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Tntreduntion

The stataz of the XD=1 internal logical design as of about June 23
is showvn on two drawingss %"Second Rougn Drafts’ Comprehensive . Logical
Diagram? (SD=548L6=l) and "Second Rough Drafts Traffiz Diagrams® (SC=237625-h),
both of.which are attached, Thess drawings show suggested designs as well
as fimm decisions; but do not indicate which decisions sre firmo.

This E=note explains the drawings and tabulates firm deci sionsg
inzom pleted areas; etc, Recent propeosals are diszcusszd in an appendix rather
than in the body of tha naote in crder ta avoid delaying :Lt.o appesrants any
longer, These recent proposals are not yet shown on ths tached drawings.
The dra'nngs will be brought up to date from times to tn.me s but whether thsy
will be made "official’ or kept unofficial has not been decided, The official
drawings for the system (the block schemat’cs) are being standardized and ax2
not discussed here.

Supplements to this note will bring the descriptions up to date from’
time to tine. .

"Internal' logical design here refers to the pari of ths system
vhich dozs.not inciude terminal equipment nor the pD*m of the drum system
which communicate with the corminal equipment,

It is assumad that the reader has been intrceduced to the syste-n by
literature such as the IBM and MIT Quartefly Reportso

-

- . [} ) . ‘l . . - . %
Section 1, Brief doacription of system as shown on the drawings

The attached traffic diagram (see Introduction above) includes a
“Systom Block Cutlins®, which shows the registers of the system and the paths
of information flow znd selection. The vertical layoub of t‘ne bleck outlinsz
matches the vertical layout of the traffic diagrams For the instructions, Thae
brezkdowm of instruciions into classes and variations, and the assigmment of
digits in a word, is shown beside the bleck outlineo '

- The instructions showm ere described in IBM Report IM21, “Prelininary
Operatorils Reference Manual®, as revised Juns 3 and June 23, except.that soms
minor dii’xerencg,s are assumed (such as the inclusion of 3 s2 instrustions ine
stead of ong)e. pﬂopo%d instrucrion, borebranch on cremlm.s is parentne=
tically n.ncludndo

® See Important Note on Page 1.
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The traffic diagram'shows the aciivity of the system block outline
-~ (horizontally ccmoressed to a sinzle varticol line) at any in: tant of time,
Different instants of time are shown running torizonuvally acrcss the pags,
All instructions are shown, but in meny cases diftereul variations of a given
class are showm occwrring at the same time, the distinction between variae
tions being indicated by balleoas and notes., The numbers appcaring randomly
sprinkled on the drawing indicate which control line of the comprehensive
Logical Diagrzn is responsible for the activity shown near the nutber on the
Traffic Diagram. Kach vertical wavy line reminds the observer than an inpute
output break can occur at this time, as illustrated after the ADD class and
after bi. The computer timing of the break will stari at a random tims with
respect to the tlrlgg of the crum circuits, so that the bresk must be designed
to work regardless of the phase relationship between the drum and the computer,
The dlagorul lines shown during the breaks ~nd1cate these different phase re-
lationships,

The attached comprehensive diagram (see Introduction above) shovs,
in compact form, all the logieslly necessary connections in the computer (exe
cept for the arezs of incompleoeness discussed in Szction b). In nearly all
case3d, the only diflerence between this compact form and a fully expanded
form is that ropstitive units are drawn as a single unit with $“u¢1;n te cable®
connections to it. & Usingize=_in2" connection to a repetitive unit indicaies
that this line is repeated in 21l such units (unless note?® otherwise), which
in some coses means all units are .connected to tne one line, and in other
~ cases me2ans that th2 line passes via a gate in each repetitive unit,  The syme
bology is not fully standardized yet and may lead to temporary confusion in

some cases, :

A dot in a box represents either a gate tube or a diode #&® circuild,
An open triangle in a matrix represents an "&% function, which will often be
accomplished by an #&¥ diode zt this point and another #&¥ dicde 2t the pre-
ceding point, as shown in the uvpper right-hand panel of the drawing. (Note
that there are 8 A-size panels on the drawing.

The upper three panals of the drawing show, prlmaralyg the genera-
tion of all commands. In general; each vertical lines contrels one command
(mumbered to correspond with the numbers on the traffic diagram): a class
line selects the command pulse output (BCFO®) numbers to be useds a vnriﬁc
tion line may also have to be selecteds each CPO unit (gate tuba) which
thus turned on will be pulsed by the time pulse number appearing insides cha
box representing that CPO unit, and the command pulse will result Lo Thsa
upper left panel also shows the Op Reg with its class and variation matrixes,
lemory cycle control (for determining which memory=cysie of an operation
should be performed, and including the Break synchronizer and Break flip=flup
for providing "in-oul break memory cycles"), Time Pulse Distributor, Clock,
Clock Fulse Copirol (for dstermining the use, or suppression, of «¢isck
pulses; and including the IO Interlock), znd some manual controls.
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The lower left panel shows the parts of the input-output system-
which are concerned with the internal logic of the machine, DNote that this
includss drum position counters and comparers, equipment for marking drum
position at the siart point of a sesarch for information, and "Ask Address®
circuitry for suspending a drum process if the computer should manualiy be
stopped momentarily. ‘

The lower central panel shows memory and addressing equipment.
The memory (in the upper half of the pansl) includss a delay-line control
for memory (for proper opsration under manual control of time pulses),
parity check circuits, and Test Memory (Toggle switches, flip=flops, and
separate mamory address register). The addressing equipment (in the lower
half of the pansl) includes,among other things, circuits which 2llcw the
Adr Reg to be used as a Step Counter for rmuitiply, etc., as a selection
suiteh for the new operation "so! (skip or operate, whose address specifies
~nat equipment to sensz or to.operaie), &s a sbari-control for starting pro-
gram timing (¥PI") when the step counter is nsarly finished, and as a divide
pulse distributor for controlling the divide process,

The lower right r-necl shows the arithmetic element. Note that
only one of the two arithmetic elements is showm (the other one is identical
exceplt where indicatved obherwises for example; the LA Reg can be cleared
separately frem ths clearing of the2 BAReg, so two lines are shown clearing
the A Reg). Hote that circuits are provided for sign control (including
temporary cverflow storage), overflow storaze, end=around-carry control
(including control of shift-left after end=eroundecarry and control of die
vide additions, including the final corrective step), and for all types of
shifts, "Acc X¥ holds the rumber shifted off the right end of the azcumue
lator during add. During each "add¥ or "subtract" step of divide, the re-
sulting sign is complemented and placed in Acc S; to be cycled into B Rag
15 as the quotient digit.

Section 2, Tllustrative exvlznation of one instruction

: Instructions are performed in units, twelve time=pulses each,
called memory cyclss. (Some instructions contain three memory cycles.)
This mekes the explonation of an instruction fairly simple even in the
following exemple, waich has been chosen in order to illustrate as many
teshniques as possible in one unified exanple, The example is the instruczte
ion idv, twin and divide, with Ix Reg 2 spscified, To illusirate an ine
oul bresk-out mzmory cycle, it is assumed that instructions previousiy
perforrmed nave startad the drum system in the writing mede; and that the drum
system calls for & brezk-oub cycle just as taz divide process is about to
start. ’ :

See Important Note on Pags l.
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Sestion 2.1

Briefly, what happens is this (refer to the traffic diagram, upper
left corner): A prosram=timing memory cycle cbtains the instruztion from
the memory (Time Pulse 6) and adds Ix Reg 2 to the address (TP 9). Then an
operation-timing memory cycle obtains the nwiber from nemory (TP 6), “twinsH
it by sending the left half to both halves of the & Ra2g (TP 7), and starts
the divide process (TP 9), This vprocess is carried out inderendently of the
memory cycles; and is composed of 16 steps (each one similar to that shown
in the balloon between TP 9 and TP 0)., When the operation=timing cycle is
completad, all time pulses in the computer stop to wait for the le:Ld° pro-=
cess., As the last step is being ccmpleted, a new program=timing memory
cycle is started., It controls an extra, correstive, step of the divide
(TP 1 to TP 5), and finishes the divide operation (TP 6) while it is obtaine

"ing the next iunstruction from memery (TP 6), But Before this Pr Tmg cycle
begins, while the divide process is going on, and just when the time pulses
were stopred o wait for the divide process, it is discover d that the drum
has asked for a memory cycle., Consequently the time pulses are permitted to
continue until the break-out is completed, This does not affect the divide
process in any way. -(The traffic diegram for the breakentit is shown in the
center of tha upper right panel,)

Section 2.2

Before explaining the instruction in more detail it is necessary
to explain a few thin ng agbout Menory Cycle Control and Clock Pulse Control
(upper left corner of Ccmprehensive diagram), A% the stsrt of program
timing in cur example, the brezk FF (in lMem Cycle Control) contzins zero,
allox:mg the selected class matrix line to bs Yon®. Tne UPT# FF contains
zero, allowing the bottom matrix line, "“Prog img®, to be “on" and making
sure that all matrix lines marked #0T® (operation timing) are “off¥®, The
HAB" FF contains zero, bL.‘b this will not affect the tdr instruction. The
result is thab the prosram timing line will bs ¥on®, and one class line
will be Yon”, Tne class line will control the f£inal sieps of the previous
operation, wnich will not affect vrogram timing and will nobt be described,
The breal: sy nchronizer contains zero because the drum has not yet asked for
a break, The I0 Intlk (in Clock Pulse Co*xte:’ol) contains *onz' bezauss the
drum is hunting for en address, The pause, AE, semi=siton, and stop flip=-ilcps
all contain zsro, al.Lo iing only thz second gate (in ths vertical set of fo
to pass 2 mc pulses. Thess will cperate the time pulse distributor, which
will produce cemmands from the ccmmand pulse cutput (CFQ) unibs which happen
to be "on, (For example, the fivrst three CPO unifs are always Yon®, and
so time pulses O, 10, exd 11 will always emerge irom them, See 1ater' sections
for what these pulses doo)

>

See Important Note on Page 1,
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Section 2.3°

The following detailed descriphion of the programetiming part of
the instruction can be followed on both the traffic diagram and the compree=
“hensive diagram.

