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'LOOKAHEAD SYSTEM

" Introduction

: The purpose of this memo is to descr:be the operatxon of the Lookahead S
Section of the Sigma Computer. The matenal is orgamzed in the follow- -
mg manner: - S :
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. F. Forwardmg Mechamsm o

VI - Instruction Preparatm’n Contr-ol Definition . |
A. Lookahead Loading
B. Operand Preparation " =
C.  Forwarding Action

v Instrﬁétion Execution Control Definition

A, PAU Instruction Sequencing

- B. SAU Instruction Sequencing ‘ -
Cc. Non-Anthmetm Instructmn Sequencing_' o

VII Instruction Reject Ac_tmn '
IX Housecleaning -Mé_dé of Operation

X . Appendix |



II Functional Location Within the Sigm"a Coinputer

1

The overall Sigma Comjmhter is shown in Systems Drawing 00, 00..00'.’\0.
To illustrate the functional location of the Lookahead, the data flow for
a Floating Point Add-to-Memory operation will be traced thirough the
aystem, ' - B

The Instruction Unit initiates the request for the in‘étruction from the
memory location specified by the instruction counter. The Memory
Bus, in honoring the request, effects the transfer of the instruction
from memory to the Instruction Unit Y register, The necessary ine
dex information is fetched within the Instruction Unit and the effecs
tive address generated. The specified operand is requested of the
Memory Bus and the instruction operation code entered ints one of .
the lookahead buffer registers, Acceptance of the memory request
‘essentially frees the Instruction Unit for preparation of the next subs
" sequent instruction, o R P f o

B
»

The operand is returned by the Memory Bus to the lookahead where .
- ECC information is interrogated for validity of the data,. Assuming

- mo in-valid conditions exist, the operation code and operand may be
transferred to the Parallel Arithmetic Unit for ‘execution, The exew
cution.consists of addition of the operand to the accumulator contents
with the result returned to. the lookahead for eventual storing to memory, -
This latter action essentially frees the Arithmetic Unit to-begin exe=
cution of the next subsequent instruction, which has been undergoing ©
Preparation by the Instruction Unit and Lookahead, -. . - L

~"The.result to be stored is checked for validity and ECC generated = -

© within the look-ahead, The memory reference is initiated and ace- .
 ceptance by.the Memory Bus for transfer to memory concludes the

. operation, S L ey ‘

; III ‘Fu_nq'tio:ia

. Functionally, then, the look-ahead serves to provide those functions
necessary to allow maximum utilization of execution equipment, The '
Program interrupt feature of the Sigma Computer places additional
-8equencing. functions upon the system, The primary functions pers

formed by the system are: - | LT T

- "_A. . Instruction Execution Sequencing © = .

1, Receive indexed instructions ..

2, Receive and check operands’ o R e
3. Ttansmit instructions and operands to the proper arithmetic unit .
4. Receive operands to be stored . =~ , o T
5, . Initiate all store operations o I -

" Sheetd



B, ,Interrn'pt System .Sequencing' ;

-6, Enter pre-set indicators into Inchcator Register :
7. Retain Instruction Counter value s
8. Restore unused index modifications for interrupt

]
.

Re gis-ter Defmitlon'

‘To perform these functions, four levels of buffer registers are pro-
vided, as shown in System Drawing 30,00.00,0. Eachlevel is de- ~
signed to completely buffer the information required by the Parallel.
‘Arithmetic Unit for execution of single operand, single operation. -
type instructions, - In general, instructions of the multi-operand :
. (Cumulative Multiply) or mu1t1-operat10n (Add- to»-Memory) types re -A '
quire the use of more than a smgle level of buffermg. ' S '

Each lookahead level requ1res the followmg registers to perform the
' mstructmn executwn funcuons. ‘ R o

' A Operatmn Code Field (1 of 4) 36-00 oo o -
Th1s is an 11 b1t field which spee1f1es the operation to be per- e
formed at a particular level. The final bit is a check bit on-
the other ten. Instructions not entirely contamed in a single
level require this value only at the first level. In subsequent
levels," thls field will contam coded mformatlon for lookahead

: control purposes. : : ; ‘

. B. Operand Field (1 of 9 31 00. oo 0

Th1s field contams 64 1nforma.t10n b1ts and 12 check bits. It
“ may. buffer a.ny of the followmg information: : &

N O The operand requ1red for executmn of the operatlon
specified by the Operation Code Field

. Data to be stored in memory . _

VFL instruction execution mformatmn - . _

Input-Output instruction executmn mformation e

.' Information for computer recovery

C.. Lookahead Address Register (LAAR)

K :Thm 19 bit reg1ster, of Whlch the final bit is a check bxt, serves
the entire lookahead to buffer qn operand address when. necessary
for instruction execution, Instructions requiring the use of the
LAAR are of the store type or those spec1fymg as an opera.nd the -
contents of an internal register. :
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Each level requxres the followmg reg1sters to perform interrupt system
functione : . _ N

D.. . Indicator erld (1 of 4) 33 00 00 0 R

o Thxs 15 b1t fwld represents the status of the ind1cators affected
by indexing of the instruction contained at that level, -

Wt

E. In‘s‘truction Counter Fteld (1 of 4) 32, 00‘~,'00‘-j(‘) |

’ The address of the instruction 1mmed1ate1y followmg that in~.
' struction buffered at a level will be stored in the Instructmn
Counter Field of the same level, This value will be stored «~
‘during an interrupt procedure for re-entry into the program -;'j
following the correction routine.  For multi-level mstructmns.
the value as it appears in the ﬁnal level only is vahd for th.ls
purpose.. » . . L

F. 'Instructxon Counter Buffer (1) . 32 00 OO 0

' Th1s 21 bit f1e1d 1nd1cates the above defmed mstructmn counter B
value which applies to the instruction being executed at a given -
- time, ‘It is transferred from the appropriate Instruction Counter
~ Field as the instruction begins execution and is retamed dunng
: mterrogatwn of t.he program 1nterrupt system. S M R

For control purposes, each level contams he followmg 1nformatxon, wh1ch'*‘ '
is used in conjunctlon with the operatmn code f1eld S Ll \ '

 G.. ‘Tag Bit Fleld (1 of 4) 36 oo oo o
A'Thls 8 bit f1e1d contains 1nformat1on concermng the status of 1n-'_". L
formatm/n stored at the same level. The bits and 'th«eu.functxons:

.‘are descnbed below. . »‘ T R R S T R

1. Level Fxlled th (LF)

Th1s bit apphes to the Operand Field and 1nd1cates that the
operand has been entered at the level A

2, Level Checked th (LC)
‘Th1s b1t indicates that'the operar‘rd at the level has been checlted

and check bits converted to thos reqmred by the partlcular opera-
- tione :
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3. Alnternal Operand Bit (INT)

: This bit 1nd1cates that the operand required for instruction y .
execution must be fetched from an internal computer register. -

‘, 4.' '_ Instructxon Counter th (IC)

Thm bit indicates that the value stored in the Instructxon
Counter Field of a particular level is valid for interrupt
interrogation. It will indicate- the fma.l level assocrated
'thh each 1nstruct10n. : s o

5. - Lookahead Operatmn Code (LAOP)

B Tlns b1t 1nd1cates that the value stored at the Operatmn Code
Field of a part1cu1ar level is. for use by Lookahead controll :

" 6. 'onrd Boundary Crbssover B1t (WBC)

'Thzs bxt in con_]unctlon with LAOP 1nd1cates that the operand
associated with the SAU instruction buffered at this level -
© Crosses a memory word boundary. In conjunction with LAOP
- this bit indicates that the store data buffered at this level had
- ECC b1ts generated durmg the loadmg process. ‘

. No Operat10n th (NOOP)

" Thls b1t 1nd1cates that the 1nstruct1on as soc1ated w1th th1s e
E level is to be: executed as No Operatmn. TR e

- 8.7 "‘Dlsconnect B1t (DISC)

: Thrs b1t 1nd1cates the level should not part1c1pate in lookahead
act;on. _ Th1s is essentxally a mazntenance feature. L y

'I-As will be shown, logmal combxnatrons of these 'b1ts will be coded
‘to indicate further control information as the operatzons onthe ' .
1nstructzon progress through the Lookahead

V. Sequencmg Elements 38 OO OO 0

' The lookahead levels accommodate a maxrmum of four pre-accessed
instructions and operands. To properly sequence the operation per-
+ - formed on each level, the" system contains five counters which cycle
~through the levels, each counter performmg a specxﬁc operatron or
series .of operatlons. e : > : *
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S W Indexing Arithmet:c Unit Counter (IAUC)_, S
- 2. -Operand Check Counter (OCC) RS
3, Transfer Bus Counter (TBGC) -
4, Arithmetic Bus Counter (ABC)
- :Store Check Counter (SCC)

The counter operations are essentially asynchronous in nature, i e..
. they may be performing their particular function a:multaneously on
o different levels providing full overlap throughout the system, ‘The
counter value indicates the level at which the function is’ being per-'_
formed. The counters atre mterlocked such that no counter may. pass
‘another, - This dictates proper sequencing of the operations performed
on a level, :The functions for which each counter .is des1gned and the .
x registers and data paths involved are d:scussed here in general terms as A
‘basis for the control and tunmg cons1derat1ons discussed in- Sections VI'-IX S
The conditions necessary for initiating the action, the action’ itse).f. S
.~ and conditions for advancing to the followmg level are d1scussed in tha
‘ order for each counter.

