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Aotlvf '--;,.", ,··;·;>,',l.O;.· .' ,".ale.09,· " 
R04JI t-02 ~ .-~ T"lt-02' 
81l1Jl .-OJ. C TMt~-02 

·',·c •. t·.,,, , .. ' .... ~. . ...... , ' 
,~, . Ao1JP2 .~ . 

. 80~lt(~,' 
aU.tKI . 

AOSiU 
B04Lt 

. ' ... &011.1 

A()'iM2 
804Mt 
BUMI 

...01 'It, ,~ "tM,'f~" '.' .. .1 

. ,,;t-02 ., 'c' :"'I".QI ::'~::: ' 
'-OJ .'~ TMII-02 
• 

' ... 01 • 
'.02 • 

. 1-01 .. 

. I 

TMI' .. 09 
C TMU.O:a 
~ . !Ml~.02 

I 
~. 

• 2 

t , 
2 

J 
.2 

'., 

.49 4.' 
. . 6-'/8 

'It:RM Ht:MEl 
CABLE 
.CAB~E ::; 

l'J.': .. 

TERM HI::Mil 
CABLE . 
CABLJ:: 

~.~/! . . 

450' ,.', 

45U 
450 
450 

; .. ~ ' . 

"-&/8 

'711'. ~ ... ,. 
CAUIoE' . 
CABLe: 

.at 

.~1 
UJ 
.si 

d' 

tERM Hi •• , .iZ;. . CA."'" '." .. ·.tai:' 
CABLE '52 

4!t2 

'lERH HERt,.SJ 
CABLE' tU 
CABLE 451 

1-./8 453 

TI::RM HE~F.l 
," CABLE . 

CABLE 
.. 218 

454 
f54 
454 
454 

'I;' 
,./1 
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-J HNI)2811.V22(?1.) '1/1)6/'11 tI-~UL-74 i.!)l • 
I: -c. ... TMIl.T PAGE 5!; 

nUN NAMe All' llfN OROER BAY .. Q DRAI!! RV PG ~ X Z REMARKS Lt:NGTH EXCa:;Pl'IUNb toWN 
NANt; PI" 0I10eR NUMHER 

I ., 
RD tJ AO!aNt 't.Ol .. 'l'MU.O" I ft;RM HEREr 455 
RD ~' 804Nt ,,1-02 • C 'l'M11-02 2 CABLE 45S I '. RO 1I a04NI !I';'OJ .. C T"II-02 CABLE 45S 
ltD 1I 11 8"0/8 4SS 

• RD 7 A05K2 O.Ot .. 'l'MU-o.' I ti'RM HEtcEl 456 
RD1 804'1 n.02 • c· 'l'Hll-02 2 CABLE 456 . 
RD, 1 BO.tPI ,11.03 • C 'tNat-02 CABLE ,456 

• RD 7 II H .. b/8 456 

nDP AllbLI 11-01 • '1'HII-09 J TM~M HERt:1 45" 

• RDP R04ftt 11-02 .- C !MU-02 2 CASL!:: 457 
RDP 8OJR' 11 .. 0) • C IHII-02 CABLE '451 
RDP ,II 8-6/8 451 

e' 
ItDS A(lbH2 11 .. 01 • '1'Mll-08 , TERM HEfCt1 458 
IlDS KU4A' 11 ... 02 • C '1'MI.-02 2 CARLt: 458 • RDS ROJAI li.O] • C !1I"-02 CABLE, 458 
RDS II 7 .. 6/8 458 

.~~ 
~" 

ROS H AlIlIJl I ... ot • RI I 45'1 
J~ nos H A"U2 1 .. 02 • RI 2 459 
'0 nus H A1.7.T2 A?OPI 1-0] • RI I 459 -. ~tt 

8(}0 ... u ltDS H A20LJt 1-.04 • 2 459 

·1 
RDS H 1)20M2 1-05 • Rl 459 
ROS • 22-218 41S9 

ltUS + WRS If I112JI 1-01 * TMt'-tl 460 
ItoS + WHS H W21J~f 1-02 • '1'MU-1I 460 • ROS + 'IRS • 4.4/8 ""0 

RDS + WRS .. B12P2 • ... Ot • TNII-I. 2 461 .- nos + WRS L U2001 1-01. * TMII-II I 46. 
HOS + HHS t.. IU'jV:), 1-01 * TM11-11 4&1 
llOS + ~IRS I 14-2/11 4&1 • READ H At let 1 ... 01 .• 'lMlt.24 I 4U 
READ H AlIJ2 .-02 • 'lMI1-24 2 462 '. Rt:AI) H AI'IT2 I-V] * TMII-II 1 462 
IU:AO H It?'bD2 1-04 • TMt I-IS 462 
READ I Ib-4/11 462 .. 

• 
• 
1'1 

• 
0 

(J 

0 TM1l.T HN02AII.V??(2?) I IIObl'1l 8 ... "UL.',4 825' ... AGE 5 .. 
ItuN IIMIF: All' Phi UIlO[H 8AY - Q DRAw RV PG ~ X Z REMAMKS lot:NGTH EXct;PIIU"'~ NU .. 

NA .... ~ l'IN (JI~OER NUMItEK 
r.~, 

READ I. 829£2 1 .. 01 • fMlt.n f 463 
IU:AO .. H2tiC' h02 • !Ml1-11 2 ,463 

0 READ L IH'IO? 1-0] • 1 46,J 
REAl) L A2211;2 1-04 • 1Ml.-15 2 461 
IU:AO L ""iHI 1-05 • TMII-01 1 463 

0 READ L BCI~MI ' .. Oct • '1'M""01 46) 
READ I 29 .. 6/8 ,463 

iJi HEAD + WRITF. H A?2U?' 1 .. 01 • 2 464 
READ + IIoRiT ... H It?9F'l 1 ... 02 • 1 464 
Rl':AlJ .. WH 11'f' H A2\ml 1-0] • 464 

i-~ READ + WRUP. I 14 .. 2/8 464 

READ stO H A26Bt hOt •. 'I'MII-15 I 465 
'lJ m:AO StB H I\27.CI 1-02 • TH11-17 2 46S 

READ 51.'13 H AlbOI I'-OJ * TMlt .. IS l 465 
Rl':AL> STIJ H BloHt 1-04 * TMlt-lI 2 f6S 

i~ READ 5TB H at'iT'~ h05 • IMU·tt ' 46S 
READ STB t 19-0/1 ~6~ 

~z 

iII·' Q ... READ STB I. BI4H2 1, .. 01 • TM.t ... S 2 466 
J • RF.AD STB r. ~16~'I 1'·02 • TMU·" I 466 
~~ R~:AD ST~ IJ AI IV I i ·.OJ * Tl1l1-" 2 46t, 

~1~8 'READ 5T8 t. 91881 .• -.04 .' !HII-15 • 466 I READ 
SIS t. B29Pt 1-.05 • TiU 1-25 466 

READ STB 1 -: -~ 
18-4/8 466 • • 

RI!:V A(HN2 1,.01 * C TMlI .. 02 2 CABLE 467 
IU~V A04N2 1'·02 * C TMII .. 02 J CABL': 461 

C' REV Boa", , J'eC)] • fMlI~01 fiRM .. HERlt t61 
RI!~V ,t 1·6/8 4" , ' r ." -:-1.:. 

