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PDP-9 Memory Reference Instruction Demonstration Program

Qs Mo 15 [ Hr srer

MNEMONIC ENCODED

—» *1000/ LAC 500 . 200500
1001/ AND 501 500501
1002/ SAD 502 540502
1003/ DZM 1011 141011
1004/ ADD 503 300503
1005/ JMS 510 100510
1006/ 1SZ 505 440505
1007/ JMP 1001 601001
1010/ TAD 1 13 360013
13/ 000477 000477
20/ 000000 000000
21/ HLT 740040
500/ 465432 465432
501/ 777000 777000
502/ 123456 123456
503/ 67777 & 677776
504/ 413000 413000
505/ 000000 000000
510/ 000000 000000
511/ XCT 1003 401003
512/ XOR 504 240504
513/ DAC 505 040505

514/ JMP | 510 620510
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Tape Traveling in Forward Direction

Starting at B,0.T.

’ - vf’

A

WIW2W3W4A4WS5WO6EWTWBWOI

.

=
(@I (@] ~ O ~ O (@]
o o O @] o O O O O o
13 ~ — —n A4 A ~ —
P
© (W]
o=
[(J}Ke] n
o8 2 o
~—~ 0N (@] O
— 0 o w
~ 0+
P >
Had?® 2
Euag
~q o
o 25 % 3 A N D -
N 3XO o B =) ) ~ ”
n &P > 19p) 3] 17p) 192) n
n agg (e} 1 ! i | |
<= 0O O &) &) &) (&) O
] ] ] ] ] .
8
O < O ~H ™ ~ O ~A ™~ ©C <A O ~ O O A O ~A O
O
E
O O +H O S 4 O -~ O 4 O ~H O |+ O ~H O = O .m
o
O O O +H O O ~+ ~ O O A O <2 O ~ O < O +H O H =
S
o O o o ~ A O ~ ~ -~ O 4 O Ho O - O ~ O ~H O M w
ﬁN
O O O o o - ~ O - 4 O ~H O ~ O < O o O +H % m
o O O O © O = = O © A4 4 O A O | O 2 O =+ O o N
5 o
o O O O O ~ O ~ - O ~+ ~ O +H4 | O ~ O 4 O H = o
)B
oo
O O O o O O - O ™ —~ @) -~ = O ~ O < O =~ O 1_m
N—r
o n
O\ m
o O O O O O O ~ e — ~ ~ N o~ ~ ~ ~ ~ —~ <
Rev. End Rev. End Interblock Interblock
0 N Mark 0 Syne i Syne
}V 0 Mark g} Q Mark N Mark




W1W2W3IWLWSWOEWTWEBWI

Set Data

O 4 O +H4 O +H O — O ~ O o ) -~ O ~H O d o - O - O @)
O O O o O o O O A 4 O O ) O =4 ~+ O O . O A A O O @)
—~ o~ — — — — O (@) (@) (@] ~ — (@) O O @) —~ — (o] (@) @) O —i —~ (@]
M
& &
£ X (e
EWA 4 XO P
= © — @ O
D Pm> LM
L o B4 0 ) n
= BH K
EHMm N dp] X
o 7] — E —
s ~ E MmN m e
> men o o
78] O] Wst WS
i Wst [T O
(&) O] ool /5] o
@ ] ]
i
— o O +H A O + O O O ~H~ O O O O O + O o
O O +H <A O O O O +H O O o O o
- O O +H o O - O O O +H O O O o o
-~ A O O H ™ O A~ O o O ™ O O O O
O < A O O - O A O O O - O O O
-~ O <A ~ O O - -~ O ~+H O O o A O O
O A O +H = O O w < O +H O O O +H O
- O ~H O = O O A H O o o o
~ ~ ~ ~ 4 A - A A ~ A ~ - o~ ~H ~
Forward Reverse Lock Reverse
& Guard = Mark = PCC
Mark Mark