On time pulse (TP) O nothing happens (i.2., no CPO unit produces a
cormand). This allows the matrix to finish setting up (the PT FF was complse
nented only 0.5 psec earlier).

The traffic diagram shows TP 1 reading the Pr Cir to the M Adr Rzg
{CFO 28) and ciearing M Buf (CPO 33), and shows, for instance, that thé (lears
“ing of M Buf is completed by TP 2, These can be found on the comprehensire
diagram as follows: immediateldy above each CPO unit is an abbreviation which
suggests the instructions whicn turn on ithe CFO wuit, Immediately above that
is the CFO number, CP0s 28 and 33 can be found in the zenter panszl. The
diagram shows that CFO 28 is turned on only during program timing and is
pulsed by TP 1. Jts outpubt di.appears into a muliiple cable and can be found
emerging &t the Pr Cir and pulsing a set of readout gate. which read the Pr
Ctr to the M Adr Ragz, This line is not labelled at the Pr Utr, but the title
at the CF0 wnit suzgests which line it should be and vhere it can be found,
{The M Adr Reg was cleared on the previous memory cycle.) CPO 33 is always
Yon", and actually consists of two sepsrate gate tubes, Ve are hzra concerned
- with the one pulssd by TP 1. Its outpubt dissppears into a multipie cable and
can be found emerging at the M Buf and clearing all IF's, including the pavity

, The traffic diagram shows nothing happening on TP 2 (fo allow M
Adr Reg, and associated motrix, time to sebt up), and shows TP 2 starting the
read process in the M Regs (CPO 22), OCa the comprehensive diagram, CPO 22 is
shown to be always Yon%, and pulsed by TP 3., Its output can be diresztly
traced to ! Adr Reg., -If the address specifies magnetis memory (the Htest
menory" FF contzins zeroj it is digit R 1 of the address, as shown in the
upper right corner of the lower right panel of the traffic diagram), the
pulse clears the Test Memory Adr Reg (thus disabling test memory if register
zero permenently contains gero) end procesds to the memory delay-line conirol,
turning the read control FF on., (See sestion 3,13 for further discussion cf
Test Memory.) If the time pulse distribuitor were manually turned off at this
time the magnetic memory timing would not be affected, because ths delsy-
line control is not disturbed, -

See Important Note on Page 1.
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Assuming the time pulses are not stopped, the traffic diagram
shows that the next event is on TP 5, GPO 27, the adding of "one" to ths
Pr Cir, and that the carry propagation may not be done until TP 6 and that
‘the last FF will be stabilized by TP 7. The CPQ 27 and the Pr Ctr count
circuit can be found on the comprehensive diagram, ,

The traffic diagram shows CFO 1l and 23 astive on TP 6, CPO 1k
clears the Instruction Register (i.e., Op Reg plus Adr Reg). CPO 23 reads
the M., Regs to the M Buf, ’

(The comprehensive diagram shows CPO 23 connacted not only to the
Prog Trig line of the matrix, bub also to the brezk out and to ail "0T®
lines except c¢nz of the STCRE class lines, It is pulsed on TP 3 and its
output delayed L.5 psec, This is to insure propsr operavion of the memory
if the time pulses are stopped on TP 30) ’

The traffic diagram next shows the read pulse terminated on
TP 6.5 and, on TP 7, the I Buf read to M Regs and a parity count started
in tne I Buf. These events are conitrolled by the memory dnlay=line control,
as shown on the ccomprehensive diagrzme. The trafiic disgran shous TP 7
seading the 1 Buf to the Instr Reg, by CPQ 15, which can also be found on
the ccmprehensive diagram., On ' IF 7.5 the msmory delay-line control starts
the write procssse

Nothing happens on TP 8 because the control matrix is being seb
up, to idv for this example. The lower right panzl of the traffic diagram
indicates that 1dr is in the multiply class and that variation digits 9
and 10 shouvld both contain "1%, On the comprehensive diagrem; the class
matrix will be setting up to the mulitiply class, This will turn on the top
line of the control matrix (which will stay on even during an ineout break,
to allow the dv process to con’oinu-e)‘ snd the "Pr¥ half of the multiply
class line (bscause the "PT® FF suppresses the BOT? half), The bohicm line
of the class portion of the control matrix (¥Prog Tmgh) is ot disturbed,
and remains on, In the variation matrix, assuming digits 7 and 8 both
contain zero, the top line (¥0") will be on, and the four lines represente
ing digit 7 = WO", 8 = #Q",. 9 = ¥1%, and 10 = 1Y will b= on, The
Reg (upper left corner of comprehensive dizgram} also inciudes the Ix Io
Matrix, which will be set up to "29 in this exsmple, The ouiput of thi
matrix can be traced dovn to the.Ix Regs. '

3

[¢]

(1}

The traffic diagram next shows CPO L0, on TP 9, allicwing ths Op
Reg to select which index register to add to Acr Reg, This can be traced
out on the comprehensive diagram, which shows CFO LO connscted to ths BPI¥
1line of the individual elasses., (It will not be %oa¥ for classes L<H,}
The command goss to each Ix Reg, where a single gate. connezted to ths
Ix Ic matrix dstermines whaether that Ix Reg should be added to Ldr Reg,
The 0.5 psec carry delay line in each digit coiunmn of. Adr Reg will orie
ginate a carry, if nscessary, on TP 10, The carry-takes about 0,55 pses
to travel the length of the register, so the final FF may not be sehtled
until 0,05 uzec after TP Q. ‘
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The trafric diagram shows that the parity FF in the M Buf is
stabilized by TP 10, znd CPO 33 causes a parity check on TP 11 while the
rnemnory delay-line control is causing the write procezs to stope

: The traffic diagram also shows that, on TP 11, CPO 32 clears
M Adr Reg and CPO #0% zsk3 if IO wants a brezk, It implies, but dpes not
show, that TP 11 also changes frem Pr Tmg to operation timing, On the
comprehensive diazramy CPO "0" sends a pulse to sense the I0 Break Syn-
chronizer. Sincz the drum bas not yet asked for a tbreak, the synchrenizer
contains #O" and so the break T will continue to contain zero, CPO 2

is shown being "on® during the multiply class, and so TP 1l emsrgas from
there and complements the "PT? flip=flop., This turns off the Preg Tmg
line and the multiply %WPI¥ lire; and turns cn the multiply #0T% iinz feo

operation timing. TP.0 does nothing (wait for matrix to settle down), -
-xcept that the memory delay-line control turns the disturb palbe Ton™

on TPO and Yoffion TP 2,

Th:.s completes the program=timing memory sycle, N’o‘te that the

contents of M Buf and il &¢r Reg are no longer required at P ¢, so thz

an 10 Break at this time would not disturb anything, (The break is Gge
scribzd in a. later section.) :

Section 12«74.:é

The folleowing detailed description cf the operation=timing part
~of the tdv instruction assumes that the reader is now familiar enough
with the drawings to work his own way at least as far as TP 7., Note thad
CPO numbers are not shown, on the traffic diagram, for ccmmands whizh
occurred in Pr Tmgs the required connections ARE showm on the conprehen-
sive diagram.. ’

v : It is also assumed that the reader is now fwmlllar enough with
the drawings to be able to follow most of the discussion on boih drawings
without being told which one to look at, or how to trase the lines,

CPO units 72, ‘73, and 7L control the transfer from M Buf to
A Reg, the "&" dicdas (open itriangles) on the variation lines on digit
10 selecting eithzr CPO 73 or 7L depending on whether a ﬁ%w;n“ varizticon
was specifizd. liobe that this same circuit works regardlesz of whether
the instruction is in class 0,1 or 3, Noie, also, thab tbla c1rﬁu&;
specifies the only difference beiween icv and gy

CPO 214 sets the .idw p*g for counting the proper number of
steps in a divide process (multlplj class, divide variation), Thars
are 16 steps, and each step requires four counts (since the Adr eg 18
distributing all these couats, as explainsd later), The setting iz

accemplished by setting CR clesring each FF of the Adr Reg,

See Inportant Note on Page 1.
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CPO 31A also performs an "Acc and E Reg sign®., This pulss gz2s3
to both arithmetic elements, and its action in cach is 1llustrated by i*s
action in one of thems if the Ass is negative, the Ass, B Reg, and Sign
Control F# are 211 complemented, This makes the 32<bit dividend (in Az2
ard B Reg) positive, and indicates that the quotient must laiter be mads
negative.

CPO 92 performs an "A Reg sign®, which is just like the A=z
and B Reg sign" except that only ths A Reg is involved, plus the sign
cortrol ¥, If both Acc and A Reg were negative, the sign coatrol FF now
indicates the quotient should be left positiva,

, CPO 92 also clears B Reg 15 (of both B Regls), This is besause
the *first sublraction” of the divide is omitted. sinze the quotient shonld
be less than ons., Clearing B Reg 15 at this time effectively puts a zsre
in the 27 position of the quotient.