#+In add'ition' to the normal interlock pr‘eventmg ecounter from
" passing another, the IAUC is not allowed to re-enter a'level:
‘until the SCC has left that level. This allows the enablmg of an
Inatructmn Unit-load cycle immediately upon advancing the IAUC
“into a level. - - 'The type of loadmg enabled is’ dependent upon the i
status of the- LAAR - i, e,, - a store. or internal fetch type in«"
~struction may not be loaded until the LAAR becomes not- "husy"
+In addm.on, once the neces s1ty of forwardmg an operand within -
~ the lookahead has been recorded, Instruction Unit loading is su’
; pended unt11 the forwardmg funcnon has been accomphshed. '

yﬁvDependmg upon the type of mstruct:on to be entered the followmg
. fields ‘and.data paths may be involved. System Drawmgs 31. 00. 00,0
through 36 00,00, 0 111ustrate the £1e1ds in greater detazl. e

'I'he Operatmn Code held w111 receive: e1ther the 1nstructlon operation'
code from the Instructmn Unit Z Register or a lookahead operation
code from the Instructmn Unxt-Look-Ahead Encoder. R

The Operand field rnay re ceive mformation at the IAUC level
* . via any of the following data paths, depending upon the particu- SRR
- 1ar mstruct1on involved. R o e
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"l.  When the required operand is located in an external
Memory location, the Memory request is initiated by -
the Instruction Unit with the IAUGC value specified as =
the return address, The operand will be received at .
a later time via the Instruction Membry Out Bus (IMQB).

2. :jWhen the above Memory request is initiated, a eomparinon L
’ of the fetch address is made with the contents of the . .~ =~ -
Lookahead Address Register, Satisfaction of this coms ';‘ R
' parison indicates that the operanﬂ requested is already ’
- in the Loookahead for use by an "earlier' instruction, .
" In this case, level identification information is set up a.nd
the Memory request cancelled. Thus the operan& may
- be "forWarded" at such time as it is avallable. BN :

3. The 'operand may be re’cewed__duectly.v from the Ins’truction{
. Unit via the Instruction Checker Out Bus (ICOB), Thisis .
- generally the case when the specified operand is in Index
- Core Storage. This is also the case for store type mstruce"‘f}
' tions whose execution to the point of stormg the result 13

' effected entu-ely in the Instruction Umt % s

4, 'VFL mstructmns requlre buffermg in addltlon to the Opera- ‘
tion Code Field in order to store all information required ‘by
- the Serial Arithmetic Unit for proper mstructmn executlon. ERIE
- The Progressive Indexing, Field Length, Byte Size, Offset & Bit
.- Address values are entered into the Operand field via the = :
ICOB in the firstlevel associated with a VFL mstruetiom
The operand or operands w111 then appear m subsequent
".-,."levels. : : T N F

5, . The Contrcl Word Address and Channel Address assdciated c

: ~ with Input-Output type instructions are buffered in the Operand
field, These values are entered via the ICOB h-om the In- e

- structmn Umt during the loadmg process. e

The . Lookahead Addreas Register will receive the address o
~ which information is to be stored, or the address of the internal -
register from which the operand must be fetched for execution ct
the particulai' iristruction involved, If the instruction to be laaded
is of the external fetch type and the LAAR is not Ybusy" i, €., no-

- unexecuted store or internal feteh type instruction exists in the

. Lookahead, the register will receive the address of the operand .
involved, - This will provide comparisen mformatmn for the naxt
lublequent instruction for farward:lng purposen. L



i
w2

' 'l‘he Indacator Field receives the values of thoae indicatorl

. affected by indexing the instruction being loaded, These bits ‘.
- are generally transferred from an updated Indicator Register

' located in the Instructron Unit. el Chs -

“‘ The Instruction Counter F1e1d receives- the proper inatruotr‘on';"
_ address from the Instruction Counter Adder located m the Ine- -
’structxon Unit. B . . .

The appropnate 'I‘ag bzts will 'be set from the Instruct:on Uni
Lookahead Encoder to properly 1dent1fy the operatxona to be
. performed at the level. L e iy

fﬁAn mdmatmn from the Instruction Unit that the loadmg proceu \
is complete allows the IAUG to advance to the next level as ‘soon
--as’ the SCC mterlock allows. ey

Sty
N

B Qp‘erand Gheck .‘Cl_ou"nte"

L 'I‘he pnmary functron of the OCC is to check the’ operand stored
- in .the operand. field and convert the check bits to those- applicabl.e.:w
«~-t0 the Arithmetic Unit 1nvolved « i, e, - field parity for use by

_ the Serial Arithmetic Unit and Residue check bits for use by the.
- Parallel Arithmetic Unit, ~Both types of check bits are generated-.
- during. each OCC check cycle and all are buffered in the chec
.. bit. positions of the Operand Field, Only thoSe operands :
_“from- external memory require these functmns since. operanda
i ‘loaded dn'ectly by the Instruction Unit have the check and conver,
"’smn performed durmg the loa.dmg process. '

'*"'The check is mltlated for the Ievel selected 'by the OCC as soon
“/after the Level Filled indication is received as the’ Lookaheads:
- Instruction’ Checker In ‘Bus (LAICIB) pnorrty system wﬂl allo' J
. Completion of the check cycle will result in the settmg of the’
_Level Checked bit and is an indication for the OCC to’ advance to\e;
i.the.next level, -This- advance is, of course, eontmgent upon. the
mterloclrwzth the IAUC '

Tranafer Bus Counter

The TBC controls the transfers of the mstruct:on operatzon codea ta
cand operands to the. workmg régister of the proper Arithmeti.c Unit.:
'This. is generally true of instructions whose operands arrive from'
" external memory or index core storage,  For.internal operands,
- this function is performed at the ABC level, since the actaon is
" contingent upon the ‘status ofa prevroua operation and upon th
f_f:_status of the mterrupt mechanum. oA




The action of the TBC is contingent upon the status of the LF and
LC bits indicating that the operand is ready for execution, The .
Parallel Arithmetic Unit réceives the contents of the Operation '
Code field at the gates of the PAU Execution Register (via direct . -
path) and the operand at the gates of the C register (via the Trans- -
fer Out Bus - TOB) together with an indication to begin pre-execu=:
tion of the instruction, : : : ' I

In the case of a VFL instfuction, the Serial »Arithnie._tic Unit re-
~ ceives the contents of both the Operation Code field and the Operand |
~ field at the gates of the SAU Execution Register together with an L

indication to begin pre-execution,

In order to overlap the execution of one instruction with the check .
performed upon the results of the previous instruction, pre-execus
tion is defined as execution of that portion of the instruction which =
does not require the modification of an addressable register, . This
latter action is contingent upon the status of the interrupt mechan- -

“ism and is controlled by the ABC,

:T}';e 'TBC, after the transfer is peffornﬁed, 'dinells_ with the J‘in'.for-__‘vi_”
‘mation on the lines until such time as the proper Arithmetic =

Unit gates in and begins pre-execution, This signal allows the :
TBC to advance, contingent upon the OCC interlock, to the next .
level for pre-execution Preparation, .. - o .

. Arithmetic Bus Counter. . ., . =

The.p'rim'ary fﬁnction’ of the ABC is to control those functions

necessary for proper. operation of the interrupt mechanism, I
This includes entering the contents of the Indicator Field into the:: .

- Indicator Register, updating the Instruction Counter Buffer, and, - .