W1lIW2W3W4WEWOEWTWEBWO

— O ~ O O —~ O o @) — O =~ O — @) — O ~ O =+ O
o 4 ~+ O O o o 4 < O o O O =4 H O O o O 4 <A O o O
o o O = o SO o O ~ 4 O S o o ~ H c S o o +H ~ O
RS —~ —~
— & —~ 0 KL —~ O
—~ 0 P S & £ oS
S 3 & r 3 -
«© A n A
A A e} o]
o] — o S X T
P m g 0 — 54 O
n o0 A= m N =
— = .Wn
Ner” e’ N’ N’
I
o O — (@] (@] (@} o O ~— @) @] — —~ ~ O — —
O O O < O O O O o ~ o O = M o. —
O O O O ~ O©o O O O o©° o O O ~H ~ o —
o o o o H O O o o — o o o o o
-~ O O O O O - O O O o - O O O — o
O A O O O O O ~+A O © o O <A O O — o
O o A O O o O O H~ O o O O ~H O — o~
O O O ~A O O o o o H o O o o H o —~
— —~ — — — ~ — — — — r— r— — — — — —
Reverse Reverse Data Data
= = = =
— Final —~ Pre-Final ~ Mark ~ Mark

Mark




W1IW2W3WIWS5WEWTWEBWO

c 4~ o ~ O 4 O O =~~~ O 4 O ~ 0 - O 4 O ~ O ~ O <2 O ~4 O
©c O 4 4~ O O O O O +H -~ O o O O - 4 O O O c ~ 4 O o O
o o o o 4 4~ O O G O O ~H4 +4 O o O O ~H ~ O O o =4 ~ O
Famy
ol
—~ ~ )
L) » 9] ~
0 ) = o
< n e
~ T (o] o] T o X m o]
& [ol L jogsd O 4Jd o
O O <2y « B X D €3}
L = @ — A HDO E
XA« LR 14p)] X
L ad — N —~ K IS i
XoP M P e [} mPn PO m
O O Ky 1] Q 0]
= 2 g 8. s £58 8% g
S~ SN —
@ wn (sl /3] [sali 5]
] ] Il
X
—~ O O O WlllOll ~ ~ ~ O ~ o ~ o~
O
EHMm
llOOgtOIIIOl - ~ 4 4 O ~ =
ol
— O
~ - A O MNOOlllO - 4 ~ ~ <4 O ~ A
O )
(o} =}
O M~ ~o m._mOOOlll O = = ~ ~ ~ O ~ ~
(s PR}
P
o O +H an_lOOOll — O =~ ~ ~ ™~ ~ O
Nd
OOOl.MllOOOl - A O ~ ~ ™~ ~ ~ O
L]
S =
~ O O O mua.MlllOOO - 4 A O =~ ~ -~
€3]
llOO.mv.nKvOlllOO O - <~ =~ O d o T e B |
[o 3N o]
—~
llllﬁmBllllll N o~ o~ o~ = ~N
Data Pre-Final Final PCC
= Mark ® Mark © Mark ®  Mark




WIW2W3IWLILWSWOEWTWEBWI

O A O A O +H © - O <~ O = O —~ O ~H O — — —
O O A o O o O O 4 4 O o O O 4 4 O O % ) m —t m @) m
o O O O = ~ O S o o ~ 4 O S O O = = O S o o = = O
to]
<]
&3]
» @ 7
W o o
i ] ]
— — — (@] — — — (@] (@] — (@] ~ @] —~ (@] i
— — — — — — (@] — (@] o — (@] —~ (@) — (@]
— —~ —~ — (@] — — — —~ (@) (@] —~ (@) —~ (@) —~
(@) — ~ — — O — o — — — @) — (@] — O
— (@) —~ — — i — (@) (@] r— (@) —~ (@) — (@] —~
- 4 O — — o -~ O O O O A O +H O
— — i (@} ~ —~ — (@] — o — (@] (@] — O —
— — —~ — —~ — — — @] —~ — ~ (@] (@] — (@]
— — — — — — — — — — ~ — — — — —
Reverse o Guard Reverse a Interblock
ﬁ Lock Tel Mark Block Q Sync
Mark Mark Mark




