Sd2

rS9

sS10
rS10
sS11
rSll
sS12
rSl2

Right Cycle A,B

a1 0088 B BRI EEID 8RB D D0 RO N B DR RN UDN H_U UL nuwBoR R B DB DB R DD RN

($OT8)
( " )cleo

( " )Tacot?

C(3=8)0xc
Ek n ) "
AGgOT7

F1F2TsqQl

Add(1-3)@goJuTscCr3

KEE( ] )

Xn(1l=-3)@#0Ix
Xn( " )P0Ix+Ix

c(21-23)7
C( n ) "
KzQ1TO@7
KzQ1

(C2¥Pc2xPc23) CpTsiHtQl1FiF?2

(
#0TaQ4d30405
c(21~ 23)‘1‘2F3T‘

C( " )
T4FIF2InT
Sc
T3F1F2Ju
Add(2,3)Sxc
C(0~11)Sxc
$105Q32

¢

Sx48
Sx48

(#105T2) (S65758595

#30506Sk
B23C4CBArL

B23C4ChAT1
A(0-22)Arl

A( " ) 1"
#30506Sk
A2305Brl
A2305Brl
B(0=-22)Brl

Et " _2 "
(#305065k)ST4_
SdZSIO(SllSIZS

$d28T0(
$d2510¢(

Sd2811(ST2513)

Sd2s1l
Sd2S12513
Sd2812813

"

10512
(§65788+59S10)@#LO5T2

S10

ST1512S13514)
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RSH 4

A,B right cycle XX bits
B23 — AO

2+&S-—-163 Cycles

Initiate indexing
C(3«8) >0 if not Indirect Addressing

Save sign of A

C(15%23)4X(15=23)Ix-»C T7 thru T5

Adder input (X) if indexing
Adder input C

Adder carry logic

Try for parity check T7 thru T2
#1 next clock (T4) :
C recirculate, Indexing

T4 thru T2

is terminated,

Clear S

C(l0=23)4X(15=23)Ix~ S
put shift count into §

#3 next clock (T1)
Clear S(1-8)

Set S(9=14) = 48 if shift
count > 48,

Shift count = O

Cycle B23 into AO

Shift A,B right 1 bit 1f Sk

Count every other clock until Sk set

Decrement count by 2
every othexr clock



(continued)

g3 T1

TO
Tr
Tp

Tp

sS13
rSl3
sS1l4
rSl4
sSk
(refer ¢3 T1)
( " )

o)

rRE

Sd2513
§d2S13
(#305065k)STZ
( " )Sl4

(#3058k) (595T0ST15T2)ST13

TpP1 (GOHL)

RSH 5

Count each clock

Count = 0 or 1
Initiate X into Xz during @7

Clear Rf

I1f Sk is not set (8k) at Tp, @3 will continue to occur with each clock

responding as shown in @¢3 Tl until Sk sets,

will stop, except the clock, until Tp,
at Tp when Sk is set,

Arl

sAQ

rAOQ
sA(1=-23)
IA( " )
Brl

sBO

rBO _
sB(1=23)
I'B( " )
sFl

rRE

(#30506) TpSkS14
B23C4C6ATrl
B23C4C6AYL .
A(0=-22)Arl

—A_( n ) "

(#30506) TpSkS14
éggBrl

A23Brl
B(0~22)Brl

‘ﬁ'( " ) "

TpSK e
Tp@1(COHL)

164

When this happens, all functions
The following shows what occurs

Cycle B23 into AO

Clean up right shift A,B
(If S1l4 reset, no shift occurs)

@7 next clock (T8)
Clear Rf



g7 T8

T7

T4

T3

TO
Tr

Tp

Ck
sC(0=23)
rC( 1" )
End

sla

Ar3
sA(0=-2)
rA( 1" )
sA(3-23) .
rA( " )
sB(0=2)
rB( " )
sB(3-23)
rB( 1] )
Px3

sPO

rP0

sPl

TPl

sP2

rP2

rla
sP(3=14)
rP( " )
Sc
rS(l-14)
Sxp

sS1

sS2
sS(3=14)
rSk

Cxm
8C(0=-23)
rC( " )
rla

rIix

KO

rAOO

sCp
rF(1=3)
rREf

Oc -

s02
r0(1,3,4,5,6)

H

= ¢§7T8Ts

= CT(0~23)Ck
=C( " )Ck

= F1F2

= skreg 75k

= ¢706Ql

= A(21~23)AnTAr3
ux( " ) "
=4é&0-20)Ar3
A(" )

= B(21~23)BnrAr3
=‘F( " ) "

= B(0=20)Ar3
E.B_( 11 ) "

= (F1G0)Q2

1" )(

AN
=

N N NN
NN NN
-

-

( " 1"
P12P13P14Q2F
P(0~11)Pr3
p‘( n ) ",
T4EndInT

Sc
T3TntEndGO

(H‘)( "
P(0-11)Sxp
@7T0

M(0=23) Cxm
CxmTr

TrFl
,Tr(FIF3)(E5Ht)
¢7Tr
TpEndGO
M24CxmIpHETs
TpEndSk
Tp@1(GOHE)
TpEndSk

Oc

Oc

8 0 pnBn QR DB BB O H R OB RPN RN

(" (0620540506

EndGOTsm(Tr+Tp)

) (PLEP13P141a) Pr3
) (PT2BP13PI4Ta)

) (91%141@ Pr3
) (Pl a) "
) (PL4PLa) Px3

a) "

) (PIAGE

(F1G0) (T2BLB5006) (P1LIEPL41a) Sxp

) (PL&RHLa) Sxp
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Invert C

RSH 6

Initiate P register increment

Recirculate A

Recirculate B

P+1 P

Clear S

P -S

Fetch next instruction

Initiate parity
#0 next clock (T8)

NOP (20) -0

T7 thru TO

T7 thru TO

T7 thru T3
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go T8

T7

T5
g1 T4

T3

T2

¢3 Tl

RCY 240XX

rCz
sIx
Oxc
s0(1=-6)
rO( n)
sAQO

© Cr3

sC(0=2)
I'C( " )
Xz(1=3)
X—Z-( " )
Yz (1=-3)
E( " )
sCz
rCz
sCp
rCp
sF3
sC(0=2)
rc( " )

" Sc

rS(1-14)
Sxc
sS(1,2)
sS(3=~14)
sF2
rS(1=8)
Sx48
sS(9,10)
rS(1ll=14)
sSk

Arl

rA0
sA(1=23)
I‘A( " )
Brl

sBO

rBO
sB(1~23)
rB( " )
Sd2

rS9

sS10
rS10
sS11
rSll
sS12
r512

Logical Right Cycle A,B

($0T8)

( " )cleo

( " )TacoC2
C(3-8)0xc

C( " ) 1"

AO@OT7

F1F2TsqQl
Add(1=-3)@0JuTscCr3
m( " ) "
Xn(1=3)@0Ix

Xn( " )POIx+Ix
c(21-23)d7

C( n ) "
KzQlT0@7

Kzq1 :
(C21@c22Pc23) CpTstEQlF1F?
( " )Cp "
$0TaQud30405
C(21-23)F1F2F3Ts
C( " ) n
T4FIF21inr

Sc

T3F1F2Ju
Add(2,3)Sxc
C(0-11)8xc
$105Q2

$l05T2
(§65758+59S10)@#105T2
Sx48

Sx48 —
(#105T2) (56575859510511512513514)
#305068k ‘
C4C605

A(0-22)Arl

A( " ) "

#305068k

A2305Brl

A2305Br1

B(0-22)Brl

’E( " " .
(8305065k)ST14
S$d2510(S11S12813)

$d25T0( " )

$d2510( " )
Sd2511(S12513)

Sd2s11( " )

Sd2812513 .

Sd2812813

nnMun w808 O3RN NEDRB.D D 2O K ENE R E R NN MY YLD RN EDREODDNY DR UGN
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RSH 7

A,B right XX bits 04%X=3 (M,
Zero's — AD 10 -

Initiate indexing
C(3=8) -0 if not Indirect Addressing

Save sign of A

C(15=23)4X(15=23)Ix—» C T7 thru T5

Adder input (X) if indexing
Adder input C
Adder carry logic

Try for parity check T7 thru T2

#1 next clock (T4)
C recirculate, Indexing
is terminated, T4 thru T2

Clear S

C(10-23)+X(15=23)Ix—> S
put shift count into §
#3 next clock (T1)
Clear S(1-8)

Set S(9=14) = 48 if shift
count 3 48,
Shift count = 0

‘@ - A0 (C4 cycle bit, C6 logical)

Shift A,B right 1 bit if Sk

~ Count every other clock until Sk set

Decrement count by 2
every other clock



(continued)
#3 T1 sS13
rS13
sS1l4
rSl4
sSk
TO (refer @3 T1)
Tr ( 1" )
Tp ( " )
rRE

Tp

]

Sd2S13

$d2s13

(@#305065k)S1Z
" YSl4

(#3055k) (S98T08T18T12)S13

Tp@1 (GOHE)

RSH 8

Count each clock

Count = 0 or 1
Initigte X into Xz during @7

Clear Rf

If Sk is not set (Sk) at Tp, #3 will continue to occur with each clock

responding as shown in @#3 Tl until Sk sets,
will stop, except the clock, until

at Tp when Sk is set,

Arl

rAO
sA(1-23)
rA( " )
Brl
sBO
rBO
sB(1=23)
rB( " )
sF1l
rRE

B nosgoanoa

(#30506) TpSkS 14
C4C605
A(0=22)Arl

"K'( n ) "
(#30506) TpSkS14
A23Brl

A23Brl
B(0=22)Brl

'ﬁ'( " ) "

TPSK s

Tp@1 (GOHt)
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When this happens, all functions
|Tp. The following shows what occurs

0 -5 A0

Clean up right shift A,B
(1f S1l4 reset, no shift occurs)

@7 next clock (T8)
Clear Rf



g7 T8 Ck
sC(0=23)
rc( 1" )
End
sla
T7 Ar3
8A(0=2)
rA( 1" )
sA(3~23)
rA( " )
8B(0=2)
rB( L]} )
8B(3-23)
rB( " )
Pr3
sP0
rPO
sPl
rPl
sP2
rP2
rla
sP(3=14)
rP( 1" )
T4  Sc
rS(l=14)
T3 Sxp
8S1
852
8S(3=14)
TO 1Sk
Tr Cxm
8C(0=23)
rc( 1" )
rla
rIx
KO0
rAOO
Tp sCp
rtF(1l=3)
rRE
Oc
s02
r0(1,3,4,5,6)

= @7T8Ts
= T(0-23)Ck
= C( " )Ck

= A(21-23)AnTAr3
-I( " ) "

= A(0-20)Ar3
=A(" )"

= B(21=23)BnrAr3
H'I( " ) 1"

= B(0=20)Ar3
E‘E‘( ||- ) "

= (F1G0)Q2

N’ N N N
-

" )( "
P12P13P14Q2F1
P(0=11)Pr3
F( 1l ) "
T4EndInry

Sc
T3TntEndGO

NSNS NN

( " )( 1"t
P(0~11)Sxp
@710
EndGOTsm(Tr+Tp)
M(0-23) Cxm
CxmTr

TrFl

Tr (FIF3) (GOHE)
@¢7Tr

TpEndGO .
M24CxmIpHETs
TpEnd&&__
Tp@1(GOHt)
TpEndSk

Oc

Oc

R B0 RO AR X B BB R R WD DE N U YU RO O RO DR

") (02040506

) (P12@P13P141a) Pr3

) (P

a) 1"

) (P13¥PPl41a) Pr3
) (Pl%ﬂla) "

) (P14$La) Pr3

) (PIZ3E

8.) "

(F1G0) (B2BLTZ06) (PLIPPL41a) Sxp

) (P14HLa) Sxp
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Invert C

RSH 9

Initiate P register increment

Recirculate A

Recirculate B

P+1-P

Clear S

“Fetch next instruction

Initiate parity
#0 next clock (T8)

NOP (20) —0

T7 thru TO .

T7 thru TO

" T7 thru T3



a7

go T8

T7

T5
g1 T4

T3

T2

g3 T1

LSH 000XX

rCz

sIx

Oxc
s0(1=6)
rO( n )
sAOO

Cr3
sC(0=-2)
rC( " )
Xz (1=3)
YE( " )
Yz (1=3)
YE( ” )
sCz

rCz

sCp

rCp

sF3
sC(0=2)
rc( 1" )
Sc
rS(1=14)
Sxc
sS(1,2)
sS(3=14)
sF2
rS(1-8)
Sx48
$5(9,10)
rS(11=-14)
sSk

AL2
sAQO
rA0O
sA(0=21)
rA( " )
sA(22,23)
rA( " )
sB(0=21)
rB( " )
rB(22,23)

sOf
sOf
Sd2
rS9
sS10
rS10
sS1ll
rS1l1
sS12
rS12

Left Shift A,B

(#0T8)

¢ " )cleo

( " )TacoT2
C(3=8)0xc

t( " ) "
AO@OT7
F1F2TsQl
Add(1-3)goJuTscr3
m( " ) "
Xn(1=-3)@0Ix __
Xn( " YPOIx+Ix
C(21-23)@7

'é‘( " )n
KzQ1T0@7

RzQ1

( " )Cp 11
$0TaQad30405
C(21=23)FITF2F3Ts

‘C‘( " ) "
T4F1F2InT

Sc

T3F1F2Ju

Add(2,3)8xc
C(0=11)Sxc

#105Q72

$105T2
(BB87/884+59510)#105T2
Sx48

Sx48

(#30506) 8k

AlAL205

KI n

A(2-23)AL2

A( " ) 1]

= B(0,1)AL2

=§( 1" ) 1]

= B(2-23)AL2 '
= B( " ) "

= CA4AL205

ooy a8 0B 8B OO0 HE DR RO RN N R BRDD R R R MK N NRR

(#30506SkCLT5) (AQFAL)
= ( 1"
= 305068k
Sd25T10(ST1S12S13)
12} )
)

= 8d28T0(
5d2s10( . "
Sd28T1(S12S13)
Sd2s11( " )
§d28T125813

Sd2s128T13

ny
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(C2XPC224C23) GpTEHLQLFIF?

(#105T2) (565738595 T0ST15125T38T14)

) (AX$A2) (59...513)

LSH 1

A,B left XX bits 2+X§:ﬁ Cycles
Set overflow if A0 changes 0

Initiate indexing
C(3=8) -0 if not Indirect Addressing

Save sign of A

C(15-23)4X(15-23)Ix—»C T7 thru TS5

Adder input (X) if indexing
Adder input C

Adder carry logic

Try for parity check T7 thru T2
@l next clock (T4)
C recirculate., Indexing

T4 thru T2

is terminated,

Clear S

C(1l0=23)4X(15=23)Ix— S
put shift count into S

#3 next clock (T1)
Clear S(1-8)

Set S(9~14) = 48 if shift
count 2 48,
Shift count = 0

Save old Al for clean up shift
when @3 terminates

A,B left 2 bits

0 — B(22,23) C4=Cl0 (cycle bit) during
@3

Normalized and shifting 2
Normalized .in 1 and shifting 2

Count until Sk set,

Decrement count by 2
each clock,



LSH 2

(continued)
@3 TL sS13 = Sd2313
rS13 = $d2513
sSk = (#30506Sk) (§95105115812)81% Count = 0 or 2
sSk = (@$3053k) (39STOST13T2)313 Count = 0 or 1
TO (refer @#3 Tl) Initiate X into Xz during @7
Tr ( 1" )
Tp ( " )
rRE = Tp@l(GOHt) Clear Rf

Ip

I1f Sk is not set (Sk) at Tp, @#3 will continue to occur with each clock
responding as shown in $#3 T1 until Sk sets, When this happens, all functions
will stop, except the clock, until Tp, The following shows what occurs

at Tp when Sk is set.

Arl = (@#30506)TpSkS1l4

sAO = A000S5TH

rAO = K0005Ch

sA(1=23) = A(0-22)Arl

rAC " ) =&X(" )"

Brl = (@#30506)TpSkSl4 Clean up right shift A,B
sBO = A23Brl (If Sl4 reset, no shift occurs)
rBO = A23Brl :
sB(1=23) = B(0=22)Brl

rB( 1 ) ="§( " ) "

sF1 = TpSk #7 next clock (T8)

rRf = TpP1 (GOHE) Clear Rf

170



@7 T8

T7

T4

T3

TO
Tr

Tp

Ck
sC(0=-23)
rc( " )
End

sla

Ax3
sA(0=2)
rA( " )
sA(3«23)
rA( " )
sB(0=2)
rB( " )
sB(3=23)
rB( 1" )
Pr3

sPO

rPO

sPl

rPl

sP2

rP2

rla
sP(3=14)
rP( 1" )
Sc
rS(l~14)
Sxp

sS1

sS2
sS(3=-14)
rSk

Cxm
sC(0-23)
rc( n )
rla

rix

rKO

rAOO

sCp
rF(1=3)
rRE

Oc

s02 ,
r0(1,3,4,5,6)

= ¢7T8Ts

= C(0=23)Ck

= C( " )ck

= F1F2

= SkT8¢7I KD

= ¢§706QL

= A(21~-23)AnrAr3

= A( " ) n

= A(0-20)Ar3

HK( " ) "

= B(21=-23)BnrAr3

'ﬁ( " ) 1]

= B(0=-20)Ar3

n'ﬁ( " ) "

= (F1G0)Q2 4

" o< 06) (P123P13P141a) Pr3
( 1] )( 1" )(WP a} "
(" )( " ) (P133P1l41a) Pr3
( n )( 11" )(P]Ii?]&!a) "
(" < " )Y(PliLa)Pr3
(" < ") (PlZpa) "
P12P13P14Q2F1

P(0=11)Pzr3

P‘( " ) "

T4EndInt

Sc

T3IntEndGO

(F160) (52040506) (P1IHP141a) Sxp
" o) ") (Pl4fLa)Sxp
P(0=-11)Sxp

@710

EndGOTSm(Tr+TIp)

M(0=23) Cxm

CxmTr

TrFl

Tr(ﬂIF3)(55Ht)

#7Tx

TpEndGO .
M24CxamTpitTs

TpEndSk

Tp@1(F0iit)

TpEndSk

Oc

Oc
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LSH 3

Invert C

Initiate P register increment

Recirculate A T7 thru TO
Recirculate B T7 thru TO
P+1 P T7 thru T3
Clear S

P —>S

Fetch next instruction

Initiate parity
#0 next clock (T8)

NOP (20) 50
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go T8

T7

T5
g1 T4

T3

T2

@3 T1

NOD 100XX

rCz
sIx
Oxc
s0(1~6)
ro( ")
sA0O

. Cr3

sC(0-2)
rc( 1] )
Xz(1-3)
T(_Z'( " )
Yz(1=3)
Y—Z_( " )
sCz

rCz

sCp

rCp

sF3
sC(0=2)
rc( " )
Sc
rS(l-14)
Sxc .
s8(1,2)
sS(3=14)
sF2
rS(1-8)
Sx48
s5(9,10)
rS(11=14)
sSk

sSk

‘rS1l4

AL2

sAOO
rAOO
sA(0-21)
rA( " )
sA(22,23)
rtA( " )
sB(0=-21)
rB( " )
rB(22,23)

rBe23
sIx
rKO

Normalize A,B

(¢0T8)

( " )cleo

( " )TaGoT2z
Cc(3-8)0xc

E( n) "
AOGOT7
FIF2TsQl
Add(1-3)@goJuTscr3
-A—.CTCT( " ) n
Xn(1-3)@0Ix
Xn( " )PoIx+Ix
C(21-23)07
T
KzQIT0@7

KzQ1l

nuwnnu

( 1" )Cp "
@#0TaQ4030405
C(21=-23)F1F2F3Ts

-CT( " ) "
T4F1F2Inr

Sc

T3F1F2Ju
Add(2,3)Sxc
c(0=11)Sxc

¢105Q2

@105T2
(S65758+59510) $105T2
Sx48

Sx48

( " )(aogal)c2
(") )e
(#30506) 3k
AlAL205

n ]

A(2=23)AL2

=I( " ) "
=_]§_(0,1)AL2

= B( " ) 1"
=.§ﬂ2-23)AL2

= B( " ) "

= CLAL205

= AL2
= @305
= $306Q6
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(C213c22PCc23) CpTsHEQIF1F?2

(#105T2) (§657585951051151251351%)

LSH 4

2+5§:§.quﬂ!b

A,B left until AO#Al, 50

or XX shifts have occured

Initiate indexing
C(3=8) —» 0 if not Indirect Addressing

Save sign of A

C(15=23)4X(15-23)Ix—- C T7 thru 15

Adder input (X) if indexing
Adder input C

Adder carry logic

Try for parity check T7 thru T2
@1l next clock (T4)
C recirculate, Indexing

T4 thru T2

is terminated.,

Clear S

C(10-23)+X(15-23)Ix—S
put shift count into S
@3 next clock (T1)
Clear S(1~8)

Set S({9~14) = 48 if shift
count > 48,

Shift count = 0
A,B normalized, C2=Cll(norm bit)at T2
Avoid clear up shift.