(]

CPO 21B perforns a "start AE%, This sets the AE (arithmetisz
element) FF of Clock Pulse Control to "1%, allowing 2 ms pulses to fivy
(unless stopred by Msemiestop” or Ystop™) to the CPO units, They are cone
nected to all CPO units lzbelled by a #2 me®, The comnzd occurs on TP 8,
but the first 2 mc pulse occurs on TP 9. The action of these pulses on -
the Adr Reg anrnd arithmetic element is explained in ssztion 2.5, Thiz
action is independent of the rest of ths memory cycle, which the readsry
can trazs to TP 11, at which time CFQ L causss the ¥Fauss® FF to twm off
. the Time Pulse Distributor and turn on a gate tube whiczh repeatedly sonsss
the break synchronizer, This allows the I0 systcm to obtsin a break mamory
cycle while the divide process is contimuing. In this example, it i3 z3e
sumed that the drum asked for a brezk on TP 8, so that CPO “0%, on TP 11,
would discover this request and set the bresk FF to 1, The break FF would
suppress the repeated sensing of the break synchronizer and supply pulses
to the time pulse distributor (which would not actusliy stop, in this
particular case; until the end of ths break cycle). The time pulss dise
tributor would produce a breax cycle, and not interfere with ths divids
process, becaouse the brazak FF has suppressed all class matrix lines extept
the. tiro a2t the top of the control matrix, and has tuwrned YonV onsz of tha
break lines of the control matrix, The break is described in section 2.7,
CPO 2, on TP 11 of the operation=timing cyzls, will complement the FT FF,
setting it to the "PTM" condition in readiness for the complation of +he
-divide process. . )

. £
Section 2.5

. ‘This section describes the actior of the 2 mec pulses supplied
to the CPO units during the divide precess., Only CPO 32 and 224 wilil
pass 2 me pulses during divide, CPO 32A senses when the process is donz,
and will be discussed in section 2.6

See Importént Note on Page 1,
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The CPO 32 subtracts one froum the Adr Reg (being used as a step
counter) every half microsecond, The first two digits, R 1 and R 15, are
connected to distribute divide pulses in the following way2z When they
both contain "1 (11 = 23%), there is no carry (subizraciing count), and so
a divida pulse emerges on.only the ¥3% line., When they scntain ¥10% (227)
a carry pulse enters digit B 1l and.also emerges on divide pulss lins ¥2%,
When they contain "01" ("ene¥), no carry occlrs and no divide pulse will
emerge., When they.contain "CO" (“zers") a carry pulse enters digit R 132
and also emerges on divide pulse line "0Y, These three pulses emerge in
szquence from the idr Reg whenever CPQ.32 in rumaing, but CPO L7 allows
whem to do things only during divids,

The traffic diagram shows only ons saquence of three divide
pulses (four counts ), indicating the action in the arithmetic sizment on
each count of the Adr Reg (3,2,0). This represents one of the 15 steps
of the divide procsss. Since the procedurs is the samz ¢n ~uch step it i3
sufficient to discuss just the first step,which assumes that the “first
subtraction" has been performed, and corresied, and that a zero digit exists
in the 2° position of the quotient. (4Also, the discussior refers to only
one arithmetic element.)

Divide pulse 3 calls for "dv set EACY and %3v si¥, Thedivide
set end around carry' discovers whether the previousiyezsazlculated remain-
cer is positive or negative (As¢ 5), If it is positive, a subtraction
should occur next, and so the A Reg is made negative {(ccmplementad if it
is positive) and the end around carry control FF is set to "17 (for the
reason discussed in the next paragraph). If the remaindzw is negativa,
the reverse is true. The "divide shifit left! part of this divids pulse
shifts left the remainder (in Lcc and B Reg).to position it for +hs fole
lowing subtract or add, and shiits left the quotieni (in B Rez) to make
room for the naxt quotient digit, This can be found on ths comprehensiva
diagran as follows: <The divide-pulss=3 outipuh of CPO 47 connsivs to soms
of the outputs of CPO units 85 and 87, Ths titles of thesc outpubs zan’
be found near the CFO units, and also near the B Reg, Tha titles show
what shifi gates sre pulsed alihoigh the drawing shows these lines marging
(but 1ot mixing in aa For circuit} inito 2 single line running to ail
3

. shift=1left gates., Lecc.l is shifted inko the sign digit be:au:
be includad in the following addiiion, Ail add:izionsy in the m

‘the sign digit like any other digit exceph for overflcew oontrol (which is
gated out in divides), and EAC controi (which is ignorad, and handled sepse

rately in divids, as explained later),

Divide pulse 2 next calls for ®EACY and for “EAC 0P, 'Thess
pulsss sense the end around carry control FF3 if it contains ¥1%, the
Ycarry 1Y input to the accumulator adder circuits is pulsedy if it cone
tains #0", the ¥carry O" input is pulsed. (®EAC 0% sets the EAC control
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FF for a purpo~e discussed in section 2.6) The carry input to the adder
initiates the adaiuion of the A Reg to the Asz, If the A Reg is nega-
tive, a subtraction results, The A Reg was made negative by +aking the
#1l's complement!, but the EAC control IF was mads to specify zfcarry 1¥
input to the adder in this casa, The result is to effectively.add the.
%213 ccmplement! whenever a subtraction is required, The remzinder will
be in true form.(if positive) or in 2's complement Torm (if negzative),
"At least three advantages result from using the 293 compiem=ns form
(which is used only in the internal automatic divide processs the final
ansvwer, if negativs, being in n v1's compismant? form)s an end around
carry is never nacessary, and it.is not necessary to add "1 to every
bit of the divident which is in the B Reg when a subtrzciion is performed)
and 2 zero remainder will be positive (resnlting in a %1% gquotient digit
at that point and MO" digits thereafier), Note that C/0 = 1/2,

- The action of the adder circuiis zan bz txased out by ths
reader (they are described in other literature, such as the IZH Quarterly
Report dated April 27, 1$53). A carry (¥0* or "1") is prepozated from
digit to digit, reauiring sbout 0.55.psz2 to travel. the lergth of thsa
egister, (The EiC control FY will remain set to %1%,) The sum is
placed in the Lcc digits, aranlacad one place to the right (for spsed
dn moltiplication), the result of colwn 15 being placad in &sc X and
not in BR S, 4fcc S is left Yempty®, and so is used temporarily for the
quotient digits Y1M if the sign of the remzindsr is positive (%0Y) and
vice versa ( this circuit is actuated only for divids because £33 S musth
‘remoin 70" during multiply). If the Ace S, 1, and 2 FF’s have 2 ree
solution time of LS psec, then all Fris are stabilized one mn»ro;e»ond
after divide pulse 2.

Divide pulse O occurs at this time. It performs an *add
shift left", and places the quotient digit (from Acz2 S) in BR 15, The
Yadd shift.left! corrects for the displa:eﬁent cause d‘by'thﬂ,“dder Sive.
cuits, £fcc X is shifted to Ace 15, Acc 1 is shifted to dzs S, and
azc 215 are also chifted (to Acc 1-1l}, A11 digits are shifted simule
taneously becauss such a cennection (compared with a Vrippls shifi#)
ma2kes the cycle left instruction more convenient,

This ceompletes on st p of the divide process., Note that the
result, at the end of each s tep, is that the remainder (positive or
negative) is in digits Ace SalS (plus BR FF's contzining unused dividend .
digits), the quotient digit resuliing from this s=ep is in ER 15, and
the FAC control FF contains #1", Sinzca 15 guotient diglts {not includ-
ing the sign digit introdused by CPO 92) are dpsired 15 steps must be
performad. - The step counter end carry (from Adr Reg) clears the AZ FF
of Clock Mulse Control, which stops the 2 me pulses to the CPO un it3,
ard thus stops the divide process, (The ckacf methed of ~.e.r."tang ths
step counter end carry d2pends on the design of ihe zhif* 1msirustion.
This detail is not worked out yet., The end caxrry i3 showm ociurring
whaa the step counter contains ”O" but it is izsumed to cconr vwhen ths
step counter contains "1",) The d1"4;; protaas is completed by ths nexb
progranm~-timing memory cycle, described balcw,
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Sectionv2°6*

This section describes the final commands required by the divids
process and which occur during the bsginning of the program=biming m=iory
cycle, which obtains the next instruction from the program.

CPO 32A passes 2 mc pulses during the performanse of the steps
of the divide proczss., Each of these pulses senses the Adr Reg (sts
counter) to see if the process is noarly donz, The %iming of the divide
process is such that if the programs=timing cycle is toild to start when
' the step counter rezds "17 there w1ll be no conflist Teissen the cormands
issued to the aritnmetic element friem the divide pulse distributor and
those issued by the time pulse distributor. The "start PI¥ puise frim
Adr Heg (sc = 1) will clear the “pause® FF of cleck pulsze conbrel, which
will stop the conbtinuous sensing.of the break synchronizer and will stard
the time pulse distributor (o~ will allow it %o continue after the break
if an IO break cycle is then in progress). '

The PT FF has alrezdy been set to WPI® by TP 12 of the previous
operation timing cycle, and so the Prog Tmg line o? the matrix is ome
The action of this lins was exrlained in seciloq 2,30 Tue clearing of
the PI' FI' has also turned off the maltiply-clzss “0T? line and turned on
the multiply YPI® line, This line will wemain on until TP & cleaxz the
operation register., Only CPO units 56 and 61 will be pulsel tefcre thab
%ims, end they will finish the divide process as followss

CPO 56, on TP 1, pulses the same line as divids pulse O, This
is bscause it is assumed thai divide pulse 1 (which doesn®t actually ap-
pear on a line) is coincident with the step counter end zarry, which
stops the divide process befere the final scep on divide pulse O can OCquOA

The rest of the acitivity on CPO 56 is concerned with correcte
ing the remainder if it is nezative (i.e,, if the finai subtrasticn is
%00 much®, so that the A Reg must be added back in again),

CPO 56, cn TP 1, performs "negative set end around carxy®,
If the Acc is positive; nothing happens and the EAC control FF remains
in'a "1" (as at the end of every divide stepl. If Acn iz negative, an
addition is required, and so A Reg is made positive and the EAC Control
FF is cleared to request an addition. -

CPO 56, on TP 2, performs WEAC O or clear® the EAC Conizol
FF is on "0% the carry 0 line is pulsed and an addltlop ocours, Otherwisea
no addition.nor subizaction is performed. Ir either case the EAC Control

See Important Note on Page 1.
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FF is ccmnle noasad to rzauest the next sten (L.2.p if an addition ozewrs
the FF will be compremented to 1Y, so a carry 1 output from the sign
digit to FAC control is not important.)