000

WIW2W3WL4WSEWOEWTWEBWOI

— O ~~ O ~ O - O -~ O ~ O ~ O 4 O 4 0O
o 4 4 O O O o 4~ 4 O O oo O 4 4 O O O
o O O A ~ O o O O A~ 4 O O O O ~ ~& O
3]
ef=
mmk
e
(3] (3] X o®m o]
o] mu ~ o
> m W |
709 5 o
S S £ 0% =
© o
] [ ] ]
'
[3)
le]
—~ (0)Y
O - O +H O m WOlOOlO O <+ O
(0]
L (o 0]
- O H O H+H O _m WlOlOOl O O
(/9]
) v~
O ~ O +A O = nwr = O ~ O + O O — O O
O o =
= N
[0} O
- O <A O + O B o o] - O <~ O =~ O o +~= O
(e)) ﬁmw
0 o~
A n\
O A O +H4 O O = O A O +H O H o O
o ¥ =
~ X
m o =
lOlOlOeN moW101010 — O O
& E o
o O 4 o
O < O <o O = M1 .WWOlOlOl O ~o O
—~ Q0 - [
Om) <2 N V|
- O ~ O ~ O — 3Su - O A O =~ O ~ O
~ N O =
5SW
b~ < —
e T e e T s e D 0N ~n Wllllll ~ -
%Hsamu..cuoox m__ FWD w__ FWD
Sync End End
Mark Mark MK




1 3
(QY¥VD ¥3d 2)
44 202S 3IHL ,
W
_ o)
AGL- AL- As- . o 0 ¢
AL~ N
(@]
Gta -
U2l —_— A2l xN—
> = 2y
N — " K] /\ €40
€a
| 1
A 4|_AT.I@
o 4d28 1Q
V_ AGl-  AGI- o MN -
210 K
1Sa
“A_L 10
€10 +ia NS
@la N
a0 —®
v 8d :o "
= “ 2ia 2E
i AE—  AGlL-




NG'L
¢ > 0 —AAA PO m—
T A “e
MGl Uoal .(_sj;_m
o X XX S LY cIy 29
MOOl
| (0] 8y
d N d N W
¢ wo« AG I —
Ga
AL g~ O— S0 €0 1 {—e n o—
f IIII..)
AE- AGl- 8d JX¢
A2 Y- _A 9
2ia %S| | %
biy 11Q 90 20
No— A/ \N
_ NG'L WG'L
= LD + AN AN ¢
9y 6Y

€Q
6a NG'| v_m._m
Ly SY ¢

oia vQ
S S

S AOL+ AOL+ y

(QYVI ¥3d 2)
44 €128 3HL ;
N ; . , ( (



B-131 ADDER

Carry Insert

D

- VO

. \"
,______.O,Summmg SUM OUT
Network
L
07
Carry In

llAll

¢

S CARRY OUT

lIB"

c[T To Pin L

of next Adder
1. An odd number of inputs true produce a sum out.

2. Two or more inputs true produce a carry out.



B - 131

SUMMING NETWORK: If an odd number of inputs to the summing network
is true, the sum output will be true.

The inputs to the summing network are A (Pin S), B (Pin T), Carry In (Pin L) and
Carry Insert (Pin D). Transistors Q1, Q3, Q7, Q9, Q10, Qll, Q2, Q4, Q5, Q6
and Q8 affect the sum output.