“in the event of an interrupt, "marking" the remaining unexecuted . .
 instructions in the lookahead for proper handling by the SCC,.
Secéndary functions performed by the ABC 1nc1udem1t1ating th_e_ s

. execution of instructions involving internal operands,. selecting

 the'level to receive store data from the Arithméﬁ@:_’Unit and
_effecting this transfer, A S ST ' S

An indicatién that the prévious instruction terminated with no ,' Lo

program interrupt allows the modification of addressable re=

- gisters to take place associated with the Present instruction,

After the Indicator Register and Instruction Counter Buffer have'.i"-:vf"‘

_‘been set, if no internal register fetch or store operation is re« R
' guired, the ABC is free to advance, contingent upon the TBC interlock. :

© Sheetl0



o The prlmary functmns of the SCC mclude controllmg the check,

. as decoded from the cortents of the LAAR, Storage to an in-.

© .. via the Arithmetic Bus,: Completzon of the store transfer allows
,the ABC to advance. . R :

f Termmanon of the prevmus mstrucuon w1th a program mterrupt e
- indicates another form of action,. No indicators or mstructxon o

- modification of an addressable register. Instead, the level is
“interrogated to determine ‘if interrupt recovery 1nformat10n 19
., involved and those levels requiring this action are marked.

;actual recovery functxon is performed by the SCC. ’

T

© . from the fact that the Instruction Unit updates the Index Core -
* Storage information out of sequence, Prior to destroying the : '
: '_‘ongmal contents of an index address, these contents: are buffered.-
~in the lock-ahead operand field, During interrupt procedure, res T
: stor:ng these values restores the computer memory to the proper' R
status prior té entering the interrupt sub-routine. The index ad-

"'Store Check Counter

I the instruction involved is of the internal fetch type, the
‘Operation ‘Code and contents of the specified internal register .

are transferred to the Arithmetic Unit.  The proper internal
register is decoded from the contents of the LAAR and the = .. '
transfer of the operand is performed via the Arithmetic Bus,.
where checking and check bit conversion is performed, An .. "
indication is given to the Execution Unit to begin execution - L
and the respOnse md1catmg acceptance allows the ABC to ad- SR

, vance-

Ii', on the other hand the mstructmn mvolved reqmres astore
operation, the ABC dwells after enter:ng interrupt mformatlon, S

. until notified that the data is ready. The transfer is then per- .
formed to the lookahead register de51gnated by the counter © = |

position for storage to external memary or Index Core Storage.

ternal register is performed directly from the Arithmetic Unit
to the register involved, In all cases, the transfer.takes place

counter: values are transferred since doing so constitutes’ the .7

’I‘he

Recovery 1nformat1on buffermg in the look ahead stems pnmarrly L

dress involved for this operation is stored in the. Operatmn Code

f1e1d as a portmn of a Lookahead 0perat10n Code. FI IR
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check bit.conversion and storing of information to be written in

memory, In addition, satisfying requests by the Instruction Unit for -

- internal register contents, and interrupt restoration functions are
performed by the counter. ! : : R L

Completion of the ABC function at a particular level is generally =~ -
the indication for SCC to initiate the particular function required. = "
Indication of completion is normally in the form of logical com«’ '
binations of the tag bits and operation code field, = .~ = ..

The lookahead initiates all storing operations for the Sigma com- -
~puter. -The memory area involved is decoded from the contentsof -
the LAAR. The operation involved may be received from the = . -
Instruction Unit-directly in the case of indexing store type instruc<
tion or from the appropriate Arithmetic Unit in the case of arithe:. -
- metic store type instructions, B TR R

‘The latter type store to external memory requires the initiation
. of a priority request to the LAICIB system, where par‘it'y_ check "
~and ECC generation takes place, Completion of the check and
“conversion function allows the store request to be made to the- S
. Memory Bus Unit, The operand transfer is effected via the . S
- Lookahead Memory In Bus (LAMIB). The address is decoded by "
- the Memory Bus Unit directly from the.contents of the LAAR, -
~ Acceptance of the information allows the SGC to'advance; o

Should the LAAR contents indicate Index Co,ré.Stcrvag;e_.‘_péi‘ity-
" check and check bit conversion are performed during the trans~ ' .
fer of the data via the LAICIB to the Instruction Unit X Register,.
The A ;dress is gated from the LAAR to the Index Core Storage -
Address Bus and an indica tion given to perform the Clear-Write

-cycle. Completion of this cycle allows the 5CC to ,ac'lvance‘.--__'.,_-.:
'I‘hose. .in'strué'tiohs'_flbr which the store operandiiq received directly .
from the Instruction Unit require no check and conversion cycles e
‘since these functions are performed during the loading proceas, . G
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Since the’ In_structibon Unit has no direct access to the contents of

- addressable internal registers, requests for their contents must

be buffered in the Lookahead. At the proper time, the informa- .
tion is fetched by the Lookahead and transferred to the Instruction
Unit, The transfer from the internal register is performed at

the ABC level with the data returned to the 'level_\invo_lired. ~The ‘
SCC then transfers the information via the LAICIB to the appropriate
Instruction Unit working register, Completion of the 'transfet.'_ -

. ‘allows the SCC to advance,

 After a Pfograiﬁ ihterrupt"ha_s been detécfed. ‘the "SCC‘r'e,stor,e.s thg L

index values to-Index Core Storage,” As in the ‘case of an index’ .

-store instruction, the operand is transferred via the LAICIB to': S

the X register.. The address, however, is gated fro_m'the 'Op'e'r'a.-a_-" L

. tion Code field to the.Index “Address Bus and the Clear-Write- -

- cycle initiated, =

Eorwarding'Mcchanis_'m e

e

‘The aibilify of the 'Loqkahé:ad to.,forWélrd ‘iﬁfdr}rv:'a‘yt:‘idnf,a'lrea-tdy-é.iré'i.li_i.,_i.
 able within the system is essentially independent of .any particu'lar_,
~ counter, This is required to take full advantage of the ‘mechanism,

Controlling the function is achieved by a set of control triggers:

~ indicating the particular level to which the ‘contents - of the LAAR 5"

‘..applies, One of four triggers remembers the IAUC value at the S

time the LAAR is loaded and specifies the level from which the -

, data is to be forwarded. The IAUC position at the time a come [ -
_ parison is detected specifies the level to ‘which the data is to be

forwarded, This'info:tnation defines the origini.and destination -

' The time &t which the forwarding may take place depends upon the .

status of the information requested. 'If the operand to be forwarded

- is associated with a store instruction, the fo-rwarding may take-pla;:e :
after the Memory Bus has accepted the store request, If the . '

operand is associated wibt_:h'fetch type instruction, the for’war\dihgw B
may be effected immediately after the word has returned from. .
Memory and has been checked, = -~ ... - .. . .. o

.‘The.ac.tual tfansféf' takes plaée via the LAICIB,’ Cbmpletidﬁ» of ) .
~the transfer results in setting the LF and LC bits in the "to'" level, -
s The forward control bits are updated for fur,.t,her,forwarding fimction.-;

ise, = the "from' indication is altered to indicate the new.level

. to which the contents of the LAAR apply, - = =
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VL. Instfuétidn ﬁreparé‘tion Control Defix_:itionh =

The Level Filled and Level Checked tag bits essentially separate the ine -
struction preparation and instruction execution phases of lookahead action.
"Level Filled" means the operand required for transfer to the execution unit

‘has been received by the lookahead from either external memory or the Instruc-
tion Unit or that no operand is required at this level, '"Level Checked" means -
that this operand if any has the proper check bits as it appears in the lookahead.: °

These two bits do not apply to an"intgrna'lz.régister when-apec’iﬁ_ed_é.s';ah%
‘operand nor do they apply when a lookahead level is "filled" and ''checked" due' -~

to receiving information to be st_ored’ﬂfrom the SAU or PAU, SER
A, Lookahead Loé._ding -

The IAUC advance into a level resets the LG and No Op tag bits at the new
level to disallow false interrogation by another counter of "old" information,’
~ The advance also sets an "IAUC Advance Enables Sequence" trigger which.
‘participates in a signal to the Instruction Unit enabling that unit to enter an:
 instruction. Other considerations given the enable signal include the fact
that (1) lookahead is not in the process of restoring unexecuted information .
(housecleaning mode) and (2) that the level in question is. not disconnected, -
as evidenced by the Disconnect tag bit, . - = . S P S

Dunng housecleaning mode, no load enable‘signal is gﬂi've‘n until 'hoﬁsﬂelc‘:-'léé._ri-'-’-’ ‘
'ing is complete. - A level which is disconnected allows the IAUC to a'd\(a.ncle_._'_ ;

again and attempt to enable the loading of the next level, ' L

(This "advancing over" a.disconnected level is ndi’fnai ,@i’ei‘atii'in forall ’
. counters,) = - EE T ' Ll e T

L. . Enabling the Load’ .

© The type of instruction loaded is dependent upon the status of the LAAR,

. Atype I+ II Enable signal allows the entering of any level of buffering -
which does. not require the use of the LAAR, Its ‘presence indicates only. "
that the level is available for loading, SRR B O

A type III Enable signal allows-entering any levei of buffering which requires :
the use of the LAAR, ' Its presence indicates that the level is available for -~ -
loading and that the LAAR is available as evidenced by the absence of an - .
LAAR Busy signal, ' : e SRR

.2, The Loading Process .