"' iu fi' RF.V flOI IJ A1'ID2 ,·,,01 • ;, 468 
Rt:V nOT L IH2HI 1·.02 • RI I 468 
REV 13UT t.. H12N? ... ·0] • Rt 468 

4' REV BOT • 14.0/8 &68 

REWlJiD I, Ai!iP' .• ·.Oi,,* Rt 2 " ., 4" 
151 REwltm I. 1\ 1'It..2 "·02 • HI J 469 

rU:WlNI> t.. A2'JH2 1,,,0.' • Rl 2 46'* Rl':WlNI> I. tHUFI 1'-04 • Rt 469 
(II REIUNf) • '11 ... 6/8 469 

RLE H A28H2 1·,01 • ,·tNt I-I' 1 URM MEREl 470 
II! , RLE H AIIIIM2 1-~02 • C TMll·0] :.I CABLE 470 

RLJ:: It IjUu~' I 1'·0] * TMII-U rJ::~M HEKEl 470 
RLE t 1'1-4/8 410 

.. "2' 
................. " ....... _.,L ~,J ' .••• .. ~ " . ... (.-



'IHU.T 
~UN N"Me: 

, .' 
.. ", 

IUtI 
tU;& 
RLE 
RLI!: 

.'.110 
JUlD 
R"O 

• RWI) 
RillS 

• Rtla Rllta 

• 
• 

• 

• 
• 
• 

• 
• 

Rilla 

nws 
RIIIIS 
RNa 
RHa 
Rwa 
HilliS 
HilliS 

RillS 
RillS 
RWS 

SAML:; ru 
SAME 'HJ 
SAMe tu 

SOWN 
SOWN 
~j)i'/N 

SOWN 

SDWN 
SOWN 
SLli,N 
SOwN 
SOWN 
SOWN 
SOWN 

TM 11. 't 
RUN I~i\!olg 

SDWN 
SOWN 

e SOwN 
SOWN 

• SEL 0 . 
SEL 0 
aEL 0 
t>H, 0 

SI~L 1 
e SilL 1 

SEL 1 
SEL 1 

In:L 1 1~ 
5ELt 1 I~ 

.. aEL, 1M 
IEL 1 IN 

~H S~I" 1 OUT 
s· BEL lOUT 
~2 BEl" lOUT 

:Il! ;~; ; ;;~ 
SEL lOUT 
sr.I" 1 OUf 

• SrL tOUT 
tiEL tOUT 
6£L 1 QUT 

~ SEL 1 ou'r 
BEL 1 oU'r 
sn lOUT 
SfL lOUT 

HI 
Hl 
HI 
HI 
HI' 
HI 
HI 
HI 
H1 
HI 
HI 

Sr.L I 
5(0:1" 1 
S .. :L 1 
sn· 1 
SEL 1 
S~L 1 
SEL 1 
Sl':L 
tln, 

OUT 1.0 
uu'r LO 
uut Lu 
OUT 1,,0 
OUT 1,,0 
nUT 1.0 
OUT ... 0 
OUT I"U 
uu'r LO 

';' ,-< lo. •• ~.-"",. 

.~ . 

KN0288.V2'(22) "/Ob/13 
~/V PIN ORutR BAY. Q DRAW RV PG ~ 

NAM~ PIN O"DI!:R 

L .. ·;AnDI 
. L" "'/At 

L A2BJ2 

Ii 
H 
H 
Ii 
H 
H 

l.t 
L 

L 
L 

tI 
Ii 
It 
H 
Ii 
H 

AlH"t 
A04'" 
nu ... 

AO!;L' 
81)4'2 

.8UU'2 

A1'iL2 
"121)1 
U2bU'l 
BOUP' 
AII,)MI 
UUIIM). 

a2bV'l 
IUIKI 

BlIILI 
111")1)2 

AU!;JI 
HII461 
IHHIH 

AIPiKa 
nOuK2 
U08J2 
'it9HI 
81.uS)' 
A2'IHI 

:t.Ot _. 
t.02 •. 
I ... OJ .. 
I 

1.01 _ ~ '1M11-02 
h02 • C''IMU-02 
1",03 .IMU-O, " . 
I 

1-01 • TM11-08 
t"02.. C'IMU"02 
hOl •. .c, IMU-02" 
i. 

1"01 " 
1-02 * 
1 .. 0] ., 
1.04 • 
t.05 •. 
1-06 • 
I 

''''01 * 
1 ... 02 • 
I' 

1~01 • 
'-02 * C 
I-OJ t: 
1 

•• 01. 
' ... 02 •. C 
1-03 * 
1-04 • 
1"'0S * 
'.06 • 
I 

TMlt-os 
'l'Mtl-04 

TMll-08 
TM11-U2 
TMll-02 

t'IUa.·08 
t'MlI-n 
TMU-12 
IM11-04 
TMtl-08 
t'MU-04 

IU 
AI 
RI 
IU . 
AI 
Rt 

Rt 
1 

::-

HNU28K~V22(221 11/0b111 
AlP P1N O~O~" BAY- Q 

NAM~ PTN U"OEA 

L' Ai "1.1 
L 82bT2 
L A1.9L'l 

AO.tAI 
Af.l4A1 
BO!iV2 

I\lIntl 
'A048t 
aO!tP2 . 

,·ot .' 
'-01 • 
'-03 * , 
h·O'.C 
'-02. C 
t-03 * 
I 

DRAIi RV PG Y 
.n • :._ 

1'Ml .. -02 
t'MII .. 02 . 
~tM' "~l~ . 

MI 
,Rt ' ... 
Rt 

x 

1 
.2 

2' . 
1 

1 
2 

I 
2 
t 
2 
I 

I . 

I 
2 

•• 
2 

• 1-
I 

2 

• 
2 
t 

REMARKS 

,.:..t • 
. , . 

REMARKS 

1-01 * c TMlt-02 
1 .. 02 •. C TMll-02 
i .. O] * 'TMtl-to 
t; 

,.".' 

;. 

, ", 

L 
L 
l.t 

H 
H 
H 
H 
K 
H 
H .. 
H 
H 
H 

H 
H 
H 
H 

. 'H 
H 
H 
II 

AIIKU2 
,-It lJ2 

.808Ui 

U'lL1 
A2'11!:2 
HI'lFI 

BltUI' 
HI!iEt 
1\141.2 
At4NI 
A16R1.' 
~t481: 

'. 

818Ht'· " .. , " 
A24Bt 
A24D2 
IUlli2 

aUfH. 
It niDt 
Ut802 
At4"1 
At4D2 
Al481 
A24M' 
14?IH2 

' .. ,:."..... .. ....... , .. : ,;.::... ..... ~~; .. ;; .. ~ ..... ,~. - : .... ' ..... , 

1 ... 01 * 
1 .. 02 * 
"t.01 .l 
". .. 

,:~;;~" ' .. ~ . ' .. 0, * 
'-02 * 
1-03 * 

.. , . \~. 

• ,.01,.' . ".";,, 
'.02'. 
' .. 01 • 
""04 * 
i"'OG .. '.' 

1·0' ." 
j.O·; .' .. t.oa·. 
'.09 * ( .. ", * 
I " 

.... '. 

t·.ot •... 
'-t)2 * 
,'''03 * . 
1 .. 04 • 
t"05 .. 
t.06 •. 
two', * '" 
'-Oil * , 

••• :,,:, ... ·.71 .... ··:.·. 

IH 2 
Rl' • 
"i 

' ...•. R's .. ',- 2 

Rt I 
Rt 

·1\1 
,; . ,:. '1\1 . 

Rt 
HI 
IU 

"1 ~t 
Nt 
((1 
at 
at 
Rl. 
Rl 

.,', ,,' 

.;. , ,: ._'. ,~ ....... ~ . ., ~_ . .Ji. 

1 
2 
I 
1-
1 

. 2 
1 ' 
2 
I . 

I . 
2 
I 
2 

• :I 
J 

~,_ •.. ,; .. 1.: '" .... 

1 .. 418 

a-JU,,';;14 
Lt;NGTH 

15"'0/11 

CABLE 
CABLE 
tt.... HEMEr 

Tt:RM HENEl 
CABLE . 
CABLE 

. '1tRM IIERE! 
CABI..E 
CAB!.t: 

TERM HEKEl 
CABL~ 

'U~1 
F.XCI::P'.I'lUN~ 

CABLE 
. CABLE 
Tt:RH HER£Y' 

CABLE 
CAB"! 

.: nRN HE~Er 
. 9"4/~ 

tn'· 
.'Ji 
471 
471 

',3 .n .n. 
412 

.. n 
.• 1) 
tU' 4" 
41 ... 

.'" .,. 
414 -,. 
.n 
.. 14 
414 

.• ,1 
4" .,~.;, " 

.,-. 