The output (Pin V) directly reflects the state of Q4 through Emitter Follower Q8.
A -3 Level equals a "One" output, a ground equals a "Zero" output. Thus, if Q4 is
off, a "One" output will be reflected through Q8 and conversely, if Q4 is on, a "Zero"
output will be felt at Pin V. Q4's state of conduction is cortrolled by the voltage po-
tential felt on the bases of Q2 and Q5. The potential is developed across resistor R4,
thus, the potential is directly controlled by the amount of current allowed to flow through
R4. The amount of current that flows through R4 is directly proportional to the number
of inputs that are true. If no input is true, minimum current is flowing and if all inputs
are true, maximum current will flow. Investigating this current flow further, note that
transistors Q1, Q3 and Q9 are all in this current path, therefore, the conduction of these
transistors will affect the amount of current that flows through R4.  When the transistors
are all off, minimum current will flow and when the transistors are all on, maximum cur-
tent flows. For the sake of discussion, let us assume that when all transistors (Q1, Q3
and Q9) are off, @ units of current are flowing through R4.  When 1 transistor turns on,
1 unit of current flows, 2 trarsistors on will cause 2 units of current to flow and 3 trans-
istors on will cause 3 units of current to flow. Q1 will turn on when "A" is true. Q3
will turn on when "B" is true. Q9 will turn on if Carry Insert is true or if Carry In is
true. Investigating Q9 further you will note that its emitter potential (thus its state of
conduction) is controlled by transistor Q7 or Q11.  If Carry Insert is true, Q7 turns on,
which causes Q9 to turn on. If Carry In is true, the left hand sides of Q10 and Q11 turn
on, causing Q9 to turn on. Thus, Carry Insert and Carry In are OR'ed together at trans-
istor Q9. Summing up, there are four units of current possible which flow through R4.
These units of current reflect how many inputs are true. It has been stated that there
will be a sum output whenever an odd number of inputs is true, therefore, it is possible
to conclude that since the number of inputs true will be directly reflected by the units

of current present through R4, there will be a sum output whenever odd units of current
flow through R4.

When there are no inputs true, @ units of current flow through R4. The potential
developed across R4 is such that it will cause Q5 to turn on. QS5 turning on causes Q6
to turn off.  The potential on the base of Q4 is controlled by the conduction state of
Q6. QA4 attempts to cut off. However, the base potential on Q2 is more positive than
QA4's base potential, which forces Q4 into the on state and Q2 off. Thus, Q4 is con-
ducting, producing a "0" sum out through Q8 to Pin V.



When one input is true, 1 unit of current flows through R4. With the increased
current flow the voltage felt on the bases of Q2 and Q5 goes more negative. The
change of voltage is not enough to change the conduction state of Q5, therefore, Q5
will remain on and Q6 off. The base of Q2, however, is now more negative than the
base of Q4. This causes Q2 to turn on and subsequently Q4 to turn off. Q4 turning
off produces a negative level to Pin V through Q8. The sum is now a N

When two inputs are true 2 units of current flow through R4, causing the voltage
at the base of Q2 and Q5 to go even more negative. It would seem that this would
cause Q2 to conduct harder causing Q4 to be cutoff "Harder" than before, still causing
a "One" output. However, remember that Q6 was also controling the conduction fac-
tor of Q4. The base potential on Q6 is now more positive than that of Q5, causing
these transistors to change states. QS5 is now off and Q6 is now on. Q6 turning on
causes the base of Q4 to go sharply negative. In fact the base of Q4 is once again
more negative than the base of Q2. This causes Q2 to cut off and Q4 to turn on,
producing a "0" output for the sum at Pin V.

When three inputs are true, 3 units of current flow through R4, causing the most
negative voltage possible to be felt by the bases of Q2 and Q5. Needless to say,
a more negative potential on the base of Q5 reaffirms that Q5 is off and Q6 is on.
You guessed it! Once again the voltage on the base of Q2 is more negative than
the voltage of Q4's base, causing Q2 to turn on and Q4 to turn off, subsequently
producing a "1" on the sum output Pin V.



R4

Current

Cl v Clnsert Unit Q2 Q4 QS Q6 SUM
0 off on on off 0
1 on off on off ]
1 on off on off 1
2 off on off on 0
] on off on off ]
2 off on off on 0
2 off on off on 0
3 on off off | on 1

SUMMING NETWORK
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CARRY NETWORK:  If two or more of the three inputs to the Carry Network
are true, the Carry Output will be true. The three in-
puts are "A" (Pin S), "B" (Pin T) and Carry In (Pin L).