The response to the Load = Enable signals are the actual Load 'Pill_iél
. from the Instruction Unit., . These Load Pulses are of three types. Load
" Pulse Type I indicates .that the level being loaded 1) does not entail an.. ..
external memory operand fetch and 2) doesnot = - . . '
1 Appen'dixh IV-p. OA
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require the use of the LAAR. Load Pulse Type 11 entaila an ex-
~ ternal memory fetch and Load Pulse Type I requires the use of
the. LAAR. . :

The loading process is normally accomplished in two baaxc
clock cycles. The first half of any type Load Pulse (Load Pulse _
© 1/2) resets the "IAUC Advance Enables Sequence" trigger thus d18~
allowmg any further Load Enable s1gnals until the IAUC advancea. ..

The second half of each type Load Pulse is used to properly
~identify the level status, :

A Load Pulse Type I hy defm1t1on, mchcates that e1ther (1) the
 operand is loaded directly by the Instruétion Unit or (2) no operand
is required at this level, In eithercase, no operand preparation
is required; thus, LF and L.C are set directly, . The signal also re- e
, -Bets the FROM bit in the level and sets a ""Load Pulse Memory"
 trigger which allows the IAUC to advance to the next level when the
interlock conditions are such that (IAUC-‘,E SCC - 1), Ant1c1patxon

* equipment is provided to allow the IJAUC to Advance and to allowa

new Load Enable Type I+ II signal and Load Enable Type III sugnal )
- (the latter contingent upon no LAAR Busy signal) to the Instruction
Unit during the Load Pulse Type I 2/2. This allows successive EET A

* level loading as fast as is practical. In either event, the Load Pu.lse
‘ -Memory is reset w1th the f1rst sample followmg the advance of the S

A Load Pulse Type II 1nd1cates that the operand requxred for .
execution is being requested by the Instruction Unit of the BCU,
- This type pulse may persist longer than two basic clock pulses and
completion of the loading proce s& must be contmgent upon one of
two'signals from the BCU, - S : 4 » :

‘ Equxpment is prov1ded to compare any fetch address used by the - e
Instruction Unit with contents of the LAAR, This is necessary to
prevent fetching false information out of turn. The comparator 1s :
enabled for this purpose whenever the LAAR is Buay. ‘

When the Instructmn Umt reque sts the services of the BCU for
~ operands returnable to the Instruction Unit, an address cornpare .
signal merely blocks the fetch request until such time as the LAAR .
.+ becomes not busy, This indicates that the store has been executed '
* and the BCU proceeds to honor the request. ' - ' '

o Smce the Lookahead prov1des the ab111ty to "forward" operands

-from level to level to elimate unnecessary memo¥ry references, the’ L

comparison equipment is enabled by Type II Load Pulse, This sig-
nal defines requests for operands returnable to the Lookahead level . °
designated by the IAUC value, . An address comparison here resulta” _
* in 1) blocking the fetch request and 2) setting a "Forward Cycle Re-
. quired' trigger in the Lookahead. The comparison s1gna1. delayed
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. one clock cycle. is sent to the Instructxon Unit to termmate the Type -
I1 Load Pulse signal. In this case, Load Pulse Memory is not set
and the IAUC does not advance until the forwardxng funct:.on is corn- '

; plete. : S :

The actxon upon no companson is contingent upon BCU acceptance
of the request. The coincidence of Load Pulse Type II and Memory »
. Fetch Accept sets L.oad Pulse Memory, enabling the IAUC to advance,

* In addition, if the LAAR is not busy, the address is gated into the - -
LAAR, the IAUC value remembered in the form of "From' bit iden~
tifying the level to which the LAAR apphes and the Store Executed
'tngger is reset, ‘ . iy :

| Ant1c1pat1on equipment 1dent1ca1 to that prowded dunng Loa.d Pulae :
Type'l agam allows new Load Enable s1gnals durmg a Load Pulse
Type o, : B N

.

The Load Pulse Type 1 1dent1f1es the level bemg loaded as an R

_internal operand fetch level or a store level-i.e. the LAAR is re~ -

- quired for proper execution. The sample selected by the Load. Pulee .
Type I1I 2/2-1) gates the address to the LAAR, 2) sets the LAAR #
Busy trigger, the appropriate From bit identifying the level, Load -
Pulse Memory, the LF and LC tag b1ts, and 3) resets the Store Ex-

. ecuted tr1gger. R TN AP o SN

'I‘ype I + II Enable sxgnals only are ant1c1pated durmg a Load Pulse 5
“ Type III. o R o . SR
o Many other s1gnals are exchanged between the Instructlon Umt and
~ the Lookahead during the loading process to gate in the proper in-
formation fields and condition the proper tag bits and mdmatore e
from various error and alarm lines. These signals are received
from any of three Instructmn Unit areas due to packagmg and tunmg

consideration, These s1gnals are shown in chart form in Appendxx
II, together Wlth thexr gatmg and condztzomng functmna. SRR

: The loadmg sequence for each type load cycIe 15 shown m txming :
" bar chart form m Appendxx IV. ST o

Specxal Consxderatxons i

Certam cdntrol lmes shown in Appendix 11 z;'equxr'e spec1a‘1“roeht1.on; L |
Many are self—explanatory and only define gatmg and cond.1t1omng the buffer S
regxsters. g :

. ,\f .o

Sheet 16 -



. S v
B AR aaea]
PRI AN
c ,15

', ovet the LA.] Bus checkes, Thus; termination of the'Load Pulse.
~ signal must be contingent upon the single ECC error signal,” This

-type transfer is identified by the control line. ECC. CHECK LOAD

‘The possible correct cycle following is identified by ECC CORRECT

. LOAD, The'logic involved in determining w’hen the lond may be pro-

»I-"fperly terminated it lhown in Appendlx II. ‘

e ply and Add(*+) mtruction. In this case, the control une MPYC:
7" 'LOAD E.Mto LA is'used, if the address does nbt compare with the

' “contents of the 'LAAR, to inhibit 1) gating into the LAAR, '2) setting |
.. the From bit.and 3) resetting the STORE EXECUTED trigger.: Th
\;-l.'fpurpose of this action is to allow forwarding of the Factor registe
_..Contents when the PAU Load Factor (LF'T) inutructicm is fbuowg ‘

. immegdiately by Multiply and Add," Since the two levels. invblvin‘
““the Factor register contents are separated by.the first level of:

By deﬁnition, the OCC £unction is requir
loaded by a Type II load Puln with no ad.%’

"".- i .

A variation in t’he deﬁned handling of . Type II Load Pu.lu exht
" when it is for the purpose of loading the first level of the PAU Multl

'II l.Load aequence. dis-covared this action tu‘be ixwalid. and terminate

A umtted number o! 'rype m Lbad Pulse sequeneu are such tha
the data transfer involves an ECC check and possible correct cyel

! .

Multiply and- Add,- (See Appendix IIT) the above action prevmtn changlng;
the LAAR contents, . thus, preaerving the possibility of address coms: -

r special conditions the Instruction Unit in attempting & Typ

AAAAA

u comparo'
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. E trigger which participatés in t1mmg the data transfer.
T1mmg D1agram Append1x IV) : :

Th1s tr1gger gates out the operand from the 1eve1 selected by the
' OCC to the LAICIB while the first half (E. M) is. sent to the I. checker
" a8 an indication to check ECC. Operand Check E, M selects the sample '

: the same level. LC is also set if the check results in no single’ ECC
- error. The OCC advance takes place in th1s case on the same: sampl'
.“1f the interlock allews other w1se, on the f1rst sample after
T 1nterlock dxsappears. B L e T e

‘ '.-Ope‘rana-c;o-r_r_‘ect ._J;:f:i‘,[‘"}

. .able, by setting the No Op tag. and 1J indicator at the level. The data
‘ and check bits are agam gated mto the operand f1e1d w1th Operand

Ope-rand- Check - |

° The BCU precedes, hy one clock cycie, the returning ménio;;y
- word with one of four Memory Select pulses selecting the level

to receive the operand, ‘The LF Indication at each level is.
in the form of two triggers--an Emtute (LF E) and 1ts assoc1ated
Memory (LF M) tr1gger. : A

LF E is set by the free sample selected by the Memory Select

‘Pulse. LF-M is set by the free sample selected by LF-E M whxch
~ .also gates.in the operand and ECC bits to the appropnate level.
.~ Should an error in the form of a. Memory Check indication from the
. BCU occur,'the NO Op tag b1t and the Instructmn ReJect (IJ) mdmator

m the level are set

.,‘The c01nc1dence of (LF E + LF.- M) oo msc occ ADV EN

_ - .SEQ forms a request signal to the LAICIB priority system. Operand check-: .
ing has 3rd priority on the I Checker Bus and is delayed by.any check' !