Save old Al for clean up shift
when @3 terminates

A,B left 2 bits

0 - B(22,23) C4=ClO(cycle bit) during
¢3

Clear Bc¢23
Initiate adder input (X) during @7
Clear KO T3 thru Tp



(continued)

g3 T1

TO
Tr
Tp

Tp

Sd2
sS2
sS3
rS3
sS4
rS4
sS85
rS5
sS6
rS6
sS7
rS7
rS9
sS10
rS10
sS11
rS1ll
sS12
rS12
sS13
rS13
sSl4
Sl

W w e R e nn e unnn

sSk
sSk

sSk
sSk
(refer @3 T1)
( " )
( " )
rRE =

nn

#305065k
(Sd205)§B§7

. )S3(84855637)
"oys3(__" )
" )YS84(S55687)
oS4 ")
)85(8657)

1" )SS( 1" )

" )S6S7

" )S6S7

" )57

NN NNSNNNIN NN
-

)s7
Sd2ST0(ST1ST2513)
$d2S10¢( " )
$d2810¢( " )
Sd2511(512513)
sd2slil( " )
Sd28T13813
Sd2s12813
Sd2813
Sd2s13
(#30506S5k) (AIPA2) C5
( 1"

LSH 5

Count until Sk set,

Develop negative count

to be added to the

index register during @7.
(counts for each AL2)

Decrement count by 2
each clock,

—..Set clean up shift,

) (ATR2) (A2n3) (53... .513) C5

No clean up shift,

( " Y (AIBA2)CS Over normalized
( ") (ATERZ) (A2A3) (S 5...513)C5

Normalized
( " )(_§§T6§Tislgl§14 Count = 0 or 2

(#3058K) (S9ST0ST1512)S13

Tp@P1(GOHL)

Count = 0 or 1
Initiate X into Xz during @7

Clear Rf

If Sk is not set (Sk) at Tp, @3 will continue to occur with each clock

responding as shown in @3 T1 until Sk sets.
will stop, except the clock, until Tp,

at Tp when Sk is

Arl
sAO
rAO
sA(1-23)
rA( " )
Brl
sBO
rBO
sB(1=23)
rB( 1 )
sF1l
rRE

|

]

nuunna

set,

(030506) TpSkS 14
A0005CL
E0005CL
A(0=22)Arl

]K n ) 1"

(#30506) TpSkS14
A23Brl

A23Brl
B(0-22)Br1

fﬁ( : ) 1"

TpSk ___ _

Tp@1(GOHE)
173

When this happens, all functions
The following shows what occurs

Clean up right shift A,B
(If 814 reset, no shift occurs)

@7 next clock (T8)
Clear RE



g7 T8

T7

Ck
sC(0~23)
rc( n )
End

sla
sBc23

- sKO

sRE

Ar3
sA(0=2)
rA( n )
sA(3=23)
rA( " )
sB(0=2)
rB( 1" )
sB(3=23)
rB( n )
Pr3

sPO

rP0O

sPl

rPl

sP2

rP2

rla
sP(3=14)
rP( 1 )
Xnr
sXw(1l=3)
Xw( ")
Xz(1=3)
22( " )
Yzl

¥z1

Yz2

Tz2

Yz3

¥z3
sBc23
rBc23
sKO

rKO

sREf

rRE

BN R oo 0 N8R R0 rnn 0

NN\ N

i;( "

@718Ts
C(0~23)Ck
c( " )Ck
F1F2

SkT8¢7
(#705T8)S14
( 1" )S7
( 1t )56

g706Q1
A(21~-23)AnrAr3
A( 1" ) 1"
A(0-20)Ar3
AC™ ) "
B(21~23)BnrAr3
B( " ) 1
B(0~20)Ar3

) 1"
(F160)Q2

"oy (W‘é) (PLZPP13P14Ia) Pr3
Plala) "

1" )(

n
1"
"
n

PT?Pi??TZQzFl
P(0-11)Pr3

P( 11 ) 1) -
03(040506) C5¢7

-
N’
NN NN

) (P
) (PLX¥EP1l4Ia) Pr3
) (PTXPIZTa)
) (P14PIa) Pr3

) (P1APTa) "

Add(l-3)53(040506)05¢7F1

Add( ")
Xn(1=-3)Ix@705
‘E( " ) "
RE@7

REg7

KO@7

Ko¢7

Bc23¢7
Bc23¢7
(¢705T7)SS
)35
n )34
)34
" )S3
" ,)§§

174

LSH 6

Invert C

Initiate P register increment
Rf,K0,Bc23 form an Octal input to
Yz(1=3) from T8 thru T6 which
represent the negative number of
shifts during normalize.

Recirculate A T7 thru
Recirculate B T7 thru
P+ 1P T7 thru

C5 is norm bit inverted at T8
X 4+ 8(2=7) + 814 »X
(X=number of shifts — X)

Adder input (X)

T7 thru
T7 thru

Adder input (S)

Bits S§3 thru §7 contain

a negative count of the
AL2's during normalize,
S14 contains the clean up,

Rf, KO and Bc23 must
be set for the next
clock

TO

TO

T3

TO

TO



T6

T4

T3

TO
Tr

Tp

sBc23
sKO

sRf

Sc
rS(1-14)
Sxp

sS1

sS2
sS(3-14)
rSk

Cxm
sC(0-23)
rC( n )
ria

rIx

rKO
rAOQO

sCp
rF(1l=3)
rRE

Oc

s02
r0(1,3,4,5,6)

gsnn i nnnannnnnnpnnnnnon

(#705T6)S2

( 1" )SZ

( " )82

T4EndIny

Sc

T3TntEn

(F1G0) (02040506) (PL3PPL41a) Sxp
¢ "« ") (Pl4BLa)Sxp
P(0-11)Sxp

@710

EndGOTsm(Tr+Tp)

M(0-23) Cxm

CxmTr
TrFl
Tr(F1F3) (GOHt)
#7Tx
TpEndGO
M24CxmIpHtTs
TpEndSk
Tp#1(GOHt)
TpEndSk

Oc

Oc

175

Extend minus sign for
negative count to Yz

Clear S

P-»S

Fetch next instruction

Initiate parity
@#0 next clock (T8)

NOP (20) —0

LSH 7

T5 thru TO



67

go T8

T7

T5
g1 T4

T3

T2

g3 T1

LCY 200XX

rCz
sIx
Oxc
s0(1=6)

'ro(")

sA00

Cr3
sC(0=2)
rc( 1" )
Xz(1=3)
YZ-( n )
Yz (1=3)
YE'( "
sCz

rCz

sCp

rCp

sF3
sC(0=2)
rc( 11" )
Sc '
rS(l=-14)
Sxc
sS(1,2)
85(3=-14)
sF2
rS(1=-8)
Sx48
s$(9,10)
rS(11-14)
58Sk

AL2

8A00
rA0O
sA(0=21)
rA( " )
s8A(22,23)
l‘.'A( " )
sB(0=21)
rB( " )
sB(22,23)
rB( " )
8d2

rs9

sS10
rS10

sS1l
rSll
sS12
rSl2

Left Cycle A,B

= (¢0T8)

= ( " )CLGO

= (" )TacoU2

= C(3«8)0xc

=-6( " ) "

= AOQOT7

= F1F2TsQl

= Add(l=3)@oJuTscr3

= m( n ) "
Xn(1-3)@0Ix

Xn( " YPOIx+Ix
C(21-23)@7

C( " )n

KzQ1T0@7

RzQl

(C2¥PC229C23) CpTsHEQLFIF2
- ( n )Cp "
= $0TaQ4030405

= C(21-23)FIF2F3Ts

= t‘( " ) "

= T4F1F2Inr

= Sc

= T3F1F2Ju

= Add(2,3)Sxc

= C(0-11)Sxc

= $105Q2

$105T2
(BE87884+59510) @LOST2
Sx48

Sx48

(#30506) 3k
ALAL205

= n n

A(2-23)AL2

= A( 1 ) "
B(0,1)AL2

‘ﬁ‘( " ) " .
B(2-23)AL2

B( l-l ) "
A(0,1)AL2

A( 1" ) "
#305068k
8d25T0(5T1812513)
§d28T0( " )
$d2510¢( " )
Sd2ST11(812513)
8d2s11( " )

sd 28123813 176
42812813

(#105T2) (§65738595T05115125813514)

LSH 8

A,B left cycle XX bits 24X%=06
A0 into B23 20

Initigte indexing

C(3=8) -0 if not Indirect Addressing

Save sign of A

C(15=23)4X(15=23)Ix— C

Adder input (X) if indexing
Adder input C
Adder carry logic

Try for parity check

@1l next clock (T4)
C recirculate. Indexing
is terminated.

Clear S

C(10=23)4+X(15-23)Ix— S
put shift count into S

#3 next clock (T1)
Clear S(1-8)

Set S(9=14) = 48 if shift
count 2 48,

Shift count = 0

Save old Al for clean up shift

when @3 terminates

A,B left 2 bits

Cycle AO,Al into B22,B23
Count until Sk set.

Decrement count by 2
each clock,

T7 thru T5

T7 thru T2

‘T4 thru T2



LSH 9

(continued)

$3 T1 sSL13 = Sd28T3
rs13 = $d2513
sSk = (#305068k) (§9510511512)S14 Count = 0 or 2
sSk = ($3053Kk) (SYSTOSTLET2)TI3 Count = 0 or 1
TO (refer @3 Tl) Initiate X into Xz during @7
Tr ( " )
Tp ( " )
rRi = Tp@1 (COHt) Clear Rf

I1f Sk is not set (Sk) at Tp, #3 will continue to occur with each clock
responding as shown in @3 Tl until Sk sets, When this happens, all functions
will stop, except thlie clock, until Tp., The following shows what occurs

at Tp when Sk is set,

Ip Arl = (@30506)TpSkS1l4
sAO = B2 Cé6. .
£AO - E%ggﬁggﬁi% Cycle B23 into A0
5A(1=23) = A(0-22)Arl
rA( 1] ) =I( 1" ) "
Brl = (@#30506)TpSkSl4i Clean up right shift A,B
sBO = A23Brl (If Sl4 reset, no shift occurs)
rBO = A23Brl
sB(1~23) = B(0~22)Brl
rB( 1" ) E‘B’( " ) "
sFl = TpSk @7 next clock (T8)
rRE = TpPI(GOHt) Clear Rf

177



LSH 10

#7 T8 Ck = §718Ts
sC(0=23) = C(0-23)Ck Invert C
rc( " ) = C( " )Ck
End = F1F2 ;
sla = SkT8¢ﬂf3@B Initiate P register increment
T7 Ar3 = #706Q1
- sA(0-2) = A(21-23)AnTAr3
1" = (1] "
?223_2%) - iEO-ZO)er Recirculate A T7 thru TO
rA( " ) =K( noy o '
sB(0=2) = B(21-23)BnrAr3
" =2 B n "
5323_2:)3) = ggo 20);173 ' Recirculate B T7 thru TO
I‘B( 1" ) BF( 1" ) "
Pr3 © = (F1G0)Q2
sPO = (" )(5%0%0506) (P113P13P141a) Pr3
rP0 = (" )( " ) (PTHPI3PILIa) "
sPl a (" )( " )Y(PLIPPl4Ia)Pr3
rPl - ( " )( " )(m a) "
sP2 = (" )( " ) (P14gLa) Pr3 P4+1aP T7 thru T3
rP2 = (" )" ) (PTAEa) "
rla = PI2PI3PI4Q2F1
sP(3=14) = P(0=11)Pr3
rP( " ) =F " ) "
T4 Sc = T4EndInt
rS(1=14) = Sc Clear S
T3 Sxp = T3TntEndGO
sS1 = (F1c0) (570%40506) (PL¥pP141a) Sxp
sS2 = (" O)( " )(Pl4ddLa)Sxp PoS
85(3-14) = P(0-11)Sxp
TO 1Sk = @710
Tr Cxm = EndGOTsm(Tr+Tp)
sC(0~23) = M(0=23) Cxm Fetch next instruction
rc( " ) = CxmTr
rla = TrFl
rIx = Tr(?IFB)(a5Ht)
rKO = @7Tr
rAOO = TpEndGO
Tp sCp = M24CxmTpHtTs Initiate parity
rF(1=3) = TpEnd3k #0 next clock (T8)
rRf = Tp@#1(8OHt)
Oc = TpEnd3k
s02 = Oc
= Oc NOP (20) -0

r0(1,3,4,5,6)

178
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g0 T8

T7

T4

T3

TO
Tr

Tp

SKM

rCz

sIx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0=-2)
rA( (1] )
sA(3-23)
rA( " )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
Cr3
sC(0-2)
rC( " )
sC(3-23)
I"C( " )
Xz (1=3)
YE( " )
Yz(1-3)
?-Z-( " )
sCz

rCz

sCp

rCp

Sc
rS(l-14)
Sxc
sS(1,2)
sS(3~14)
rCz

Cxm
sC(0-23)
rC( n )
sHt

rix

rKO

sCp

sF1

sF2

Skip if A Equal (M) on B Mask

=3

=

=

B0 B onnR U e 8RB O R R RDE R R NN DRD R HRNRED RN U NN R

@gors

@oT8CLGO
(#0T8TaGO)C2
c(3,5,6,7,8)0xc
anc
(01020504)Q1
A(21-23)AnrAr3
K‘( " ) "
A(0-20)Ar3

AT YN
§ﬁ21-23)BnrAr3

B( n ) "
gﬂO-ZO)ArJ

B(_:l -_2 1t
FiF2(TsQl)

Add (1-3)poJuTscr3
m( ") "
c(0-20)Cr3

6( " ) 1"
Xn(1-3)@0°Ix__
Xn( " )@0Ix-+Ix
C(21-23)@7

C( :— 1]
KzQlTO@7

KzQ1 L
(C21Pc2xpc23) CpTsHEQLIFIF2
( n )Cp "
T4F1F2Int

Sc —
T3FiF2Ju
Add(2,3)Sxc
c(0-11)8xc
Fro__
Jug0Tsm(Tr+Tp)
M(0-23) Cxm

TrCxm __
CpToRKO0@2

Tr( __I_‘B)(Eﬁﬂt)
GOTrF2__ ‘
M24CxmHtTsTp
(TpIa@0)010Z4

( " 0301
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SKM 1

A*B#M)*B; P+ 1 P 2 Cycles
A*B=(M)*B; P+ 2 —»P 3 Cycles
Initialize carry

Initialize indexing

Instruction —» 0

Recirculate A T7 thru TO
Recirculate B T7 thru TO

C+X+Ix — C (Add=Xz+Yz) T7 thru

Adder input if Ix (indexing)

T7 thru
Adder input C register T7 thru
Carry for Adder T7 thru
Check parity T7 thru
Clear S

C+ X*Ix — S

M — C (Fetch operand) Tr thru

Parity error

Initiate parity

@6 next clock (T8)

TO

TO
TO

Tl

TO

Tp



SKM 2

g6 T8 sla = T8F1FX0KD Initiate P register increment
End = F1F2 Last cycle
sSk = (01030406¢6)T8
T7 Ar3 = (01028304)Q1
sA(0-2) = A(21-23)AnrAr3
] = A 1 "
§ﬁ§3-2§> - 250-20)lr3 Recirculate A T7 thru TO
I'A( n ) _'K( 1] ) ‘l:_
sB(0~2) = B(21-23)BnrAxr3
] H"" 1" 1
:gé?’_z%) - gEO-ZO)g.rli Recirculate B T7 thru T0
rB( " ) ="§'( " —)- "
Cr3 = FIF3(TsQl)__
sC(0-2) = Add(1-3)@6TsCr3
1" = 1"t ”"
2323__2;) - %520)2:1:3 Recirculate C T7 thru TO
rC( n ) = E( " ) 1"
Xz (1-3) a Ix : Adder input (ff) T7 thru TO
1= = 1-2 '
%ﬁ ,.33 - %%2 " 3)?.7- Adder input (C) T7 thru TO
! = 1F1 - -
322 - %::’3; ’ Carry logic T7 thru TO
= (C2X3c2 CpTsitQl
igg - EC & §ECZB§E§TSH Q19603 Check parity T7 thru TO
Pr3 = (F1G0)Q2
SPO = (PL2gP13P141a)F1G0(BEBLI506) Pr3
rP0 = ( W ) LA
8Pl = (PL3PPl4Ia) "
rP1 - (“——"__5 u
sP2 = (Pl4Hla) n P+1-P T7 thru T3
rP2 = ( " .
sP(3~14) w P(0-11)Pr3
rP( (1} ) "‘i— " ) "
rla = (PI2ZPI3P14)Q2F1 _
rSk = B(MBC) (21-23) (#60103040506Q1) Don't skip logic T7 thru TO
T4 Sc = T4EndInr
xS (1-14) = Sc Clear §
T3 Sxp = T3IntEndGO
sS1 = (Plﬁlkla)FlGO(OEBZEEOQSXp .
rS1 - " P13,14 contains P1,P2 at T3
8S2 = (Pl4PXa , " P+1 -8
" .85(3-14) = P(0-11)Sxp
rs(¢ " ) -?( oy o
Tr Gxm = EndGOTsm(Tr+Tp)
sC(0-23) = M(0=23)Cxm - M = C (Fetch next instruction)
rc( " ) a TrC Tr thru Tp
sHt - CpThﬁﬁ’f ' Parity error

180



Tp

rla

rIx

rA0O

rBOO

sCp

rF(1,2)

sF3

Oc

s02
r0(1,3,4,5,6)

= TrFl .
Tr(FfFB)(pOHt)
TpEndGO

= ( 1" 2—

= M24CxmHtTsTp
TpEndSk

TpSk

TpEnd§E

Oc

Oc

‘R

N

181

SKM 3

Initiate parity
#0 next if Sk
@#7 next if Sk

NOP (20) -0



@7 T8
T7

T4

T3.

TO

Ir

Tp

sla
End
Ax3
sA(0-2)
rA( " )
sA(3-23)

rA( " )

sB(0-2)
rB( " )
8B(3-23)
rB( 1 )
Pr3
sP0
PO
8Pl
rPl
sP2
P2
sP(3=14)
(" )
rla
Sc
rS(l~14)
Sxp
8S1
81
882
rS82
88 (3=14)

8" )

r8k

rCp

Cxxm
8C(0+23)
rc( " )
rla

rlx
TAOO
rBOO
sCp

TR (1=3)

- Oe

802
r0(1,3,4,5,6)

= sk@7T8KD

= F1F2

= (01020%04)Q1

= A(21- 23)KE§Ar3

n‘x( " )

= _A_(O 20)Ar3

=AMy

= B(21-23)BnrAr3

- B( (1] ) "

= B(0=20)Ar3

-'ﬁl " ) 1]

= (F1G0)Q2

= (PL2PP13P141a)F1G0(020 ZB 506) Pr3

.- )

= (P1XPPl4la) "
)

- (Plﬁa) n

= P(0-11)Pr3

- P( " ) "

= (PIZPI3P14)Q2r1

= T4EndInt

= 8c__

= T3IntEndGO

- (Plﬂlﬂa)?lw(m_—-)oxp
= C 7))

= (Pligla) "
- P(0~-11)S )
= P(0~- xp

-'Fz 1" ) 11

= @710

= TsTOHEKD (F103¥4#6) 32

= EndGOTsm(Tr+Tp)

= M(0~23)Cxm

= TrCxnm

= TPl

= Tx(¥1r3) (&0nt)

= TpEndG0

- ( n

= M24CaxHtTsTp

= TpEndSk :

- (")

= Oc

= Oc
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SKM 4

Initiate P register inmcrement
Last cycle

Recirculate A T7 thru TO
Recirculate B T7 thru TO
P+ 1P T7 thru T3
Clear S

P13, Pl4 contain Pl, P2 at T3
P+1-8

M —)C (Fetch next instruction)
Tr thru Tp

Initiste parity check
#0 next clock (T8)

NOP (20) —0



71

go T8

T7

T4

T3

TO
Tr

ATp

LDX

rCz

slx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0-2)
rA( " )
sA(3-23)
rA( 1] )
sB(0-2)
I.'B( " )
sB(3-23)
rB( " )
Cr3
sC(0-2)
rc( " )
8C(3-23)
rc( 11" )
Xz(1-3)
"i‘i( n )
Yz(1-3)
Yz( "n )
sCz

rCz

sCp

rCp

Sc
rS(1-14)
Sxc

© 85(1,2)

8S(3-14)
rCz
Cxm
8C(0-23)
rc( " )
sCz
sHt
rix
rK0
sCp
s¥Fl
sF2

Load X

‘f R R g ¥ DR RN R R B ONR YU R DU MR R B H N U U R R END R B BRNE R NN A

goTs

gorsclco
(#0T8IaGO)C2
C(3,5,6,7,8)0xc
Thoxe
(01020304)Q1
A(21-23)AnrAx3
A( " ) "
A(0-20)Ax3
A" )M
B(21-23)BnrAr3
B( " ) "
B(0-20)Ar3
B(" ) "
F1F2(TsQl)
Add (1~3)@#0JuTsCr3
R‘E( " ) n
€(0-20)Cr3

C( n ) n
Xn(1-3)@0:1Ix
Xn( " )POoIx+Ix
c(21-23)F7

'6( :— "
KzQlTO@7

KzQl

(Cc2¥Pc229023) CpTsHEQLFiF2

( 1" )Cp 1]
T4F1F2Inr

S¢__

T3F1F2Ju

Add(2,3)Sxc
C(0~-11)Sxc

Fito

Ju@OTsm(Tr+Tp)
M(0~23)Cxm

TrCxm

(Tx#0)0203
chggé;paz
Tz (F1F3) (GOHt)
GOTxrF2 .
M24CxmAtTsTp
(TpTad0)0104

( " )o3sol

183

M) »X

Initialize carry
Initialize indexing

Instruction — 0O

Recirculate A

Recirculate B

CHX*Ix — C (Add=Xz+Yz)

DX 1

2 Cycles

T7 thru

T7 thru

T7 thru

Adder input 1f Ix (indexing)

Adder input C register
Carry for Adder
Check parity

Clear S

CHXeIx — S

M -5 C (Fetch Operand)
Parity errox

Initiate parity
#6 next clock (T8)

T7 thru
T7 thru

T7 thru

T7 thru

Tr thru

TO

TO

TC

TC
TC

Tl

T(

T



36 T8

T7

T4

I3

Tr

sla

End

Ar3

sA(0-2)
rA( 1" )
sA(3-23)
rA( n )
sB(0=2)
rB( 1" )
sB(3-23)
rB( 1" )
Cr3

8C(0-2)
rc( 1 )
sC(3-23)
rc( 1" )
Xz(1-3)

‘}‘{'Z( n)

Yz(1-3)

ﬁ‘( ||)

sCz
rCz
sCp
rCp
Px3
sP0O
rPO
sPl
rPl
sP2
rP2
sP(3-14)

rP(" )

rla
Xnr
sXw(1-3)
Xw( ")
Sc
rS(1-14)
Sxp
sS1l
rS1
sS2
rS2
sS(3-14)
rS( " )
Cxm
sC(0-23)
rc( 1" )
sHt

nnouwnnon

T8F1F¥ KD
F1F2
(01020304)Q1
A(21-23)AnrAr3

'I( " ) n

A(0-20)Ar3

K( n ) n

B(21-23)BnrAr3

='B'( "oy "

nnnwnun o n s Rnnnnnnn

B(0=-20)Ar3

—B—( " ) ]

F1F3(TsQl)
Add(1-3)@6TsCr3
m( " ) "
c(0-20)Cr3

'C'( 1] ) "
A(21-23)36020%
A( 1" ) n
c(21-23)F7

‘E‘( 11 1
KzQlF1¢7

®zqQl
(C21PCc2aPC23)

( 11} )CP 11}
(F1G0)Q2

(Plzapl39141a)F1G0(“26L3§o 6)Pr3

T

(PL3PP14Ia) "
(""'"""'TT""""“) "
(P1l4P1a) "
( Y ) "

P(0~11)Pr3

'I';—(n )n

(P12PI3P14)Q2F1
#6010203020506__

( " )TsC(21-23)
( 1" )TSC( " )
T4EndInr

Sc

T3IntEndGO

(Pl}%PlAIa)F1G0(02040506)Sxp

(T )
(P14Bia) "

('__T'-") n
P(0-11)Sxp-

"'P"( n.) 1"

EndGOTsm(Tr+Tp)
M(0-23)Cxm -
TrCxm

CpTr@iﬁb@i

184

CpTsHtQ1@603

LDX 2

Initiate P register increment

Last cycle

Recirculate A

Recirculate B

B+C—-C

Unused adder inputs

Carry logic

Check parity

P+1 5P

CcC -X

Clear S

P+ 1S

T7

T7

T7

T7

T7

T7

T7

T7

thru TO

thru TO

thru TO

thru TO

thru TO

thru TO

thru T3

thru TO

M — C (Fetch next instruction)
Tr thru Tg

Parity error



Tp

rla w TrF — v
rix = Tr(F1F3) (GOHt)
rA0O = TpEndGO

rBOO - (")

sCp = M24CxmHtTsTp
rF(1,2) = TpEndSk

Oc = (")

s02 = QOc

r0(1,3,4,5,6) = Oc

185

Initiate parity
@0 next clock (T8)