..,& 
. n~. 
n1 
41) 
41'1 
411 

.. ,. .. 7. 
4111 
41. 
418 
411 
41~. 

fAGE 58 
RUlli 

NUMSEI« 

.n9 
47~ 
471,1 
411) 

... eo 
' .. 80: 
Uu 
48U 

481 
481 
481 
48~ 

4U 
48:1 

'412 .' 
. 68~, 

483 
483 
.. 83 
'.11 ' 

- 'L . ....... 
484 
.84 4" 

" 

" -'f 

"I' ' .. 

........ '~:.'" . 
. ....•.. 

;: ..•. 
484 
484 
484 ..... 
.85 
..e!. 
485 
48S 4" 41S 
485 
us 
4&:; 

- I 
I 



...,J.;;, TM u.r 
~ RUN NAME 

.. SEL 2 
SEL 2 
SI':I.t 2 
!:il':L 2 

• SEL 2 IN 
SEL 2 IN 

• 
6EL 2 IN 

!:ito:1.t 2 OUT HI 
SEL 2 OUT HI 

• BtL 2 OuT HI 

Sr.L 2 OUT 1.0 
• S~L 2 OUT LU 

sn :i OUT LlJ 

• SEL 3 IN 
SF-L 3 IN 
S~~L ] IN 

Sl':L 3 OUT I'll 
~EL 3 OUT HI 
5f:L 3 OUT HI 

SEL ] QUT LU 
sn 3 UUT LU 
Sf':L 3 OUT LU 

• !:iEL 4 IN 
!:ito;L " IN 
SEL " IN 

q SEL,I hi 
SEL ,1 11'4 
Sl':L. '1 II" 

SEL " IN 
SEL " IN 

~ ~WL.'1 1t. 

S~:L ·1 UUT I'll 
.~ SI::L" OUT HI 

SEL 4 OUT HI 

• S~L" UUT Hl 
SI~L ·1 UUT. tt 1 

•• SI-:L 'lOUT H 1 

'fMl.l .. r 
RUN IliflMF: 

SEL " OUT 1.0 
SEL. " OUT 1.0 o SEG" OUT LU 

61':1; 5 11'1 
/:in 5 1N 
Sf':L 5 IN 
SEL 5 IN 

~mL 5 OU,[ lil 
::WL ~ OUT HI 

~ BEL 5 OUT HI 
St:L 5 OUT HI 

~ SEL 5 OUT LU 

... J 

S!::L " IN 

SEL ... OUT HI 

S""L " OUT LO 

fit:L 7 IN 

SEL 1 OUT Ht, 

S .. :L 1 OUT LO 

Sf:L STATUS IN 
SEL STATUS IN 
SEL STATUS IN 
SEL STATUS IN ... 

S~L srATUS OUT H1 

~ SEL STATUS OUT 1.0 

Sl';LR 
SI':LR 
::i\':LR 
St:LI~ 

.••• -~ • .. t ... ', •. :-- •. "f"' ....... . 

HNU~8Y.V2~(22) 11/Ub/'l1 
AlP PIN ORDER HAY- Q DRAW RV PG ~ 

H 
H 

.. 
H 

L 
L 

H 
H 

H 
II 

H 
H 
H 
II 
II 

L 
L 

H 
H 

L 
L 

WAH"; PTN UtH)I::R 

AU.iCt 
AI)4Ct 
BII'ill? 

'HtK2 
IH212 

IHIS' 
B211H 

B t t It2 
l\211\1 

At2D2 
,I" lP't 

IH IPI 
II"'HI 

811 LI 
B"I02 

At~Jt 
At9Kt 
/lt~P' 
1I1'lIU 
lI"iV2 

I\'.4U2 
IHI"1 

B II U'l 
A2.4P2 

A1.JH2 
~2~1l1 

1.01. C 
{-02 *C 
\"0:1 .. , 

'-01 .. 
'-02 .. 
1 

'.,01 .. 
' .. 02 .. 
I 

'·01 • 
' .. 02 *. 
I 

.-01 .. 
'-01. .. 
I 

\·ot • 
1-02 .. 
1 

\ .. OJ .. 
1 .. 02 .. 
I .. OJ .. 
1-04 .. 
I-O!i .. 
1 

I-Ot • 
1 .. 02 .. 
1 

1-01 .. 
1.02 .. 
I 

1-01 .. 
1-02 .. 
I 

HNU288.V1.1.(22) II/ObI1) 

'I'M 1"02 
'1'M1I-02 
TMl1-IO 

T""-U 
;tN1.·U 

TMU-2ti 
TMU·25 
TN11-25 
TMtl-2S 
TMII .. 2S 

" ' 

IU 
HI 

IU 
RI 

RI 
RI 

RI 
Al 

RI 
Rl 

Al 
RI 

fliP PIN OIlD~H BAY- Q DRAW RV PG Y 
NAH~ PIN U"O~R 

H 
it 

L 
L 
L 

H 
H 
H 

H 

L 

H 

821LI 
Btllll 

. 14\ IV? 
AUV2 
811F2 

St 182 
822M2 
8211)2 

BltKI 

IHIF.'2 

BllM2 

H IHIM? 

L ,tt ID2 

H. 8t U'2' 

H IHtL2 

L AIl8V? 
It , . BIJ8V2· 
L .IHtH2 

H 

H 

tH1AI 

IU tMt 

AIl'iDt 
BII4N2 
BII,tN1. 

1 ... 01 .. 
1 .. 0,- .. 
'·03 .. 
t 

I.ot .. 
1.02·. 
t·03 .. 
I 

1.01 * 
1-02 '-".,. 
•• 03 • 

• • 

, twO' .. 
1 .. 02.. C 
I-OJ. C 

• 

TMII-14 
TMtl-14 
TMU-~6 

TMII-26 

TH1,~"26 

TMI'-26 

TMtl-26 

"'M.I.26 , 

'1'Mli-26 

tNII-12 
tMU-U 
'tNa 1.~6 

'1'"11-26 

tHI,-a6 

TNII-08 
TMI .. 02 
TMII .. 02 

.. ...... l ........ . :'~. "~ ~'h... ~' .. 

IU 
~l 

x 

x 

z 

:I 
.'.J 

, . 
2 
t 
2 

z 

,. 

J 

" 

I 
'2 

J 
2 

:,"\' .... '~:L·';~. ,,', 

REMARKS 
S-JUL-74 81~1 ~A~E 59 

LENGTH EXC~PTJUN~ RUN 

5-b/8 

8_tlUL-"/4 
UNGTH 

II-O/lt 

CA&LE 
CAB!'! 
TUlHHEHt:1 

til ~1 
EXCI::PrION8 

I-PIN RU" 

I-PUI RUN 

I-PJN RUN 

I-PlN RU. 

I-PIN RUlli 

NUMltt:K 

48~ 
4.6 
4f10 
48b 

.87 
481 
481 

4U 
4811 
488 

489 
489 
489 

ttu 
.90 
490 .' 

491 
ttl 
491 

49a 
49~ 
492 

49.J 
.91 
,.91 ' 
.9l 
49l 
49.i 

.,,.. 

.94 
494 

49b 
.9S 
'9~ 
4tb 
49b 
4tb 

i'AGF. 60 
RUN 

NUMSEt« 

.91 
49" 
491 

498 
49' 
49. 
498 

499 
4941 
499 
.9tj 

bOU 

!to I 

502 

bO') 

bOt 

bO·' 
!'tOl 
i07 

,·,IO? 