- or correct cycle in process ( O Pr1or1ty), lookahead store. check re-‘

,_ quest (1st priority) or lookahead forward request (an Pr1or1ty) Ity
cin turn, delays any looKahead to Instruction Unit request (4th’ Prtorxty) The

sample selected by the response honoring’ the request sets Operand. Check
(see OCC i

which gates the data, field parity and residue check bits back into:’

'the

- -‘rA‘.. .

The' action upon detectlon of an ECC error results in settmg Operand

: Correct E... The total operand gate out slgnal 13, then, the "OR" of these :
R tnggers.,_v.‘d-<- : Sl e e : S

The Correct tlmer prov1des an add1t1ona1 two clock cyclesﬂand‘ 2 :
terminates by setting the LC" b1t and, if the érror proves uncorrect- L

. / . e



‘.Correct E. M. (The or1gma1 ECC bzta have been latched at the’ I .

" Checker-in-bus throughout the correct operation,) The OCC ad-
vance takes place in this case on the sample selected by E.M, of
the Correct timer if the interlock allows; otherwfse, on the fu'st
sample after the mte rlock dxsappears. _ :

This latter advance condxtxon, (LC. INTERLOCK O- I) also provxdes
" the advance over those levels loaded by a Type Lor Type 114 Load
' ,Pulse where LF and LC are set dfrectly. , : _

3, Spe¢1a1 Consxderations
| -,‘An exceptxon to the above action occurs when the Mamtenance Con-'..",'i',' v
‘sole panel keys are ‘addressed as an operand in ‘the maintenance mode -

' of operation, The fetch, controlled by the BCU. returns Jdata w1th no 7; i
-,_assoc1ated ECC ‘mts to the lookahead. Ve e e

‘ To 1dentify th1s type of o;_y__ratlon. the Instructmn Umt codes the pre
. paration tag bit bits (INT . LF . LC). The Memory Select’ results in- l :
' (INT . LF. LC). The signal to the I Checker to Check ECC is sup- g

- pressed and an 1dent1ca11y timed signal to merely Generate Panty
.-and Residue is given, Fmally, the Operand Check E.. M. forms. the
" normal coding of such-a level (INT . LF. LC) by resetting the Inter- o
.-.,:f,.-'-:",‘nal tag as well as.setting LC. - For consxstency. tlns b1t 1s alwaya
;v reset by_Operar:xd:Che.cl_c‘ E. M.: fe

Fo.‘rwa rdmg Actzon - |

The request for forwardmg an operand from one. 1eve1 to another _ -
“-within the Lookahead is set up at the time the Instruction Unit attempts EE
"'to fetch an operand for the lookahead and dxscove rs an- address com-' o
~parison between the required operand and the contents of the LAAR, "
'I‘hese cond1t1ons are remembered m the Forward Cycle Requu'ed :

.The opera.ndto be forwarded may be thé re sults to be stored fol- R
lowmg a store type instruction or it may be an operand ‘used in a’ pre- .

3 vzouLs ‘non-store type instruction. A variation in handling these two..

- types’ ‘of forward operations comes about due to dlffermg check bit ior- -.

* “mats, - The former operand, when ready for forwarding-exists in the .-
L lookahead with ECC bits and, therefore, requires check bit conversion, .
.. while the non-store operand exists. with the requlred lookahead ﬁeld
'panty and resfdue already avaﬂa‘ble. L NP NI Dpe y v

;.To 1dent1fy these condxtxons, a status tr1ggers is set up a.t the SCC
 “level. When the LAAR becomes not busy following a store operatxon. c
.. the Store Executed trigger. is set. The trigger remains set until PO
e1ther a forward cycle takes place or the contents of the LAAR change.
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1

' Forwa,rd Correct

"Spec1al-Consxderatlons_: ‘ ‘Absolute Forwarding.:

the data as the same lookahead level :

Fcrwafd Check

The actual forward function is initiated when the LAAR becomea

not busy. This insures that the data is available as well as that the
Store Executed trigger is in that state which’ properly identifies the
checking conditions., For the store type forward, the coincidence of
(FWD CYC REQ'D . NO LAAR BUSY . STORE EXECU'I‘ED) -is suffi- .

"c1ent to form a request (an Pnonty) to the LAICIB prlorlty system.

* For the fetch type forward, the Level Checked tag bit is necessary ,
- in the origin level to indicate that the data is available, For packag-

ing purposes the data from a single register may only be gated to one
destination at a time. (This is due to the single unit of current avail-’

. able from the gate out distributor on the 2RG card used throughout the

operand fields.) Thus, an additional restnctmn for the ‘priority re~ .
quest is requlred to insure that the TBC is not at the orlgm level

. This prevents the p0581b111ty of thls counter action gatmg the requested ‘

operand to the execution unit at the time the priority request is honored -
and the same operand gated to the LAICIB for forwarding, = The total ..
request is thus, (NO LAAR BUSY . NO STORED EXECUTED . FWD

.CYC . REQUIRED., LC1. FWD FROM1 NO TBC1) wherei ' Jevel
1, 2, 3 or4 . ] o .

'The sample selected by the hne honormg of the bus request sets ,: o

the Forward Check E timer, ' This trigger gates out the data and check

_bits from the level selected by the From bit. = The first half of the - .
‘timer E . M resets Forward Cycle Required trigger and, with- ezther :

Store Executed or its absence, requests the checker to either Check .

- ECC or Check LA Parity, respectively. Forward CheckE . M gates in
the data, field parity and residue to the level selected by the IAUC,

In add1t1on, 'if tHe check results in no- smgle ECC error, 1) the Store ‘
Executed trigger is reset, 2) LF and LLC tag bits are set in the destma- .
tion level, 3) all From bits whose value do not agree with the IAUC-
value are reset, (this effectively changes the. From bit to speczfy the
new level to which the LAAR applies), and 4) Load Pulse Memory is
set to allow the IAUC to advance.. - o

/.\\

1

‘The action upon detectlon of a smgle ECC error is essent1a11y the

' same as that for operand check and correct. . ‘The data is gated out ,
- - for an additional two clock cycles and the above functlons are performed_ ’
© by the sample selected by Forward Correct E. M (See Appendlx IV). .

‘ l'In addition, if the error proves uncorrectable, the No Op tag b1t and s
- 1IJ mdxcator are set in the destination le\/rel B :

o~

It is p0551b1e for forwardmg to speclfy the or1gm and destmation oi
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' For this case, the logic described thus far for requesting bus priority

for a non-store type operand fails since the LC tag is reset by the

~ IAUC advance into-a "new' level, This special case is remembered -
“in the form of the Absolute Forward Required tngger. Thus, ‘the fmal
‘logic forming the priority request becomes (NO LAAR BUSY . ABSO-
"LUTE FORWARD REQUIRED) The normal bus transfer is made in
'thm case. - AR T R

Forward No Op Conve rsion:

An additional complication arises from the fact that the data re-
quested may be in error or even non-existent due to the instruction
associated with the origin level being reJected This case is detected -
by agreemeirit of the From bit and No Op tag, Since a store instruction
 which is rejected does not result in the setting of Store Executed, it is
'not possible to request that a check be made on ECC bits, thus no cor- '
rect Cycle 1s poss1b1e. L e

"For s1mphc1ty, the normal fetch forward functmn results wzth per- '
: haps non-meaningful data being transferred and Forward Check E, M. '
‘results in the setting of the No Op tag and 1J indicator in the destination
level. In addition, all From bits are reset. This condition disables
the address companson equipment, thus preventmg any further forward-
mg actlon unt11 the contents of the LAAR change. T T :

g Fmally, to prevent the poss1b111ty of the above two spec1a1 cases o
- arising together, the detection of No. Op i, FROM i when the IAUC ad- .
~vances from level (i -.1) to i results in resetting From i.. This again = .
.~ disables the’ compare mechamsm to prevent settmg up £orwardmg under .
\ ‘.\'.these condxtmns, )
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VI Instruction Execution C&ﬁttdﬁ Definition:

The preparation functions pefformed by the 1AUC, OCC and FWD mechan- "
isms are reasonably uniform and are controlled by tag bit combinations, The 7
variations encountered in the execution functions performed by the TBC, ABC and
SCC, however, are too numerous to warrant individual tag bit identification, Since -
' the operation code field is used to buffer "real" instruction operation codes for the
execution units in the first level of PAU and SAU instructions only, these triggers <
are available at the remaining levels for specifying lookahead operations. - That is,
this field contains a "Lookahead Operation Code" when so designated by the pres~ .~
ence of the LAOP tag bit at theldevel, . . o oo e e T

- Each instruction is defined regarding the number of Jookahead levels re-
quired and their identification code in Appendix 111, _In general, a separate'look- .
ahead level is reserved to buffer information for each fetch and for each store. . .
function required by the instruction, Additional buffering restrictions may re~ .