NOP (20) -0

DX 3



72

g0 T8

T7

T4

T3

TO
Tr

Tp

SKA

rCz
sIx
Oxc

s0(1,3,4,5,6)

r02

Ar3

sA(0=2)
rA( n )
s8A(3-23)
rA( " )
sB(0-2)
rB( 1" )
sB(3=23)
rB( 1" )
Cr3

s8C(0-2)
rc( (1] )
sC(3-23)

rc( " )

Xz(1=3)
‘i;( (1] )
Yz(1=-3)
'Y_z-( n_)
sCz
rCz
sCp
xCp
Sc
rS(1-14)
Sxc
88(1;2)
s8(3~14)
rCz
Cxm
8C(0-23)
rc( " )
sHt
rlx
rKO0
sCp
sFl
sF2

Skip if A and M do not Compare Ones Ai(M)i=l; P+ 1 <P

= @OT8

= @OT8C1GO

= (@0T8IaGO)C2

= C(3,5,6,7,8)0xc

= XC
= (01020304)Ql
= A(21-23)AnrAr3

_I‘( "oy n
= A(0-20)Ar3
=K(" )
= B(21-23)BnrAr3
=B( " ) "
-E(D-ZO)Ar:i
=B(" )"

= FIF2(TsQl)
= Add(1=-3)@0JuTsCr3

- m( " ) "
= C(0-20)Cr3 "
- z'( " ) "

= Xn(1-3)@0*Ix__

= Xn( " )POIxt+ix

= C(21-23)87

= C( ” "n

KzQ1T0d7

RzQ1 e

(C2¥Pc22pc23) CpTsHtQlF1F2
( n )Cp 1"

= T4F1F2Inr

= Sc

= T3F1F2Ju

= Add(2,3)Sxc

= C(0-11)Sxc

= 110

JugoTsm(Tr+Tp)

M(0-23) Cxm

TrCxm

CpT
Tr (ﬁ) (Eﬁﬂt)

GOTrFZ

M24meHthTp
(TpIaGO)Olﬁz
( " 0301

186

AL(M)imD; P + 2 —» P

Initialize carry
Initialize indexing

Instruction — 0

Recirculate A

Recirculate B

CHX+Ix — C (Add=Xz4Yz)

SKA 1

2 Cycles
3 Cycles

T7 thru TO

T7 thru TO

T7 thru TO

Adder input if Ix (indexing)

Adder input C register

Carry for Adder
Check parity

Clear S

C+X'Ix -8

M —» C (Fetch operand)

Parity error

Initiate parity
@6 next clock (T8)

T7 thru TO

"T7 thru TO

T7 thru T1

T7 thru TO

Tr thru Tp



SKA 2

g6 T8 sla = T8F1F3i329 Initiate P register increment
End = F1F2 Last cycle
sSk = 01030406678
T7 Ar3 = (01020304)Q1
sA(0~2) = A(21-23)AnrAr3
1] — A " "
2253_2%) - iEO-ZO)er Recirculate A T7 thru TO
rA( 1 ) =‘A—( 1] ) n
sB(0=2) = B(21-23)BnrAr3
" =‘- 11 1"
2323_2%) - géo_zo)er Recirculate B T7 thru TO
rB( " ) __.’B—( oy
Cr3 = F1F3(TsQl)
C(0=2 = Add(1l~ 3
icg " ; ='%Ea{ ”3;¢6TﬁCr Recirculate C T7 thru TO
sC(3-23) = C(0~20)Cx3
rC( " ) = C( 1" ) 1"
Xz (1-3) = Adder input (@) T7 thru TO
1= = »
%;E "3; - gg21"233qr Adder input (C) T7 thru TO
C =
iC: - %%giFla? Carry logic T7 thru TO
C = : CpTsHE
icg = ECZI%CZ%ECZB?ggTSH %1¢603 Check parity T7 thru TO
Pr3 = (F1G0)Q2
sPO = (Plzj-amsplua)mco(oz&osoe)Pr3
rPO = ( )
sPl = (Pl3FPl4Ia) "
<Pl _ (e "
sP2 = EPlaaﬁa) ) " P+1-P " T7 thru T3
+P? = ¢ ) "
sP(3-14) = P(0~11)Pr3
rP( 1" ) =_P'( 1" ) "
rla = (PI2P13P14)Q2F1 .
rSk = A*C(21-23)02(¢#601030406)05Q1 Don't skip if A+(M) T7 thru TO
T4 Sc = T4EndInrx
rS(l-14) = Sc Clear S
T3 Sxp = T3IntEndGO
sS1 = (P13P141a)F1GO 02040506 S
rS1 = 2~—g§£n»~9g ¢ ) P13, P14 contain Pl, P2 at T3
852 = (PL4FLa) " P+ 1S
rS$2 = (""”*"’Yl""") "
sS(3-~14) = P(0~11)Sxp
rs( 1" ) = 'F( 1" ) ”"
Tr Cxm = EndGOTsm(Tr+Ip)
sC(0=23) = M(0~23) Cxm M —» C (Fetch next instruction)
rc( " ) = TrCam___ Tr thru Tp
sHt = CpTﬁEBKOﬁf Parity error

187



Tp

rla

rIx

TAQO

rBOO

sCp

rF(1,2)

aF3

Oc

802
r0(1,3,4,5,6)

TrFl
Tr(?[FS)(EﬁHt)
TpEndGO

( 1 1]

M24CxmHt TsTp
TpEndBk

TpSk
TpEndSk

Oc

Oc

188

Initiate parity

@0 next 1f Sk
#7 next if Sk

NOP (20) -0

SKA 3



@7 T8

T7

T4

T3

TO

Tp

sla

End

Ar3

sA(0=-2)
rA( " )
sA(3-23)
l'A( " )
sB(0-2)
rB( " )
sB(3~23)
rB( 1] )

- Pr3

sP0

PO

8Pl

rPl

aP2

P2
sP(3=14)
xP(" )
rla

Sc
r8(1l=14)
8xp

831

rsl

882

rS2

88 (3=14)
rs( " )
8k

rCp

Coom
8C(0=23)
rc( n )
ria

rix
rAOO
rB00
sCp
tF(1~3)
Oc

802
r0(1,3,4,5,6)

sk@ 778K

= F1lF2

(01023564)Q1

A(21-23)AnrAr3

=‘K( " ) n

= A(0-20)Ar3

- A( " ) L‘

=;§(21~23)BnrAI3

= B( " ) "

= B(0-20)Ar3

=B(" )"

= (F1G0)Q2

- (PlZ@Pl3P141&)FlGO(02023506)Pr3
- (' v ) 1 1]

a (PL3PP1l4la) "
- (T "
= (PLiG@¥a) "

= P(0~11)Pr3

.‘ﬁ( noyw

= (PIZPI3PI4)Qzr1

= T4EndInr

= 8c___

= T3IntEndGO

= (Plﬁ]AIa)?lG)(OMSOG)Sxp
- (*”“1r“") " .

= (Pl{fla) "
- () n
= P(0-11)Sxp

- P( " ) 1"

= @770

= TeTOHEKD (F1039486) 92

= EndGOTsm(Tr+Tp)

= M(0-23)Cxm

= TxCxm

= TrPl

= Tr(F1F3) (COHt)

= TpEndGO

- ( 1

= M24CamHtT8Tp

= TpEndSk " .

- ( 7" )

= O¢ '

= Oc

189

SKA 4

Initiate P register increment
Last cycle

Recirculate A T7 thru TO
Recirculate B T7 thru TO
P+ 1P T7 thru T3
Clear S .

P13, Pl4 contain Pl, P2 at T3
P+1-8

M - C (Fetch next instruction)
Tr thxu Tp

Initiate parity check
0 next clock (T8)

NOP (20) -0
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go T8

T7

T4

T3

TO
Tr

Tp

SKG

rCz
sIx
Oxc

80(1,3,4,5,6)

r02
Ar3
sA(0-2)
I‘A( " )
sA(3-23)
rA( " )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
Cr3
8C(0-2)
rC( 1] )
8C(3-23)
rC( " )
Xz(1-3)
'i'i( " )
Yz(1-3)
YZ( " )
sCz
rCz
sCp
rCp
Sc
rS(1-14)
Sxc
8S(1,2)
88(3-14)
rCz
Cxm
8C(0-23)
rC( " )
s8Cz
sHt
rix
KO
sCp
sFl
s8F2

Skip if A Greater Than M

ﬂllllnlﬂlllllllllﬂllllllﬁlﬂl“llllﬂlﬂllllﬂﬂl

@gots
gorecico
(#0T8IaGO)C2
c(3,5,6,7,8)0xc
Choxc
(01020304)Q1
A(21-23)AnrAr3
K( " ) 1]
A(O-ZO)ArB

( 1" ) "
B(21-23)BnrAr3
B( " ) 1"
B(0-20)Ar3

"E( " ) 1"

FlFZ(TsQl)
Add(1-3)GOJuTsCr3
Add( 1" ) "
€(0~20)Cr3

C( 1] ) n
Xn(1-3)@0:Ix
Xn( " )PoIx+Ix
c<21-23)37

C( "

KleT

KzQl

(C2X¥PC22423) CpTsHEQ1F1

« ___" Hop
T4F1F2Inrx
Sc_
T3F1F2Ju

Add(Z 3)Sxc
C(0- ll)ch

Fito
JugoTsm(Tr+Tp)
M(0-23)Cxm
TxrCxm

Tr$00203
CpTEKOT2
Tr(F1F3) (GOHE)
GOTrF2 .
M24CxmAtTsT
(Tpf_¢0)0152

(¢ " Hosol

1

190

> b
YA
N N

e

N’
Lae il 2 e ]
+ +
N =
Il
g g

Initialize indexing

Instruction =+ 0

Recirculate A

Recirculate B

CHXIx — C (AddeXz+Yz)

SKG 1

2 Cycles
3 Cycles

T7 thru TO

T7 thru TO

T7 thxu TO

Adder input 1f Ix (indexing)

Adder input C register
Carry logic
Check parity

Clear §

C+XeIx — S

M -5 C (Fetch Operand)
Initiate = A into Xz

Parity errox

Initiate parity
#6 next clock (T8)

T7 thru. TO
T7 thru TO

T7 thru Tl

T7 thru TO

Tr thru Tp



g6 T8

T7

T4

T3

TO

Tr

sla
End
Axr3
sA(0=2)
rA( " )
sA(3=-23)
rA( 1" )
sB(0-2)
rB( " )
sB(3=23)
rB( " )
Cr3
sC(0=~-2)
rc( " )
sC(3-23)
rc( 1" )
Xz (1=3)
XzZ( ")
Yz (1=3)
ﬁ( " )
sCz
rCz
sCp
rCp
Pr3
sPO
rP0
sPl
rP1
sP2
rP2
sP(3=-14)
rP( " )
rla
Sc
rS(l-14)
Sxp
sS1
rS1l
sS2
rS2
sS(3~14)
rS( " )
six
Ofe
Cxm
sC(0~-23)
rC( " )
sHt

TSFIFAL KD

FLF2

(01020304)QL
A(21~23)AnrAr3

T( 1" ) "

A(0~20)Ar3

=‘K‘( n ) 1"

= B(21-23)BnrAr3

='B‘( 1" ) 1"

= B(0=20)Ar3

=B‘( 11 .—) "

FI1F3(TsQl)
Add(1-3)@#6TsCr3

Add( " ) n

c(0=~20) Cx3

'E"( 1 ) 1"

A(21-23)020%4¢6

A( n ) n

C(21-23)F7

C( 1" n

KzQlF1@7

RzQl

(C21pc229c23) CpTsAtQLP603
( 1 )Cp 1"
(F1G0)Q2 e —
(PLZPP13P1l4Ia)F1GO(02040506) Pr3
(“‘—"“' T ) 11

(PL3PPLl4Ia) "
G

nnwonounu

P(0-~11)Pr3

"P‘( 1" ) 1"
(P12P13P11)Q2F1
T4EndInt

Sc

T3IntEndGO
(PLXPP141a)F1GO(02040506)8x%p
("“""“’IT‘"’"""‘) "
(PL4BLa) o
( ) 1"
P(0~11)Sxp

‘?( 1" ) ]

#6T00fe
Add1Xz1Y¥z1+Add1Xz1Yz1
EndGOTsm(Tr+Tp)
M(0=23) Cxm

TrCxm

cpTHKpROP2

nnonna RN ERLREDNN DY RN RN
~
g
é
[]
-’

191

SKG 2

Initigte P register increment
Last cycle

Recirculate A T7 thru TI
Recirculate B T7 thru T(
A+c+1l 0= T7 thru T(
M) -A>C
Adder input (A) T7 thru T(
Adder input (C) T7 thru T(
Carry logic T7 thru T(
Check parity T7 thru T(
P+1-P T7 thru T:
Clear S
P13, Pl4 contain Pl, P2 at T3
P+ 1S
Ix if Overflow
M — C (Fetch next instruction)

Tr thru Tp

Parity error



Tp

rla
rIx

sSk
rAOO
rB0OO
sCp
rF(1,2)
sF3

Oc

s02
r0(1,3,4,5,6)

TrFl -
Tr (F1F3) (GOHE)
01030405060 6Tx CAFLx
TpEndGO

« ")
M24CxmHtTsTp
TpEnd§E

TpSk _
TpEndSk

Oc

= Oc

nguwueaunn

192

Skip 1f (M=-A<@)POf

Initiate parity
@0 next if 8k
@7 next if Sk

NOP(20) — O

SKG 3



g7 T8

T7

T4
T3

TO

Tr

Tp

sla = SkWT@

End = F1F2

Ar3 = (01020304)Q1

8A(0-2) = A(21-23)AntAr3

I‘A( " ) = X( " ) n

8A(3-23) - _A_(O-ZO)A::S

rA( " ) =K(" )"

8B(0-2) -__@_(21-23)BnrAr3

rB( ") . = B( " ) "

sB(3-23) = B(0=20)Ar3

L'B( " ) - -"ﬁ'( " ) "

Px3 = (F1G0)Q2

sP0 = (Pl@lSPlhIa)FlGO(OZOZBSOQPr3
rpg - (7 RAS ) "
8Pl = (PL3PPl4la) : "
Pl m ( " ) "
aP2 = (P14P¥a) "
rP2 : = ( "
sP{3=14) = _g(o-n) Pr3

1‘?( (1] ) - P( n ) "

ria . = (FIZFI3PIA)Q2r1

Sc = T4EndInr

r8(le14) = Sc___

Sxp = T3IntEndGO

s8S1 = (Plﬂl41a)?1m(0m506)5xp
rSl - (‘"““ﬂ"‘_‘} ]
882 = (Pl/@a) "
rS2 - (“"ﬂ“-') "
88 (3=14) = P(0=-11)Sxp '
rs( 1 ) = P( 1" ) 11

8k o= ¢7T0_~

rCp . = TsTOHEKO(F1030%36) 32
Cxm = EndGOTsm(Tr4Tp)

8C(0~23) = M(0=23)Cxm

rc( " ) = TrCxim

rla = Tr¥l

rIx "= Tr(FLF3) (COHt)

rAOO = TpEndG0

rBOO = ("

sCp = M24CmHtTsTp

TF(1=3) = TpEndSk

Oc = (" )

802 = Oc

r0(1f3,4,5_, 6) = Oc

193

SKG 4

Initiate P register increment.
Last cycle

Recirculate A T7 thru. TQ
Recirculate B T7 ‘thru TO
P+1-P T7 thru T3
Clear S

P13, Pl4 contain Pl, P2 at T3

P+ 1lo8

M - C (Fetch next instruction)
Tr thru Tp

Initiate parity check
$#0 next clock (T8)

ROP (20) -0
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go T8

T7

T4

T3

TO
Tr

Tp

SKD

rCz
slx
Oxc

r0

Ar3
sA(0-2)
rA( n )
8A(3-23)
I'A( " )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
Cr3
8C(0-2)
rc( " )
sC(3=23)
rc( 11" )
Xz(1-3)
f;( "y
Yz (1-3)
Yz( " )
sCz ‘
rCz

sCp

rCp

Sc
rS(1=-14)
Sxc
85(1,2)
88(3-14)
rCe

Cxam
8C(0-23)
rc< 11) )
sCz

sHt

rIx

rkK0

aCp

sFl

sF2

#0(1,3,4,5,6)
2

Difference Exponents and Skip

= @OT8

= JOT8CLGO

= (@0T8IaGO)C2

= C(3,5,6,7,8)0xc
Choxc -

[
(01020304)Q1
A(21-23)AnrAr3
K( " ) "

_é(O-ZO)ArB

AC" ) r
B(21~23)BnrAr3

—B-( " ) "
B(0~20)Ax3

B(" )"
F1F2(TsQl)

Add (1-3)@6JuTsCr3
Add( 1]) ) 11
EﬁO-ZO)CrB

C( " ) "
Xn(1-3)@0Ix

Tn( " )P0Ix+Tx
c(21-23)F7

E( 1" " .

KzQlTO0@7

KzQ1 o
(C2¥PC229C23) CpTsHEQLF1F2
(__" e "
T4F1F2Inr

Sc.

T3F1F2Ju

Add(2,3)Sxc
C(0-11)8xc

Fito

Jug0Tsm(Tr+Tp)
M(0-23)Cxm

TrCxm

(TrﬁOEQ&%EﬁE
CpT 0 é
= Tr(F1F3) (GOHE)
= GOTrF2 _ .
= M24CxmHETsTp
= (Tpla@®0)0304

= ( " )o301

194

SKD 1

B(15=23) = (M) (15~-23) — X(14=-23)
If X14=0 3P+l - P 2 Cycles
If Xl4=1,~X - X;P+2 - P 3 Cycles

Initialize carry
Initialize indexing

Instruction —» O

Recirculate A T7 thru TO
"Recirculate B T7 thru TO
C+X+Ix -+ C (Add=Xz+Yz) T7 thru TO

Adder input 1if Ix (indexing)-

T7 thru TO
Adder input C register T7 thru TO
Carry for Adder T7 thru Tl
Check parity T7 thru TO
Clear S
CiXelx - S
M - C (Fetch Operand) Tr thru Tp

Initiate = M into Yz
Parity error

Initiate parity
#6 next clock (T8)



#6 T8 Ck
sC(0-23)
I’C( 11 )

sla

End

Xnr

T7 Arx3
sA(0=2)
I‘A( ] )
sA(3-23)
rA( " )
sB(0=2)
I‘B( n )
sB(3~-23)
rB( " )

Ct3
sC(0=-2)
rc( " )
sC(3-23)
rC( " )
Xz (1~-3)
‘KE( 1" )
Yz (1-3)
?‘E( ] )

sCz

rCz

sCp

rCp

Px3

sPO

rP0O

sPl

rPl

sP2

rP2
sP(3~14)
rP( 1" )

rla
sXw(1~3)
rXw( ")

T5 sIx

Ofe

T4 Sc
rS(1l=-14)

sSk

T3 Sxp

sS1

rSl

sS2

rS2

nnonnoR RNy RNy nEnRRnnNERLEREnNn

010203040506@6T8Ts

'C(0=-23)Ck

C( n n
T8F1f3%3@9
F1F2
$6010203040506
(01020503191
A(21~23)AnrAr3
A( 1" ) "
A(0=20)Ar3
ACM )N
»§(21=23)BnrAr3
B( " ) n
B(0-20)Ar3
“'B'“(_it __) "
F1F3(TsQl)
Add(1~-3)@6TscCr3
m( 1" ) "
Cc(0~20)Cr3

E( 11" ) 1
B(21-23)@60204
B( " ) 1"
C(21-23)@7

C( n ) 11"
KzQlF1@7

RzQl

(C21@C229PC23) CpTsHEQLP603

( "
(F1G0)Q2

)Cp

(PLIFP13P141a)F1G0 (020

(

(Pl4FLa)

C ™
P(0~11)Pr3
P(" )"
(P12PI3P14)Q2F1

40506) Pr3
n

Add(1=-3)@6010203040506F1

m( n)
g606T50fe

Add1Xz1Yz1+AddIXz1Yz1

T4EndInx
Sc

#6010203040506T4 (CAPIx)

T3IntEndGO

1"

(P13PP141a)F1G0(02040506)Sxp
o

)
(PL4PIa)

T

C—-C

SKD 2

Initiate P register increment

Last cycle

Recirculate A

Recirculate B

Adder input (B)
Adder input (C)
Carry logic

Check parity

P+1 5P

B~ (M X

Overflow of X15 into X14

Clear S '
Sk if X14 @ Of

T7

T7

T7

T7

T7

T7

T7

T7

T7

thru

thru

thru

thru

thru

thru

thru

thru

thru

P13, P14 contain Pl, P2 at T3

P+ 1S

TO

TO

TO

TO
TO
TO

TO

T3

TO



Tr

Tp

sS(3=14)
rS( 11 )
Cxm
sC(0=~23)
rc( " )
sHt

rla

rix
rAOO
rBOO

sCp
rF(1,2)
sF3

Oc

s02
r0(1,3,4,5,6)

oo

P(0-11)Sxp

?‘( " ) n
EndGOTsm(Tr+Tp)
M(0=23)Cxm
TrCxam
CpTﬂ@@Kb@f
TrFL
Tr (F1F3) (GOHt)
TpEndGO

«C ")
TpEndSk

TpSk

TpEnd§E

Oc

Oc

196

SKD 3

M —» C (Fetch next instruction)

Parity error

Initiate parity
@0 next if Sk
@#7 next if Sk

NOP (20) -0

Tr thru Tp



g7 T8

T7

T4

T3

TO

Tr

Tp

End
sHz
sla
Xnr
Ar3
sA(0-2)
rA( " )
sA(3-23)
rA( " )
sB(0-2)
rB( 11 )
sB(3~23)
I‘B( " )
Px3
sP0O
rP0O
sP1l
rPl
sP2
rP2
sP(3~14)
rP( 1 )
rla
sXw(1l=-3)
Xw( ")
Hx(1=3)

HE‘( ll)

Sc
rS(l=14)
Sxp

sS1

rSl

sS2

rS2
sS(3-14)
rs( ” )
rCp

rSk

Cxm
sC(0=23)
rc( 11 )
rla

rIx
rAOO
rB0OO

sCp
rF(1-3)
Oc

s02
r0(1,3,4,5,6)

nnunnn

llllllllllllllllHllnllll!lllllllllllIlllllllllllllllllllllIllllllllllll]ﬂllllllllllll

F1F2

T8

T8Sk@ 7T Ko
0304030687
(01020304)Q1
A(21-23)AntAr3
A( 1" ) 1"
A(0-20)Ar3
E(w )
B(21-23)BnrAr3
'F( " ) 1"

B (0-20)Ar3

"“( " ) 1"

(F1G0)Q2

(P123P13P141a)F1G0 (02 g 06) Px3

)

(P13BPl4la)

e
(Pl4PlLa)

™

P(0~11)Px3

‘P'( 11 ) 1"
(PI2PI3P14)Q2F1
Ha(1-3)03040506¢7Ts
f_li( 1" ) "
Xn(1-3)03

Xn( " ) "

T4EndInr

Sc

T3IntEndGO

(Pl3§Pl4Ia)F1G0(02040506)Sxp

( ™)