!t08 

I-PIN RUN . !»09 

'fUJI HEKEl 
CABLE 
CABLE 

510 
510 
51U 
51U 



INtI.t 
RUN HAM .. : 

,8t:L.a 
8ELR 
8t:LR 
8t:LK 
8F.LR 
8E1.R 
8£LR' 
IELR 

SEI.R 
5t:LR 

~. St.:LR 
St:LR 
St:LR 

'1lI' Sn.R 
S~:LR 

sn' 
Sl-:T 
SEt' 
SI':r 
SET 

Sf:T RR 
Sr.T AR 
SF-T IIR 

SI':t CUR 
st:r CUR 
SET CUR 
st..:r CUR 

SET 11.,; 
SI':r lLC 
S"~'f lLC 
8E't He 

SET IN'r 
'~I SE:T li~T 

srr tNT 

'I, 

SLeT I DU'f LO 
SLCT lOUT LO 
aLeT J UUI LO 
SLeT 1 UUf LO 

TMlt.r 
HUH ~1"Mf; 

SLCT 1 au'r 1.0 
SLcr lout LO 

~ SLCT lOUT LO 
SLCT lOUT LO 

l SLCT 2 UUT HI 
SLeT 2 OUT tiI 
SLcr 2 OUT HI 

SLer 2 OU1' LU 
SLeT 2 ull'! LO 

~ tiLCr 2 OUT 1.0 

SLCT ] aU't HI 
• SLCT l OUl ~l 

SLC'r J uU't IiI 

SLCT J OUT 1.0 
SLer .1 our 1.0 
SLCT J OUT 1.0 

5LCT .. OUT loU 
SLCT .. OUT 1.0 
SLCT 4 OUT La 
SLCT 4 OUT La 
oSLcr 4 OUT La 

SPACa:: 
SPAC~: 

SPAce 
SPACE 
SPACE 
SPAO': 

SPACE; 
~ SPAe!!: 
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2.2.15 Cyclical Redundancy Error - CRE 
?2.16 End of Pile - EOP 
2.2.17 Illegal Command - ILC 
2.3 Command Register - MTC 
2.3.1 Bit Control 
2.3.2 Go Pulse 
2.3.3 PUnction Bits 
2.3.4 Extended Memory Bits - Adrs 16.11 
2.3.5 Interrupt Bnable - lIT EIB 
2.3.6 Control Unit Ready - CU READY 
2.3.7 Unit Select Bits 
2.3.8 EVen Parity - PEV. 
2.3.9 Power Clear - PCLR 

2.3.10 Density - DB.5 AID DEIS 
2.3.11 Core Dump 
2.3.12 Error - ERR 

2.4 Byte Record Counter - MTCNA 
2. 5 Gllr~e~:li.lIory A44ren Register - MTCNA 
2.6 Da~. Burrer - M~D 
2.1 ~Ul_ Read Lines - MTBD 

2.1.1 ~imer 

2.8 Additions 
Ulci-- O
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1 • ~'1l.£!..!.Q!!. 

The magB~tic tape control unit interfaces the TUl~ (positive bus 
version) ~c the PDP-II. Figure 1 shows the system block diagram 
lrhich Inc.Uldes the PDP-ll. the control unit, and up to eight TU1~ 
mlagnetic eape units. One tape unit is referred to as the master, 
lind all o':.hers in the "Iystem as slaves. Each tape unit. master and 
IIlave. co,.ists of' the TUl~ cabinet, reel and reel motor control, 
eapatan ddve and read/write mechanical and electrical components .. ·.~he 
I~aater cc~ains in addition, that section of the magnetic tape electron cs 
I,hicb i8 :s1rared by all tape units. This includes electronics for 
Istarting lind stolllling any tape unit, read and wrH;e pulses. gapping 
.electronl<is, and parity generation and checking. Electronics may be 
"hared be,zause only one tape unit at a time may communicate with the 
:proceaso) 

'rbe cor,tcrol unit is located in the cabinet of the master. Its module 
are contained in the 1943 rack which is mounted below the tape unit. 
~n indicator panel which contains a maintenance module is located 
below th~ ~ape unit. An indicator panel which contains a maintenance 
nodule i~located below the 1943 rack. The maintenance module contains 
28 light5(12 for the command register and 16 for the status register) 
and a pover clear toggle Fwitch. 

Table shows the interface signals between the control unit and the 
master. lach signal is accompanied by its appropriate definition. 

The cOHtrol unit contains 6 addressable registers which .are indicated 
below a1",." with their r . .espective bUll addresses.· 

772520 
772522 
772524 
772526 
77253~ 
772532 

STATUS REGISTER (MTS) 
COMMAND REGISTER (MTC) 
BYTE RECORD COUNTER (MTBRC) 
CURRENT MEMORY ADDRESS REGISTER (MTCMA) 
DATA BUFFER (MTD) 
TUl~ READ LINES (MTRD) 

In addi:tion, the control unit contains a bus request interrupt ·whose 
vector e.fl1ress is 224 and whose bUB request level is BR5. 

1.1 MAl!IETIC TAPE FORMA': 

B\e con'~rol unit services both 9 and 7 channel magnetiC 
t.IjU! unit:!. A nine channel tape record iB followed by 
th~ee blank character spaces. • CRC characther. three 
additional blank characters. and an LPC character. A 
Be_en channel record is followed by three blank character' 
zp~ces an! an LPC character. 

IS'lE ICOsDpE.q NUMBER J REV 
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2.. CONTROL UBIT REGISTERS 

The 11x. registl;Jrs used in the MTCU are the following: 

1. COMMAND REGISTER (NTC) 
2. STATUS REGISTER (MTS) 
3. BYTE RECORD COUNTER (MTBRC) 
4. CURRENT MEMORY ADDRESS REGISTER (NTCNA) 
5. DATA BUFFER (~!TDj 
6. TUl~ READ LINES (NTRD) 

2.1 COMMAND REGISTER (MTC) AND STATUS REGISTBR (MrS) 

2.1.1 GENERAL 

The formats for the command and status registers 
are shown in Figure 3. The three select bits, 
Un1.t Sel. .·81 1. ~. Unit Sel Bit 1 aDd Unit Sel 

·Bit 2, are used to select one out of ei~ht posaible 
_agnetic tape units. All operations defiDed iD 
the MTe and all status conditions de~ined in the 
MTS pertain to the MTU indicated bT the three 
select bits. Bit ~ of the MTC begins the 
operation defined. by function bits ,. 1 and 
2. The eight functions as defined by the tbr •• 
function bits are listed below in the order o~ 
function decodes with function bit' the le.at 
significant bit. . 

~ OF' LIIE 
1 READ 
2 WRITi: 
3 v WRITE EOP 
4 SPACE FORWARD 
5 SPACE REVERSB 
6 WRITE WITH EXTERDED Ia~ERRECOBDGAP 

'7 REWUD 

In the functions read. write, write EOF. aD4 write 
with extended IRO, the NTU a~vances in the ~orvar4 
direction one record. The EOP character and itll 
associated LPC character Ls co~sidered one ~ecord. In a 
space forward operation. the MTU advances in the 
forward direction a specified number of records, 
the number determined by the byte record counter. 
ID a space reverse operation. the MTU moves in the 
reverse direction a specified number of records. 
the number also determined by tbe byte record 
counter. In a rewind operation, the tape reverses 
at a higber speed than that for the other functions 
and stops on tbe BOT marker. The OFP line operation 
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j"r----------------------I 
~brDS tbe tape unit OFF line and A," .; 

,ioinllau' the t~~e. Wbile tlle tape unit is OFP 
iin., the control unit may not write onto nor 
read trom the tape. In addition. the tape unit 

. must be in the OFF line state in order to remove 
~L.the tape reels. In a write. write EOr, and write 

with extended IRG, the data portion ot the re~ord 
is transferred trom core memory onto the tape. In 
a write EOr and writ. with extended IRG. a three 
incb segment of tape is erased prior to writing 
the tirst character. The characters following tbe 
data (CRe and LPC tor a nine channel tape and 
LPC for a seven channel tape) are generated and 
written by the master. 

In a read operation. the data portion ot the record 
is transferred into memory; i.e. the CRC and LPC 
characters are not transterred into memory. Functions 
rewind. space forward, and space reverse are used 
tor tape positioning only and do not atfect the 
tape or core memory. 

2.1.2 OPERATION 

Figure 2 shows a timing diagram of the four bas1c 
states in a magnetic tape operation, wben the 
processor sets tbe GO bit. The operation defined 
by the tunction bit occurs. In addition. oth th~ 
CU ready and TUR bits become ~. 

Fo all tape forward commands. the mastr- cransmi"~ 
a CRCS and LPCS at the end of each record for a nine 
channel tape, and LPCS at the end at each record for a 
seven channel tape. For write, write EOF, or write 
with extended IRG operation, the contro~ unit sends 
the level WDR (WRITE DATA READY) for all characters 
in the record. After the last WRS pulse, the control 
unit lowers the level On WDR. The· aaster thaD writes 
the CRC character (if required) and the LPC character 
onto the tape. 