* quire additional lookahead levels. For ‘example, the operand field of the first
level associated with an SAU. instruction is used'to buffer additional operation
- ¢ode information; thus, an entire level (op. code level) is used to Etrans’f{er;th;iq
_information tothe SAU, The operand (or operands) required will appear .inthe . ..
‘next "fetch' level (or levels),’ Subsequently, any store data will be transferred ' .
- from the SAU. to the following level (or levels). Finally, when progressive indexe .
ing is specified, a level is reserved to buffer the "pseudo store’ involved due to i

" the Instruction, Unit modifying Index Core. Storage out of sequence, Thus, Appendix .’
. 111 shows a total of six lookahead levels required to process an SAU Add-to- - .

Memory with progressive indexing, This is an extreme case and shows the need . .
for each level to be processed by the execution counters and made P’-"#ﬂ%‘?lﬁ_i@? IR

-re-loading during the execution of a single instruction; . -

PP . e

- . Appendix IIl alec shows, for each level, the array of bits in the, Lookahead

- Operation; Code and Tag Bit fields used to identify the functions to be performed,

+ For convenience; ‘this array is represented in octal notation consistent with the' /.
Definition of Level Designation, It should be noted that this represents the status
of the Operation Code and Tag Bit fields upon terminstion of the Instruction Unit ' .
loading process. Thus, the LF and LC tag bits will change as any necessary .
preparation function are accomplished, - . . . g0 oy 0o

Lo
s

" The execution counter functions for each level are shown in timing chart
. form in Appendix IV, ' These charts define the action taken by the TBC, ABC ., -
.. and 5CC when the level is to be 1) executed normally 2) rejected due to the No' '
+ Op tag bit, or 3) interrogated for housecleaning action; Due to the overlap of ...
i instruction pr,epagg.-tion, it should be clear that any level may exist in the looka-"
":head to be handled in any of these three major modes of operation, - ., .. ' .|
_The TBC functions begin only when LFjs« LC{ indicate that the informae -
. ‘tion is valid and.are timed by the Transfer Bus Timer (T<timer) triggers, E and, .
‘M, These functions include the transfer of PAU and SAU operation codes and
. operands (not internal) to the execution units during normal operation, and initiate
" ing the Ppre-execution phases of these instructions, T T P
A

B ".,Si:eet ?.2 o



The ABC functions are not only contingent upon the fact that preparation
functions are complete, but that the Interrupt Mechanism has been reliably inter-
' rogated. The course of normal ABC action entails those functions. necessary for

execution which require the modification of an addressable regxster. On the other

“hand, if a program interrupt occurs, overlap is suspended in preparation for
" handling the remaining "unexecuted' levels of lookahead in a spec1a1 manner
i (Housecleamng Mode) for any necessary restoration functions. )

kl

' The equ1pment used to determine the state of the Interrupt Mechamsm consmts of

an indication that all units have set into the Indicator Register a record of. any
abnormal conditions ‘arising during execution of a particular instruction. Since .
such indicator settings may arise from any of a number.of non-synchronous umts, ‘
each units participation must be recorded and only when all units have "reported" o
can the mterrupt line be reha'bly mterrogated : 5

For th1s purpose the lookahead contazns a bank of "test" trlggers. In
each case, the sample selected to set the trigger is timed 1dent1ca11y with the

sample selected to gate the information mto the Ind:.cator Regxster. L

Execut1-on Um_t Indicator Test f .

‘This tngger records the fact that the executlon umt mvolved has\
entered all 1nd1cators associated: w1th executmn of 1nstruct10n e v_

Lookahead Normal Indlcator Test

This trlgger records the fact that the lookahead has entered all
' 1nd1cators assocmted w1th executing mstructmn n. ? '

: A-Checker Indicato‘r' ~'1‘-est -

This"trigg‘er records the fact that the possible error detected’ dur-- '
ing the normal ar1thmet1c result check of mstructmn n has been
entered. ' e

“ Store Checlé lndi‘.cator':Test

Th1s trlgger records the fact that the possxble error detected dur-
ing the SCC check and check bit conversion cycle for store€ instruc-
tion'n has been entered into the Indicator Register. This trigger,
unlike the others, is normally on and is reset as an ABC functxon

B only when 1t is ev1dent such a check cycle w111 follow,

‘It should be noted that each tngger must be set followmg each a.nthmeuc.
umt mstructmn regardless of whether any abnormal cond1t10n actually occurs, -

The sample selected by co1nc1dence of all triggers is used to memonze
‘the state of the interrupt mechanism. (For speed purposes, when all other-
units have reported and no A-checker error occurs, the A- Checker Ind1cator

i
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Test tr1gger is not set and the mterrupt mechanism memonzed immedxately-) .
'The. MAR MODE trigger remembers the rormal condition,. while the Interrupt 5
* Next Instruction trigger records the interrupt condition, This same sample
resets the test tr1ggers thus releasmg them to record the 1ndicator settings for
mstructwn n+ 1. ' '

Since the 1nterrupt mechamsm must be 1nterrogated follo«mng a.ny instruc--
tion, an‘alternate method is used to determine the final indicator setting for non-"
arithmetic instructions {or No Oped arithmetic instructions) since the execution
units are not involved, The Lookahead No-Op Indicator Test trigger records the"
last lookahead indicator setting for these instructions and since the lookahead is
the only unit involved, the interrupt line is memonzed on the bams ‘of this -
and the Store Check Indxcator Test tr1ggers only. ST \

It should be clear that the memonzatlon due to co1nc1dence of the test trig- =
ger settings for instruction n define the action to be taken on instruction (n+ ).
For speed purposes, the PAU duplicates this equipment and, in certain cases, it
is the responsibility of the lookahead to properly sequence this PAU mechanmm "

- as well as the local eqmpment. - SECINES L - : SR :

_ The pnmary ABC action at any level is to effect the transfer of the Indlcator
. Field to the Indicator Register and the Instruction Counter field to the Instruction
Counter Buffer. These functxons are timed with the Indicator Transfer T1mer. ‘ '
Subsequently, if ; necessary, an mternal operand (denoted by INT tag bit) is effected
and timed with the Arithmetic Bus Timer (A- T1mer). On the other hand,: if store
data is to be. transferred from the. executmn umt, this. transfer is also t1med 'by the -
A Tn‘ner. . . . e . : . ' Lo L ., .

' The memory area involved for store data transfers is decoded directly =
from the contents of the LAAR. For index or external stores, the transfer occurs
from the execution unit to the lookahead. The indication for the SCC to complete -
the store operation is.the ABC reset of the LF tag bit. Thus, for all SCC. action, .
the tag bit combination LF+ LC must occur. In this manner, the ABG selects those
levels for SCC action, essentially filtering out the Instructlon ReJect and Lookahead
) .Housecleamng comphcatmns for the SCC decoder. : TR ‘

. The presence of 'I'BC ABC and SCC at a level. estabhshes a d.c. gate out
of the Operation Code and Tag Bit field of that level to the respectwe decoders, In.
general, a’single decoder exists for each counter., (An exception exists for the
TBC decoder identifying 15t levels of PAU .instructions ‘where, for speed. purposes,
a separate decoder exists at each level, thus preservmg level 1dent1f1cat10n.)
‘ o
A PAU Instructmn Sequenc;ng_

" The PAU instruction set has been clas s1f1ed for looka.head purposes ‘
_-into four categones (See Append1x III F. P. Loadmg Sequences) -

'Non Store Operatwns (smgle level)
Store Operations (single level) -
Fetch and Store Operations (two level). -
- Multi-fetch Operatlons (two level) '

.h W

-‘Each categpry must be conmdered for vanatmn of the. fetch levels
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spec1fy1ng a) non-mternal and b) internal operanda.
l(a) Non Store Operatxons (non 1nterna1 operands -Appendix IV p. 31

'The actmn of the TBC is identical for the first level of all (not
~internal) PAU instructions, These e levels are identified by the

coincidence of LAOP1 INT;* OP8j+ OP9;:LFj- LCi. Normal action _
- by the counter is identified by the absence of (NOOP;) and (NOOP