(Pl4ra) "
("'_‘TY'""") 1"
E&O-ll)Sxp

E—( llw) 1

TsTOHEKO (F10394#6) g2
@710

EndGOTsm(Tx+Ip)
M(0-23) Cxm

TrCxm

TrFl

Tr (F1F3) (GOHt)
TpEndGO

( 1" L”
M24CxmHETSTp

TpEndSk

¢y

Oc

Oc

197

Last cycle

Initiate - X - X

SKD 4

Initiate P register increment

Recirculate A

Recirculate B

P+ 1P

X =

1 M

+ 1=
X X

Clear S

T7 thru TO

T7 thru TO

T7 thru T3

T7 thru TO

P13, Pl4 contain Pl, P2 at T3

P+ 1S

M — C (Fetch next instruction)

Parity error

@0 next clock (T8)

NOP (20) — O

Tr thru Tp



75

g0 T8

T7

T4

T3

TO
Tx

Tp

rCz

slx

Oxc
80(1,3,4,5,6)
r02

Ar3

sA(0-2)

rA.( ll)

sA(3-23)
I‘A( " )
sB(0~2)
rB( (1] )
sB(3-23)
rB( " )
Cr3
sC(0-2)
rC( " )
sC(3=-23)
rC( " )
Xz(1-3)
'i‘z‘( ")
Yz(1-3)
?‘z'( " )
sCz ‘
rCz
sCp
rCp
Sc
rS(1-14)
Sxc
8S5(1,2)
88(3-14)
rCz
Cxm
8C(0-23)
rc( 1] )
sCz
sHt
rix
rKO
sCp
sF1l
sF2

Load B

gor8

goTeClGO
(QOTSIaGO)CZ
c(3,5,6,7,8)0xc
Choxe
(01020304)Q1
A(21-23)AnrAr3

K( " ) 1]
A(0-20)Ar3

X( 'u ) 1"
B(21-23)BnrAr3
‘ﬂ'( ") "
B(0-20)Ax3

i’( oy om
F1F2(TsQl) _
Add (1-3)@0JuTsCr3
m( " ) "
c(0-20)Cr3

E( " ) 1]
Xn(1-3)@0:Ix

Xa( " )P0Ix+Ix
c(21-23)@7

‘6( :_ 1"
KzQlTO0@7

KzQl .
(C2X3C225C23) CpTsHEQLF1F2
(__" cp "
T4F1F21Inr
Sc_
T3F1F2Ju
Add(2,3)Sxc
c(0-11)Sxc

Firo
Ju@OTsm(Tr+Tp)
M(0=23)Cxm

TrCxm

(Tr90)0203
CpT§§é§952
Tr( ) (GOHLE)

GOTrF2

M24CxmHtTsTp
(TpIa@0)0304
( " )osol

198

LDB 1

M) —»B 2 Cycles

Initialize carry
Initialize indexing

Instruction -0

Recirculate A T7 thru TO

Recirculate B T7 thru TO

CHX*Ix — C (Add=Xz+Yz) T7 thru TO

Adder input 1f Ix (indexing)

T7 thru T0
Adder input (C) T7 thru T0
Carry for Adéer T7 thru Tl
Check parity T7 thru TO
‘Clear S
C+X*Ix — S

M -5 C (Fetch Operand) Tr thru Tp

Parity error

Initiate parity
#6 next clock (T8)



LDB 2

g6 T8 Bnr = 0020304050606 ,

sla = T8F1Fm Initiate P register increment
End = FLlEQ Last cycle

T7 Ar3 = (01020304)Q1
sA(0-2) = A(21-23)AnrAr3

" P 1" n
:253-2?3) - ﬁgo-zoﬁm Recirculate A T7 thru TO
rA( ” ) = I 1 ) " !
8220;2; = 010203040506Ar3@6C(21-23)
r = 1! 1" E‘ "
sB(3-23) = B(0-20)Ar3 ¢ ) -5 T7 thru T0
1‘3( [1} ) n'ﬁ( 1" ) " -
Cx3 = F1F3(TsQl)
sC(0-2) = Add(1-3)@6TsCr3 ‘
rc( ") = Xdd¢ ") " "B+ C-C T7 thru TO
sC(3-23) = C(0-20)Cr3 '
I'C( n ) - C( " ) "
Xz(1-3) = B(21-23)360204
1"t B 1"t "

€é1_3§ : gEZI-BgW Unused adder inputs T7 thru TO
Y;( " ) = E‘( 1 )u
:g: :%—:—girlw Carry logic T7 thru TO
:.gg : 202]@3323;2’5%3”603 Check parity T7 thru TO
Pr3 = (F1G0)Q2
sP0 = (P12P13P141a)F1G0(53040506) Pr3
rPO - ( "W ) n
sP1 = (P13PPlisla) "
rP1 - (_ﬂ__..) "
sP2 = (P14PLa) " P+1-P T7 thru T3
rP2 =2 "
sP(3-14) = P(0-11)Pr3
rP( " ) -‘F( " ) "
rla = (PIZ2PI3PI4)Q2F1

T4 Sc = T4EadInT
1‘5(1*14) - Sc-_ Clear S

T3 Sxp = T3IntEndGO
s§1 = (PL¥PP141a)F1GO(02040506) Sxp
rSl = ( " ) "
&S2 w (PL4GHa) " P+1-S
rsz - "n.
38(3-14) = P(0-11)Sxp
rS( " ) B"ﬁ‘( " __2_."

Tr Cum = EndGOTsm(Tr+Tp)

’ sC(0=-23) = M(0~=23) Cxm M - C (Fetch next instruction)
rc( " ) = TrCxm Tr thru Tp
sHt = CpTfpkod2 Parity error

199



Tp

rla

rix

TA0O

rB0OO

sCp

rF(1,2)

Oc

s02
r0(1,3,4,5,6)

TrF

Tr (FIF3) (GOHt)
TpEndGO

( 1"

M24CxmHt TsTp
TpEndSk

« ")

= QOc

i
o
0

200

Initiate parity
#0 next clock (T8)

NOP (20) — O

DB 3
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g0 T8

T7

T4

T3

TO
Tr

Tp

LDA

rCz

sIx

Oxc
80(1,3,4,5,6)
r02

Ax3
sA(0-2)
rA( " )
sA(3-23)
rA( " )
sB(0=-2)
rB( 1] )
sB(3-23)
rB( " )
Cr3
§C(0=-2)
rC( n )
sC(3-23)
rC( " )
Xz(1-3)
YE(II)
Yz (1-3)
?E( " )
sCz

rCz

sCp

rCp

Sc
rS(1-14)
Sxc
85(1,2)
8S(3-14)
rCz

Cxm
8C(0=-23)
rc( [1] )
sCz

sHt

rix

rKO

sCp

sF1l

sF2

Load A

T g8 e N W N8 N DD NN BB R B G U-R BRI RN NEERR U RN

#oT8

goT8ClGO0
(#0T8IaGO)C2
€(3,5,6,7,8)0xc
Thoxe
(01020304)Q1
é(21-23)AnrAr3
A( " ) "
A(O-ZO)ArB
A(" )N
li(Zl-ZB)BnrAr3
B( " ) "
B(0-20)Ar3
B(Y )"
FiF2(TsQl)
Add (1~3)@0JuTsCr3
Kaa( " ) "
C€(0-20)Cr3

C( n ) "
Xn(1-3)@0-Ix
Xn( " )P0Ix+Ix
c(21-23)¢7

E( 2” 1]
KzQ1TO@7

KzQl

(C2X¥3C229x23) CpTsHtQLF1F2

( L )Cp "
T4FiF2Inr

Se____ __

T3F1F2Ju
Add(2,3)Sxc
C(0-11)Sxc

Fito

Ju@oTsm(Tr+Tp)
M(0-23)Cxm

TrCxm

(Trd#0)0203
Cprggégpii
Tr( ) (GOHt)

GOTrF?2

M24CxmAtTaTp
(TpIa®0)0304
(¢ " )Hosol
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DA 1

™M —-A 2 Cycles

Initialize carry
Initialize indexing

Instruction —» 0

Recirculate A T7 thru TO

Recirculate B T7 thru TO

C+X+Ix ~ C (AddmXz+Yz) T7 thru TO

Adder input 1f Ix (indexing)

T7 thru F0
 Adder input (C) T7 thru IO
Carry for Adder T7 thru Tl
Check parity T7 thru TO
‘Clear S

CtXelIx - S

M - C (Fetch Operand) Tr thru Tp
Parity error

Initiate parity
#6 next clock (T8)



LDA 2

g6 T8 Anr = 010203040506#6
sla = Tarlm Initiate P register increment
End = F1F2 Last cycle :
T7 Ar3 = (01020304)Q1
sA(0~2) = C(21-23)01020304050%8¢6
I'A( ”" ) - 'c( n ) "
sA(3-23) = A(0-20)Ar3 M) —aA T7 thru T0
I‘A( ”" ) = 1‘( " ) :-—
sB(0=2) = B(21-23)BnrAr3
" Y 11 "
2223_2:)3) - ggo-ZO)irB Recirculate B T7 thru TO
rB( 1" ) H.E( " ) "
Cr3 = F1F3(TsQl) _
8C(0-2) = Add(1-3)@6TsCr3 ‘
rc( ") = Kdd( ") " A+CoacC T7 thru TO
8C(3=23) = C(0-20)Cr3 :
rC( (1] ) - C( " ) "
Xz(1-3) = B(2123)@60204
Nl N a B " "
};:21_3; - ]3:%21-23%57 Unused adder inputs T7 thru TO
YE( ] ) = E‘( 1] ) "o .
ig: :%_:gil’lﬁ barry logic T7 thru TO
:_g:: : chl@:ﬁm}Zngﬁm%1¢w3 Check parity T7 thru TO
‘Pr3 = (F1G0)Q2
sPO = (PLAQP13P141a)F1GO(52040506) Pr3
rPO = ( Lid ) "
sPl = (Plgléla) "
tPl = " .
sP2 = (Pl4Ea) " _ P+1 P T7 thru T3
rP2 ez (__"W'—') "
8P(3-14) = P(0-11)Pr3
rP( [1] ) = ( 1" ) "
. rla = (PTZPI3PI4)Q2F1
T4 Sc = T4EndInr .
rS(l-14) = Sc___ Clear S
T3 Sxp = T3IntEndGO
s§1 = (P1XBP141a)F1G0(0T0%0%06)Sxp
rSl m ( v ) " 1
8S2 = (Pl{Na) _ " P+ -5
rS§2 = ( " ) "
sS(3-14) = P(0~11)Sxp
I‘S( " ) n‘i’( " —2—"
Tr Cxm = EndGOTsm(Tr+Ip)
8C(0-23) = M(0~-23) Cxm M - C (Fetch next instruction)
rc( " ) = TrCxm Tr thru Tp
sHt = CpTofpRodZ Parity error A

202



Tp

rla

rlx

rA0O

rB0OO

sCp

rF(1,2)

Oc

s02
r0(1,3,4,5,6)

B4 p 8RB DAY

TrF

Tr (F1F3) (GOHt)
TpEndGO

( "
M24CxmHETsTp
TpEndSk

«c ")

Oc

Oc

203

Initiate parity
#0 next clock (T8)

NOP (20) —»O

LDA 3
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go T8

T7

T4

T3

T2

TO
Tr

rCz
sEax
sIx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0=2)
rA( 1" )
sA(3=23)
rA( ] )
sB(0~=2)
rB( 1" )
sB(3~=23)
rB( 1" )
Cr3
sC(0=2)
rC( ] )
sC(3=23)
rc( 111 )
Xz(1-3)
i;(||)
Yz (1=3).
YE(II)
sCz

rCz

sCp

rCp

Xnr
sX(0=2)
rx( 1" )
Sc
rS(1-14)
rEax
Sxc
sS(1,2)
sS(3=14)
sXwl
rXwl
sXw(1=3)
rXw( ")
rCz

Cxm
sC(0=23)
rc( 1" )
sCz

Effective Address to X

= @Por8

= (POT8IaGO)C3CLC5C6C7CBCI

= $0T8CLGO
= (P0T8IaCo)C2
c(3,5,6,7,8)0xc
Choxc
(01020304)Q1
1&(21-23)AnrAr3
A( 1" ) n
A(0-20)Ar3
=E(" ) n
= B(21-23)BnrAr3
='§( " ) ]
-_li(O-ZO)ArB
B(" )"
F1F2(TsQl) _
Add(1-3)@0JuTsCr3
Add( n ) ]
EﬁO-ZO)CrS
C( " ) n
Xn(1-3)@0-Ix__
Xn( " )POIx+Ix
c(21~-23)@7
Ez ] 1"
KzQ1T0@7
RzqQ1

nnnnny

( " )Cp n
EaxJu _
( " )Add(1L=-3)Q6
( " )ZEE( 1" )u
T4F1F2Inr

Sc

JuT3

T3F1F2Ju
Add(2,3)Sxc
C(0~11)Sxc
EaxQ6Xnl
EaxQ6Xnl
Xn(1=3)Xnr

ﬁﬁ( 1" ) "
FiTo__
Ju@0Tsm(Tr+Tp)
M(0~23) Cxm
TrCxm
(Tr@0)0203

(C21Pr22Pc23) CpTsHEQIF1F2

204

M -X

Initialize indexing

Instruction <0

Recirculate A

Recirculate B

CHX~Ix — C (Add=Xz+Yz)

Adder input (XIx)
Adder input (C)
Carry logic

Check parity

C+ X*Ix —»X

Clear S

C+ XIx —»S
Recirculate X10

Recirculate X

M —» C (Fetch operand)

2 Cycles

T7 thru

T7 thru

T7 thru

T7 thru
T7 thru
T7 thru

T7 thru

T7 thru

T2 on

Tr thru

TO

TO

TO

TO
TO
Tl

TO

T3

Tp



Ip

sHt
rIx
KO
sCp
sF1l
sF2

nmanuwnuwan

CpT

Tr(¥IF3) (GOHt)

GOTr _
M24CxmHtTsTp
(TpIaP0)0304

(

KOP2___

)0301

205

Parity error

Initiate parity

#6 next clock (T8)

EAX 2



g6 T8 sla
Bad
T7 Ar3
8A(0-2)
rA( ")
8A(3-23)
t‘( L1 )
sB(0=2)
B( ")

sB(3-23) .

B(" )
Cx3
aC(0-2)
tC( " )
80({3-23)
(" )
Xe(1-3)
)
4 -
(")
sCr
rCe
aCp
rCp
Pr3
sp0
PO
sPl
rPl
sP2
P2
sP(3~14)
l'?( " )
' ria
T4 Sc
r8(1-14)
I3 Sxp
a51
T8l
882
r$2
s$(J-14)
(" )
Tr Cam
8C(0-23)
c( " )
sHt

- 8PP
-F
= (01020304)Q1

= A(21=-23)AnrAr3

- I( n ) "
= A(0-20)Ar3
- x( "oy m

= B(21~23)BnxAr3
P B( " ) "

= B(0-20)Ar3

_'5‘( 1] ) 1]

= PIF3(TaQl)

=« Add(1l=-3)@6TsCr3
- m( 1" ) n

= G(0-20)Cr3

.ﬁC(" )n

= A(21+23)@60204

_I( ”" ) ”

= C(21-23)37

- E‘( ”" )n

= KsQ1F137

= KzQl

= (C218x22c23) CpTaltQ1d603
- ( " )Cp [ 1]

= (F160)Q2

= (PL2gP13P141a)F160(BE0LE%06) Pr3
- ( w "

)

= {PL¥PP141a) "
= (PL{Gfa) "

= P(0~11)Pr3

.}' " "

- (érﬁl’.)!ﬂr)qzn

= T4EndInr

= 8c

= T3IntEndGO

= (PLXBP14La)F1GO(BEOLD506) Sxp
- ( i) ) "

- (lea) . "
- ("-H‘") n:
= %Eo;l 1 sip

- MGO,.LJ('IMP)

» M(0~23)Cxm

= TrCxm

- op

206

EAX 3

Initiate P register increment

Last cycle

Recirculate A

Recirculate B

A+C-C

Unused addexr inputs

Carry logic

Check parity

P+1 P

Clear §

P+ 18

7

T7

T7

7

7

T7

thru TO

thru TO
thru TO

thru TO

thru Tm

thru TO

thru T3

M — C (Petch next imstruction)
Tr thru Tp

Parity error



Tp

rla

rIx

rAOO

rBOO

sCp

rF(1,2)

Oc

s02
r0(1,3,4,5,6)

= TrF

= Tr(F1F3) (GOHt)
= TpEndGO

-( 1]

- M24ng§tf§Tp
= TpEndSk

-( 11} )

= Oc

= Oc

207

Initiate parity
#0 next clock (T8)

NOP (20) -0

EAX 4



go T8

T7

T5
T4

T3
T2
Tl

TO

Tr
Tp

rCz
sEax
sJu

Ar3
sA(0=-2)
rA( " )
-sA(3-23)
rA( " )
sB(0=2)
rB( " )
sB(3-23)
rB( n )
Cr3

sCO

rCOo
sC(1,2)
rc( 1" )
sC(3=23)
rc( " )
Xz (1=-3)
Yz (1~3)
?E( " )
sCz :
rCz

sCp

rCp

Mxc

Pr3
sP(0-2)
I.'P( " )
sP(3=14)
rP( " )
sP2

Sc
rS(1-14)
sCO
rM(0-24)
sC(0-2)
rc( 1" )
sC(0~2)
]’.'C( 1" )
rCz

sCO

rCO
rc(l,2)
sHt
rEax
sF(1=3)
rJu
sM(0=~24)

Programmed Operator (C2)

mnow oo RN NN NnRnEN RN RRLNNERENEErnnRnREnN N

@oT8
Tacoc2¢0T8
"

(01020504)Q1
A(21~23)AnrAr3

A( 1" ) 1"
fﬁO-ZO)Ar3
N
B(21-23)BnrAr3

B( " ) 1"
_§$0-20)Ar3

B( II—) 1"

FIF2TsQl
(P12)JuTsCr3Q6
(‘ﬂ—) |L.
P(13,14)JuTsCr3Q2
FX " ) "
EﬂO-ZO)CrS

9_& " ) 1"

Ix

C(21-23)87

C( 1" —-)-H

Kz{@7Q1TO0

Kzq1

(C2¥PHC229x23) CpTsHtF1F2Ql
( . 1" )Cp 1
EaxTsm

JuQ2

C(6-8) Eax(T6+L7)Pr3
Ez " ) ]
P(0-11)Px3

P( 1" ) "

EaxT5

InrF1F2T4

Sc

TsEaxCr3T3

T3

E2m(0~2) {JuTsCr3)T2
EZE( 1" )( " )n
E3m(0-2) (JuTsCr3)T1
—E'g'ﬁ'{( " )( 1 )||
F1TO

0£(JuTsCr3)TO

6%( " )fl
(JuTsCr3)TO
Cangaﬁﬁﬁi

C(0=24)MxcTp
208

P —» Location O
Cc(2-8) » P

Recirculate A

Recirculate B

P(1-14) — C(10=23)

Adder input (C)
Carry logic

Check parity

C(3=8) —»P

C2 »P

Clear S
C9 set

PROG OPER 1

2 Cycles

T7

T7

T7

T7

T7
T7

T7

thru TO

thru TO

thru T3

thru T1

thru TO
thru Tp

thru T6

Contents of Bank Register 2 = C(6~8)

Contents of Bank Register 3 — C(3=5)

Sign of C = Of

No input to Cl, 2
Parity error

@7 next cycle (T8)

C - M(P — Location 0)



@7 T8
T7

T4

T3

TO
Tr

Tp

End

Ar3
sA(0=2)
rA( ")
8A(3-23)
IA( 1" )
sB(0~2)
rB( " )
sB(3-«23)
rB( 1] )
Pr3
sP(0-2)
rP( ")
sP(3=14)
rP( " )
Sc
rS(1-14)
Sxp
sS(1,2)
rs( n )
8S(3-14)
rs( 11 )
rSk

Cxm
8C(0-23)
rc( 1" )
rla

rIx
rA00O
rB0OO

sCp
rF(1-3)
Oc

s02
r0(1,3,4,5,6)

F1
(01020304)Q1
A(21-23)AnrAr3
K( (1] ) "
A(O-20)Ar3

( n ) "
B(21-23)BnrAr3

'E( " ) "

B(0-20)Ar3

"ﬁ'( n ) "

F1GOQ2

P(12- 14)1aF100(656235o 6)pr3
PC ") ( ) !
P(0-11)Pr3

‘P‘( " ) n

T4EndInt

Sc

T3IntEndGO

P(13, 14)13F1G0(0§023506)Sxp
( " ) 11] ( . 1" )

P(0-11)Sxp
( " ) ”n

@710

EndGOTsm(Tr+Tp)

M(O-23)me

TrCxm

FlTp .

Tr(?1F3)(GOHt)

TpEndGO

TpEndGO_

MZ&meHthTp

TpEndSk

TpEndSk

Oc.