The Pin K (Carry Out) voltage is a direct analog representation of the inputs to
the carry circuit. There are four distinct states at which the inputs can exist. They
are: all off (i.e. not true), one true, two true and all three true. It is possible to
conclude that since the inputs can be in four possible conditions, the voltage measured
at Pin K (Carry Out) will be indicative of the number of inputs that are true at any
given time. There are four possible voltage levels at Pin K. When two or more in-
puts are true the voltage level at Pin K is an assertive value.

Pin K is connected to the next most significant Adder Stage (Pin L) Carry Input
through a 100 ohm resistor, thus the assertive level of a carry out, becomes an asser-
tive carry in level for the next most significant Adder stage.

Briefly, this is how the carry circuit operates. First of all, transistors Q1, Q3,
Q12, Q11 (L) and Q11 R), Q10 (L) and Q10 (R) are associated with the Carry Net-
work. Once again, there are four possible voltages at Pin K. With no inputs true,
the voltage at Pin K will be at its most negative level, and with all inputs true, the
voltage at Pin K will be most positive. The Pin K voltage is directly dependent on
the base voltage of Emitter Follower Q11 R). The base voltage of Q11 (R) is depen-
dent on the amount of current flowing through R-36 and the voltage at the emitter of
Emitter Follower Q12. The current flow through R36 is controlled by the state of con-
duction of Current Switch Q10 (L) and Q10 R). The state of Q10 (L) and Q10 R) is
dependent on the Carry Input Level at Pin L. The voltage at the emitter of Emitter
Follower Q12 is dependent on the voltage at the base of Q12.  This base potential is
controlled by the conduction states of Q1 and Q3, which are monitoring the "A" and
"B" Inputs at Pins S and T.

There are three possible voltages developed at the base of Q12. The most nega-
tive potential will be present when both A and B are not true. The most positive po-
tential will be present when both A and B are true. A middle voltage potential (Half-
way between most negative and most positive) will be present when either one of the
inputs (A or B) is true. Thus Emitter Follower Q12 is capable of supplying three dif-
ferent voltage potentials to the base of Q11 (R). However, there has to be four vol-
tage potentials at the base of Q11 (R). Q12 supplies three of them. Let us investi-
gate how the fourth voltage is supplied. The fourth potential is supplied via the vol-
tage drop across R36. Needless to say, current must flow through R36. It will be
shown that if Carry In is not true, current will flow through R36 developing a voltage.
Thus, with no inputs true, the voltage supplied by Q12 will be at its most negative
level, delivering 3 negative voltage units to the Q11 R) stage, and current is flowing
through R36, delivering 1 negative voltage unit to the Q11 (R) stage.  This causes
Pin K (Carry Out) to be at its most negative potential.



Carry In (Pin L) controls Q10 (L) and Q10 (R) in this manner. When Carry In
is not true, the base of Q10 (R) will be more positive than the base of Q10 (L). The
more positive base level of Q10 R) is felt on the emitter of Q10 (L). These voltages
cause Q10 R) to turn on and Q10 (L) to turn off. When Q10 (R) turns on current will
flow through R 36, which causes one negative voltage unit to be felt on the base of
Q11 (R). This signifies that Carry In is not true. When the Carry In voltage (Pin L)
reaches an assertive level, the base of Q10 (L) will be more positive than the base of
Q10 (R). The more positive level at the base of Q10 (L) is felt on the emitter of Q10
(R). These voltages cause Q10 (L) to turn on and Q10 (R) to cut off. Current ceases
to flow through R36. Since current is not flowing through R36 one less, negative vol-
tage unit will be felt on the base of Q11 R). (i.e. The base voltage of Q11 (R) will
raise 1 unit positive.) This signifies Carry In is true.