MODE) status trigger (designating Instruction Reject actxon) and

by the absence of Lookahead Houseclean Mode tngger. :

_ .The Operand and Operatlon Code f1e1ds are gated to the PAU wtth
* the d.c. decode line. The information will appear at the mput
gates to the C register and PAU Execution Register two clock -
cycles later, Thus, T-timer E is get by the first sample . selected
by the decode line. Coincident W1th T timer E: M, two signals are .
- given, one indicating that the PAU. may Gate. In ‘Op Code and Start
and the other to Gate In TOB to C. The PAU, if not ready to.ac~ -
cept the information immediately, must remember these. sxgnals.
" No further TBC action occurs until the pulse PAU 1st Cycle ('I‘o)
is received indicating that the information has been accepted. =
- This pulse sets the 1st Cycle Memory trigger: 1nd1cat1ng the TBC
may. advance. The advance takes place on the sample selected -
by PAU 1st Cycle if no interlock with the OCC exists, or on the o
first sample selected by lst Cycle Memory following the disap- .
pearance of this interlock. First Cycle Memory is reset by the
f1rst sample followmg the advance. ' S

To again prevent the possﬂnhty of gatmg the operand to two loca-' :
~ tions simultaneously, if forwarding is in process from the level -

‘at which the TBC attempts to gate to the PAU, the TOB gate.out
" and- setting of T-timer E are delayed unt11 the forwardmg functxon
is complete. : :

The only ABC functmn reqmred for the non-store type is the trans--
fer of Indicators and Instruction Counter Fields. These fields are -
gated out to their respective destinations by the d.c. output of. the

- ABC p081t1on itself, Selection is then made as to what input: gates '

" to activate., These gate in signals are samples selected by the

" Indicator Transfer Timer; thus, the set condition for Indicator
Transfer E is met only when preparation functxons are complete -

. (LF+LC) and the prevxous 1nstruct1on caused no program mterrupt
(MAR MODE) :

The. Indxcator fxeld of each lookahead level has been’ classxﬁed into
* ' three main categories.” This is due to the.variations of handling

these categories during the three major modes of lookahead opera-

tion. The definition of transfer for each category. g

Instruction Exceptlon (XR) Indlcators

These are gated into the Mam Ind1cator Regmter from each level
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during Normal Operation and Instruction Reject Action.

Index Res_ult (XR) Indi(:ato'rs‘z

These are gated into the Main Indicator Register from- dlstinctly ‘
coded Instruction Unit instruction levels durmg Normal Operation
Only. e

Conditional Machme Check (CNIDC) Indxca.tor

‘

This smgle indicator is gated into the Mam Indlcator Reg:lster
from each level dunng Instruction Reject Actxon and Houseclean- '
1ng Actxon. : ' : ' a
. The gate in s1gna1 is’ t1med ‘with Ind1cator Transfer Tlmer E-M. The‘ ”
gate into the Instruction Counter Buffer is is activated only on. levels tag- i
ged with the IC bit and is t1med w1th E. M of the same tlmer. ' _—

’I’he MAR MODE tr1gger remains on unt11 the 1nd1cators have been trans- -
ferred at the last (IC) level and is reset by Ind1cator Transfer Tuner ‘
E. M- ICi+ ABCi. (An. additional trigger, MAR NEXT INSTRUCTION, set

by the same sample which sets MAR MODE, is reset by Indicator Trans-..
:fer Timer E*M only. This trigger essent1ally 1dent1f1es ABC actxon on:
the f1rst level of any 1nstruct10n.) : ‘ SR LRI

'In general (store mstructmns excepted) the s1gna1 to gate in the md;ca-.f‘fg
tors.at thelast level means the lookahead has entered its last indicator; -
therefore,. the same sample is used to set the Lookahead Ncrmal Ind1ca-l :
tor Test tngger. oL : S : - i

The advance cond1t1on for the ABC is Ind1cator Transfer T:mer-M and
no mterlock with the TBC. The SCC advances over this level on the.

" basis of the tag bit combmatlon LC LF at the time the ABC mterlock
dmappears. S : : L :

| l(b) Non-Store Operatlons (mternal ope rands -Append1x 1V p. 32)

’The actmn of the TBC for levels 1nvolv1ng internal operands is restrzcted
to the Operation Code field gate out to the Execution Register, . The neces~-
sary signals to begin pre-execution are the responsibility of the ABC; .
however, the previously described response, (To) provzdes the advance ‘
: forthe TBCmtheusualmanner. SN S STy

*The data and control paths involved to transfer the contents of an interna.l
register to the C register are such that three cycles are required. - Thus,. .
‘the A-Timer is a three trigger timer, EE, E and M, The first trigger,
'EE is set: by Ind1cator Transfer Timer E*M, the ABC: decodmg the INT

o
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“tag bit and the absence of (NOOP;) and (NOOP MODE). ‘Completion of

- the transfer (A-timer E«M) with the information at the C regiater input

.z)'

gates results in two pulses to the PAU; the previously described Gl Op

Code & Start signal and a new Gl ACOB to C signal. The Advance.

Condition for the ABC is A-Timer M and no interlock, ABC-TBC. The
interlock, however, prevents the advance until To is reCexved and the
TBC is allowed to advance, The SCC.again advances over the level as
soon as the SCC-ABC mterlock dxsappears. ‘

'A T1mer E‘ M during an internal fetch transfer is used to 1) select a

sample to reset the LAAR Busy trigger, thus allowing the Instruction

Unit to enter another level requiring a Type III Enable signal, and 2)

request the A Checker to Check Data for transfers involving other than

- addresses 7 and 11, (A special signal, No Check Data, accompames

these latter transfers s1nce no check b1ts are 1nvolved )

vStore Operations (no fetch,requlred-éppenmx IV 'p. 38);4.] o

"The previoosly described TBC action (nonéinte_rn_al operands).'is identical

for the single level store instruction, The ABC action, however, in addi--

‘tion.to the transfer of Indicator and Instruction Gounter f1elds descn’bed

above, consists of effecting the transfer of the store data from the PAU

- to the appropnate dest1natxon.

"The mdxcatmn that the store data is. ava11ab1e (latched on the Anthrnetm

Bus) following any PAU to-memory operation is the pulse, PAU Last
Cycle Store. This pulse is remembered in the Last Cycle Store Memory
trigger. A two cycle transfer is necessary here; thus, A= Timer-E '

trigger is set with Indicator Transfer E or M, Last Cycle Store Memory '
. and the ABC decode line 1dent1£y1ng the level, The data is gated 1nto the
, proper destmatmn by the sample selected by A Tnner E-M e

_In order to properly sequence the 1nterrupt system, the settmg of Looka- |
. head Normal Indicator »Test tr1gger is delayed unt11 A Tnner E-M for c
' all store operatmns. ; T - i S

 For stores d1rect1y to an internal register, the store is effect‘iv‘e"l‘yconr- )
- pleted by the ABC, Thus, the LAAR Busy trigger is reset by A- Timer

E:’M. Special s1gna1s are sent to the Arithmetic Checker controls for

"' stores to the accumulator (GI A+ B) such that residue will be updated,
‘The ABC advances on A-Timer-M, no interlock ABC-TBC and the fact _
that the Indicator Register is not spec1f1ed as the store address. In- & -

- this spec1a1 case, an additional timer (Indicator Reg1ster Timer) is! used

“ to time: the- transfer of the modified Index Result 1nd1cators from the -

- Indicator Register to he Instruct1on Unit Updated Indicator Register (IR ;- |

UIR) for local mterroganon. The advance for tlns case is Ind1cator :

‘Reg1ster Timer M and no mterlock

For stores to external Memory or Index Core Storage, the. LAAR Busy

- trigger is not reset until the SCC completes the store. Instead A- Txmer .

¥ .
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E+M resets the Store Check Test trigger, such that the interrupt mech-
anism will be interrogated after the SCC checks the data: To initiate

this SCC action, .the Level Filled tag bit is reset comc1dent with gating
the data into the level, : .