CPO 56, on TP 5, rsaquest EAC shift left, If no 2ddition oscurred,
the FAC control IF will now contain #0" and so nething will havpen, Eub
if an additicn did occur, the IF will now contain ¥1? znd so an Jadd SL®
will occur, correcting for the shift that occurred.durinz the addition
and leaving thz resaltant remaincer in correct positive form in Acc S=15,-
Note that if the division was exzct (at anyr step), each succesding siep

will result in a MO quotient digit and *minus A Reg? asg a remainder
reebive siep.perfornad by CPO 56 will correct this remainder to

- CPO 6 corrects the sign of the xesult on 7o 6, The sign cop=
trol FX waos previously set up to remember the desired quotient sign. I
+t contains 1" the ¥product sisn® obltains the "1°s3 gcmpla"en* of th=

1

remainder and quotiant in Acc cnd .3 Reg respsstively, otherwise Aus and
B Reg remain positive, The B Rez contains 1o guotient digits and no
1gn digiig t:a siru of the rCﬂ“*nder after TP 6
TOVi e

iz tqa p*onow quotient
signy and 2 shift i=ft of 17 will r

ry

This completes the tdv instruction; except that the example

was stated as including an IO Zreak-out memory cycle, which will now be
explainzd,

Section 207%

This section describes the in-out break-out memory cycls., The
traffic diagram shcws this cycle in the center of the upper right pansl,
The traffic diazram of the bresk is a little different from that cf other
cycles because it includes a Yphase diagram” wisse diagonzl lines 1llusze
trate a2l1 phzses of the drum btiming with respsct to the computer timing,

The phase dia gram will be briefly described. and then 2 specie
fic example will bs explained in more detail.

e

A11 verticsl linss on th
occur abt a specific time with respsc
the drum timing., AlL events co“trol
the horizeontel line ju ;
these drume-iimzd event

3

~
=
o

ol

& 3 oMo
puter fimss, Any horizental lin: drawn across the phase diagran illuse
trates tha tining of the drum and computer {or ths corresvondl ng phise
relationship beiween drum and cemputer, ‘Thess adznnified
oy the conpuisrebime at which the dromasims bra cgurs,  Thus

o .

the phase diagram shous phases 10{at the to

See Important Note on Page 1.
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(at the bottom)., It extends upward to 10 @nd downward to 11 becauss these
regions are indsterminate, The upper phase 10 will presumibly set up

the "break sync.' FF of "memory cycle control”™ in time for TP 1l +o se

up a.break,; but.a phass later than 10 migh® not quite make it, Gw*talnly

a phase later than 11 (the upper 11) will not get 2 break until ths nexb

TP 11, as shown., Thess same corments apply to the indeterminate region
betwsen the bottom 10 and 11, except that hePe it is assumed that a

phase later than 10 (but earlier than 11) might just barely get an ime
mediate break. The shaded areas indicate when questionzble things azstually
happen, and this will be explained during the folicwing detzailied example,

In the detailed exemple it will be assumed that the drum asked
for a brzak on TP 8 of the tdv opervation=tining cycle, Thus, ths horis
gontal line for phase 8 of The phase diagram ”nouLd b2 stuala-o This
line hapnens to coincide with the lins labelled *I0 Sel¥ in ths righd

-

-margin. The facty that the fx--"fic diagram shovs a bi instezd of 14y
‘preceding the brezk is of no consequence because noth iing happens until
TP 11, zrd then ths break tzgins and doesn’t care what operation is bzing

performned,

To help follew tho action of the drwm, the activity irdtiated
by one drum timing merker (Gdrum syne®) is shown in the caniter of ths
lowzr left pasnsl of the traffic diagrams, In tha fellowing discussion
it is assumed that the reader will refer to ali thres drawingsz (1} the
comprehensive logiczl diagrzm (the IO system is in the lower left panzlj,
(2) the phase diagram (upper right panel of traffic diagram, the phase
8 line), and (3) the drum timing (lower left pansl of iraffic diagram,
the wpper half representing tne write timing)o

- A pulze from the timing marker channsl on the drum adds ons
to the drum pos iti 7t counter or reads the drum identification to tha
identification rzgister and thsn sensss the comparison civeuits. (Ths
Sselected Drum sne¥ pulze will be described latero} An "Address Found®
iz emeress from the solecsted drwm sthon 2 compardison zheolis, Thx
UAsk Adw FF" will be on Y1¥ at this timz unless the computsr b .S been
 stopped., The "address found? will thus clear the VAsk Adr FFW +
vent leoking for another register unless the computsr ressats it T
(a“?:wzbwu later). (The reason for delaying the cleax 2,5 pse2 1S .
dascribad 12%&2)0 The pulse also adds onz to the D‘-q Adr Reg and ths
JO Adx C put not the IO Vd Ctr because a cxw insirus lcn.nsgnz ks
in progrezs), and (since wr is solevted) irmediat elr EMerges 3 an
“asynchronous Brezl,® which happens to arrive 3t the brcak syn2 FF ai
computer TP 8 in our.example,

2R

Dol vy
A

ai=t
o "1®

3‘

3
"\

,..‘.

Nothing happens until TP 11 senses ths break synihronizer,
sets the break FF to "1¥, and sends an *asynchvonous rSK Addtess® 1o
the Ask Address synchronizer, (I TP 11 okurred durinz .the rise time
of the break-synchronizer F¥ it must surely ask for anovhe* address ime

mediatsly, if it is strong enough to set the break FF,' besause ths

2
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Bask address’ is ns essary for the break, as dsscribad later,) If an
#I0 End Carry" ("disconneci®) has oczurred, the IO 1nuerlu:k will nob
allcw another.address to be.asked for,

On TP 3 the "address Found® pulse is emerging from ths 3.5 wzes
delay line and setting.the write FF to write the word that was previousiy
placed in the IO Reg° This writing stops on.TP 7, and the IO Rzg is
cleared, . .

" Mearwhile, the Break FF has turmzd off 211 class lines {excepd
the upper onss which conirol the divida, multiply, and shif% pre:esses
in the arithmetic element) and has turned on on2 of the break lines (the

brezk-out lins, since the readewrits szlestor is on wr), Ths Bresk FF
has 2lso supp:csued any conbinuvous '1n41ng of the brea=k szyn: F“g ani has
demanded time pulss Note that CFQO 35 A clezrs ths b’eak vz FF oa
TP 1 50 that the next async break can ;un:hzon on TP 2 (if pnase 10

exists),

On TP 7, a “try M Buf to IO R=g® cannob got pasht the gate
tube on the YAsk Adr IFY because it was VLaared on TP l.

On TP 8, the nezt "Selected Drum Synz® pulse finds the Ask
Adr synchronizer has been set and so sets the Ask Ade FF, (T% musb
txy again in 1 pzes bacauss in phases befere phase 0 tha gvomrondzer
will not have set up ynt, It mst try at this ea4ly tine berinss
otheririse phases later than 9 would miss the last "try M Buf to IO Reg¥
pulsz, In Dh wses 11 througn O it is Pot clear wnether the &sik Advy FF .
will b2 set the first time or the second, buib no pulses are hitting
the gate tubes at this time.)

On TP 0, a Wiry ¥ Buf to IO Reg” can gzt past the g&te tubs
and will lcad the I0 Reg for.the writing that begins on TP 7 tha
next drum position is the one-desired, (TP 11, dzlayed, is
cause TP O occurs while tha control nutflﬁ is b ng resai2tk.ed
pulse nmust bz as late as this becausa otherwise tha ransfer
ocowr during phases later than Jower 10, The TP 7 trial must
bezause otherwise the I0 Rag would not be sem up so0on enough duwrin
phases earlier than 2, D;r-ng phases 6 through 3 3

ther only the 1av g2y or both, trials will succeed. ds
nmatter because *1% digits are being rezd to I0 Rzg and nobad
ing at I0 Eep ad this time, The &sk Adr FF must o ls
tha? shovm because then no trials would sucossd
11.