.The master also transmits the CRCS and LPCS pulses to 
the control unit when it reads the eRC and LPC 
characters it had Just written. 

Atter the master reads the LPC character. it times 
through the GAP shoutdown period. The purpose or 
the GAP shutdown period is to ensure a 3/4 inch GAP 
between records. Tbe master then sends a ,top command 
to the tape unit which then enters its settling down 
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period. ·'rhe SDWN bit becomes a 1. during the 
settling down period. When the tape unit stops. 
it enters its Idle period and the TUB bit becomes 
a 1 . 

In a tape reverse operation (not rewind) the master 
enters the GAP shutdown period immediate~y after 
the tirst data character passes under the read head. 
The settling dovn period then follovs the GAP shutdown 
period. 

In a tape forward command of one record (READ. WRITE, 
WRITE EOF, and ~'lRITE wi th EXTENDED IRO) the CU READY 
bit becomes a 1 when the tirst LPC character is ·read. 
In a space forward and space reverse operation, the 
CU ready bit becomes a 1 at the start of an LPCS 
time in conjunction with spacing the required number 
ot records. At the start ot each SDWN time. the tape 
unit begins to slow down. Thus. tor space forward 
and space reverse operations, a new GO command is 
automatically sent to the tape unit at the start of 
each SDWN time if the required number of records has 
not yet been spaced. 

Tbe master viII accept and execute any new oommand 
during the SDWI period except if the new command is 
to the same tape unit as the one issuing SDWN and if 
the direction implied in the new command is opPOSite 
to the present direction. For the above exception. 
the master vill accept the new command only after 
the tape unit has stopped, i.e.; SDWN a ~ and TUR a 
1. The control unit accepts as legal all commands 
it receives while the CU ready bit is a 1, which 
includes commands received during the GAP shutdown 
or'tape settling down periods. Tbus, commands 
received during the GAP shutdown or settling 40wn 
periods are buffered and transmitted to the master 
at the appropriate time as specified above. 

For the operations write EOP and write tbe extended 
IRG, a three inch GAP is erased prior to vritiQg 
the required characters. 

For a write EOF command, the master writes an octal 23 
followed by an LPC of octal 23 for a 9 cbannel tape 
or an octal 17 followed by an LPC of octal 17 for a 
7 channel tape. On a 9 channel tape, the data ~rack~ 
are designated ~-7, with track ~ the least significant. 
and track 7 the most significant; while on a 7 channel 
tape, the data trancks are designated ~-5 with track ~ 
the least significant and track 5 tbe most signitieant. 
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2hus~ octal 23 on a 9 channel tape has tracks ~, 
1 and 4 marked, while octal 17 on a 7 channel tape 
has tracks ~,l,2 and 3 marked. 

An EOP character and its corresponding LPC character 
constitutes a record. Thus, When a read command is 
given and an EOF character is read, the tape unit 
enters the GAP shutdown period after the LPC character 
following the EOr character is detected. In reading 
an EOr character, the EOP bit in the MTS and the ERR 
bit in the MTC becomes a one When the EOP bit is 
detected. Also, both the EOP character and its 
corresponding LPC character are loaded into consecutive 
memor~ locations, as determined the MTBRC. 

During a space forward and space reverse operation 
the tape unit begins to stop during tbe SDWI time • 
following detection of either the EOF character or 
BOT m.arker. 

When the OJ" line command is given, the tape uDit 
goes ott lIne and then revinds to the BOT marker. 
At the start of the OPF line command the CU ready 
and TUR bits become _. wben the tape'unit goel.OFF 
line. the master sets the select remote bit in the 
MTS to A ,. 

A programming restriction is that a reaa operation 
should not tollow directly atter a write operation 
without at least one intervening tape moving 
operation. A record which is written on tape a&7 
be read atter tirst issuing a apace reverse co .... 4. 

Other programming restrictions occur who. using 
select remote along vith tape unit read7. The select 
remote lines for all tape units which are Dot 
addressed are at.. A tape operation may be 
performed onl~ on a selected tape uni t aDd one whose SELIi! 
!lne is a 1. Thus. whenever a command is sent to a 
lfterent tape uni '. from the one presently Indicated 

by the unit select bits, the S~LR line ~ecomes' . 
~l.Ot,t) i-ediately (les8 than one instruction tiae 
ater and becomes a 1 about 1~microsecond8 later. 