"A" and "B" (Pins S and T) control the base potential of Q12 in this manner. When
"A" and "B" are not true Q1 and Q3 are cut off. This causes D2 and D3 to forward
bias. D2 and D3, when forward biased, cause a negative voltage to be fed to the
base circuit of Q12, causing the base of Q12 to go negative.  The base of Q12 is most
negative when both D2 and D3 are forward biased, signifying that both "A" and "B" are
not true. Of course this most negative voltage is fed to the base of Q11 (R) conveying
the condition of "A" and "B". When either "A" is true or "B" is true (but not both),
one of the diodes (D2 and D3) will be forward biased and the other will be reverse biased.
This causes the negative voltage on the base of Q12 to be cut in half, which now conveys
the fact to Q11 (R) that one of the inputs (either "A" or "B") is true. When both "A"
and "B" are true, Q1 and Q3 are turned on, causing diodes D2 and D3 to be reverse
biased. This action causes the base of Q12 to go to its least negative voltage, signify-
ing to Q11 (R) that both inputs ("A" and "B") are true.

The Carry Out voltage (Pin K) will be assertive for four combinations of Inputs. Re-
member if two or more inputs are true, a Carry Out will be generated. Also, remember
there is a maximum of four negative voltage units at the base of Q11 (R). Three units are
developed at Q12 and one unit is developed at R36. When four or three negative units
are present at Q11 (R) Ca rv Dut (Pin K) will be negated. When two or one negative
units are presenrt at Q11 (R) the Carry Out (Pin K) will be assertive.

When "A" and "B" are both true, both diodes D2 and D3 are reverse biased, causing
the base of Q12 to go to the least negative potential. This causes the base of Q11 (R)
to go two units positive producing a Carry Out.

When "A" and Carry In are true, D2 is reverse biased and current does not flow through
R36. This causes the base of Q11 (R) to go two units positive producing a Carry Out.

When "B" and Carrv In are true, D3 is reverse biased and current does not flow through
R36. This causes the base of Q11 (R) to go two units positive producing a Carry Out.



When "A" and "B" and Carry In are true, D2 and D3 are reverse biased and current
does not flow through R36. This causes the base of Q11 (R) to go three units positive
producing a Carry Out.

The four above conditions are the only combination of inputs that will cause a Carry
Out. All other conditions would not cause the voltage on the base of Q11 (R) to go
positive enough to produce a Carry Out.



e Q12 Q10 Q10 Ql1I(R) *Carry
Voltage e
. L R Voltage Out

A B Cl Potent. Potent.

0 0 0 0 Off On 0 0
0 0 ] 0 On Off 1 0
0 1 0 1 Off On 1 0
0 1 ] ] On Off 2 ]
] 0 0 1 Off On 1 0
] 0 ] ] On Off 2 1
1 1 0 2 Off On 2 1
1 1 1 2 On Off 3 1

* A one equals a Carry Out, however, it is an analog voltage and does not

represent normal DEC logic levels.

** 0= Most Negative.
2 = Least Negative.

*** () = |east Positive.
3 = Most Positive.
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R 4 Q2 Q5 Q6 Q4 Sum
A B Cl v Cry Insert Current | B BE BE BE Out
0 0 0 1.37 ma | +5.643 | +4.893 | +2.1 +4.885 0
0 0 1 8.97 ma | +3.659 | +2.909 | +2.1 +4.885 ]
0 ] 0 8.97 ma | +3.659 | +2.909 | +2.1 +4.885 1
0 ] 1 15.2ma | +2.033 | +1.283 | +2.1 +1.46 0
] 0 -0 8.97 ma | +3.659 | +2.909 | +2.1 +4.885 1
] 0 1 15.2ma | +2.033 | +1.283 | +2.1 +1.46 0
] ] 0 15.2ma | +2.033 | +1.283 | +2.1 +1.46 0
1 ] ] 22 ma + .258 | — .492 | +2.1 +1.46 ]
A B Cl CcO Qll R) E Next Stage
E Q10 (L) B ¢
0 0 0 0 -5.0 -6.7
0 0 1 0 -3.7 —-5.7
0 ] 0 0 -3.7 —5.7
0 ] 1 1 —2.4 —4.6
1 0 0 0 -3.7 -5.7
] 0 ] 1 —2.4 —4.6
] 1 0 ] —2.4 —4.6
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