This completes the discussion of the in-o ut brezk, Hobs that,
in our examnle (uhace §) the nex®t asyns. break ozcurs on TP 0. ard
TP 11 wculd find the break sync FF cleared and would™lezr the breax
e, Slnce the 6ividc p: cess is bnl_l bontln ‘“"S-TPQ clearang or

[+ 4
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The second of ‘bese pulses woula find the sync FF set and would initiate
another break, which wculd appear as phase 10 (lower)., Sinze pnasas 10
(Lower) requnsns the next breck on TP 2 (2fter the break memory cycle),

all brezks will be phase 10 until the divide process stops, If this happens
during a Dreak, then when the rext TP 11l clears the break FF the repeated
sensing of the s_y'nc F2 will not occurs but instead the time pulse dize
tributor will continue and will produce the program timing cycle which
finishes the divide, and this will then be followed by a phase 2 break,

This cenpleies the explanation of the tdr instructions, with an
I0 break-out during the divicde process,

. . X . *
Section 3. Discussion of obscure features c¢f other instrusztions.

It is now assumed that the reader is sufficiently familiaw mﬁoh
the drawings to work his way throusgh all the instructions. The td¥ ine
wwruction and I0 break-out illustrate nearly all the techniques us Wsed din
the other instructions. However, certain details may bHe gonfusing or
entirely missed. -An attempt will now be meds to dessribe all suzh d= ,a:L_Ls

A : It is assumed that the reader will work his way, tj..mer-—-pxﬂ.sec»‘cya
time pulse across the traffic diagrem, following the action on the come
prehensive diagresi.,. Details will now be discussed in the sequenze in
which the reader is likely to encounter them. The tdv and dv instructions
should present no problems, '

Section 3.1° (csw)
A1l commands for csw occur during progeam timing. so no cperae
tion=tining cycle is started (the next cycle is another Drcczz’anmz,mmg

one), This is acccrmplished by not complementing the PT FF (by CFO #2, 3,
or S) on the FT ¢ycle of class 3 (unless et variation is se le*ta.)o

3
Section 3.2 (Classes O and 3) °

CPO 81 cleers A Reg on TP 1 of both the OT and PT cycles, It
is also needed on certain other instructions; but no sitempt is made to
suppress it on instructicas vhich will nob be damaged oy it

CPO 69 finds the posﬂnve magnitude of both Asc and A Re.g for
instructions cnioand cho L

A1l negatives are in 1's complement form throughout,

See important note on page 1.
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The YCO in" clears the EAC Control FFg and a ”ﬂarry 1% from
the sign digit sets it to request an end arouna carry and corrective
SL by way of CPO L8 and 50,

(The IO break-in is discussed im sestion 3.3)

The sign control FF is not used, as such, on this clasz, It
1s cleared by CPO 63 for use as a temporary overflow accumulator, An
overflow is indicated by a carry intos; but not out of, the sign digit
(or vice versa) regardless of whether this condition occurs on the add
or the end around carry. Bubt no overflow occurs if there is both a

carry 1 Yout¥ on add and a carry 1 "in" 4o the sign digit during sn end
around carry (1.111 plus 1.00C), and the sign control FF will recognis
this non=overflou condition, The overflow, if anmy, is recordesd in tha
overflow FF for fubure reference, (In the shift class, siz, the sign
control IF camnot be used for overflow, bubt it is nob nee eded beszuse only
one overflgw pulse can ocCUre,

\
34
Section 3.3~ (I0 break in)

' The magnetic memory strobe is omitted, and so T2 selested
register is cleared without performing a parity chesk. The word to be
stored is available before the memory cycle is started; so a stopping
of the time pulse distributor at any time will not disturb the transfer,

Note that the "asynchronous break" for "“read" occurs L.5 pses
later (in the drum txmlnc) than it does for "write, .

Section_Boh% (Class li, not including slo)

Note that the index register is not added in (on TP 9 of PT),
and so the address in the Adr Reg can be used nmnndlat@lj for shifting,
CPO 21A starts the arithmetic element on TP 9 (the eavliest tims at which
the control matrix lmows what instruction to perform), but the fix ~b
shift pulse cannot occur uniil TP 10,

The shift-right pulses going to Acc do not go to 31i digit columns
simultanzously. Instead, the pulse which goes to &ce 1l {(B0Y =znd *1%
shift=right gate tubes) initistes a Pripple shift® of digits.llL thruoagh S
(s"xif’m’_n'y them o 15 through 1), The “ripple shiit® operates by letting
the outpul of the shifi{ gate tubes in each colurm be used zs the pcnma“d

pulse for the next colum to the leit, (4cg 15 is pulsed alasn: and does
not pulss Ace 14,) Thz ¥ripple shift" is uzed to sps2d uvp the multiplisza-
tion process, as explainsd later, and.is not used in B .Reg nor in th1t132
left,

See Important Note on Page 1.
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The condition M"Adr Reg (or Stp Ct ?) s used to start PT,
(CPO 32\ 2lso senses Stp Ctr, but Stp Cix =5 w ccur befors stp Cir = 1,)
It could have started 1/2 to 1 1/2 psex earlier (the only requirement is
that the Adr Reg be stabilized bafore ﬂlw,rzng zg e cleared before resde
inv into it) but the conditicn uSC = 5% is nseded, anyway, for multiply,

~ (The clearing of & Reg on TP 1 is nseded only for slo, but doss
not harm the other shift instructions,)

Sign control is not needed bepauso the sign digit itself i3
~copied in the proper place on each shitt, Note however, that pesuliae
results occur when shifting a negatxve Azz lefy while B Rzg i3 full of
Zeros3e ’

X .
Sestion 3.5 (zia)
(instead of L0) is used because the addition i

3 3
structions in this class, (The timing of the commands
so late simply to match the timing of bi.)

The addition is already performed oa TP 2 of FT, but CPO LI -
t de cn oth
.

M
Section 3,6~ (Class 5, excsot bi)

Instruction blm; on TP 9, senses L fcz, If it is positive 2
“no branch" pulse appears, Similarly with brm and R Azc, Instrustion
bm is a combination of these two, so that if eithes (or both) decc is
positive a "no branch" appears, The su¢sestbd fpoe9 (branch on overe
flow) produces a.'no branch® if both Lee Overflow ¥FFis contain 20%,

‘In any of these instructions, the absence of ths ®no branch
pulse allows the branch to contimue as shovm on the traffic.diagram,
But the occurrence of the pulse causes the command matrix to zwitch
(from TP 9 to TP 11) to a condition which allows no more conmands to
ocour except PT, A special ¥blank® OT line for the bransh clis 53 rdd
be provided for this. but the comprehensave dizgrsm >hovb ths :
tranch® changes the matrix-to "store, c¢ycle B? (dss:ixibed 1
has only progrem timing after TP 9. (The variztion
"no branch®,)

_ The go instruction always provides a ®ro brzash berause its
only function is to Dwovzde a Ysernse® or Yoperate pulza on TP 9, Ths
funciion of this pulse is determinad.by the ®so matr*x” on the &dr Rag,

and if a "sensed! condition is Yen® th e Pr Ctr is made.to count onsa,
thus skipring the next instruction.of the programo

If a "“no branch" occurs, the clearing of &3ﬁ Reg and R A Reg
on TP 9 does no.harm, -

See Important Note on Pagze 1,
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_ In any case, ;P 10 does nothing, to allow the matrix time to
changs, '

The commands to the Ad» Reg are for bi, and do not affect ths
other instructions in this ¢lass, '

: The commands to the Pr Ctr szymot dozuw Gd.'?ll than TP 1
because the control matrix is not stabilized until then, Thz new contents
of Pr Ct» sre needed on TP 1, (TP O i3 not ussd bs-ause the mabrix might
be switching for an I0 Brezk,) ‘

“Section 3.7 (bi)

The bi instruction produzes a "no branch® if the selecsted Ix
Reg is negative, . .

The ccommands to the Adr Reg are for the purposz of surirashting Ix Iv
(‘che Index Imterv al) from the selec ed indsx Reg (vis Ade Regle Tne Ade
Rzg must be cleared on TP 9 b e:ause it was not knoim on TP 7 that the -
sadress from M Buf is not dasired,

The complement of the Ix Tv fxem M Buf is read into ithe Adr
Reg on TP 11, The Ix Iv does not cover the full length of ths Adr Reg,
so the command must inject ¥1¥ digits (negative ’e*’os) iuto tne remaiaing
FF's of Adr Reg.

eztion 3.,8* (Class 7)

All instructions in this ¢lass sense the IO Imterl a.nd
will not procesd uvntil the previous inecut procsss produiss 2 nnesto
This is accompliished by ::alc;z-g CPO L4 ¢=il for 2 Ppause™ (zs in mv)yahi:h
continually ssnses the IO Bz Sync and allows I0 break cyiles o procecd ‘
while the time-rulss~distribubtor is otherwise sztopped to wail, Meamvhile,
CPO 7 has reguested a "start arithmetic element?, but the resulting
%2 me¥ Dulses emerge only from CPO 32 D and continuzlly sense the IO

'bo”’lOCx\ FF to determine when to end the pause an'i reiume regulir opsras
tien, There is no need for turning off the YAE® FF of 2lack pulse cone

a.;

trol quickly, and CFO 6 eventually does this,

o f)

zk
éi

D
is5C
D

The inst ructlon se, sea, sel, and las then icad either ths
IO selection register or the 10 &dr Ctr on TP 1 and 2 '

#*
- See Important Note on Page 1,
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The instructions rd and wr load the wl Ctr (different CPO
units are used because the ¥r chanzes to OT, while rd remains in PT),
set up the read=urits FT of ~10 centrol (vnlcn also selects between ine
breaks and out-breaks), start I0 (set the interlock and start :oun*lng
one drum revolution), and ask the drum to find an address,