Shortly thereafter (less than one instruction time 
~ater) the TUR reading on the selected unit i. valid. 
Thus'41~ ~rogrnm.lng, the SELR bit may be examined 
i-ed_awe17 after a command is sent to a ditterent 
~~~e unit from the one indica·ted by the ualt select bits •. 

~n SELR reads A I, then TUB may be examined to 
determ1ne the end of the tape operation. When a command 
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1"8 to the same tape unit as the one indicated by 
the unit select bits, the SELR line remains at a 
1. ". ' the TUR line be a 1 prior to rec~iving 
the command, it would remain a 1 tor approximately 1. microseconds. The CU ready bit. bovever, goes 
low immediately after the command is generated by 
the program. Thus, it may be advisable tor the 
program to utilize both the CU ready and TUR bits 
to determine when tor example to issue & new command 
in tbe reverse direction to the same tape unit as 

.the one indicated by the unit select bit •• 

Any command received during the GAP shutdown time 
whick is to a difterent tape unit from that ot the 
previous command or is in the same direction as 
that in the previous command will be transmitted 
at the start of Bettle down time. An), con.nd 
received during the GAP shutdown time which is 
botb to the same tape unit and in the opposi'te 
direction as th.t ot tbe previous co.mand vill not 
be transmitted until the end of settle down time. 
Any command received dUring settle down time will 
not b_ transmitted until tbe end ot Bettle down 
time. 

2.1.2.1 BU13 REQUB~'l' INTER·RUPT - BB 

2.1.2.2 

A bus requtst inte~rupt occurs under the 
to110wing conditionsl 

1. The CU ready bit changes trom 
_ to 1 when the lIT ENB bit is 
a 1. 

2. The BRR bit changes from ¢ to 
1 when the lIT ENB is a 1. 

3. The liT ENB~tt ohanges from 
_ to 1 it during the command, 
the GO bit remains at ~. 

4. The tape unit indicated by the 
unit select bity in the MTC 
completes its rewind operation 
before a nev command to that 
tape unit. has been received. 

ROB!PROCESSOR REQUEST - NPR 

The control unit generates an NPR whenever It 
transfers data between the data buffer and 
core memory. In a read operation, the 
direction of transfer is from the data 
butfer to core memory. The ROR pulse, Which 
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2.1. 2. 

18 used to .trob. the'data f~om the tape " 
unit into the 4ata buffer, is used to 
senerate the .Pa to the processor. When 
~he retuest is granted, the oontrol unit 

i_ pertorms a J)A'l'O and transfers a byte from 
the data butter into core memory. In a 
write. or write with extended IRG, ~he NPR 
is senerated by the WRS (WRPrE STROBE) pulse 
trom the processor. ~hen the request is 
sranted. the control unit performs a DATI 
and transfers a b,Yte from core memory into 
the data butter. Tor both read and wtlte 
operatioDs, the address in core memory is 
determined by the current memory address 
registeT (MTCMA). 

REWIBD 

When the control unit issues a rewind 
command to the master, the CU ready bit 
becomes a~. When the master detects the 
GO bit,it places TUR at a~. As soon 
as the tape unit begins to rewind, the 
master sets the RWS bit in the MTS to a 
1. The CU ready bit then becomes a 1. 
The tape unit rewinds at a higher speed 
that that for a normal tape operation. 
When the BOT marker is detected, it 
begins to slow down. It comes to a 
complete stop at a point vell beyond 
the BOT marker and then moves forward 
again until the BOT marker is again 
detected, whereupoO, it comes to a ~in.l 
stop. SDWN becomes a 1 as soon as "he 
BOT marker is detected while the ~ape 
is moving in the forward d'rection. 
~hen the tape unit comes to its final 
stop, SDWN becomes a ~ and TUR becomes 
a 1. 

?1.2,4 INITIALIZE 

The control unit and the tape units are 
initialized by the following means: 

1. Reset instruction from the processor. 
2. By depressi~g the processor start 

switch. 
3. By a power fail, either by the 

processor power supply or by the 
control unit power supply. 
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produce a 1 in the ERR bit. 

2.2.8 SELECT REMOTE - SELR 

~he SELR bit is a ~ vhen the tape unit addressed dces 
not exist, is off line, or has its power turned oft. 

2.2.9 IOI-EXISTENT MEMORY - HXM 

lon-existent memory error occurs in BPR opeaations 
~hen the control unit is bus master. and is performing 
data tran8fers into and out from the bus. The error 
occurs when the control unit does not receive a slave 
SYNC 8ignal within l~ microseconds after it had issued 
a master SYNC signal. The ERR bit set simultaneously 
with NXM, thus terminating the operation. If the 

. NXM occurred during a write or write ~ith extended IRG 
operation, the control unit does not send the signal 
WDR to the master. while the master writes the CRC 
character (it required) and LPC character onto the 
tape. 

2.2.1t BAD TAPE ERROR - BTE 

Bad tape error occurs when a character is detected 
(RDS PULSE) during the gap shutdown or s~ttling down 
period for all 'operations except revind.l{rln a write. 
write EOr, or write vith extended ~RG operation~)both 
the BTE and ERR bits set immediately upon detection ot 
bad tape; U For both'a read a space oper_tion, the BTE 
bit sets immediately upon detection of bad tape. A' 
new GO command is sent to the tape unit and the ERR bit . 
sets upon detection ot the next LPC character. It a .' 
bad tape error is agaIn found during the GAP shutdown; 
or settle down period, a new GO command is tssued. Th~ 
process of reissuing GO commands is continued.until a 
true GAP is discovered where~pon the tape unit stops. 

For a read operation, thenMTBRC increments continuo~slY 
and words are read into memory until ~he MTBRC overf10ws~· 
lor a space oper~tlon, the MTBRC stops incrementing as 
soon as BTE occ'.rs. When the first t.T'u,e GjlP is discovered, 
the tape unit stops regardle ,,' 

It is not possible to artificially generate ~~d tape., 
Therefore, for diagnostic purposes, bad tape ~ay be . 
indicated by setting the CU ready bit prematur.ly. and 
ther~by ~roducing the gap shutdown period while the data 
is still being read. CU ready sets by a iogle 1 on 
bit lj· of the address indicllted by the wi. read lines. 

"I 
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4. B7 the clear switch in the maintenance 
module. 

5. B7 loading a 1 into bit 12 ot the MTC. 

1 clears all units in the system except the 
processor. 2 and 3 clear all units in the: 
system including tbe processor and all . 
peripherals. 4 and 5 clear only the control 
unitan4 tape units. 

2.2 STATUS REGISTER 

2.2.1 B+T CONTROL OF THE MTS 

BITS· ~-6 and. BIT 14 are set and cleared exclusively 
by the master. BITS 7-13 and 15 are set b7 the 
appropriate error condition and cleared by 
initialize, and b7 the GO pulse to the tape unit. 

2.2.2 TAPE UNIT READY - TUB 

The TUR bit is a 1 whenever the SELR bit is a 1 
and the tape unit is not in motion. 

2.2.3 REWIND STATUS - RWS 

The RWS bit becomes a 1 at the start o~ a rewind 
operation, and becomes a ~ as soon as BOT is 
detected while the tape is moving in reverse. 

2.2.4 WRITE LOCK - WRL 

The WRL bit .t a 1 prevents the control unit fro.' 
writing information on tape. 

2.2.5 SETTLE DOWN - SDWN 

The SDWN bit is a 1 whenever the tape unit that 
is on line is alowLng ~own., The exception occurs 
1n a rewind operation in which the tape unit 
beg!ns its lnlt1al stop while moving in the 
reverse direction. 

2.2.6 SEVEN CHANBEL - 1CH 

The 7CH bit at a 1 indicates a 7 channel tape uDit. 
and tbe 7CH bit a ~ indicates a 9 channel tape unit. 

2.2.7 BEGINNING OF TAPE - BOT 

The BOT bit is a 1 when the BOT marker is read, and a 
_ when the BOT marker is not read. BOT at~a 1 does Dot 
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If bit 13 sets during a record for either a read 
or a write operation, bad ~ape error is indicated. 

2.2.11 RECORD LENGTH ERROR - RLE 

2.2.12 

Record lengtb error is detected only during a read 
operation. It occurs for long records only and is 
indicated as soon as the MTBRC increments beyond _. 
at which time both data transter into memory and 
incrementing the MTCMA and MTBRC stop. The ERR bit 
sets when the LPC character is read., CU ready remains 
at ~ until the LPC character is read. 

END OF TAPE - EOT 

The EOT bit becomes a 1 as soon as the same EOT marker 
is read while t'he tape is moving in the forward direction • 
The EOT bit becomes a ~ as soon as the same point.is 
read while the tape is moving in tbe reverse direction. 