Oc
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Last cycle

Recirculate A

Recirculate B

Recirculate P

Clear 8

PROG OPER 2

T7 thru TO

T7 thru TO

T7 thru T3

P(13,14) contains P(l 2) at T3

P —oS

M - C (Fetch next instruction)

Initiate parity
#0 next

NOoP (20) —» O

Tr thru Tp



IND ADDR 1

Indirect Addressing, 1 Level (Ia) M -»P 1 Cycle
g0 T8 rCz = ¢0T8
sHz = z§
sla = C2C9(C5+C8+C3C4)PFOT8
sIx = ClGO@oTs8 Initialize indexing
Oxc = TaGOC2¢0T8
s0(1,3,4,5,6) = C(3,5,6,7,8)0xc C(3-8) — 0 instruction to O register
r02 = O0xcC4  _____
T7 Ax3 = (05F1F2+(01020304))Ql (All instructions except 66 & 67)
sA(0-2) = A(21~23)AnrAr3
A 11 = " "
EAEB-ZQ) =-§EO-ZO)zr3 Recirculate A T7 thru TO
ra( " ) K" )"
sB(0=-2) = B(21~23)BnrAr3
11 = 13} 1"
§§E3-Zg) =.§EO-20)ZI3 Recirculate B T7 thru TO
rB( 1 ) ="§'( " ) 1]
cr3 = TsgoqQl
c(0-2 = Add(1-3) Cr3JuTs
icg " ; = mg " ; i C+X-Ix 5C T7 thru TO
sC(3-23) = C(0-20)Cr3
rc( " ) =C(" )"
sC = (C21Pc22Pc23) CpTsHEQIFIF2
rcg . = E 1e %BC gcg S Qn Parity check T7 thru TO
Xz (1=3) = Xn(1-3)@0Ix __ Xz input to adder (X-«Ix)
Xz( ") = Xn( " )PoIx+Ix T7 thru Tp
Yz(1l=-3 = C(21=-23
YEE 1" g = E% " §q7 Yz input to adder (C) T7 thru Tp
sCz = KzQlT0 )
rCz = KzQ1 Carry logic T7 thru Tl
T4 Sc = InrFiF2T4
rS(l=14) = Sc _ Clear S
T3 Sxc = JuT3
sS(1,2) = Add(2,3)Sxc .
S8 (3=14) = C(0~11)Sxc €(10-23) —»8§
T0 rCz = F1T0
Tr Cxm = JuTsm(Tr+Ip)
sC(0-23) = M(0-23) Cxm
rc( " ) = CxmTr M — C (Fetch operand) Tr thru Tp
sHt = CEngﬁﬁﬁ 2 Parity error
rIx = (FIF3) (GOHt)Tr
rRe = Tr :
Tp sCp = M24CxmHETsTp Initiate parity

Oxc is inhibited for next cycle because the instruction is already in the O register
and is now ready to be executed.
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go T8

T7

T4

T3

TO
Tr

Tp

rCz
sHz
sla
sIx
Oxc

0
Ar3
sA(0~-2)
rA( 1 )
sA(3-23)
rA( 1" )
sB(0=2)
rB( " )
sB(3-23)
rB( " )
Cx3
sC(0=2)
rC( 1 )
sC(3=23)
rC( " )
sCp
rCp
Xz (1=3)
'XE( " )
Yz (1=3)
YZ( "y
sCz
rCz
Sc
rS(1l=14)
Sxc
s8(1,2)
sS(3-14)
rCz
Cxm
sC(0~23)
rC( 1" )
sHt
rIix
rRe
sCp

s0(1,3,4,5,6)
2

Indirect Addressing, 2 Levels (Ia)

gors

T8

C2C9 (C5+C8+C3C4) BOT8
C1GO@goTs
TaGoC2¢0T8
c(3,5,6,7,8)0xc
Oxc
(05F1F2+(01020304)3Q1
A(21-23)AnrAr3
=_A-( ] ) 1"
= A(0-20)Ar3

='K'( 1" ) 1"

= B(21=23)BnrAr3
=—B-( " ) "
= B(0=~20)Ar3

=-:-B.( 1" ) 1"

= Ts@oQl

= Add(1=3)Cr3JuTs
m( n) 1"
c(0~20)Cr3

'C—( 3] ) n"

( n ) Cp 1"
Xn(1=-3)@0Ix
Xn( " )P0Ix+Ix
c(21=23)@7

c( " y
KzQ1T0

KzQl

InxF1F2T4

Sc

JuT3
Add(2,3)Sxc
c(0-11)Sxc
Flto
JuTsm(Tr+TIp)
M(0~23) Cxm
CxmTx

CpT ['WA

(F1F¥3) (GOHt) Txr
Tr

Eownnnnpunwrn g p0nnynrnrnnn

M24CxmAtTsTp
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(C2XPc229c23) CpTsHEQLF1F2

() -»rp

Initialize indexing

IND ADDR 2

2 Cycles

C(3-8) —» 0 instruction to O

(All instructions except 66

Regirculate A
Recirculate B
C+ XIx »C

Parity check
Xz input to adder (X-Ix)

Yz input to adder (C)
Carry logic

Clear S

C(10~-23) =8

M — C (Fetch operand)
Parity error

Initiate parity

T7

T7

T7

T7

T7

T7

Tr

register

& 67)

thru TO

thru TO

thru TO

thru TO

thru Tp
thru Tp

thru T1

thru Tp



00 T8

T7

T4

T3

TO
Tr

Tp

rCz
sHz
sla
rla
sIx
Ar3
sA(0=2)
rA( " )
sA(3=23)
rA( 1] )
sB(0-2)
rB( 1" )
sB(3=23)
rB( " )
Cx3
sC(0=~2)
rc( 1" )
sC(3=23)
rc( " )
sCp
rCp
Xz (1=3)
XE( " )
Yz(1=3)
'Y'z'( n )
sCz
rCz
Sc
rS(1l=14)
Sxc
s5(1,2)
sS(3~14)
rCz
Cxm
sC(0~23)
rC( " )
sHt
rIx
rRc
sCp

Rr N 8n o nannnunn e nn gm0 8 nn R8N0 Nn

Oxc is inhibited
and is now ready

00T8

T8

C2C9 (C5+C8+C3C4)00T8
00T8C91a .

ClGO@oT38
(05F1F2+(01020304) )Q1
A(21=-23) AnrAr3

I( " ) 1"
A(0=20)Ar3

‘I’( ] ) n
B(21~23)BnrAr3

‘B’( " ) "
B(0-20)Ar3

‘—E'—( 11 ) 1"t

Ts@0Ql

Add(1-3) Cx3JuTs

m( " ) 1"
¢c(0=-20)Cr3

E( 1 ) "n

(C21PCc228Cc23) CpTsHEQLF1F2

( " )Cp "
Xn(1l=3)@g0Ix
Xn( " )POIx+Ix
c(21-23)F7

—C—( 1 ) "
KzQLT0

KzqQl

InrF1F2T4

Sc

JuT3
Add(2,3)Sxc
c(0~11)8Sxc
FITO
JuTsm(Tx+TIp)
M(0=23) Cxm
CxmTr

CQTgEBKEGE
(FIF3) (BOHE) Tr
Tx
M24CxmHETsTp

Initialize indexing

IND ADDR 3

(All instructions except 66

Recirculate A

Recirculate B

C+ X'Ix -»C

Parity check

Xz input to adder (X-Ix)

Yz input to adder (C)
Carry logic

Clear S

C(L0~23) - S

M — C (Fetch operand)
Parity error

Initiate parity

T7

T7

T7

T7

T7
T7

T7

& 67)

thru

thru

thru

thru

thru

thru

thru

thru

TO

TO

TO

TO

Tp

Tp

TL

Tp

for next cycle because the instruction i1s already in the O register

to be executed,
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A Register Selection

T8(TsTsr)

g0 T8 rC24 =
rCz = @0T8
sFl = T8GO
sF3 = T8GO
rHt = ngééﬁrﬁcﬁ
sHz =T8
@5 T7 Ar3 = (01020304)Q1
sA(0=-2) = A(21-23)AnrAr3
rA( n) =X( n ) 1"
sA(3-23) = A(0-20)Ar3
rA( 1] ) ___-A"( 1" ) "
sB(0-2) = B(21-23)BnrAr3
rB( vu ) =§( " ) "
sB(3-23) = B(0-20)Ar3
rB( n ) =‘§‘( n ) "
End = 5 (A00+GO)
sXw(1l=-3) = Xn(1l=3)Xnr
rxw( n ) =‘}Tﬁ( ’n ) "
T4 Sc = T4(End+¥1F2)Inr
rS(1-14) = Sc
Tr rla = TrFl
rIx = Tr(F1F3) (GOHt)
rRc = Tr
Tp rFl = TpEndSk
.- rF3 . = "
rRE = Tp@1l(GOHt)
rJu =Tp
Oc = TpEndSk
r0(1,3,4,5,6) = Oc
s02 = Oc

The C register is being displayed.

when the Register Selector Switch is placed on A,

@ encludes @ .

Ke) "

‘\kx ) 1"
p—

e

("‘ - e
AN
!
(ke ~

, - ; Register
i ' Selector
Switch

REG SEL 1

- Computer in "IDLE" (GOHt) with C Register SelectedG;;

@5 next (T7)
initiate idle (also reset halt light)

Recirculate A T7 thru TO

Recirculate B T7 thru TO

last cycle

Recirculate X

Clear S

#0 next clock (T8)

NOP (20) — O

The following shows what takes place

-

4



g0 T8

g5 T7

T4

Tr

Tp

rC24
rCz

sF1

sF3

rHt

sHz

Ar3
sA(0-2)
rA( ” )
sA(3-23)
I‘A( n )
sB(0-2)
rB( n )
sB(3-23)
rB( n )
End
sXw(1=-3)
rXw( ")
Sc
rS(1-14)
rla

rix

rRe

sEx

rFl

rF3

rRf

rJu

Oc
r0(1,3,4,5,6)
s02

T8(TsTsrx)

@018

T8GO

T8GO

i € Gl

= T8

= (01020304)Ql

= A(21-23)AnrAr3
='K‘( n ) "
= A(0-20)Ar3
=-K( n ) "

= B(21-23)BnrAr3
= B( n ) "
= B(0=-20)Ar3
=B(r )
@5 (AOO+GO)

= Xn(1=-3)Xnr
-'ﬁ( n ) ||m L
T4(End+F1F2)Inr
= Sc¢

= TrF1

Tr (F1F3) (GOHt)

Tr
(TsTpGoRt ) KOOKKSR)
TpEndSk

= ( "

Tp@¥1 (GOHt)

Tp __

TpEndSk

Oc

Oc
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REG SEL 2

@5 next (T7)
initiate idle (also reset halt light)

Recirculate A T7 thru TO
Recirculate B T7 thru TO
last cycle

Recirculate X

Clear S

initiate exchange between A and C

@0 next clock (T8)

NOP (20) —» 0



go T8

g5 T7

T4

TO
Tr

Tp

rC24
rCz

sFl

sF3

rHt

sHz

Ar3

Anr
sA(0=2)
rA( 1" )
sA(3-23)
rA( ] )
sB(0-2)
rB( n )
sB(3-23)
rB( u" )
Cr3
sC(0=2)
rc( 1" )
sC(3-23)
rC( " )
End
sXw(l=3)
rXw( ")
Sc
rS(1-14)
sA0O
rla

rIx

rRc

rEx

rFl

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

o w RNy EnNEsNnnnNnnNnn o

T8(TsTsr)

gor8

T8GO

T8GO
TeReKEERGO

T8
(01020304)Q1
Bk
C(21-23)ExRaAr3
E( n ) n
A(0-20)Ar3
A" )N
B(21-23)BnrAr3
B( 1] ) n
B(0-20)Ar3
Ex(Ts

A(21-23) ExRaTsCr3
’A'( n ) "
c(0~20)Cr3

o n )

@5 (A00+G0)
Xn(1-3)Xnr

xn( 1" )_—"_ L
T4(End+F1F2) Inr

Tr (F1F3) (GOHt)
Tr ’
ExTp
TpEndSk

n
TpPL(GOHt )"
Tp __
TpEndSk
Oc
Oc
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@5 next (T7)

REG SEﬁ 3

initiate idle (also reset halt light

Recirculate B

A-C

last cycle

Recirculate X

Clear S

@0 next clock (T8)

NOP (20) — O

T7 thru TO

T7 thru TO

T7 thru TO



g0 T8

g5 T7

T4

Tr

Ip

REG SEL 4

rC24 = T8(TsTsr)

rCz = ¢o18

:?; : gggg @5 next (T7)

rHt = TaeECrC0 initiate idle (also reset halt light)
sHz = T8

Ar3 = (0102630&2g1

sA(0-2) = A(21-23)AnrAr3

rA( 11 ) =I( 1" ) n .
sA(3-23) = A(0=20)Ar3 Recirculate A T7 thru TO
rA( 1" ) =I( 11 ) 1"

sB(0=2) = B(21-23)BnrAr3

rB( n) ='§'( n ) tt .

sB(3-23) = B(0~20)Ar3 Recirculate B T7 thru TO
rB( ") =B(" )"

End = @5 (A00+G0) last cycle

i§321333 : §221;3§Xﬂr Recirculate X

Sc = T4(Bnd+F1F2)InT

rS(1-14) = Sc¢ Clear S

rla = TrFl

rIx = Tr(F1F3) (GOHt)

rRc = Tr _

ig; : ?PEﬂdSk @0 next clock (T8)

rRf = Tp@l (GOHt)

rJu =Tp

Oc = TpEndSk

r0(1,3,4,5,6) = Oc NOP (20) —» 0O

s02 = QOc

The A register is now being displayed, The following shows what takes place
when the Register Selector Switch is returned to C,
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g0 T8

@5 T7

T4

Tr

Tp

rC24
rCz

sF1l

sF3

rHt

sHz

Ar3
sA(0-2)
rA( [1] )
sA(3-23)
rA( n )
sB(0-2)
rB( " )
sB(3~23)
rB( " )
End
sXw(l~3)
Xw( ")
Sc

S (1-14)
rla

rlx

rRe

sEx

rFl

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

rnonnngnnnnnwnnnn

T8(TsTsr)

@oT8

T8GO

T8GO

€ Coney

T8
(01020304)Q1
A(21-23) AnrAr3
A( " ) 11]
A(0-20)Ar3
A( N
B(21-23)BnrAxr3
f( " ) 1"
B(0-20)Ar3
BC" )—:

¢5 (AD0+30)
‘52(1-3)an
Xn.( n ) 1" .
T4(End+F1F2)Inr
Sc

TrF1l __
Tr(F1F3) (GOHt)

Tr
(TsTpGOE ) (A00B00)KD
TpEndSk

( 11]

TpP1 (GOHt )

Tp —

TpEndSk

Oc

Oc
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REG SEL 5

#5 next (T7)
initiate idle (also reset halt light)

Recirculate A T7 thru TO
Recirculate B T7 thru TO
last cycle

Recirculate X

Clear S

initiate exchange between A and C.

@0 next clock (T8)

NOP (20) —» O



go T8

g5 T7

T4

TO
Tr

Ip

rC24
rCz

sF1

sF3

rHt

sHz

Ar3

Anr
sA(0-2)
rA( " )
sA(3-23)
I'A( n )
sB(0-2)
rB( 1 )
sB(3-23)
I.'B( n )
Cr3
sC(0=2)
rc( " )
sC(3=23)
rc( n )
End
sXw(1=3)
Xw( ")
Sc
rS(l-14)
rAOO
rla

rIix

rRc

TEx

rFl

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

.||llllll|ll|lllllll|lllll!lllllillllllllllll“llllIlllllllllll

T8(TsTsr)
goT8
T8GO

T8
Te%bc‘bao
T8
(01025§O 4)Ql
ExA00B00
C(21-23)ExAOOBOOAr3
C( n ) "
A(0-20)Ar3

K n )n
B(21-23)BnrAr3

B( " ) n

B(O =20)Ar3

B " ) ]

Ex(TsQl)
A(21~23)ExA00B00TsCr3
K( " ) "
jE(O-ZO)CrB

c( " )

@5 (A004G0)
Xn(l-3)Xnr

—x‘h'( n) "

T4(End+F1F2) Inr
Sc

ExT0AOO

TrF1

Tr (F1F3) (GOHt)
Tr

ExTp

TpEndSk

( 11 2

Tp@1 (GOHt )

Tp

TpEndSk

Oc

Oc
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REG SEL 6

@5 next (T7)
initiate idle (also reset halt light)

C A T7 thru TO
Recirculate B T7 thru TO
A->C T7 thru TO
last cycle

Recirculate X

Clear S

@#0 next clock (T8)

NOP (20) -0



g0 T8

g5 T7

T4

Tr

Tp

rC24
rCz

sF1l

sF3

rHt

sHz

Ar3
sA(0~-2)
rA( 1 )
sA(3-23)
rA( ] )
sB(0~2)
rB( " )
sB(3-23)
rB( 1 )
End
sXw(l=-3)
Xw( ")
Sc
rS(l-14)
rla

rIx

rRc

rFl

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

1

i

i

]

| I I N A R N N NS

REG SEL 7

T8(TsTsr)
#oT8
T8GO
T8CO @5 next (T7)

T KEHE0 initiate idle (also reset halt light)

T8
(0102830&2g1
A(21-23)AnrAr3
‘K( " ) "
A(0-20)Ar3 Recirculate A T7 thru TO
’K‘( " ) 1] '
B(21-23)BnrAr3
‘f( 1 ) n
B(0~20)Ar3
‘B‘( n ) n
¢5(Zﬁﬁf§92 : last cycle
Xn(1l=3)X
REE n g ﬂr Recirculate X
T4 (End4F1F2) Inr
Sc
TrFl —
Tr (F1F3) (GOHt)
Tr

d
TpEﬁ Sk @0 next clock (T8)
TpPl (GOHt)
Tp —
TpEndSk ,
Oc NOP (20) —» O
Oc

Recirculate B T7 thru TO

Clear S

The computer is now in normal "IDLE' mode with C being displayed.
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REG SEL 8

B Register Selection = Computer in "IDLE" (8O0Ht) with C Register Selected Q;L

#0 T8

@5 T7

T4

Tr

Ip

rC24
rCz

sFl

sF3

rHt

sHz

Ar3
sA(0-2)
rA( " )
sA(3-23)
rA( " )
sB(0=2)
rB( n )
sB(3~23)
rB( 1] )
End
sXw(l=3)
rXw( ")
Sc
rS(1-14)
rla

rix

rRc

rFl

rF3

rRE

rJu

Oc

r0(1,3,4,5,6)

s02

The C register

ne w0 npnnRwn RN

T8(TsTsr)
goT8
gggg @5 next (T7)
T CpGO initiate idle (also reset halt light)
T8

(01020304)Ql
A(21-23)AnrAr3 .
AC ") " Reci late A T7 thru TO
A(0=20)Ar3 ecircuta
_A-( 11 ) n

B(21-23)BnrAr3
B( ") " Recirculate B T7 thru TO
B(0=20)Ar3 ecirculate

( n ) 11}

¢5(K§6+§§2 last cycle
§2}21:3§X2r Recirculate X

T4 (End+F1F2) Inr
Sc
TrFl
_Tr(fTFB)(GOHt)
Tr __
TpEndSk

P 0 #0 next clock (T8)
Tp@#1 (GOHt)
Tp
TpEndSk

Oc NOP (20) - O

Oc

Clear S

is being displayed. The folloWing shows what takes place

when the Register Selector Switch is placed on B,

Qg>enc1udesﬁg\

(o) "

[+ 1
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@0 T8

@5 T7

T4

Tr

Tp

rC24
rCz

sFl

sF3

rHt

sHz

Ar3
sA(0~2)
rA( n )
sA(3-23)
rA( " )
sB(0=2)
rB( " )
sB(3=23)
rB( " )
End
sXw(1l=3)
rXw(1l=3)
Sc
rS(1l=14)
rla

rIx

rRc

sEx

rFl

rF3

rRfE

rJu

Oc
r0(1,3,4,5,6)
s02

T8(TsTsr)

(01020304)Ql
A(21-23)AnrAr3
K( n ) n
A(0=20)Ar3
(" )M
_§ﬂ21-23)BnrAr3
B( " ) n
B(0-20)Ar3

B(v )
¢5(A00+§EQ
Xn(l=3)Xnr
Yﬁ( 1" ) n
T4(End+F1F2)Inr
Sc

TrF1l

Tr (F1F3) (GOHt)
Tr
(TETpébﬁE)EBBQPEQ@@
TpEndSk

TpP1 (GOHt )

Ip __ -
TpEndSk

Oc

Oc
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REG SEL 9

@5 next (T7)
initiate idle (also reset halt light)

Recirculate A T7 thru TO

Recirculate B T7 thru TO

last cycle

Recirculate X

Clear S

initiate exchange between B and C

@0 next clock (T8)

NOP (20) —» 0



go T8

@5 T7

T4

TO
Tr

Tp

rC24

rCz

sF1l

sF3

rHt

sHz

Ar3
sA(0~2)
rA( 1 )
sA(3-23)
rA( 1" )
Bnr
sB(0=2)
rB( ] )
sB(3-23)
rB( n )
Cr3
sC(0=2)
rC( " )
sC(3-23)
rc( 11 )
End
sXw(1l-3)
rXw( ")
Sc
rS(1~14)
sBOO
rla

rIx

rRc

rEx

rF1l

rF3

rREf

rJu

Oc
r0(1,3,4,5,6)
s02

Bnw o wnny Dy NN onnYRn RNy NN NN

T8(TsTsr)
goT8
T8GO
T8GO

T8KIICpGO
T8

(01020304)Q1

A(21-23)AnTAr3

A( 1" ) n

A(0=20)Ar3

‘A“( 1 ) 1"

ExkDb)

c(21-23) ExKbAr3

E( 1 ) 11}

B(0=20)Ar3

Ex(Ts

B(21-23) ExKDFsCr3
) 1"

r( 1"

Cc(0-20)Cr3
"6‘( n ) "
@5 (AD0+G0)
Xn(1=3)Xnr
“‘x"r‘l‘( n ) n— .
T4(End+F1F2) Inr
Sc
ExTOBOOKDAL3
TrFl
Tr(iiFB)(ﬁﬁHt)
Tx
ExTp
TpEnd§E

1
Tp@1(GOHt)
Tp
TpEndSk
Oc
Oc
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@5 next (T7)

REG SEL 10

initiate idle (aiso reset halt light)

Recirculate A

B —-C

last cycle

Recirculate X

Clear S

@0 next clock (T8)

NOP (20) —» O

T7 thru TO

T7 thru TO

T7 thru TO



go T8

¢5 T7

T4

Tr

Tp

rC24

rCz

sF1

sF3

rHt

sHz

Ar3
sA(0=2)
rA( ”n )
sA(3-23)
rA( (1] )
sB(0=-2)
rB( 1] )
sB(3=23)
rB( 1" )
End
sXw(1=-3)
Xw( ")
Sc
rS(l~-14)
rla

rix

rRe

rF1l

tF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

The B register is now being displayed.
when the Register Selector Switch is returned to C,

T8(TsTsr)

= ¢OI§

= T8GO

= T8GO

= T@C‘péﬁ

= T8

(01020304)Q1
A(21-23)AnrAr3
=‘K( " ) n

= A(0~20)Ar3
=K(" )

= B(21-23)BnrAr3
=B( " ) "

= B(0=20)Ax3
=B(" )"

= @5 (A00+G0)

= Xn(1l~3)Xnr
=”X{1'( ") n_' L
T4(End+F1F2) Inr
Sc
TrFl
Tr (F1F3) (GOHt)

n

nman om0 np RN
7~
-
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#5 next (T7)

REG SEL 11

initiate idle (also reset halt light)

Recirculate A

Recirculate B

last cycle

Recirculate X

Clear S

#0 next clock (T8)

NOP (20) -0

T7 thru TO

T7 thru TO

The following shows what takes place



go T8

g5 T7

T4

Tr

Tp

rC24
rCz

sFl

sF3

rHt

sHz

Ar3
sA(0~2)
rA( n )
sA(3-23)
rA( n )
sB(0=-2)
rB( 1 )
sB(3~-23)
rB( 11 )
End
sXw(1-3)
Xw( ")
Sc
rS(1-14)
rla

rIx

rRc

sEx

rF1l

rF3

rRf

rJu

Oc
r0(1,3,4,5,6)
s02

nnnonwnn B R NN

o

T8(TsTsr)

goT8

T8GO

T8GO
Te&@éﬁ

T8
(01020304)Q1
A(21-23)AnrAr3
'K( H ) n
A(0-20)Ar3

X( n ) "
B(21-23)BnrAr3
‘E‘( " ) "
B(0=20)Ar3

=_B—( " ) "

@5 (A00+G0)
Xn(1-3)Xnr

'R'H( n) ]
T4(End+F1F2)Inr
Sc

TrF1l o
Tr (F1F3) (GOHt)

Tr

(TsTpTOHE ) (R00B00)KD
TpEndSk

( " i

Tp@1 (GOHL)

Tp _

TpEndSk

Oc

Oc
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REG SEL 12

@5 next (T7)
initiate idle (also reset halt light)

Recirculate A T7 thru TO
Recirculate B T7 thru TO
last cycle

Recirculate X

Clear S

initiate exchange between B and C.

#0 next clock (T8)

NOP (20) —» O



@0 T8

| @5 T7

T4

TO
Tr

Ip

rC24

rCz

sF1

sF3

rHt

sHz

Axr3
sA(0-2)
rA( n )
sA(3-23)
‘I’.‘A( n )
Bnr
sB(0-2)
rB( n )
Cr3
sC(0-2)
rc( 7" )
sC(3-23)
rc( 11 )
End
sXw(1-3)
rXw( ")
Sc
rS(1l-14)
rB0OO
rla

rIx

rRe

rEx

rF1l

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

o nonnn s onnnnny NN ww RN

T8(TsTsr)

gors

T8GO

T8 .