The ywritz instr uﬂtﬂon must essentieclly provide an initial
break~out Yo provide a word for the drum to write, This it does by
“going to &n UT ¢ocle, uln:e it is the only 1nst*“3tion in this class
with an OT cycle the veriation digits need not be sensed during the
OT cycle. The essential dlf”erence betwesen this OT c¢ycle and a rego-
lsr break out is that the I0 Reg is clzarsd and read into on TP 6 and 7.
This must be donc because no previous drum overation will clear I0 Reg
nor interfere with the reading into IOR; and becausz 2 drum syn2 pulss
might not occur until too late to accept a Mtyry M Buf to ICR® on TP U,

.3:.
Section 3.9 (mw, tmu)

Fach 2 me pulse Guriag multiply will sense BR 15 to datermine
whebther Lo shift or add., If an additicn is specified, tie carry O inputh
of the adder is pulsed, The zdder is designed to add, shifi, and coxry
in one step. The &cc 15 ¥7F is pulsed irmedistely (by the Acz 1l adder)
and is stabile and ready for the next activity in 0.5 usec, The carry
pulse tﬂ“as tzre to prowsgate from digit to digit; and arrives at
Ace S 0,55 psec after Acc 15, The Auc S F¥ is sbzbile 0.5 uses after

“that, The B Rea is shifted (211 digits at once) at the same time that
Avc 15 is add=-shifted into-ice X and into B Reg S,

Half a microsecond after one'"BR Senze® it i3 possidbla to
have another onz because the B Reg and Acc 15 are stabile by then and
because the carry pulse will not arrive ab other digits of hzg
they are stebile (i.e., the carry ripples dovn feg at the same rate
each time), This is also trus even if the “BR Sennﬁﬂ p“Oux =25
*riultiply shift right!", bscause the Acc shifteright cirzuit i
to Mripple’ at the sams rste as the carry circuit.

- - A
Section 3,10" {Class 2)
BEach store-class instrustion, except st and ez, wili lesve ons

or the other hzlf of the word in memory U4JlSuLID€do Tt 13 gquiils ex-~
pensive to provide separate drivers for the left and right halves of

See Important MNote on Page 1l.
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memory, so voth halves will always be handled., It is desirable to periorm

a parity check on the half that is to be rewriiien, otherwise an er:or i -
that half woild not be found. It is also necessary to periorm a parity
count for the new half that is to be writien. Since there is only omnes parity
‘bit and cnly one parity count circuit it is not possible to parity-=count on
half-words. 7Thus the above mentioned parity check and pariiy count must be
performed by two independent fulle=word parity counts., There is not time to
make these two counts between strobe time (TP 6) and write time (TP 7) of on2
memory cycle, so two memory cycles are required, Similar considerations ape
ply to the ec instruction, so 2ll class 2 instructions except st will have

2 operation-timing memory cycles., They will be called cycle 4 and cycle Bo

These two cycles are selected by the AB FF in Memory Cycle control.
The st instructicn complements this FF so that it "ba'lf’ea from A (the normal
condltlcm) to B at the end of program timing (CPO 2 -,)q thus skipping ths
A cycle and proceeding with B, The end of the A ¢ cle switches to B and the
end of B switches back to A but also switches out to pregram timing (CPO 2).

An in-out bresk must be allowed to occur between cycle A and B,
and so the halfsword to be re-written can.lot be leit in M Buf through TP 6.
The full word is therefore transferred to A Reg (TP 7A) and the half to bz
re=uritien is read back on TP 2B, The R A Reg nust not bte (isturbed on sts
because the purpose of this instruction is to store the original contents of
R A Reg.-

‘tj
H

There is not time; in raog, to orm an end around carry in the
same vay as in the ADD Class. Ths EAC con ‘o ‘0l FF requests an EAC in the

same way, but the request is granted simply by inserting = ®1% in Aszg 15,
This is because the only way an EAC can occur in rag is when the original

nurber is 1,11111 and the result should bz 0.00C0i.

l

s

An overflow can occur if rzg is performed on 0,11111, This will
be recorded directly in the overflos FF because a second (correct:.ve) ine-
dication cannot occur on end around carry,.

Section 3.11° (slo)

Progrzm timing is not sterted until Stp Cir = 1 because extra
time is needed, during program timing, for roundoff,

Sign control is-used to simplify the roundoff process (i.e.; so
BR S is added to Acc 15 regardless of the sign of the original number),

Section 3.12" (ria end rir)

In ria the number to be read into the selected Ix Reg is placed
in Adr Reg by pri proc'rcm timing,

34

See Important lNote on Page 1.
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Section 3.13" (other features)

This ccmpletes the discussion of obscure features which are
1likely to be encountered in working through ths traffis caac,_« There
remain a few obscure details on the ccmprehensive diagram. me,e will
nod be discussed,

Test storage is shown immediately below the M Adr Reg, A
8Test Mem, Adr Regh of L4 FF''s is previded in order to keep test storage
more isolated frem.magnetic .memory., Each of the 16 ou\.p*.zt-s of this ree
gister can be switched to the corresponding one of 15 toggle=zwitzh reo
gis’coro or to a single set of controcl gatss on @ single FF register., A
single 7 of i .dr Reg ds 'cerm' es whother or not to use test storages
If it contains a zero, the ¥stert mmzm¥ pnlse will stvart magnetic memory
and clear the Test I em, Ade Reg, selecting test register zeros, If re= -
gister zero contzins zero, then reading ocut will not disturb M Bufy, ard
1f register zero is toggle switches, reading in camnol disturb it., If
the selection ¥ contains Y19, nagnetic memory will not be started, ani
the selected test register will remain selested, The Pstars nz=w™ pulszs
1111 sense dlg:. 5 2,3, of M Adr Heg (se2 digit layoub on traffis dise
geam) to debermine waich of 3 reset lines to pulse, Fash reset line to

each IF of TP stcoragz can seb the FF to 1L or O or lezve it undisturbed,
The test storage and megnetic memory arve strobed at the same time (bu*
only one of thzm will have informetion), and test storage is read into
at the same tine magnetic menory is (see CPO 34 and 35),

The In=Out sys tem shown in the lower left panel has not been
fully explained, This system is ncow being dssignzd by the in=out group.
The details shown on th:..; drawing are rather obsole;e and will non be
discussed further at this time,

The Memory Pause conbtrol (t.w first two CFO un:b:) ynchrenizes
the computer with the memory timing, If the strcobs pulse in mn Ory 0%« -
curs earlier than 1'—’ 6, then the com mm:er timing is not aifested, Bud

if the sirobe occcurs later than TP 6, tha computer is stopped, I’o i3
started :l.‘-"d.lfl after a delay which 21icws the memory to catch w with thes
computer, Similarly, if the M Adr Reg sammot be cleared on TP "1,

TP 10 stops the computer until uem'\:y catrial uPo

The manval con‘ ’o’?”w shovn urder the clask p__‘se contyol are
only sugz3stive of the controls reguired, The ¥sbart®, ”::top” and
fsemi=st op¥ are synchronized before being sent to the. FFis, The ¥stop®
stops everything cn the next 2 me pulss, The “ramiostsp? steop2 everye.
th:x.no (except wnwouu) at the end of a memory cycle; in-cubt breaks ara

See Important Note on Page 1,
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allowed to continue until the ineout unit discermects, The Malarm® can
either do nothing, stop the computer ccmpletely, or stop it and later
start it az2in (pausing long enough to photograph the indicator lights).
The pushbuuto to the right of the Pstop" button will st‘*’ the compuber
and stop it immediately on the next pulse. indiczted, For instanze, the
rightmost button is called "instrustion® and wwill zause the zomputer to
stop after performing one instrustion: TP 7 of program timing stops the
computer just after inserting thy maxt instrustion in ths instrustion ree
gister and bazfore the Ix Reg is 2dded in apd before any shaps of this
next instruction are per:ormad Any of thesz bubtons can bs comnestad to
provide ‘sem*aqtop" instead of ¥stop®, The only differense, easenti2lily,
is that if "semi-stop" is selected ard a button is pushed whicn sarries
the computer through the in=out stard pulse of wr or rd, ths memery cyele
will be completed, no more program memory ¢ycies will be 1nltiat34, but,
all ineout breaks will be ccmpleted before tho zomputer s%oeps, '

I"h:.s comnl o3 the description of the attashsd drawings,

Seztion ki, Discussicn of Detiils reouiring further study and approval,

It is now assumed that the reader is svfficiently familiar
with the drawings to follow a discussion of ths aliternstives thab should
be considered before final approval is obtzined,

Except for the firm desisgicns tabulated in Sa tion

tails are subject to change for the following reasonszs (1) They havs
nov been thorougnhly checled to make certain they will work corres
(2) they have not been studied to determine vhether they are the best way
of doing the job, (3) they have not been cherksd for electronis rzquire=
ments, and (L1} they have not been checked to make certain that ali dae
sired checking, operational, programming, and cther requirements are met,
IBM is now in the process of doing this che:ling and the nazessary ves
design, after which the drawings will be brought vp tc date, TFirm desi-
sions and approvals on the details of the system can then be attempred.

The following paragraph di cuss the items of Sextion 59

which indicate the principal areas of known dilficulty or cmission, and
khi ch peoint oub scme areas on whlﬁh no d1>:135; on has taken plaze bam
tween MIT and IBM. (Recent results of 154‘3 wauk are dl sussed in

&ppendix B, and are not included in the dis

Items 1, 10, 1L, 22 of Seztion Si Aithough the general
speczflcatloﬂs of the erithmetic element haﬁp bzen ap proved there are
nunerous dstails which must be spproved. The wajor onzz zres the '
inclusicn of a set of lines for trensferring B ?Pa to & Reg (which might
be necessary in some foreseezble new instrm. lon.,x’fhe lazation and
exact function of a FF to the right of Acc 15 to eatsh +h° d*gxz temporas
rily shifted off during regulzr addition, and i;,’et L funztion of the
end around carry control FF,
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Jtems 2 and 3 require no comment,

Ttems lj and 263 Separates lines are to be used for each transe=
fer, but whether a read-out or read-in gate will be used in eash instance
has not been approved.