The ERR bit, as a result ot tbe EOT bit at a 1. sets 
only in the tape forward direction and coincidently 
vtth the reading of an LPC.character. 

2.2.13 BUS GRANT LATE - BGt 

2.~.14 

A bus grant late error occurs wben the control unit. 
after issuing a request tor the bus. 40es not recelYe 
a bus grant before the control unit receives the bus 
request for the following ta.pe character •. The 
condition is tested only tor NPR (BOB-PROCESSOR'REQUEST) 
operations. The error is indicated when an BPR bus 
request has not been anavered be~ore the nezt was puls8 
tor a write operation. or an RDS pulse !'or.a read 
operation is received by the control unit. The 
operations wbich occur vhen the error is detected are 
identic,al to those indicated tor the BXM error. 

PARITY ERROR - PAE 

P.rity error is the OR of the lateral and lODgitudinal parity 
.r-rora •. A ;La te:r~l PIU:J.tl, er~Qrc j,~ _ tndJ.c"~~4,~ ~n .. an7 .. c~,acter 0 

tbe record while a longitudinal parity error occurs only 
when th~ LPC character is detected. A lateral parity 
error does not aftect the transfer of data; that is, in 
a write operation, the entire record is transferred to 
tape and in a read operation, the entire record is 
written into core memory. Also, for both parity erroa, 
the ERR btt sets only when the LPC character is detected. 
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Both 1.teral and l"naltucUnal parity erJ'ora Bre 
aetected 4uring a read. write, and write witb 
.&ten4e4 IBO operetions. Tbe entire record Is 
o~ecke4 includin. the CRe and LPC cbaracter •• 
Loncitudinal parity error occura wben an odd nnaber 
of 1'. 1. 4etected on any track In tbe record. 
a lateral parity error occur. when an eyen number 
of I t • 1. detected on aDy character when PEYI 1. 
a f. or an 04d Dumber of I t • 1. detected on ~$ 
character when PEV. la a 1. 

2.2.15 CYCLICAL BEDUIDAICI EBBOB - CRE 

Cyclical redundancy error Ie detected durin. a 1'." '01"·. write operation. It compare. the CBC 
character written on a 9 chunel tape 4ul"lDS • write 
or write with eKtende4 IBG operatl~n with the CRe 
character senerated durin8 a read operation. If 
they are not the same. CRCE from the tape unit becomes 
• 1 wbich forces the CRE bit to a 1. hovever. the 
ERR bit does not become a 1 until the LPC cbaracter is 
4etected. 

2.2.16 EID or FILE - Eor 

An EOP character is detectea during a read~ space 
forvard or space reverae operation. During the reai 
or apace torward operation~ the EOF bit is se·· when 
the LPC character followins tbe EOF character i~ read. 
Durin, a space reTerse operation~ tbe I~ 9 bit is set 
when the EOP character following its LPC character is 
read. The ERR bit sets when the LPC character t~]lowinB 
the EOF character is detected. 

2.2.17 ILLEGAL COMMAND - ILC 

1. Any DATO or DATOB to the KTC durinc tbe 
tape operation period (CU rea.dy bit. 'l. 

a. A WRITE, WRITE 10F, or WBITE WITH ErT1~DED 
IRG operation when WRL Is a ,. 

3. A COKMAliD to a tape unit whose SELlI bit 1. 
tL If. 

k. The BELR bit becoming a , duriD8 &noperatloD other 
than in OFF Line ·CoamaneS. 

If error conditions 1 through ~ abo-e~ ~he ComaaAd i. 
loaded into the MTC. but the GO pulse ta the tape unit 
is not generated. In all 5 '01' theaboye -error e'OntitiOll •• 
the ILC and ERR ~lt. occur all1lutaneau.ly. 

2.3 COMMAND REGISTER 

TinE -TNll SPECIFICATION 

to the tape unit. An interrupt also oocurs on an 
instruction that changes the INT ENB bit from ~ 
to 1 and does not set the GO bit. 

2.3.6 COITROL UIIT READY - CU READY 

The CU ready bit becomes a ~ at the beginning of all 
tape operations. It becomes a 1 when the first LPC 
character is detected for a read. write. write EOF. and 
vrite vith extended interrecord GAP operations. It 

IT 

becomes a 1 for space forward and space reverse ~perations . 
wben tbe LPC character is detected 1n conjunction with 
spacing the requ1red number of recrods. It also becomes 
a 1 when SELR becomes a " for an OFF LIIE opel'ation and 
when RVS bee~mes a 1 ~or a rewind operation. 

2.3.1 UBIT SELECT BITS 

The uni~ select bits are detined in section 2.1.1 

2.3.8 EV.B PARITY - PEVN 

PEVN is a 1 when the master writes even lateral parity 
on tape and when the master reads even lateral parity 
from tape. PEVB is a ~ when the master writes odd 
la~era1 parity on tape. and wheo the master reads odd 
lateral parity from tape. A search for par1ty error is 
aade in all tape moving operations except space forward. 
apace reverse. and rewind. 

2.3.9 POWER CLEAR - PCLR 

2.3.1. 

Power clear provides the means for the prooessor to 
clear the control unit and tape units without clearing 
any other device in the system. The PCLR bit is always 
r.ad back by tbe processor a8 a _. 

DEHSITY DIH 8 AND DEB 5 

The coabinations of bits DEN 
definitions ar 8iven below: 

.w...J. ill-1 

• -
200 BPI • 1 556 BPI 

1 • 800 BPI 
1 1 8.,0 BPI 

B and DEN 5 and their 

.. 

7 
7 
7 
9 

CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 

NUMBER 
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Bits number 1-6. 8-11. 13 and 14 are set on a proce~sor 
DATO wben the correspoinding data bit on the bus i8 a 1. 
cleared On a processor DATO when the correspondins data 
bit on tbe bus is a~. and cleared on lilT. Bit ~sets 
on a processor DATO when data bit" on the bus is a 1 and 
cleared at the time the GO puslse is sent to the tape un1t. 
The normal time duration of bit" at a 1 i8 1 microsecond. 
Tbe time may be increased to as long as 1" milliseconds 

I 

i .. 

i 

I 

if bit. is received during the GAP shutdown or settls 
down period. Moreover. the time could be several minutes Ii 

it bit. is received for a unit that is rewinding. Bit 
r6 also clears on the setting of an 111ega1 Gommsnd and a 
processor initialize. Bit 7 clears at the start of a 
tape operation, and sets at the end of a tape operation. 'I: 

In addit10n. bit 7 sets when ERR becomes a 1 or on lIlT. 
Bit 15 sets as a function of bits 7-15 of the MTS. and 
clears on the OR of lIlT and the GO command to the tape 
unit. Bit 12 becomes a 1 for 1 mic.rosecond on a processor 
DAtfO .. hen tbe corresponding data bit on the bus is a I, : 
and is always read by the processor as a 0. 

2.3.2 GO PULSE 

The GO pulse is a 1 microsecond pulse and 1s used to 
perform tbe fUnctions 1ndicated by the function bits. 
The eontrol ot the GO pulse is defined in section 2.3.1. 

2.3.2 FUBC~IOI BI~S 

The function bits are de~ined in section 2.1.1 and 
in figure 3. 

2.3.4 ~IDED MENOBY BITS - ADRS BIT 16. ADRS BIT 17 

:Bi t.~ and 5 of the MTC correspond to bits' 16 and 17 
respectively of the bUB address. These bits are an 
extension of the MTCMA. and increment during a tape 
operation. 

2.3.5 IBTERRUPT EIABLE - liT EIB 

When thO! INT ENB bit is set, a PR interrupt to vector 
a4dress 224 occurs whenever e1ther the CU ready bit or 
the ERR bit change from _ to 1 or whenever a tape unit 
that va. set into rewind has arrived at tbe beginning 
of tape. The lat~er interrupt occurs only when the 
unit select lines remain unchanged and when a new command 
i. n·ot stored in the control unit awaiting executiop to 

NUM'Eft IF~ 
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When transferr1ng data between memory and a 7 
channel tape when not in core dump mode. one byte 
in memory corresponds to one tape character. Because 
one byte contains 8 bits and one tape character 
contains 6 data bits ,two bits within 'each 'byte " 
Ue not. :lIt.l11zed. Bita nUlllber .6, 7. 14. and 15 . 
wltbln eacb 16 bit data word are Dot utilized 10 ~ 
t;he t.raaa:ter. In a tape .read operation. thdBe. . 
'bIt. are .toZ'ced to ILwh:l..1e in a ta;pe write :' 
operation, theae bits'do not change •.. 

'When transferring data between memory and' a T channel 
tape when in the core dUlllp mode, one byte in memory . 
corresponds to two characters. Thus, all bits within 
.ach byte in memory are used. B1ts nUlllber 4 and 5. 
which are the two most s1gnificant bits on.tape are 
Dot utilized. . 

2.3.12 BRROR - ERR 

The ERR bit becomes a 1 if any of the bits 7 throug~ 15 
ot the MTS become a 1. However, for sam. types of 
errors. all of which are indicated bela'll. the ERR bit 
does not become a 1 until the LPC character is read 
in order to allow the operation bein8 eaecuted to be 
completed. All error bits except EOT are cleared by 
the next GO ~ommand ~r by the initialize 8i8na1. The 

. ~ error bits are described in section 2.2. ,. - :; ....... , 

2.~ BITE RECORD CQUITER - MTBRC 