T pGO

T8

(01020304)Q1
A(21-23)AnrAx3
"K( n ) 11]
A(0-20)Ar3

"A’( " ) n
ExA0O0BOO
€(21-23)ExAOOBOOAr3
_C'( 1] ) "
Ex(TsQl)
B(21-23)ExAO0BOOTsCr3
'E‘( 1" ) n
c(0-20)Cx3

E’( 1" ) "

@5 (A00+G0)
Xn(1l-3)Xnr

'x‘r‘l'( " ) n
T4(End+F1F2) Inr
Sc

ExTOBOO

TrF1l

Tr(F1F3) (GOHt)
Tr

ExTp

TpEndSk

( 1"

Tp@P1 (GOHt)

Ip

TpEndSk

Oc

Oc
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REG SEL 13

@5 next (T7)
initiate idle (also reset halt light)

Recirculate A T7 thru TO
C-B T7 thru TO
B -C T7 thru TO
last cycle

Recirculate X

Clear S

@0 next clock (T8)

NOP (20) —»0



$0 T8

@5 T7

T4

Tr

Tp

rC24
rCz

sF1l

sF3

rHt

sHz

Ar3
sA(0-2)
rA( 1" )
sA(3-23)
rA( " )
sB(0=2)
rB( n )
sB(3-23)
rB( (1] )
End
sXw(l=3)
rXw( ")
Sc
rS(1-14)
rla

rIx

rRc

rFl

rF3

rREf

rJu

Oc
r0(1,3,4,5,6)
s02

T8(TsTsr)
gors

T8GO

T8G0

€ Cortel

T8

(OlO20§04)Q1
A(21-23)AnrAr3
=I( n ) "

= A(0-20)Ar3

=& )t

= B(21-23)BnrAr3
E-F( 1t ) n

= B(0~20)Ar3
=E(" )"

= #5 (K00+30)

= Xn(1-3)Xnr
=Xa( ") " __
= T4(End+F1F2)Inr
= Sc
TrFl
Tr (F1F3) (GOHt)
Tx

TpEndSk

Tp@1 (GOHt)
Tp

TpEndSk
Oc
Oc

nannununn

@5 next (T7)

REG SEL 14

initiate idle (also reset halt light)

Recirculate A

Recirculate B

last cycle

Recirculate X

Clear S

@#0 next clock (T8)

NOP (20) -0

The Computer is now in normal "IDLE" mode with C being displayed.
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T7 thru TO

T7 thru TO



X Register Selection

@0 T8

g5 T7

T4

Tr

Tp

The C register is being displayed. The following shows what takes place
when the Regilster Selector Switch is placed on X.

ka) encludes (kd)
@ r ©

227

- Computer in "IDLE" (GOHt) with C Register Selected Qzl

REG SEL 15

rC24 = T8(TsTsr)
rCz = ¢0oT8
1 -
:§3 - gggg @5 next (T7)
rHt = TG%%EEEB@@ initiate idle (also reset halt light)
sHz = T8
Ar3 = (01020304)Ql
sA(0-2) = A(21-23)AnrAr3
1" = A ( " n
:iE3_2%) = 250-20)2r3 Recirculate A T7 thru TO
rA( " ) =E(" )M
sB(0-2) = B(21-23)BnrAr3
1" = B n "
:223_2%) = ggo_zo)irB Recirculate B T7 thru TO
B( " ) _‘f( " ) n ‘
End = @5 (A00+GO) last cycle
Xw(l=-3 = Xn(1-3)Xnr :
ing " g ='§E§ " ; " Recirculate X
Sc = T4(End+F1F2)Inr
rs (1-14) = Sc Clear §
rla = TrF1l —
rlx = Tr(F1F3) (GOHt)
rRc = Tr
" rF1 = TpEndSk :
§F3 = pE2 S) @0 next clock (T8)
rRE = Tp@1(GOHt)
rJu =Tp
Oc = TpEndSk
r0(1,3,4,5,6) = Oc NOP (20) -0
s02 = Oc



¢go T8

g5 T7

T4

Tr

Tp

rC24
rCz

sF1

sF3

rHt

sHz

Ar3
sA(0-2)
rA( 1 )
sA(3-23)
rA( 1" )
sB(0-2)
rB( 1 )
sB(3-23)
rB( 1 )
End
sXw(1-3)
rXw( ")
Sc
rS(l-14)
rla

rIx

rRc

sEx

rF1

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

]

T8(TsTsr)

@goTs

T8GO

T8GO

€ Coley

T8
(01020304)Q1
A(21-23)AnrAr3
K‘( n ) "
A(0-20)Ar3

=‘K( 1 ) Hi

B(21-23)BnrAr3

'ﬁ'( n ) "
B(0-20)Ar3

B(™ )"
@5 (A00+G0)
Xn(l=3)Xnr

iﬁ‘( 1" ) 1"
T4(End+F1F2)Inr

Sc

TrF1l

Tr(FTFB)(GOHt)

Tr
(TsTpGOit ) BOOKKKe)
TpEndSk

( 1"

Tp@1 (GOHt)

Tp __

TpEndSk

Oc

Oc
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REG SEL 16

@5 next (T7)
initiate idle (also reset halt light)

Recirculate A T7 thru TO
Recirculate B T7 thru TO
last cycle

Recirculate X

Clear S

initiate exchange between X and C

@0 next clock (T8)

NOP (20) =0



go T8

g5 17

T4
TO

Tr

Tp

rC24
rCz

sF1l

sF3

rHt

sHz

Ar3
sA(0-2)
rA( n )
sA(3-23)
rA( " )
sB(0=2)
rB( " )
sB(3-23)
rB( " )
Cr3
sC(0-2)
rc( 1" )
sG(3-23)
rC( 1" )
End

Xnr
sXw(l=3)
Xw( ")
Sc
rS(1l-14)
sAOO
sB0OO
rla

rIx

rRe

rEx

rFl

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

T8(TsTsr)
= ¢0'£§
= T80

= (01020304)Ql

= A(21-23)AnrAr3
=K( ") "
_éﬁO-ZO)ArS
AN )
B(21-23)BnrAr3
—B_( " ) "
;5;0-20)Ar3

B( n ) 1"
Ex(TsQl)

Xa( ")

EKO-ZO)CrB
c(r )"
@5 (A00+GO)

E
C(21-23) ExKzl(s
'6( 1 ) n
T4(End+F1F2) Iny
Sc
TOExAOOKZ)
Ar3TOExBO
TrF1l
Tr (F1F3) (GOHt)
Txr
ExTp
TpEndSk

11
Tp@1 (GOHt)
Tp
TpEndSk
Oc
Oc

Xn(1-3) ExkgTs Cr3
1"
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@5 next (I7)

REG SEL 17

initiate idle (also reset halt light)

Recirculate A

Recirculate B

X =-C

last cycle
C-X

Clear S

@0 next clock (T8)

NOP (20) -0

T7 thru TO

T7 thru TO

T7 thru TO

T7 thru TO



go T8

g5 T7

T4

Tr

Tp

rC24
rCz

sF1l

sF3

rHt

sHz

Ar3
sA(0-2)
rA( " )
sA(3-23)
rA( ] )
sB(0~2)
rB( n )
sB(3-23)
'.L‘B( n )
End
sXw(1=-3)
rXw( ")
Sc
rS(1-14)
rla

rix

rRc

rFl

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

The X register

when the Register Selector Switch is returned to C,

T8(TsTsr)
goT8
T8GO

T8GO
e e
T8
(01020304)Q1
A(21-23)AnrAr3
'K'( " ) "
A(0-20)Ar3
_A-( n ) n
B(21-23)BnrAr3
'E'( ] ) n
B(0-20)Ar3
i’( " ) "
¢5 (K00+50)
Xn(1-3)Xnr
Yﬁ( ] ) 1"
T4 (End+F1F2) Inr
Sc
TxF1l
Tr (F1F3) (GOHt)
Tr
TpEndSk

n
Tp@#1 (GOHt)
Tp .
TpEndSk
Oc
Oc

REG SEL 18

@5 next (T7)

initiate idle (also reset

Recirculate A

Recirculate B

last cycle

Recirculate X

Clear S

@0 next clock (T8)

NOP (20) — 0O

is now being displayed. The following shows what takes place

230

halt light)

T7 thru TO

T7 thru TO



go T8

@5 T7

T4

Tr

rC24
rCz

sF1l

sF3

rHt

sHz

Ar3
sA(0-2)
rA( (1] )
sA(3-23)
rA( 1] )
sB(0-2)
rB( 1] )
sB(3-23)
rB( " )
End
sXw(1l-3)
Xw( ")
Sc
rS(1-14)
rla

rix

rRc

sEx

rFl

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

T8GO _

T pGO

T8
(01020304)Q1
A(21-23)AnrAr3
‘K‘( " ) n
A(0~20)Ax3

A( 111 ) n
B(21-23)BnrAr3
B

B( 11] ) "
(0-20)Ar3

_B_( 1" ) "

¢5 (&00+30)
Xn(1-3)Xnr

‘}'{'ﬁ( n ) ]
T4(End+F1F2) Inr
Sc

TrF1l _
Tr (F1F3) (GOHt)

Tr

(TsTpGOHt) (A00B00)KD
TpEndSk

«. ")

Tp@1 (GOHt)

Tp  __

TpEndSk

Oc

Oc

Wnonon R nnn NN NN
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@5 next (T7)

REG SEL 19

initiate idle (also reset halt light)

Recirculate A

Recirculate B

last cycle

Recirculate X

Clear S

T7 thru TO

T7 thru TO

initiate exchange between X and C.

@0 next clock (T8)

NOP (20) —» O



go T8

g5 T7

T4
TO

Tr

Tp

rC24

rCz

sF1

sF3

rHt

sHz

Ar3
sA(0-2)
rA( 1" )
sA(3~-23)
rA( 1" )
sB(0-2)
rB( 1 )
sB(3-23)
rB( n )
Cr3
sC(0-2)
rc( 1] )
sC(3=-23)
rc( " )
End

Xnr
sXw(1l-3)
rXw( ")
Sc
rS(1-14)
rAQOO
rB0OO
rla

rix

rRc

rEx

rF1l

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

= T8(TsTsr)

= @oT8

= T8GO

= T8G0 .

= T&c—pco

= T8

(01020304)Q1
A(21-23)AnrAr3
‘K( " ) n
A(0-20)Ar3

‘A‘( n ) n
B(21-23)BnrAr3
—B‘( " ) "
B(0-20)Ar3

‘f( n ) 1"
Ex(TsQl) _
Xn(1-3) ExAOOBOOTsCr3
='}"(’ﬁ( n ) n

= C(0~-20)Cx3

=_C-( " ) n

@5 (A00-+GO)
AOOBOOEx
C(21-23)A00BO0OEx
=‘2:‘( n ) 1]

= T4(End+F1F2)Inr
= Sc

ExT0AO00
ExTOBOOAr3

TrF1l -
(FIF3) (GOHt)

monon

Tr
Tx
= Tp

@5 next (T7)

REG SEL 20

initiate idle (also reset halt light)

Recirculate A

Recirculate B

X »C

last cycle

C-X

Clear S

@0 next clock (T8)

NOP (20) —» O

T7 thru TO

T7 thru TO

T7 thru TO

T7 thru TC



g0 T8

@5 T7

T4

Tx

Tp

rC24
rCz

sFl

sF3

rHt

sHz

Ar3
sA(0-2)
rA( ")
sA(3-23)
rA( 7 )
sB(0~2)
rB( 1" )
sB(3-23)
rB( 1" )
End
sXw(1l=-3)
Xw( ")
Sc
rS(1-14)
rla

rlx

rRe

rFl

rF3

rRE

rJu

Oc
r0(1,3,4,5,6)
s02

nunwnannne o nnnnsnnnnn

nwnuwnnnn

T8(TsTsr)

@goT8

T8GO

T8GO

T CpGO

T8
(01020304)Q1
A(21-23)AnrAr3
‘A‘( 1" ) 1"
A(0~20)Ar3

—A—( " ) 1"
B(21-23)BnrAr3
T;“( n ) n
B(0~20)Ar3
BCM" )"

#5 (A00+G0)
Xn(1-3)Xnr

xn( n ) 1" o
T4(End+F1F2) Inr
Sc

TrF1l

Tr (F1F3) (GOHLt)

Tp@P1 (GOHL)
Ip
TpEndSk
Oc

Oc

REG SEL 21

@5 next (T7)
initiate idle (also reset halt light)

Recirculate A T7 thru TO
Recirculate B T7 thru TO
last cycle

Recirculate X

Clear S

@0 next clock (T8)

NOP (20) -0

The Computer is now in normal "IDLE" mode with C being displayed.
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UDI 03
UDI 04

03 UD1 Same as Unconditional Branch
04 UDl1 Same as Halt
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05

go T8

T7

T4

T3

T2
Tl

TO

UD1

rCz

sHz

sIx

sJu

Oxc
s0(1,3,4,5,6)
102

sA0O
Ar3
sA(0=2)
rA( 1 )
sA(3-23)
rA( 1" )
sB(0=2)
rB( 1" )
sB(3=23)
rB( " )
End

Cr3

sCO

rCO
sC(1,2)
rc( n )
sC(3=23)
rC( 1 )
sCp

rCp

Pr3
sP(0~2)
rP( 1" )
sP(3~14)
rP( 11 )
Xz(1~3)
xz( n )
Yz (1-3)
YE’( 11 )
sCz

rCz

Sc
rS(1l~14)
rCO

Sxp
sS5(1,2)
sS(3=14)
rC(l,2)
sC(1,2)
rC( 1 )
rCz

sCO

rC0
rc(1,2)

Branch to Address Plus One, A,B,C Registers Change as in

Divide (@1),

= @OT8

= T8

C1Gog@goT8
TaGoCAC5¢8CoT8
TaGoC2¢0T8
c(3,5,6,7,8)0xc
CLoxc

$OT7A0
F1F205Q1
A(21~23) AnrAr3
A( 1" ) "
A(0~-20)Ar3
(")
B(21=-23) BnxAr3
ﬁ'( " ) n
B(0=~20)Ar3

ﬁ'( " ) 1]
JuEax01
F1F2(TsQl)
(P12) JuTsCr3Q6
(“H‘") n-—
P(13,14)JuTsCr3Q2
=‘F( n ) "
= EﬁO-ZO)CrB

C( " ) "

( " )Cp "
JuQ2
Add(1-3)JuEaxPr3
m( " ) 1"
P(0-11)Pr3

P(" ) "
Xn(1-3)@0Ix __
Tn( " )PoIx+Iix
C(21-23)§7

C( " )

KzQ1TO

KaQL _

InrF1iFoT4

Sc __
(JuTsCr3)Q4Q6
IntEndcoT3
Add(2,3) (JuEax)sxp
P(O:ll)Sxp
(JuTsCr3)T2
(JuTsCr3)Em(1,2)T1
n )m( 1" ) "

PR neuERyRERERNDNRERE DR REDN

FITO _-
= Q0£(JuTsCr3)TO
- ‘6‘{( " yn
= (JuTsCr3)TO
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(Cc21bc22c23) CpTsHEQLIFIF?

Initialize indexing

Instruction to O register

Set AOO = sign of A

Recirculate A

Recirculate B

Last cycle

P(l-14) — C(10~23)

Parity check

C+ XeIx »P

UDI 05-1

5 Cycles

T7 thru

T7 thru

T7 thru

T7 thru

T7 thru

Input to adder (XeIx) T7 thru

Input to adder (C)
Carry logic

Clear S

T7 thru

T7 thru

No input to C3, C6, C9 T3 thru

PS8
No input to C7, C8

(Cl,c2) is (C4,C5) at Tl

Set CO if overflow
No input to Cl, C2

TO

TO

T3

TO

T3

TO

TO

T1

Tl



Tr Cxm

Tp

8C(0=-23)
rC( " )
sHt

rix

rRe
rAOO
rBOO

sCp

sF3

rJu

Oc
r0(1,3,4,5,6)
s02

EndGOTsm(Tr+Tp)
M(0~23) Cxm
CxmTr

cﬁ%ggaza 2

(F1F3) (GOHt)Tx
r

EndGOTp

¢ ")

M24CxmHtTsTp

Ta030440Tp
T

Oc
Oc

B — —_
(0103Ta+EndSk) Tp
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UDL 05-%

M - C (Fetch next instruction)

Parity error

Initiate parity

#1 next clock (T8)

NOP (20) =0

Tr thru Tp



g1 T8

T7

T6
T4

T3

Tr

Tp

Anr

Bnr

Ck
sC(0=-23)
rc( " )
sCz

sHz

slx

Ar3
sA(0=2)
rA( 1" )
sA(3=23)
rA( " )
Hx(1=3)
E‘?( 1" )
sB(0~2)
rB( 7n )
sB(3~23)
rB( 1" )
Xz(1-3)
-X—Z( " )
Yz (1-3)
Yz( ")
Cr3
sC(0-2)
rc( 1t )
sC(3-23)
rc( 1" )
sCp

rCp

sRE

Sc
rS(1l=-14)
Sxc
sS(1,2)
rs( 1" )
sS(3~14)
rs( " )
sBc23
sHt

sF2

Sc
rS(l=14)

nnouun

@105
#1635
@$1T8COTs
T(0=23)Ck
C( 11" ) 11

= ¢1T8C0

]

=E("
B(21~23)¢1

llI!lllllllllllllllllllllllll'lllllllllllllllll,llllll

‘C"( "

T8

@1T8Co

F1F205Q1
(Ha(1=-3)A00+B(21~23)A00)@105Ax3
HI(" )y "4BC " ) ") 1
A(0=-20)Ar3

B( " ) "o
Add(1-3)@105Ar3

Id—d( " ) "

B(0-20)Ar3

B( n ) 1"
(A(21-23)A00+A(21-23)A00) @1
(K( 1 ) 11] +A( 1" ) n )ll
C(21-23)@7

E(_ !l—_) n

F1F2(TsQl)
C(21-23)FIF2F3TsCr3

_C'( 1" ) 1t

Cc(0-20)Cr3
)ll
(czxsczzgnzs)EﬁTEﬁEQl“l‘i

(
¢1(Q3§3)(Ebﬁi’?&ﬁﬁiﬁ?ﬁ"73)
T4FIF2InT
Sc
T3F1F2Ju
Add(2,3)5xc
Add( f y "
EKOnll)ch
c(" y "
@#1TrHzAOO
CpTxKpROP2
glTp

@1Tp

@1 same as for a Divide instruction,
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UDI 05=~3

Invert C if C » 0

Initiate =B if A~
Set Ix = sign of (M)

Aif A >0 T7
1

Half adder inputs (B+l) T7

lAl -~ Icl »B T7
Adder input (lAl) T7
Adder input (ICl) T7
Recirculate C T7
Check parity T7

RT means 0 < A,B = [C| T6
Clear S

Junk input to C

Set Bc23 1f B = 0 and A < 0
Parity error
@3 next

Clear S

thru

thru

thru

thru

thru

thru

thru
thru

TO

TO

TO

TO

TO

TO

TO
Tp



g3 T7

TO

Tp

Ar3
sA(0=2)
rA( 11" )
sA(3-23)
rA( 1 )
sB(0-2)
rB( ")
sB(3-23)
rB( " )
rCp
rCz
sSk
sF1

= (01020504)Q1
= A(21-23)AnrAr3
= X( n" ) "

= A(0-20)Ar3

A( 1" ) 1}
E}Zl-ZB)EEEArB
B( 1 ) 1"
B(0-20)Ar3

B( " ) 11
FiTO

@#30506Tp
TpSk

TsHEKO (F1+F2) (B7FLF6d2) TO
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Recirculate A

Reciruclate B

@7 next clock (T8)

UDI 05=4

T7 thru TO

T7 thru TO



UDI 05-5

@7 T8 Ck = ¢718Ts
8C(0~23) = C(0-23)Ck Invert C
rC( n ) = C( " )n
End = F1F2 Last cycle
sla = T8¢7Sk€3€) Initiate P register increment
T7 Cr3 = ¢705TsQl
rC(0=-2) = "
sC(3~23) = C(0-20)Cr3 0 =C T7 thru TO
I‘C( " ) = E‘( 1] ) "
Pr3 = (F160)Q2
sPO = (Pl23P13P14Ia)F1G0(02040506) Pr3
rPO = ( ) "
sPl = (PL3PPl4Ia) "o
o ”"
:g; N E;I;;;;;w—) " P41 P T7 thru T3
rP2 = ("—11'"""‘) "
8P(3~14) = P(0~11)Pr3
rP( " ) =‘13'( " ) (1]
rla = (PI2PI3P14)Q2F1
T6 Xz(l=3) = B(21~23)@70506 . :
Xz( ") =B( " ) " Adder input (B) T6 thru Tr
Yz3 = @7Bc23
ryzl = @7RE , :
rYz? = ¢780 Adder input (Bc) . T6 thru Tr
rYz3 = @78c23
T4 Sc = T4EndInr o
rS(1-14) = Sc Clear S
T3 Sxp = T3IntEndGO
8S(1,2) = P(13,14)TaF1G0(02040506) Sxp
rS( ") =P( ") "o " y " P(13,14) contains P(1,2_) at T3
- 85(3=~14) = P(0-11)Sxp P >S5
rS( " ) =‘?( n ) "
TO rSk = @#7T0
Tr Cxm = EndGOTsm(Tr+Tp)
sC(0~23) = M(0~23)Cxm M — C (Fetch next instruction)
rc( " ) = TrCxm v v ' Tr thru Tp
sHt =<CpTﬂg:KD¢f Parity error
rla = FlTr
rix = Tr(FIF3) (EOHt)
Tp rAOO = TpEndGO
rB0O0 = TpEndGO .
sCp = M24CxmHtTsTp Initiate parity
rF(1-3) = TpEndSk #0 next
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07

go T8

T7

T5
g1 14

T3

UDI

rCz

slx

sJu

Oxc
s0(1,3,4,5,6)
r02

sA00
Ar3
sA(0=-2)
rA( ")
sA(3=23)
rA( 1 )
sB(0-2)
rB( 1" )
sB(3-23)
rB( 7 )
Cr3

sCO

rCO
sC(1,2)
rC( ] )
sC(3=-23)
rc( " )
End

Xz (1-3)
XE( 1] )
Yz(1-3)
YE( 1" )
sCz

rCz

sCp

rCp

Pr3
sP(0~2)
rP( 1" )
sP(3-14)
rP( " )
sF3

sCO

rCO
sC(1,2)

rc( " )
sC
rS(1=14)
rCO

UDI 07-1

Branch to Address Plus One, (Phasing Similar to Left Shift,
May Hang-up in @3 if Sk Doesn't Set) (Shift May Occur But it
May be Dependent Upon Contents of P Register)

= @0T8

C1GO¢goT8 Initialize indexing
CLC5C8CITaGo@0T8

C2TacogoTs8

CLoxc

AQ@0T7 Save sign of A

(01020304)Q1

A(21~-23)AnrAr3

‘A‘( " ) 1"

A(0=20)Ar3 Recirculate A T7 thru
K( 1" ) "

B(21-23)BnrAr3

"B;'( " ) 1"

B(0-20)Ar3 Recirculate B T7 thru
Ez 1 ) "

FIF2(TsQl) T7 thru
(P12)JuTsCr3Q6

(“ﬂ') 1"

P(13,14)JuTsCr3Q2 P(6=14) — G(1l5-23) T7 thru
‘1'5'( 1 ) "

c(0=-20)Cr3

EK 1" ) n

JuEax0T

§2(1-3)¢01x Adder input if Ix(indexing)

Xn( ") " +Ix T7 thru
C(21-23)@7

a% n §|| Adder input (C) T7 thru

Kz@7Q1T0
KzqQ1 Carry logic T7 thru

ECZKBC%ZECZS;ggTsHtgllez Check parity T7 thru

JuQ2 !