Item 5 requires no comment.

ems 6, 17, 23, 252 (For additional di" ussion of item 6, see
dlscuqsmns oi‘ items 8, 159 and 27,) Alithough i% has bssa dscided to use
a classeand=variation selection scheme it hzs novw been dezided whether a
matrix should be at**ched to the wvariation FF?s nor how largs this matrix
shouid be, 1ae overation code hzs zliszo not been d=zzideds  thes position of
the bits in the inotr»ucl,:.on word and the cods for the elass and variation

bits should both be decided upom,

~Ttems T, 9, 11, 13, 35, L0, L3s T he general geoup of instrustions
have been approved, but specific zpproval of the rfunsticon of zperifis ine
structions should also be obtained, The iiems 1L and 13 re~d ns further
comment, The exact form of ths preposed overtlow, awnd cheslk, dnstrustions
have not been decideds The check Instrustion might te a Ywave of onss?
("wo0™) or a Ywave of zeros! ("woz™) inserting onss or geros in ail FF's,
or it .might be a much simpler instruction, Th= D='°t13.1«=d,, e instruashtion
is proposed in M=2Li3, and allows easy modificstion of any v..Lec.t,»:--i digit
positicns of a word in memory. '

- Ttems 8, 16, 30, 39, h2 (and 6): It h;b been uendad
0.1 psec pulsses from a time pulse distribubor, ard it is gsnse
sumed (bit not yet approved) that the dlST.r"bu‘.Tl" r.:.l.L providz 12 time
pulses at a 2 mc rate, However, the clock fregquensy might n t be exastly
2 3, and the time pu" ses might be interrupted ozcasionally (se2 item 32),
The circuits fcr the clock znd distributor have not sven bsa:: tentatively
decideds - the clock might be an ossillztor or a dzlz2y line, ?..nd thsy dise

tributor might be delay lins, or counter. or stepping registe It has
-been proposad that the control mairix couwld be sirplifisad by uai:).g a de=
lay-line control (rather than time pulses) for th 3

ne in=oud breaks bLezauss
the pulses to the distributor are nore easily b-hﬁ; off than i
class matrixe

Items 9,-10, 11s see 7, 1, 7 vespaatively.

Items 12, 19, 32¢ It is gevwmh v agread that a1l memory cycles
will be uniform in order to simplify the design of the I0 break system,
A delsy-iine control appears desirable, to allow stopping the computer witue
out d:‘.s"v*bi.no the memory prozess., Memory cycles lenger thian 6 pszes conld
be natched to the computer speed eithsr by siewing down the computes clock
or by interrupting the time pulses when necessavy,.
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Ttems 13, ¢ see 7 and 1 respectively.

Itens 15, 18, 20, 21 (and 6)¢ Th2 general sequences of pulses
to be used in most instructions have bsen gernerally agrsesd ang bu®
nearly 211 the details have not been discussed, It sesm3 desirable b
provide a full microsecond for carry pulses to rippie dovm a sef of gate
tubes (note that the multiply scheme does no¥ vioclate +his prinzipls,
See Section 3.9, Ssz2 item 38 for divide,) It 2130 seemz dssirable to
-alleos one full microsecond for the memory switch and thas zonirdl mairix
to stabilize thenever they ere changed., The dsizils most op2n 15 quesiion
are in the branch class,

Ttems 16, 17, 18, 19, 20, 21, 22, 233 ===
8, 6, 15, 12, 15, 35, 1, 6 respsatively,

Ttems 2k, 34, 38: The use of the last two Adw Reg FFIs for
the divida pulse distributor is open Yo qussiiong thve §

bably required because it scems desireble to uss & £ 3
<1low carry time ), end thess TF's may be at the lefi of th t
part of the Adr Rzg. The ¢.reuit is nob vet designed for pwcpef sensing
of the end carry, the start of program timing., or the suppr

shift pulses if a chift of zero is programmed, The IO Wi G
not designed in these respects,

Items 25, 26¢ see 6 and L} respectively,

Items 27, 28, 29 (and 6): Although it h2s been decided thab
the class and variation conditions will be combined to conirol “command
pulse output units®, the required interconnzsiions are not yet decided, -
The interconnecticrs shown will work in mosit cases, bubt a revision is
necessary for electronic reascns, and besause certain connections restrici
the flexibility of adding new insiructions, (A single CPO unit should
not do more than one Lnlng,) Urambiguows tifles shouid be dscided on for
cormands, other pulses, special FF's (Acz X or Az 16%), etc, In partle
cular, a command pulse sensing a gate, and the resulting camand pulss
to a FF, snould have different titles. (They should =iso be differentiated
by names such as ¥pre-semmand® and “postezeommand”, Commands generated by
subecontrols, such as divide centrol, should b° ¢alled something sush 23
“sub-commands® and have specizl titles.) A sed of official CPO unit nume
bers should be assigned.

Iten 303 see 8.

tem 31: The reset lines on test storage might be undezirable,
or provwded in a different way, The resfriction on register zero, anl

the need for clearing tne test storage switch, voul“ be avoided by placing
three gate tubes on the 14I-Ti FF,

Item 328 see 12,
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Ttems 33, Ul: The complete list of marmal controls, and the
details for mechanizing them, have not been worked ocut,

Item 3h: see 2L,

Item 35: Nearly all the design for in-out is subject to drastic
revision, based on the designs developed by the in-out group, (See also
item 3h.)

Ttem 36: see 7.

‘ Item 37¢ The parity digit should probably be "1¥ for even=parity
numbers., If this is not true, then a failure of memory to.read out at &ll
would go undetected.

';[tems 38, 39, hop' W=, )-lzs L3: see
2h, 8, 7, 33, 8, 7 respectively,

Section 5, Tabulation of ibews aporoved, suggested, or imcomplete,

Refer to Section li for a discussion of the scops of this tabulae
tion and for a discussion of each item. (Recent results of IBi!s werk are
discussed in Appendix B, and are not tabuleted beliow,)

Item Definitely approved by letter from Mr., Forrester to Mr., Solomon,
dated June 15, 1953. (following is an absiract)s

1, Provide arithmetic element with 32-bit registers, spiit into two
16-bit halves operated simultzneously with, and independent of,
each other,

2. Use a 3-inpubt adder with combined add and shift right, for multiply.

3o Onit check register, but provide space for it and associated read-
out gabtes in other registers,

o Use sepavrate lines for each transfer (i.e.; no central bus),

e Provide two Ix Regs for programmers only., Allow spase for 2 more,

6. Allow opefations to be selected by 3<bit class switch and hL-bit
variation, Combine these to control "command pulse output" gates
pulsed by 0.1 psec pulses frecm time pulse distributozr.

TN,

0

7. | Provide operations substantially as listed onfp;gés 10 ard 11 of
IBM's report of April 27, -
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Ttem Fairly firmly established in general ccnferencess

8o Use 2 mc time pulse distributor, capable of starting and stopping

- abt any times. ’
- 9. Include an instruction dealing with overflow.
10, | Include gate tubes and circuit for "B Reg to & Reg" transfer.
11, Onit PfullY instructions and branches on zero,
12.,_ Use -miform memory cyclesz 6 usec z'r'xinimumg provide for longer,
13, | Use n2w in-out instructions, substantially as in change #2 of

operator'!s manual, IM 21,
(Note:) See item.36,

Item Fairly firmly esteblished in small discussions betwzen IBM and MIT:

., Ploce an extra FF to the right of each Acc 15,

15, Provide sequences of pulses to be used in dv, and other operaticms
: substantially as shown on attached drawings.

16, Use a 12-time. pulse distributor,
17, | Use a small matrix to decode some of the variation FF's,

Ttem - ‘ .Péobably acceptonle, bubt not necesserily discussed between IBM and MIT

18, Provide sequences of pulses exactly as shown in many cases.
19, Use Delay«line control for memory.
20, Allow one psec for carry ripple,

21, Allow one psec for each change in memory switch or control switzh.
220 Provide end around carry FF¥ in each Acc substantially as shown.
23+ - Locate: bits of operation code as shown,

(Note: See items 37-38)
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Ttem Probably sot acceptable

2l Use rigntmost two Adr Reg FF's for divide pulse distributor,

25, Use operation code (for classes and, variations) as shown,

Ttem Not yet decided (and probably not acceptable in most cases):

26, Use read-out or read-in gates as shown.

276 Use indicated interconnections betieen control matrix and commands,
28, Use indicated titles of commands, pulses and specizl F¥ls,

29, Use indicated CFO numbers, o

300 ‘ dake the clock run ab exactly 2 nc.

31, Make teat storcge -5 showm.