The NTBRC Is a 16 bit b1nary counter which 1s used to count 
bytes in a read. write, or write with extended IRG operation 
or records in a space forward or space reverse operation. ' 
When used in a write or write with extended IRG operation. 
tbe NTBRC is initially set by the program to the 2's 
coaplement of the number of bytes to be written on tape. 
The MTBBC becomes 0 after the last byte of the record has 
been rea4 trom memory. Thus, when the next WRS (WRITE STROBE) 
signal oCFurs t~om the master, the control un£t will lover 
the VDR (~RITE DATA BEADY) line to the ma~ter £ndtcattng that 
there are. no more data charaoters in t~e ~ecord • 

When the NTB_RC 1s used in a read. operation. it 1B set to· a I 

number eqilal to or greater than the 2's complement of th.e II 

number ot tape characters to be loaded into memory. A record 
length error (RLE) occurs for long records only. and Is i 
indicated when a read pulse for data LRDS occurring in tho 

I ~EV TMll-I6-25 iB 
NUMBER 
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ab •• nce"of CRCS and LPCB) occur. when the MTBRC is ~. 
leicb.rthe CRC nor the LPC character is read into memory. 
The MTB'C incrementa by 1 immediately after each memorT 
acc •••. 

When the MTBBC ia used in a space forward or space reverse 
operatien, it is .et to the 2's complement of the number 
ot reooid. to be .paoe4. It ia incremented by 1 at LPC 
ti ••• ~~t~er the tape ia moving in the forward or reverse 
4ir.ct1'n. A new GO pulse ia aent to the tape unit during 
the SD\>fl'l time it the MTBRC is not ~ during that time. 
When the tape unit i. moving in reverse, the LPC character 
i. dete'ted before BDWI, put after the entire record has been 
travera'd. Thus, bot~ BDl'lN and the LPC .character appear to be in 
titt'rf:lit po'itions on tape from those when the tape unit is 
movin« torward. 

The MTHlc ia available to the processlJr on a DATI. The bits 
are aet .or cleared on a processor DAT'). INIT cleara all bits 
in the fiBRC. 

2. 5 CURREJI~ 'MEMORY ADDRESS REGISTER - MTCMA 

The MTCh containa 16 of the possible 18 memory address bits. 
It i. ujed in NPR operations to provide the memory address 
tor data transfer. in read. write, and write with extended 
IRG opelations. Prior to issuing a command, the MTCMA is 
.et to ihe memory address into which the first byte icl loaded 
in a rt'd operation, or from which the first byt a is read in 
a vritPi or write with extended IRG operation. he MTCMA is 
increme_ted by a immediately after each memory access. Thus, 
at any Instant of time the MTCMA points to the next highe~­
addre.~;than the one which had most recently oeen acceE~e~. 
When th' entire r.~ord has been transferre~, the MTCMA contains 
the add'ess plus 1 of the last character in the record. For 
the erljr conditions bus grant late (BGL) and non-existent 
memory (NXM), the MTCMA contains the address of the location 
in whipi the failure occurred. The MTCMA is available to the' 
procesc6r on a DATI. The bits sre set or cleared on a 
irocesf6r DATO. INIT clears all bits in the MTCMA. 

2.0 DATA BtFFER - MTD 

The data bufter i. a 9 bit register which is used during a 
read. ~tite, or write with extended IRG operation. In a 
readoJ"ration. the data buffer is a te'lporary storage register 
for chaiacters read from tape before being stored into memory. 
lti a prjcessor read, all nine bits are stored into memory. 
Bits ~ 1hru 7 in memory correspond to channels 7 through _ 
respec 1 1vely from tape, and bit 8 corresponds to the parity 
bit. • an NPR operation only the data bits are read into 
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DRA 1~"_-::;'-~ ..... SHEIT ..ll... OF -U-

ENGINEERING SPECIFICATION -- CONTINUAnON SHEET _._---
TITl.E TMll SPECIFICATION 
~---.-- 1 

2.7.1 TIMF; 

TIMEll: is a 1[6[6 microsecond signal.w'ith a 5[6% duty cycle. 
The ~gnal is used for diagnostic purposes in measuring 
the time duration of the tape operations. The timer is . 
read BS bit 15 in the memory location reserved for 
the !Ol[6 read data lines. 

2.8 ADDIllONS 

When the 'I'Mll receives commands to write either 1. 2. or 3 
characters on tape, it will always write three data characters 
for the normal mode and four data characters for the core 
duml ~de. The reason is that the master must write at least 
two 4ata characters in a 9 channel mode in order to write 
the eRe and LPC characters, and thx'ee data characters in a 
7 ct~el mode in order to write the LPC character. Likewise, 
if .'D NXM or BGL error occurs on the first character when 
writtng a record, three characters are written for both the 
nom-,lIl mode and core dump mode. 

1---._---
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'l'Mll SPECIFICATION f 
memory, and are alternately stored into the low and high 
bytes. In a write or write with extended IRG operation, 
the data buffer is a temporary storage register for characters 
read from cere IIIeIIIOry before they are written on tape. The 
parity bit is generated by the ml[6 master and not by the 
control unit. The polarity of the parity bit is determined 
by the PEVN bit in the MTC. 

In a read operation, the LPC character enters the data buffer 
when bit 14 of the address location for the ml. read line. 
is a 1, and inhibited from doing so when bit 14 i. a [6. Thu., 
after reading a nine channel tape, the data buffer contain. 
the LPC character when bit 14 is a 1 and the cae character 
when bit 14 is a [6. After reading a seven channel tape, the 
data buffer contains the LPC character when bit 14 is a 1 
and the last data character when bit 14 is a.. After reading 
an EO~character, the data buffer contains all .'s when bit 14 
is a 1 and the LPC character when bit 14 is a.. The ~ is 
available to the processor on a DATI. Bit. 9 thru 15 are read 
identically to bits 1 thru 7 respectively. Bits. thru 8 are 
set or cleared on a processor DATO. Bits 9 thru 15 are not 
affected by a processor DATO. INIT clears all bits in the 
MTD. 

'lUl[6 READ LINES - MTRD 

The memory location allocated for the ml. read lines are. 

1. Bits [6-7 for channels 7-[6 re~pectively. 
2. Bit 8 for the parity bit 
3. Bit 12 for the gap shutdown bit. 
4. Bit 13 for the BTE error generation. 
5. Bit 14 for the CRC. LPC character selector. 
b. Bit 15 for the timer. 

For correct longtitudiual parity, bits .-8 are. after 
writing a record or reading a record from tape. For a 
longtitudinal parity error, one or more of the bits .-8 r..ain. 
at a 1, the bit (s) at a 1 indicating. the cbannel (s) containing 
the error. Bits [6-8 are set and cleared by the tape unit. 
Bit 13 is a pulse generated by the processor. Bit 14 i. set 
and cleared by the processor and cleared by INIT. Bita 12 and 
15 are read only bits and are not affected by a proce.sor DA~. 
The MTRD is available to the processor on a DATI except that 
bit 13 reads back as a [6. 
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RDj& - RD7 
RDP 
SDWN 

TUR 

SELR 

RWS 

7CH 
WRL 
BOT 
EOT 
WRS 

RDS 

PMK 
CRCS 
LPCS 
VPE 
LPCE 

wnj& - WD7 
SET 
FWD 
REV 
RWD 
WRE 
PEVN 
DEN 8 
DEN 5 

WFMK 
WXO 

SEL~, SELl, SEL2 
WDR 
CINIT 
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TABLE 1 

SIGNALS FROM MASTER TO CONTROL UNIT 

READ DATA SIGNALS FROM MASTER 
READ PARITY BIT 
TAPE SETTLE DOWN 
TIME BETWEEN STOP COMMAND AND WHEN TAPE UNIT STOPS 
TAPE UNIT READY 
TUR IS TRUE WHEN THE SELECTED TAPE UNIT IS STOPPED 

AND WHEN SELECT REMOTE IS TRUE 
SELECT REMOTE - TRUE WHEN UNIT IS SELECTED AND 

IS ON LINE 
REWIND STATUS - TRUE WHEN SELECTED UNIT IS 

REWINDING 
TRUE WHEN USING 7 CHANNEL OPERATION 
WHITE LOCK - PREVENTS WRITING ON A TAPE 
BEGINNING OF TAPE 
END OF TAPE 
WRITE STROBE (REQUESTS A CHARACTER FOR WRITING 

ONTO TAPE.) 
READ STROBE - PRESENT FOR BOTH READ AND WRITE 

OPERATIONS 
FILE MARK 
CRC STROBE - APPEARS WITH CRC CHARACTER 
LPC STROBE - APPEARS WITH LPC CHARACTERS 
VERTICAL PARITY CHECK ERROR. SAMPLED WITH RDS~ 
LONGITUDINAL PARITY CHECK ERROR. SAMPLED WITH LPCI • 

I SIGBALS FROM CONTROL UNIT TO MASTER 

iiRITE DATA LINES TO MASTER 
EQUIRED TO START ANY TAPE OPERATIOI 
APE FORWARD 
APE REVERSE 
EWIliD 

kUE FOR 8~. BPI 7 TRACK 
RUE FOR 556 BPI 7 TRACK j'RITE ENABLE 
VErt' PARITY 

EN 8 AID DEN 5 ARE FALSE FOR 2~. BPI 7 TRACK 
bEN 8 AND DEN 5 ARE TURE FOR 8_~ BPI 9 TRACK 
WRITE FILE MARK 
WXG IS TRUE FOR WFMK AND WRITE WITH EXTENDED 

INTERRECORD GAP FUNCTIONS 
TAPE UNIT SELECT 
~RITE DATA READY 
INITIALIZE 

NUMBER 
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PIN 8 ON EACH IC = GND 
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