Add(1=3)JuEaxPr3

KEE( " ) 1"

P(0-11)Pz3 C+ X'Ix 5P T7 thru

ER n ) n

Ta030405@0Q4 #1 next clock (T8)

(C21F1F2F3+P12JuQ6)TsCr3 {Merge (P4+C12 -5 C15) T4 only

(€21 " 4pPI2 ") o __ le(6,9) -»C(9,12) T3 thru

(C(22,23)?1F§F3+P(13,14)JuQ2)TsCr??erge (P(2,3,5,6)+C(10,11,13,14)
C

b w e e RR Ry N

_ (13,14,16,17) T4 thru
=(CC "y "™ +C ") ")y " (7,8 -c(lo,11) T2 only
=InrF1F2T4
= Sc ' Clear S

= JuTECr3Q4Q6 , No inputs to C6,C9 T3 thru
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c(3,5,6,7,8)0xc C(3-8) -0 if not indirect addressii

TO

TO
TO

TO

TO

T3

T2

T3

T2



@3

T2

T1l

TO

Tr

Tp

Sxp
sS(1,2)
rs( 1" )
sS(3=14)
rs( 11 )
rC(l,2)
sF2
Sx48

“rS(1-8)

sS$(9,10)
rS(1ll=14)

sSk

sSk

rSl4

AL2

sB(22,23)

rB( " )

Sd2

sSk

sSk

rCz

sCO

rCO

rC(1,2)

rCp

(refer @3 T1)
sHt

(refer @3 T1)

000w donnnn

(End-+JuEax) IntT3
Add(2,3) JuEaxSxp
m( 1" ) 1"
P(0-11)Sxp

_P‘( 1] ) 1"

JuTsCr3T2

05¢1Q2
(§65758+59510)05@1T2
05@1T2

Sx48

Sx48

(05@1T2) (5687...514)
¢ " o)aml)c2

( n )( " )C2
05063k@3
A(0,1)AL2C405

K( n—). "

0506Sk@3

——_ sty to——rr wm———

058k (S9S10S115812)S13¢3
05068k (S9STOST1512) ST4¢¥3

FiTo

0£(JuTsCr3)TO

0f( " )TO
(JuTsCxr3)TO
TsTOHLKO (F2070436)32

= CpTrRpROFZ

UDI 07=-2

P -8

No input C7,C8
@3 next clock (T8)
Shift 3 48 bits
Zero — S(1-8)
Set count = 48 if shift > 48
Leave count alone if shift < 48
Count = zero
A,B normalized C2=Cll(norm.bit) at T2
Avoid clean up shift,
See instruction 67 (@3 T1)
m

" " 1"

" " " 1]
1" " 1" 1"
1 1" 1] 1"

No input to Cl,C2
Avoid erroneous parity error

Parity error

If Sk is not set (Sk) the Computer will hang up in 3. If Sk sets before Tp,
the Computer will remain in a dynamic halt until Tp occurs,

Arl

Brl

sFl

rJu

Oc
r0(1,3,4,5,6)
s02

rRE

R nunnnn

(05068kS14)@3Tp
( 11 ) 1"
TpSk

Ip

EndSKkTp

Oc

Oc
(GOHt)F1Tp

See instruction 67 (@3 Tp)
" n

1" 1"

@#7 next clock (T8)

NOP (20) —0 if Sk

Clear Rf

If @7 occurs Sk must be set and the instruction (07) is still in O.
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@7 T8 Ck

T7

sC(0~23)
rc< 1" )
End

sla
sBc23
skKO

sRf

Ar3
sA(0-2)
rA( 1" )
sA(3~23)
rA( 1 )
sB(0~2)
T.‘B( 11 )
sB(3=23)
rB( " )
Pr3

sPO

rPO

sPl

rPl

sP2

rP2

rla
sP(3~14)
rP( ] )
Xnr
sXw(1=-3)
rXw( ")
Xz(1=3)
XE( " )
Yzl

Yzl

Yz2

Yz2

Yz3

723
sBc23
rBc23
sKO

KO

sRE

rRE

@71T8Ts
T(0=-23)Ck
c( " )ck
F1F2

SkT 8¢
($705T8)S14
( " )S7
( n )'S6

$706Q1
A(21-23) AATAr3
I( 1 4] ) 1
A(0=20)Ar3

( 11" ) "

= B(21-23)BnrAr3

IlllllI|IlIlllllllIIIIIIlllllllllllllllllllllllllllillllll

NN NNN

"f;’( "

'B‘( 1" ) 1]
B(0-20)Ar3
"‘( 1] ) "
(F1G0)Q2

(
(
( n
(
(

( " >( 1"
P12P13P14Q2F1
P(0-11)Pr3

) 1"
03(040506) C5¢7

") (02 323? 06) (PLZ3PL3P14Ia) Pr3
) (PFIZPI3PI4TIa) "

) (P13FP141a) Pr3
) (PI#PI4Ta) "
) (P14Ria) Pr3

) (PIgpLa) "

Add(1-3)03(040506) C5¢7F1

m( " )

Xn(1-3)Ix@705

Xn( " ) n

RE@7

REG7

KO@7

RO@7

Bc23¢7

Bc23¢7

(¢705T7)SS
)§5 -

")s4

" )ﬁ

" )s3

1] )3'3'
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UDI 07=-3

Invert C

Initiate P register increment
Rf,K0,Bc23 form an Octal input to
Yz(l=3) from T8 thru T6 which
represent the negative number of
shifts during normalize,

Recirculate A T7 thru
Recirculate B T7 thru
P S T7 thru
X+S(2=-7)4+514 » X

(X=number of shifts — X) T7 thru
Adder input (X) T7 thru

Adder input (8)

Bits 83 thru S7 contains
a negative count of the
AL2's during normalize,
S14 contains the clean up.

Rf, KO and Bc23 must
be set for the next
clock

TO

TO

T3

TO

TO



T6

T4

T3

TO
Tx

Tp

sBc23
sKO

sRE

Sc
rS(1l=-14)
Sxp

sS1

sS2
sS(3=~14)
rSk

Cxm
sC(0~23)
rc( " )
rla

rIx

rKO
rAOO
sCp
rF(1=3)
rRE

Oc

s02
r0(1,3,4,5,6)

g ner e n0nnnn R RN

(#705T6)s2

( 1 )SZ

( 1 )Sz
T4EndTnr

Sc

T3TRtEndGO
{F1G0) (02040506) (P13PP14Ia) Sxp
¢ ") " )(Pl4PLa)Sxp
P(0~11)Sxp
@710
EndGOTsm(Tx+Tp)
M(0~23) Cxm
CxmTr

TxF1l

Tx (F1F3) (GOHE)
@7Tr

TpEndGO
M24CxmTpHETS
TpEndSk
TpPT(EOHE)
TpEndSk

Oc

Oc
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UDI 07-4

Extend minus sign for
negative count to Yz

Clear S

M — C(Fetch next instruction)

Tr thru Tp

Initiate parity
@0 next clock (T8)

NOP (20) — O

T5 thru TO



11

go T8

T7

T4

T3

TO
Tr

Tp

UD1

rCz

slx

Oxc
80(1,3,4,5,6)
r02

Axr3
sA(0~2)
rA( " )
sA(3-23)
rA( " )
sB(0-2)
rB( 1" )
sB(3-23)
I‘B( " )
Cr3
8C(0=2)
rc( 1"t )
sC(3=23)
rc( " )
Xz(1=3)
X'z‘( (1] )
Yz(1-3)
Y;( "y
sCz -
rCz

sCp

rCp

Sc
rS(l=-14)
Sxc
s5(1,2)
8S(3-14)
rCz

Cxm
5C(0~23)
I'C( "n )
sHt

rIx

rkK0

sCp

sF2

Similar to Parallel Qutput When
Ready (Next instruction is found in
location designated by operand)

= @0T8

= @0T8ClGO

a (#0T8TaGo)C2
c(3,5,6,7,8)0xc
Chox

C
(01020304)Q1
A(21-23)AnrAr3
A( " ) ”"
A(0-20)Ar3
A" )M
B(21-23)BnrAr3
B( " ) "
_§(0-20)Ar3
B( ll“z "
F1F2(TsQl)
= Add(1-3)#0JuTscr3
= KEE( ") "
= C(0-20)Cr)

- fk " ) (]
nxn(l"'3)”'h
Xn( " )#0TatIx
C(21-23)97

C( ”" 1]
KzQ1TO

KzQl

C__" Hep
T4F1F2Iny

= Sc

= T3F1F2Ju
Add(2,3)Sxc

= C(0-11)Sxc

= F1TO ,

= Jug0Tsm(Tr+Tp)
= M(0~23) Cxm

= TrCxm

= CpT

= Tr(F1F3) (GOHt)
= GoT:IZ

= M24CxmfltTsTp
= (TpYad0)0302

(C2¥pc2Xpc23) CpTaHEQLF1F2
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(M) — Output Device

Initialize indexing

Instruction —- 0

Recirculate A

Recirculate B

CHXeIx — C (Add=Xz+Yz)

Adder input (XIx)
Adder input (C)
Carry logic
Check parity

Clear S

C+ XIx -8

M —» C (Fetch operand)

Parity error

Initiate parity
@2 next clock (T8)

UDT 111

3 Cyecl
+ Wait

T7

T7

T7

I7

7

T7

T7

Tr

thru

thru

thru

thru

thru

thru

thru

thru

@iy

TO

TO

TO

TO

T1

TO

Tp



g2 T7

TO
Tp

Ar3
sA(0=2)
rA( 1" )
sA(3~23)
rA( 1" )
sB(0=-2)
rB( " )
sB(3~23)
rB( 1" )
sRf
rCz
sFl
rRE

oo nun

(01020304)Q1
A(21=23) AnTAr3

I’( 1"t ) 1"

A(0-20)Ar3

X( " ) 1"

B(21~23)BnrAr3

'B.( 1 ) 1"

B(0~20)Ar3

'E"( " ) "

Q2F306F 2Rt

Flto
Tp(F1F301030%4) Tar£

TpP1(COHE)

Recirculate A

Recirculate B

Unl 112

T7 thru TO

T7 thru TO

External Device is ready (Rt)

to receive information
from the computer,

$6 next if Rf
@2 next if RT

T7 thru T3

The Computer will continue to repeat @2 until the External Device becomes ready,
at which time the data will be transferred in parallel from the C register to the

device,
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At Tp time, following the transfer, @6 will occur,



UDI 11=3

g6 T8 sla = T8F1F3HK) Has no effect

End = F1F2 Last cycle

T7 Ar3 = (01020304)Ql
sA(0=-2) = A(21-23)AnrAr3
1 " = " "
zﬁEB-Z?&) =—§EO-ZO)1)\r3 Recirculate A T7 thru TO
rA( 1 ) =K( 11 ) "
sB(0~2) = B(21-23)BnrAr3
B " ___.'B' " "
:BEB-Z%) = BEO-ZO)?&rB Recirculate B T7 thru TO
rB( 1] ) =‘E’( " ) 1"
cr3 = F1F3(TsQl)
sC(0~2) = Add(1~3)@6TsCr3
rc( " ) = M( " ) 1
sC(3-23) = C(0-20)Cr3 A+C->cC T7 thru TO
rc( 1A ) =E‘( 1" ) 1
Xz (1-3) = Ix
Yz (1~3 = C(21~23)07
Y‘Z‘E " ; = ‘C‘E " gq Adder input (C)
¢ = KzQIFl
i‘CZ = T;'gl 7 Carry logic T7 thru TO
C = (C2 2 23) CpTsHtQld603 :
icg = g ]('BZIHI'R: ;Cg s Qn¢ Check parity T7 thru T.
Pr3 = (F1G0)Q2 _
sP(0-2) = Add(1~3)02040506Pr3 C(10-23) -»P T7 thru T3
rP( ") = Add( ") " C contains operand (bits 14-23 of
sP(3~14) = P(0~11)Pr3 which represent I1/0 starting address)
rP( 1" ) =‘P’< 1] ) 1]
rla = (PIZPI3P14)Q2rl Has no effect

T4 Sc = T4EndInr .
rs(l=-14) = Sc : Clear S

T3 Sxp = T3InEEndGO
sS1 = Add(2,3)02040506Sxp
rSl = Add( " ) "
SS(3"14) =_P_(0'11)SXP C(10“23) + A(10-23) — S
rS( " ) =P(" )"

Tr Cxm = EndGOTsm(Tr+Tp) , ,
sC(0~23) = M(0~23) Cxm M —» C (Fetch next instruction)
rc( " ) = CxmTr Tr thru Tp
sHt = cpTAKpKOP2 Parity error
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Tp

rla = TrF, S
rix = Tr(F1F3) (GOHt)
rA00 = TpEndGO

rB0OO = (" -

sCp = M24CxmHtTsTp
rF(1,2) = TpEndSk

Oc n(")

s02 = Oc

r0(1,3,4,5,6) = Oc
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Initiate parity
#0 next clock (T8)

NOP (20) —» O

UDI 11-4



15

g0 T8

T7

T4

T3

TO
Tr

Tp

UDnI

rCz

sIx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0-2)
rA( 1 )
sA(3-23)
rA( " )
sB(0-2)
rB( " )
sB(3-23)
rB( 1" )
Cr3
sC(0=2)
rc( " )
sC(3-23)
rC( " )
Xz(1=3)
'x—z( n )
Yz(1-3)
?—Z-( ",)
sCz

rcCz

sCp

rCp

Sc
rS(1-14)
Sxc
sS(152)
s8(3-14)
rCz

Cxm
sC(0-23)
rC( " )
sHt

rlx

KO

sCp

sFl

sF2

Two Cycle NOP

= @OT8

= @OT8CLGO

= (@0T8TaGO)T2

= C(3,5,6,7,8)0xc

- XC

= (01020304)Q1
A(21-23)AnrAr3

I( " ) (1]
A(0-20)Ar3

AC" )
B(21-23)BnrAr3

B( 1 ) "
B(0~20)Ar3

B( 1" -)- [1]
FiF2(TsqQl)
Add(1-3)P0JuTscr3
m( " ) n
c(0~-20)Cr3

'5( " ) "
Xn(1-3)@0-Ix__

Xn( " )@0Ix+Ix
C(21-23)@7

C( I_l- "

KzQ1TO@7

KzQl —
(G21Pc22pc23) CpTsHeQlFiF2
( 11" )Cp 11}
T4F1F2Inr

Sc

T3F1F2Ju
Add(2,3)Sxc
Cc(0-11)Sxc
flro___
Ju@OTsm(Tr+Tp)
M(0-23) Cxm
TrCxm T

CpT 002
Tr (FT¥3) (ZOHt)
GOTrFZ____
M24CxmHtTsTp
(Tpla@d0)0304

( ' )o302
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Initialize carry
Initialize indexing

Instruction — O

Recirculate A

Recirculate B

CHXeIx — C (Add=Xz4Yz)

UDT 15-1

2 Cycles

T7 thru TO

T7 thru TO

T7 thru TO

Adder input if Ix (indexing)

Adder input C register
Carry for Adder
Check parity

Clear §

C+ XIx —-»S

M — C (Fetch operand)

Parity error

Initiate parity _
#6 next clock (T8)

T7 thru TO

' ':7 thru Th

T7 thru Tl

T7 thru TO

Tr thru Tp



g6 T8

T7

T4

T3

Tx

sla

End

Ar3 -
sA(0~2)
rA( " )
sA(3-23)
rA( 11 )
8B(0«2)
rB( " )
sB(3=23)
rB( " )
Cr3
8C(0=-2)
rc( " )
sC(3-23)
(" )
Xz(1-3)
i;( 1] )
Yz (1=3)
?E( n )
sCz

rCz

sCp

rCp

Pr3

sP0

rP0O

sPl

rPl

sP2

P2
sP(3~14)
rP( n )
rla

Sc
rS(l-14)
Sxp

sS1

Sl

882

rS2
88(3-14)
s( " )
Cxm
8C(0-23)
rC( n )
sHt

T8F lfﬁ i}
F
(01023362)Q1

A(21-23)EnrAr3
ﬂ: K( 11 ) 1

= A(0-20)Ax3

= ( 7" ) 11}

= B(21-23)BnrAr3
= B( ”" ) [4]
= B(0-20)Ar3
”'s( " ) "

= P1¥3(TsQ1)

« Add(1~3)@6TsCr3
- xaa( 1 ) n‘
= C(0-20)Cr3

- c( ” ) 11

= A(21+23)@60204
_'ZK " ) "

= C(21-23)37

= Ct " "
= K3QlF1
= KzQl

- gczmzmza)ﬁﬁmqmwa

" )Cp
= (F1G0)Q2

).

- »(Plﬂl&la)
E (Plga)

= P(0-11)Pr3

- ( ft ) ”"

= (PIZPI3FIZ)Q2F1
= T4EndInr

= Sc___

= T3IntEndGO

= (PLXBP141a)F160(BT0LB506) Sxp

= ( )
(PLiPNa)
™

!%O-il)Sxp
mPp(" "

- mcoi%i(rwrp)
= M(0~23)Cxm

= TrCxm

= CPT

249

= (PL2EP13P141a)F160(BEL0306) Pr3
- ( " "

UDY 15«2

Initiate P registet inc¢rement

Last cycle

Recirculate A

Recirculate B

A+ C-C

Unused adder inputs

Carry logic
Check parity

P+1 P

Clear S

P4+ 18

T7

T7

17

T7

T7

7

T7

thru TO

thru TO

thru TO

thru TO

thru TO

thru TO

thru T3

M - C (Fetch next instruction)

Parity error

Tr thrv Tp



Tp

rla

rIx

rAQO

rB0OO

sCp

rF(1,2)

Oc

802
r0(1,3,4,5,6)

= TrF)l

= Tr(F1F3) (GOHt)
= TpEndGO

.( 11

- H24ng§tf§Tp

= Oc
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Initiate parity
#0 next clock (T8)

NOP (20) -0

UDT 153



21
22
24
25

26.

27

UDI
UD1
UDI
UDI1
UDI
UDI

Same
Same
Same
Same
Same
Same

as
as
as
as
as
as

Execute

EOM 2000(1,2,4,10)~(See EOM for specific EOM instruction)

No Operation
Execute

UDI1
UDI1
uDI
UDI
UDI
UDI

21
22
24
25
26
27

EOD 200(30,21,12,3)=(See EOD for specific EOD instruction)

Execute
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31

g0 T8

T7

T4

T3

TO

Tr

Tp

UDI

rCz

8lx

Oxc
s0(1,3,4,5,6)
r02

Ar3
sA(0=-2)
rA( 1" )
sA(3-23)
rA( " )
sB(0-2)
I'B( 1" )
sB(3-23)
rB( " )
Cr3
sC(0=-2)
rC( " )
sC(3-23)
rc( 11 )
Xz(1-3)
x;(ll)
Yz (1-3)
Y;(.n )
sCz

rCz

sCp

rCp

Sc
rS(1-14)
Sxc
88(1,2)
88(3~14)
rCz

sRf

Cxm
8C(0-23)
rc( 11 )
sHt

rIx

rKO

sCp

sF1

M — C (#0), C »M (@4), No Other Registers Affected

R R ¥ R R E B NOD BN ME R MR NRRNRRHEHEKKENN NS QDA RDNN

@018

goT8ClGO0
(#0T81aG0) C2
¢(3,5,6,7,8)0xc
Choxc
(01020304)Q1
A(21-23)AnrAr3
A( " ) 1"
A(0-20)Ar3
AC" ) N
B(21-23)BnrAr3
B( n ) "
B(0~20)Ar3
B( " ) "
FiF2(TsQl)

Add (1-3)@0JuTscCr3
KEE( "y n
EKO-ZO)CrB

C( 1" ) "
Xn(1-3)@0- Ix
Tn( " )POoIx+Ix
c(21-23)@7

'6'( L n
KzQLTO@7

KzQl

(C2¥pc2Xc23) CpTsHtQ1F1F2

( 1 )Cp "
T4F1F2Inr

Sc

T3F1F2Ju
Add(2,3)Sxc
c(0~11)Sxc
Filro ¢
05F3T0
Ju@oTsm(Tr+Tp)
M(0-23) Cxm

Tr Cxm

CpT ok gKO

Tr (F1F3) (GOHt)
coreFZ
M24CxamAt Ts Tp
010304IarRfF1F3Tp
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Initialize indexing

Instruction - 0

Recirculate A

Recirculate B

CiX-Ix — C (Add=Xz+Yz)

Adder input (XIx)
Adder input (C)
Carry logic
Check parity

Clear S

C+X*Ix -8
No input to Y buffer

M — C (Fetch operand)

Parity error

Initiate parity
@4 next clock (T8)

UDT 31-1

-3 Cycﬁ!E

T7

T7

T7

. T7

T7

T7

Tr

thru TO

thru TO

thru TO

thru TO
thrt“:b

thru T1

thru T0

thru Tp



¢4 T8

T7

T6
3

TO
Tx

Tp

rC24
sla
Mxc
Ar3
sA(0-2)
rA( 1 )
8A(3=23)
I‘A( ")
8B(0=-2)
rB( " )
sB(3=-23)
rB( " )
Cr3
8C(0-2)
rc( ”" )
aC(3-23)
rc( 11" )
Px3
sP0
rP0
sPl

Pl

sP2

rP2
sP(3~14)
rp( " )
rla
8C24
rC24
rM(0=24)
rCp

sHt

rla

KO0
sF(2,3)
sM(0~24)
r}l( " )

= (0102 0&231
= A(21=23)AnrAr3
-K'( " ) "
- A(O-ZO)Ar3
-~ A( B ) "
= B(21-23)BnrAx3
_'5‘( 7" ) "
= B(0~20)Ar3
= B(-l-t ._.). "
= F1F3(TsQl)
= C(21~23)010Z06Ts@4
= C( 11 ) .
= C(0-20)Cr3
E‘( n ) n
= (F1G0)Q2
- (mm’lamua)mco(m)rra
= (
(P1LXPPl41a) "
) ]
(Pl4pia) "
("‘ﬂ‘-) "
__I:(O~11)Pr3
P(" )Y
(P12P13P14)Q2F1
(COBCIPC2)C24 (TsTsr) (Q3+Q5)
( 11 )024( " )( 1 )
T3
1sTOHtKO(F1¢701¢6)¢2
CanKpKO@Z
TrF1l
TxGOF2
Tpd4 :
= C(0~24)MxcTp
.‘C‘( " ) 1)