32. Provide for lenger memory cycle by ¥pause® as showno

33. Sync and interlock the manual controls as shoumn.

3l Provide indicated control for end carry from Adr Eeg and I0 Wd. Ctr,
35¢ Provide Jn-Cut details as showme

(Notes See items 39-L43)

Item Not. shown, but farily well established in general conferencess

36, | Prcvide some kind of check instruction,

Ttem Not showng bub probzably desirables

37, Make parity digit "M for eveneparity numbers,

38, {ake each divide step 5 pulses long (2.5 psec),
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Item Not showm, and not yet decided (and probably not aqcep’cable):

39. Use deley=line cleck and counting dj:stribu’cor,
L0, Use NJ00" and "WOZ® check instructions,

h1. Provide enly the manuzl controls shown.
2,  Control I~0 breaks by delay-lins rather than time pulses showm.
h3. Provade a partiale-store instructions

Signéd 02 (. /)RAALO ) N
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Registers

Dr Adr Ctr
Dr Adr Regzg
I0 Intlk
Ix Ic

Ix Iv
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APPEIDIV |
(30~3)Avbreviations and Titles (0fficial)
Note: Abbreviation given is for either half of a 32-bit register.
If a final "s" is included, the abbreviation refers to
both 16~bit halves. .
If an initial "L" is included, the abbreviation refers to
the left half
If an lnlulal "R" is 1ncluded the abbreviation refers to
the richt half,
Acce Accumulator
B Reg B Registsr
- A Reg A Register
M But lenmory Buffer ’
Adr Reg Address Rezister (16 bits only)
Op Reg Operation Register (16 bits only)
Instr Reg Instruction Register (Op Koz + Adr Reg)
Pr Cir Progran Counter (16 bits only)
M Adr Reg Memor - Address Register (16 bits only)
Ix Reg Index Register (16 bits only) (2 are available, both on
R side)
10 Reg Input-Output Register
I0 Adr Ctr n n Address Counter (16 bits only)
"I0 4 Cir n " Hord Counter {16 bits only)
I0 Ctrl Ctr n " Control Counter (IO Adr Ctr + I0 Wd Ctr)
Ident Reg Identification Register (15 bits only)

Drum Address Counter (16 bits only)

o " Register (16 bits only)
Input-Output Interlock
Index Indicator (2 bits
Index

of Op Reg)
Interval (7 bits of Op Reg)
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APPRIDIX A (Co=

5. )
L

Instructions

ca.
cs
[Jul
ad
su
dm
mu
av
et
tad
tsu
tiu

tdv

st
lst
rst
rao
sta
ec
csT
sr
lsr

Clear ard Add
Clear and Subtract
Clear and Add lagnitude

Add
Subtract
Differcnce Magnitudes
Multiply
Divide
Extract
Tyrin and Add
wo - n Subtract
v Kuliiply
" " Divide
Store ‘

Left Store

Right Store

£44 One

Store Addrass

Exchange

Clear and Subtract tord Couwnter
Shift Right

Left (Elemsnt) Shift Right

sy
sl
cl
slo
asr
asl
acl
bm
blm
brn
bi
ria
rir
aia
se
sea
sel
rd
wr

- lac

S0
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Right (Blement) Shift Right
Shift Left

Cycle Left

Shift Left and Round

Shift Accumulators Right

$4] 4] IJeft
Cycle " "
Branch on Minus

" " Teft Minus

i " right n

Branch and Index
Reset Irdex Register

n Ix Reg fron R Ace
Add Index Register
Select »
Select by Address
Select by Identification
Read
Urite
Load Address Counter

~ Skip or Operate
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APPENDIY B
Emmiey

Some Recent Provosals and Descisions

No official approval of anythinz has been issued since the body

of this report was preparsd. Some Project Grind meetings have resulted in
a few fairly firm proposzls, an H-note on memory pause has been issued,
and a few preliminary block schematics have been drawn by IEll. Those de-
. velopments will row be discussed in that sequence. The developments have
- not yet been incorporated into the attached drawings in most cases,.

The Project Grind meetings have resulted in the following feirly

firm proposals:

Itenm
44

Project Grind 5th day: Modification of item 41: Provide the following

rmanual controls: Start from present condition, start from register

8192, load standard operating vrogram frem drum, lowt from card reader,
.

T

clear 211 FF's, clear rmemory, stop on next instruction (semi-stop),
perform one instruction, one remory cycle, sequence DC off, remove DC
suddenly, turn pover on, off, marginal check (contrcls not specified),
lock all controls scxcept emergency, make alarm do (unspecified actions),
operate progren cyelicly, complemsnt all I'F's at a given frequency.

Any control which starts the computer will clear out all alarm indica-
tions. 1ilote that details of these controls are not yet worked out.

Project Grind 3rd day: New item: Provide a parity digit on all drums
which are written-on from the computer, carry this digit along in all
external transfers, and check the parity of all drums which read into
the computer (if they have parity digits). This check should be per~
formed in M Buf', lote that details of this check are not yet worked
out, including the problem of what to do when an alarm occurs.

Project Grind 2nd day: New item: Provide two complete magnstic
remories in such a way that the second one can be built later apnd just
pluzged in.. Note that the details of this have not yet been worked out.

Note E-7 proposes a pause sysvem for memory, which appears to be

fairly firmly established:

Iten
47

Lodification of items 19 and 32: Allor remory to develop its ovn
tininz beginning on TP 3 (implyinz delay~line control)., lake corputer
stop cn TP 6 a2nd 10 if magnetic rmemory was selected. H~7 says the
equivalent restart pulses will be provided by nsmory. but it has not
been decided whether they should be generated by central contrcl i~
stead, Details have not been worked out.
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APPEIDIX B (Cont.)

_ Atout 35 preliminary sketches for block schematics have been drawn
by IBM. Tkese nave been sucmmarized on drawing SD-47010 (two pages), These
are not attached because the additional bulk seemsd unjustified. The block
schematics (and summary), bsing preliminary sketches, are'Lnderstandgbly
incomplete z2nd lnconalgtent in some places. Commants on these sketches have
been forwarded to IBM., No attempt will be made here to review those parts
of the drawing which seem questionable., A-subseaquent supplement to this
note, and & revision of the attached drawings, will present the design after
IBM has considered the problem further. : '

The following items are proposals, shown on (or implied by) the IBM
-sketches, vhich appear Tairly firmly established at this time and which are
different from the attached drawings:

Iten
48 |liodification of item 13: lake operation "so" two instructions: "sense"
and "“operate."

49 |lodification of item 9: lake overflow-sensec an address of "sense"
instruction,

50 vNe: iten: Obtain Iz Iv from Op Reg instead of LIBLf (Note that Op Reg
ould now be 16 digits long,) :

51 | llcdification of item 23: DPlace sense and operate matrix on Op Reg,
using Ix Iv bits. : '

52 | Liodification of item 17: Use a 1l6-position matrix on the variation FFes,
and do not use the FF outputs directlys

53 | Modiftication of item 27: Use OR and AMD gates to combine outputs of
class and variation matrizes instead of using variaticn FF®s directly.
(Note: To a large extent the only cost of the deccde-recode circuit
of items 52 and 53, as oppossd to a direct use of the FF outputs, is
‘less than 200 dicdes. The advantage is that some future instructions
will recuire soeme of these circuits anyway, and it is desirable to use
a straigzhtforward, con51 tent system of interconnections at least in
the early models of the corputer.)

54 | Modification of item 29: Ilake each CFO unit do only one thing,

55 | Nodification of item 28: Call the e: tra Ace TF "Acc 16" inStead of
M"Ace XN,

56 | New item: Place perity bit on left end of M Buf,
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Item

57
58
59
60

61

62

65

APPEDIX B (Cont™)

——

New item: Use a separate overflow accumulator FF, instead of time-
sharing the sign control\ FF, in addition to the overflcw FF.

Mew item: Use ¥F's, not levels from matrix, for controlling "Acec 15
to B Reg S" on multiply, and quotient on divide. (See item 63).

New item: Onit subtracting count cirecuit in Adr Reg., Always count up;
conplement Adr Reg before starting shift count.

Modification of items 24, 38: count 5 pulses for each step of divide,
using Adr Reg digits 8-10 for pulse distributor,

licdification of item 34: Use diode AMD and OR circuits on Adr Reg to
determine if shiftingz should start, if time pulses should stop, and

vihen to start time pulses and to stop shifting.

Nodification of item 22: Sense A Reg sizn, not End Around carry FF,
to. determine carry in.uts during divide. Sense adder nmatrix, not
separate gate tubes, to complement A Reg during iv. (Note: This
sinplifies cdivide control by making the end around carry FF unnecessary
during divide except for the shift left on PT TP 5.)

New item (see item 58): Obtain quotient from carry out of Ace S, and
run it directly to B Reg 15, (tlote: Quotient-connection FF is turned
off before correciing remainder.) Omit clearing of BR 15 at start of
divide, because this digit will be lost anyway.

Hew item: Read complerent of IO Wd Ctr to R Acc on csw, and omit cort-
plementing R Acc afterward.

Modification of item 26: Use read out gates for all transfers,
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APPENDIX C

Guide t;o Iten Numbers

In the folloring list, each item number saprears only once,
although it may belong in several categories.

Underline means heading of discussion in Secticn 4, or that itenm
- is in Appendix B.

Group '
A Instructions (7,9,11,13,36,40,43)48,49
B _Matrixes | (6,17,25,25)50,51,52
c CPO Units and Titles (27,28,29)53,54.5%
D Clock and TED (8,156,530, 59 42 )
E Command Sequences (15,18,20 21)
F “lanual Combrols . (33,41)44
G Memory (and Control) (12,19,32)37, 46,47.58
H Test Storage | A _5_};
J Ix Regs 5
X Avithmetic Element (1,10,14,22)2,57.58.59.62
L Divide | (24,54,38)60,61,63
M In-Out 35,45.64
N Check Register 3
P Transfer Paths - (4,2¢8)85
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