{2 T T O TR TR T T TR I I O ]
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UDL 312

Initislize paxity sénéfntion
Inttialtln P register increment

T§ thru Tp
Recixculsate A | T7 thru T0
Recirculate B - T7 thru TO
Recirculate ¢ T7 thru TO
P+l P | T7 thru T3
Generate parity . Té6 thru Tr

Clear M

Parity error

#7 next clock (T8)
C —+M (Store operand)




@7 T8
T7

T4

T3

TO
Tr

Tp

End

Ar3
sA(0-2)
rA( ")
8A(3-23)
IA( " )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
Pr3
sP(0-2)"
rp( ” )
sP(3-14)
rP( " )
Sc
rS(1-14)
Sxp
55(1,2)
rS( n )
8S(3-14)
rs( 11" )
rSk

Cxm
sC(0-23)
rc( " )
rla

rIx
rAOO
rBOO

sCp
rF(1-3)
Oc

s02
r0(1,3,4,5,6)

R0 N-R 0B 0¥ A DU R B B E O R LW B DR

e o B R BB OB ¥ NDB

‘F1F®

(01020304)Q1
A(21-23)AnrAr3

K( " ) "

A(0-20)Ar3

'K( " ) "

B(21-23)BnrAr3

"ﬁ( L "

B(0-20)Ar3

'ﬁ( n ) "

F1G0Q2 __
P(12-14)IaF100(0§023506)Pr3
F( 1" ) " ( " ) "
P(0-11)Pr3

"P'( " ) "

T4EndInr

Sc___

T3IntEndGO

P(13,14) TaF160(02040506)Sxp
‘f( 1" ) " ( " ) "
P(0-11)Sxp

f( i ) "

#7T10

EndGOTsm(Tr+Tp)

M(0-23)Cxm

TxCxam
FlT .
Tr (F1F3) (GOHt)
TpEndGO
TpEndGO
M24CXQEET§TP
TpEndSk
TpEnd Sk

Oc

Oc
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Last cycle

Recirculate A

Recirculate B

Recirculate P

Clear S

UDI 31-3

T7 thru TO

T7 thru TO

T7 thru T3

P(13,14) contains P(l,2) at T3

P->S§

M —» C (Fetch next instruction)

Initiate parity
@0 next

NOP (20) — O

Tr thru Tp



34

g0 T8

T7

T4

T3

TO
Tr

Tp

UDI1

rCz

sIx

Oxc
80(1,3,4,5,6)
r02

Ar3
sA(0=2)
rA( " )
sA(3-23)
rA( " )
sB(0=~2)
rB( " )
sB(3-23)
rB( 1] )
Cr3
$C(0-2}
rc( 11" )
sC(3~23)
rc( " )
Xz (1=3)
k—z‘( n )
Yz(1-3)
?‘;( " )
sCz

rCz

sCp

rCp

Sc
rS(1-14)
Sxc
s5(1,2)
8S(3~14)
rCz

Cxm
sC(0~23)
rc( n )
sHt

rix

rKO

sCp

sF1l

Merge A + B and Store

= @OT8

= JOT8CLGO

= (@0T8IaGo)C2 »
= C(3,5,6,7,8)0xc
= CL4Oxc

= (01020304)Q1

= A(21-23)AnTAr3

BX( n ) ' n
= A(0-20)Ar3
=A(" )N
=_§(21-23)BnrAr3
= B( " ) "
= B(0~20)Ar3

- B( "‘_.2 "

= F1F2(TsQl)

= Add(1~-3)@0JuTsCr3
= m( " ) " :
= C(0~-20)Cr3

"E( " ) "

= Xn(1-3)@0-Ix

= Xn( " )P0Ix+Ix

= C(21=23)07

= '6( " n
KzQ1T0@7

KzQ1

( n )Cp "
T4F1F2Inr

Sc

T3F1F2Ju
Add(2,3)Sxc
C(0~11)Sxc
FiTO
Ju@goTsm(Tr+Tp)
M(0~23)Cxm
TrCxm

CpT 0

Tr (FIF3) (GOHt)
GOTrF2
M24CxmHtTsTp
(TpYad0) 0304
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(C21¥pc2XB023) CpTsHEQLF1F2

A+B -

Initialize indexing

Instruction —» 0

Recirculate A

Recirculate B

CHX+Ix — C (Add=Xz+Yz)

Adder input (XIx)
Adder input (C)
Carry logic

Check parity

Clear §

C+ X*Ix —» 8§

M - C (Fetch operand)

"Parity error

Initiate parity
@4 next clock (T8)

UbY 34-1

3 Cycles

T7

T7

T7

T7
T7
T7

T7

thru TO

thru TO:

thru TO‘

thru TO .
thru TO_
thru T1

thru TO

thru Tp



g4 T8

T7

T6
T3

TO
Tr

Tp

rC24
sla

Mxc

Ar3
sA(0-2)
rA( n )
sA(3-23)
rA.( 1" )
sB(0-2)
rB( " )
sB(3-23)
rB( n )
Cr3
sC(0~2)
rC( 1] )
sC(3-23)
rc( 1 )
Pr3

sPO

rPO

sPl

rPl
sP2 .
rP2
sP(3-14)
rP( 1 )
rla
sC24
rC24
rM(0-24)
rCp

sHt

rla

rKO
sF(1-3)
sM(0=24)
rM( 11 )

o nnnnn

o non o nnnnnonnnnn R

T8(TsTsr)

F1F

@4Tsm
(01020304)Q1
A(21-23)AnrAr3
A( n ) "
éﬁO-ZO)ArS
A" )
B(21-23)BnrAr3
—B_( " ) n
EfO-ZO)ArB
B(—I—l _l "
F1F3(TsQl)

(B(21-23)06+A(21-23)05)04TsCr304

@C ") "
gﬁO-ZO)CrB

C( n ) n

(F1G0)Q2

(PL2Z3P13P141a)F1G0(02040506) Pr3

( LA} ) "
(P13PP141a) "
(‘”‘“‘""ﬂ"""‘) n
(P143Ha) "
("—TV-) 1"
P(0-11)Pr3

P( n ) n

(P12P13P14ZQEF1

(COPCIPC2) C24(TsTsr) (Q3+4Q5)
Cmode2sC MHC ")
T3

TsTOHEKO (F1#70106) 32
CpTkpRO#2

TrF1l

TrGOF2

Tp@4

C(0~24)MxcTp

E( ] ) n

256

UDI 34-2

Initialize parity generation

Initialize P register increment

T8 thru Tp
Recirculate A T7 thru TO
Recirculate B T7 thru TO
A+B — C (Merge of A and )
B with result in C) T7 thru TO
P+ 1P 17 thrdMN
Generate parity T6 thru Tr

Clear M

Parity error

@7 next clock (T8)
C »M (Store operand)



g7 T8
17

T4

T3

TO
'Tr

Tp

End

Ar3
sA(0-2)
rAC ")
sA(3-23)
I'A( 1] )
sB(0-2)
rB( " )
sB(3-23)
rB( " )
Pr3
sP(0-2)
rP( " )
sP(3=14)
rP( 1] )
Sc
rS(1-14)
Sxp
sS(1,2)
rS( n )
sS(3-14)
rs( 1]} )
rSk

Cxm
sC(0-23)
).‘C( " )
rla

rlx
rA00
rB0O

sCp
rF(1-3)
Oc

s02
r0(1,3,4,5,6)

R & R B WO N KRB DR DM U R BB N RR RN AN KN E B RN R DY

F1E2 __

(01020304)Q1
A(21-23)AnrAr3

'A'( " ) 1]

A(0-20)Ar3

K( " ) "

B(21-23)BnrAr3

'B"( " ) 1"

B(0-20)Ar3

3( n ) "

F1G0Q2

P(12-14) TaF1G0(32040506) Pr3
‘P'( " ) " ( " ) "
P(0-11)Pr3

‘f,'( ] ) "

T4EndInt

Sc___

T3IntEnd§9
3(13,14)IaFlGO(02040506)Sxp
P( n ) " ( n ) "
P(0~11)Sxp

"f,‘( n ) "

¢g710

EndGOTsm(Tx+Tp)

M(0-23) Cxm

TrCxm

FITE .

Tr (F1F3) (GOHt)

TpEndGO

TpEndGO

M24meﬁET§Tp

TpEndSk

TpEndSk

Oc

Oc

257

Last cycle

Recirculate A

Recirculate B

Recirculate P

Clear S

UDI 3443

T7 thru TO

T7 thru TO

T7 thru T3

P(13,14) contains P(1l,2) at T3

P->S

M - C (Fetch next instruction)

Initiate parity
@0 next

NOP (20) — O

Tr thru Tp



42
44
44
44
44
v
44
44
44

44
44
44

UDI
UDI
UDI
UDI
UDI
UDI1
uDIl
UDI
UDI

UD1
UDI1
UDI

00000, 2
00001
00002
00004
00010
00020
00040
00100

00200
00400
01000

Same
Same
Same
Same
Same
Same
Same
Same
Same

as
as
as
as
as
as
as
as
as

UDI 42

UDI 44~1
UDI 44-2
UDI 44-~3
UDI 44-4
UDI 44
UDI 44-?”2
UDI 44~7
UDI 44-8
UDI 44-9
UDI 44=-10
UDI 44~11

No Operation

Clear X

Clear A

Clear B

Copy A into B

Copy B into A

Copy B into X

Copy X into B

Copy least significant 9 bits only extend bit 15 throughout

X when X is designation register,
Same as Copy X into A
Same as Copy A into X
Same as Copy Negative of A into A
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UDI 45-1

45 UDI1 Branch to Address Plus One, Of 5 (M) M+ 1 P 3-10 Cycles
Register Changing Occurs in @0,
Count in ¢)3 as in Divide.

g0 T8 rC24 = T8(TsTsr) Initialize parity gemeration

rCz = @$OT8
sHz = T8
sIx = ClGO@OoT8 Initiate indexing
sJu = TaGoT&C5c8LIT8
Oxc = TaGoC2¢0T8
s0(1,3,4,5,6) = C(3,5,6,7,8)0xc Instruction to O register
r02 = ChOxc
sRc = (P0T8TaGO)C2C3CLC5CH

T7 Ar3 = (01020304)Ql
sA(0-2) = A(21~23)AnrAr3
rA( " ) = I( " ) "
sA(3-23) = A(0~20)Ar3 Recirculate A T7 thru TO
rA( " ) =.A—( " ) "
sB(0~2) = B(21~23)BnrAr3
rB( ") =f( "oy n
sB(3-23) = B(0-20)Ar3 Recirculate B T7 thru TO
rB( 1" ) =‘§( n ) "
Cr3 = TsyoQl
sCO = (P12)JuTsCr336
rCO = (_ﬂ_) "
sC(1,2) = P(13,14)JuTsCr3Q2 P(1-14) — C(10-23) T7 thru T3
'.l’.‘C( n) = P( 1" ) "
5C(3~-23) = C(0~20)Cr3
rC( ] ) = 6( 1" ) "
sCp = (C2¥Pc229c23) CpTsHEQLIF1F2
rCp = ( n ) Cp " Parity check T7 thru TO
Pr3 = JuQ2
sP(0=-2) = Add(1-3)JuEaxPr3
rP( " ) = m( " ) "
sP(3~-14) = P(0=11)Pr3 C+ XIx —»P T7 thru T3
rP( " ) =—IT( 1" ) "
Xz (1-3) = Xn(1-3)@0Ix .
XZ( ") = ¥n( " )PoIx+Ix Adder imput (X-1Ix) T7 thru TO
5221"33 =‘%%21n23;?7 Adder input (C) T7 thru TO
sCz = KzQlTO .
rCz = KzqQ1 Carry logic | T7 thru Tl

6 s =

T rggz = SEZETSTEECHSCKECZgEQSﬁQS; Generate parity Té6 thru Tr

T4 Sc = InrF1FoT4
rS(1l=14) = Sc Clear S

T3 rCO = JuT'sCr3Q4Q6 No input to C3, C6, C9 T3 thru Tl
TM(0~24) = T3
Sxp = TntJuEaxGOT3 -
sS(1,2) = Add(2,3) (JuEax+02040506) Sx , '
sS(3:14) = P(O-li)Sxp i P —»8 P(C + X-Ix)

T2 rC(l,2) = (JuTsCr3)T2 No input to C7, C8

1 s = Ts
T ,_.221.’.2§ - -g%gl.’.z; EJuTﬁcrg’g“f.l cl, c2 is C4, C5 at Tl
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TO

Tr

Tp

rCz
sCO
rCO
rC(1,2)
sHt
rIx
rRe
sF2
sF3
rJu

The C register

co

Cl thru C3
C4

C5

C6 thru C9
Cl0 thru C23

FiTO
0£(JuTsCr3T0)
'(')T( " )
JuTsCr3T0
CpTHKpKO@?2
(F1F3) (GOHt) Tr
Tr

02Ta01@0Tp
0304Ta@0Tp

Ip

UDI 45=-2

Set CO if overflow,

No input to Cl, C2
Parity error

@3 next clock (T8)

at Tp contains the following information:

State of the Overflow Flip~Flop

)

State of the Eml Flip~Flop
State of the Em2 Flip-Flop

¢

Original contents of the P register

Rc is set at T8 which allows register change activity to go on during @0 of this

instruction.

See RCH (46) instruction for details on what effect indexing ard

the address configuration of a UDI (45) instruction will have in regard to

register changes.
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g3 T7

T5
TO

Tp

Ar3
sA(0-2)
rA( 1 )

8A(3~23)

rA( "
sB(0~2)
rB( " )

)

sB(3-23)

rB( n
sOf
sSk
rCp
1Cz
sF1l
Sd2
sS11
rsSll
sS12
rSl2
sS13
rS13

The Computer will continue to repeat @#3 until Sk is set,

)

nuwon

nmowonononnE o EownRnn R

(01020304)Q1

A(21~23) AnrAr3 ‘

EI L "

A(0-20)Ar3 Recirculate A

KZ 1 ) 1"

B(21-23)BnrAr3

'Ez n ) 1]

B(0~20)Ar3 Recirculate B

_l;( n ) 1" )
(895T0ST15T2) (Bz0A®0) (REB0+(AD0GLX) ) 050 6¢3T7
05065115125T13¢3T5

TSHERO (F1+F2) (F7P4F602) TO

FITO

SkTp @7 next clock (T8)
05065k@3Tp

STIST25I3sd2

S11812513sd2

g}%g%%ggg Counter for divide
§13sd2

S138d2

UDI 45-3

T7 thru TO

T7 thru TO

The Computer may hang~up

in $3 as much as eight cycles; the following is a sequence of combinations of S11,
S12, S13 and number of cycles required before @7 is encountered:

This method of counting 1s the same as the one for a Divide instruction,

S11l s12 S13 Number of Cycles
0 0 1 8
0 0 0 7
1 1 1 6
1 1 0 5
1 0 1 4
1 0 0 3
0 1 1 2
0 1 0 1
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g7 T8

T7

T6
T4

T3

TO
Tr

Tp

End

Ck
sC(0-23)
rC( " )
sla

Ar3
sA(0=~2)
rA( n )
sA(3~23)
rA.( 1 )
sB(0~2)
rB( 1" )
sB(3=23)
rB( 1" )
Cr3
sC(3-23)
rc( 1" )
Pr3

sPO

rP0

SP]. N
rPl

sP2

rP2
sP(3-14)
rP( "oy
rla
sC24
rC24

Sc
rS(l=14)
Sxp
sS(1,2)
sS(3-14)
rs( 1" )
rSk

Cxm
sC(0-23)
rC( " )
rla

rIx
rAOO
rBOO

sCp
rF(1-3)
Oc

s02
r0(1)3;4:5)6)

o o nuw

o n wnnRnonw RN wnnnRn R

F1F2
Ts@718
T(0~-23)Ck
C( 1 ) 1n
k@7T8
(01020304)Q1
A(21-23)AnrAr3
A( 1" ) "
A(0-20)Ar3
AN )
B(21~23)BnrAr3
B( 134 ) "
B(0-20)Ar3
B( " ) "
05Ts¢7Q1
€(0~20)Cr3
C( ] ) "
F1G0Q2

( )
(P13EP141Ia) "

P(0-11)Pr3
_P-( " ) 1]
(PIZ2PI3PIL)F1Q2

(copelipe2) C24(TsTsr) (Q3+RQ5)

( "ooycza( " )(
EndInrT4

Sc

EndIntGOT3

P(13,14)TaF160(02040506) Sxp

P(0-11)Sxp
TR noy
@710
EndGOTsm(Tr+Tp)
M(0=-23) Cxm
TrCxm
FlTr
(F1F3) (GOHE) Tr
EndGOTp

1"

M24CxmHETsTp

EndGOSk -
m

Oc

Oc
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(P123P13P14Ia)F1G0(02040506) Pr3
"

UDI 454

Ones complement of C —» C
Initialize P register increment

Recirculate A T7 thru TO

Recirculate B T7 thru TO

Zero —» C (No input to C(0-23))
T7 thru TO

P+ 1 =P (P contains
original contents of ‘T7 thru qi.
the C register,) :

Generate parity T6 thru Tr

Clear S

P(13,14) contains P(1,2) at T3
P—-S

M — C (Fetch next instruction)
Tr thru Tp

Initiate parity check
@0 next clock (T8)

NOP (20) —0



UDI 47

UDI 47

This UDI is quite complex in its operation, The phases encountered are
those of shift instructions. However both Ju, a flip-~flop that controls
branching, and Rec, a flip~flop that is true during the register change
instructions, are set at (0 T8 time,

The effect of Ju is that the next instruction will be designated by the
address of the ingtruction plus one. The effect of Rc is not predictable
unless the address of the instruction and the contents of bit 10 are known.
The contents of the P~register also affect the instruction in that a
transfer of the contents of P(6~14) to C(15-23) is made during @0 (T7-T5).
Since register change instructions employ the address portion of the
ingtruction the contents of the P~register will be interpreted as part of
the instruction,
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BOO
BO
Bl
B2
Bc2

B3
B4
B5
BcS

B6
B7
B8
Bc8

B9
B10O
Bll
Bcll

B12
B13
Bl4
Bcl4s

B15
B16
Bl7
Bcl?

B18
B19
B20-
Bc20

B2l
B22
B23
Bc23

|

B Register Right Shift Add (Rsa)

co

BOO @ CO & iBOCl + (BO @ C1) [Blcz + (BL® cz)stcz]}

BO @ cl @ [Blc2 + (BL @ C2)B2Bc2]

BL @ C2 @ B2Bc2

(B2 @ Bc2)C3 + (B2@® Bc2 @ 03){13304 + (B3 @ c4)[B4C5 + (B4 D c5)353c5]}

(B2 @ Bc2) @ C3 @{3304 + (B3 @ c4) [B4C5 + (B4 @ CS)BSBCS]}

(B3 @ c4) @ [B4C5 + (B4 @ C5)B5BcS)

B4 @ C5 @ B5BcS

(B5 @ Bc5)C6 + (B5 @ Bc5 & CG){B6C7 + (B6 @ C7) [B7¢8 + (B7 @ CS)BSBCB]}

(85 @ Be5) @ c6 @ {B6C7 + (86 @ €7) [B7C8 + (B7 @ CB)BSBCS]}

B6 @ C7 @ [B7¢8 + (B7 @ C8)B8BcE]

B7 @ C8 @ B8Bc8

(B8 @ Bc8)CY + (B8 @ Bc8 @ €9) 4BICLO + (B9 @ cl0)[Blocll + (B0 @ 011)131ch11]}

(88 @ Bc8) @ €9 @ {BICL0 + (B9 @ c10)[ BLOCLL + (BLo @ c11)BliBelll}

B9 & C10 @ [B10CLl + (B10 @& C11)B1l1Bcll]

B10 & C11 & BllBcll o

(B11 @ Bcll)Cl2 + (B1l @ Bcll @ C12)4B12C13 + (B12 @ C13) [B13Cl4 + (B13 @ 014)314Bc14]}

(B1l @ Bell) @ C12 (—B{B12013‘ + (B12 @ C13) [B13Cl4 + (B13.® c14)131413c14]}'

B12 @ C13 @ [ B13Cl4 + (B13 @ Cl4)Bl4Bcld)

B13 @ Cl4 @ Bl4Bols

(B14 @ Bcls)Cl5 + (Bl4 @ Beld @ ClS){BlSCl6 + (B15 € C16)[ BL6C17 + (Bl6 B Cl7)Bl]Bc17]}

(B14 @ Bel4) @ C15 @ {B15CL6 + (BL5 @ CL6) [BL6CL7 + (BL6 & 017)1317Bc17]}

B15 & C16 @ [B16CLl7 + (Bl6 @ Cl7)B17Bcl7]

B16 & Cl7 @ B17Bcl7

(B17 @ Bcl7)Cl8 + (B17 @ Bcl7 @ 018){B18019 + (B18 @ C19)[B19C20 + (B19 @ 020)3203c20]}

(B17 @ Bcl7) @ C18 @< BL8CLY + (B18 & C19) [B19C20 + (BL9 @ C20)B203c20]}
B18 @ €19 @ [ B19C20 + (B19 @ C20)B20Bc20]

B19 € C20 b B20Bc20

(B20 € Bc20)C21 + (B20 & Bc20 P 021){321022 + (B21 @ 022)[B22C23 + (B22 & CZ3)BZ3B023ﬂ

(B20 @ Bc20) @ C21 @ {B21C22 + (B21 @ C22)[ B22¢23 + (B22 @ czs)stBczs]}
B21 & c22 @ [B22¢23 '+ (B22 & C23)B23Bc23] ‘

B22 @ C23 éd B23Bc23

B23Bc23
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BO
Bl
B2
Bc2

B3
B4
B5
BceS

B6
B7
B8
Bc8

B9
B1O
Bl1l
Bell

B12
B13
Bl4
Bcl4

B15
Bl6
Bl7
Bcl?

B18

B19

B20
“Bc20

B21
B22
B23
Bc23

o

BOO
BO

Bl
B2Bc2

B2 @ Bc2
B3

B4
B5Bc5

B5 @ Bc5
B6

B7

B8Bc8

B8 (P Bc8
B9

B10O
Bl1lBcll

Bll @ Bcll
B12

B13
Bl4Bcls

Bl4 @ Beld
B15

Blé
B17Bcl?

B17 @ Bcl?
B18

B19
B20Bc20

B20 P Bc20
B2l

B22
B23Bc23

B Register Right One (Brl)
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BO
Bl
B2
Bc2

B3
B4
B5
Bc5

B6
B7
B8
Bc8

B9
B1O
Bll
Bell

B12
B13
Bl4
Bcl4

B15
B16
B17
Bcl7

B18
B19
B20
Bc20

B21
B22
B23
Bc23

LI I | "R LI | pnaun nnuun nnau LU

B2 @ Bc2
B3

B4

B5Bc5

B5 @ Bc5
B6

B7

B8Bc8

B8 D Bc8
B9

B10O
B1ilBcll

Bll P Bell
B12

B13
Bl4Bcl4

Bl4 @ Beld
Bl5

Bleé
B1l7Bcl7

B17 @ Bcl7
B18

B19
B20Bc20

B20 @ Bc20
B21

B22
B23Bc23

B23 @ Bc23
AO

Al

0

A Left Two (AL2) B Register
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