To complete the 1nstruct1on, the SCC action must be consrdered for .
each remaining memory area. An external store w111 be considered
first, (Appendix IV p. 55)
The - Op code becomes meanmgful to the SCC decoder when the Level Fil- -
led tag bit is reset, Since the decode line cannot be guaranteed to be in’
its proper state until the second sample following this action, the SCC '
- Late Decode Enable t__gger is set by the first sarnple selected ‘by the o)
coincidence of SCCj* LFj. LCji. This tngger is used to gate the decoder
.11nes, to.insure proper decodlng. . o S e B
, The log1c formmg ,the request to the I Checker priority system consists .
of SCC Advance Enable Sequence, Late Decode Enable, the SCC decode . -
line identifying the level, and the LAAR decode line identifying the memory -
‘area. Honoring of this request (1st priority) results in setting the E trig-
ger of the Store Check timer which is used to time the transfer through the o
‘I Checker for check and check bit conversion to ECC, Store Check. T1mer .
E.M resets the SCC Advance Enables sequence trigger dlsallowmg any ‘
further request.,’ The E trxgger of the timer is used to gate the Operand
field to the LAICIB, E«M times a pulse to the 1- Checker requesting a parxty
check on the word while E.M selects the sample for gating the information
back into the operand field, This last sample also sets the Store Check "';’
Test tngger to-allow mterrogatmn of the mterrupt mecha.msm. el

'Co1nc1dent w1th the data gate-m, a self resettmg trlgger, Lookahead celr o
.Store Request is set and its output sent to the Memory Bus Control Unit, Sl
. At the same time, the Gate Out LAMIB trigger is set to gate the informa«" -
_tion to the BCU. Upon receipt of the Lookahead Store Accept pulse frorn
' the BCU, the Store Data timer is.set to time the mforma.tmn on the U :

LAMIB. With E*M of this timer, Gate Out LAMIB is reset.  E*M ‘selects
the sample to reset the LAAR Busy trigger and set ‘the Store Executed e
_‘tr1gger to define the checking conditions for any subsequent forwardxng
~of this data. The advance condition for the SCC is Store Data Timer-M"
and no 1nterlock SCC-—ABC S :

' An exceptmn in this procedure exists when addresses 0 or 4 are specxﬁed
Since these are external memory locations and sources of zeros,. the data -

| is'converted to zeros with ECC code and the store performed. - This is'' -

accomplished by inhibiting both the gate out to the LLAICIB and the request .

to.check parity during the check cycle.' This effectwely puts zeros on the

bus and the generated ECC is gated in after the check cycle. , o

| The SCC act1on if the store address is Index Core" Storage conslsts of a
- request (4th pnonty) to the I Checker Priority system for the lookahead
to Instruction Umt transfer mvolved Honormg thls request sets the

;
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~3) -' Fetch and Store Operatmns

- Buffer, settzng the appropnate test trlgger, and resettmg the MAR MODE '
~.’tr1gger. IV R e S ST S

A'LA-I'tune’r. 'I'hxs txmer has two memory (M) tnggers 1) M for Index
- Transfer which is used if the data destination is Index Core Storage and
'Z) M-for no Index Transfer for all other Lookahead to Instruction Unit. -

transfers. . The ~output of M for Index Transfer and the SCC decode hne '
gates LAAR posxtxons 13- 17 and parity to the Index Address Bus.

‘The mformatmn is gated to the LAICIB w1th LA-I t1mer E and gated mto

the Instruction Unit X register by the sample selected by E+M for Index _
Transfer. This sample also sets the Store Check Test trigger and the .
Clear Index-E tr1gger. ‘The. timers, Clear Index and Write Index," time
the. transfer from the X regrster to the cores, Clear Index-E being used .
as a store request s1gna1 to-the Index Core Storage controls. -Clear Index
E+*M'is used to reset LAAR Busy and set Store Executed,. while the SCC

advance condltxon is Wrzte Index-M and no mterlock SCC-ABC. s

The PAU fetch and store operatmns , (Add to Memory, Load Facto;{ etc.)'_

- are handled in two levels of lookahead, = The first level buffers the Dpera-
‘tion Code and fetch operand, while the second level is: reserved to: receive.
: the store. data. Each level is essentxally handled mdependently by each "

The f1rst level TBC acuon is 1dent1cal to that prevrously descnbed for ‘

. single levels specxfymg internal or non-internal operands. This is. also

true of the ABC action with any variation being those. functions performed
on the basis of the IC tag bit--i, e. --gating into the Instruction’ Counter

';'Smce the TBC funcuon is not necessary at the second level. the decode -
" line- 1dent1fy1ng this level serves as the counter advance condition d1rect1y.{ g

" " (For all levels ‘other than first PAU levels, the TBC Late. Decode Enable

decodmg. ) -

trigger is used to gate the output of the TBC decoder to msure pr0per ST

- The ABC and SCC actmn when the PAU md1cates the store data is avaxl- t ’
"“‘able (Last Cycle Store pulse) is 1dent1cal ta that descnbed for smgle ‘
level store operatmns. Y e ,

An alternate method of handhng the store level e:nsts When the mstruc- o |

- tion is mnot completed, An example of this is an attempt to perform the

Divide Double operation when the Divisor .Zero condition is 1nd1cated

. The PAU then essentially rejects the instruction and replaces the Last
.Cycle Store pulse with a No Store Data pulse, This Store Inh1b1ted
‘ Memory trigger remembers the condition until the ABC is prepared to

act upon it. For convenience, the A-Timer is used only to select
samples to perform the necessary cleaning-up functlons necessary to

‘proceed, . These include - resettmg the LAAR Busy tr1gger and settmg
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the Lookahead Normal Test trigger, In.addition;, the NOOP tag bit is

set at the level involved such that, should forwarding of the expected -

data have been specified in the interim between loading the store level‘ _
and discovering the Divisor Zero condition, the Forward NOOP Con- " .
version functxon w111 occur and allow the computer to contmne. o

Cay

‘ 4) Multi efetch Ope rations

The final PAU instruction to be dmcussed is the Multxply and Add 1nstruc-f’-=-i‘ f.
tion. This involves two fetch operands as specified by the 0perand address
and the (implied) contents of address 14, The first level again is identi~: "
- cally handled with respect to transfer of the operatmn code and fn'st
operand and the 1n1t1at10n o; pre-executxon. T Dl

'I'he second level contams the contents of the external core memory loca-?
tion 14. The TBC controls the transfer of the Operand field contents to.
the C register input gates, T-Timer E+‘M times the signal PAU Continue o
and dwells until the information is accepted, The Cumulative Multiplier, ...
Accepted pulse sets the First Cycle Memory tr1gger such that the counter"
' advances in the usual manner. S i

The overall lookahead tumng chartl, shows the non-sy'nchr‘on’ous counter: .
_ action for a series of PAU instructions. Assumptions were made involv- _f‘..'
- ing the speed of loading the lookahead, memory access times; and the -
PAU execution timing. Thus, this document iB meant only to illustrate
,-the lookahead actlon of sequencmg the mstructxons. 3

B SAU Instructlon Executlon

_ The SAU mstructmn set has been grouped 1nto class1f1cat10ns sunlla.r 405
those of PAU instructions with respect to fetch functmns and store functmns.
Four general class1ﬁcat1ons emst° Wl KRR N :

1. "Non-store operatzons
2, 'Fetch and Store Operauons

| Th1s category mcludes the normal add-to~memory type operat;ons
 where the number of stores 1nvolved equals the number of fetchea.?

‘3, Fetch and Spec1a1 Store Operatmns

Tlus category mcludes the Load Factor type operatmns where, re-
gardless. of the word boundary crossover cons1derat1ons of the fetch '“
operand only a smgle store operanon is necessary.,;,

e M“1t1P1Y and Add 0peratzon ;"" R

. Appendix IV-p. 59 s e
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Figure 1 shows the sequence of levels encountered in handling each
'category under the ‘various WBC and progressive mdexmg (PX) conditions.
* With the exception of the specxal fetch operand of the multiply and add in-’ o
- 'structmn, all fetch operands may specxfy the contents of an mternal regtster.’

As ewdenced by Append1x IV, the mformatmn transfer and 1nstruct10n ,
sequencing functions are very sumlar to those encountered for PAU instruc
" tions; therefore, only the maJor var1at10ns W111 be presented here.

SAU Op Code Level (Appendxx IV-p. 1)

L Th1s 1eve1 is 1dent1f1ed by the c01nc1dence of LAOP OP9 . -The’
It »gate out of the Operation Code Held, Operand field and WBC tag
 bit to the input gates of the SAU execution register is accome«r;

.- plished by the usual decode method. The trigger, SAU START i

. set with the sample selected by T-timer E*M and establlshes a"' _
...d.c.. signal to the. SAU controls,” (The tngger output is. ORed with’
"-""'f”1ts set condition such that the SAU may act upon it comcxdent with

. the arrival of the data.) The TBC dwells until the d. c.;reply,_,
o BAU, Housekeepmg, is received indicating’data’ acceptance., Th
"~ sample selected by SAU START-SAU Housekeeping resets the
- 'Start tr1gger and Sets Flrst Cycle Memory to effect,th "TBC ‘

‘ .The operanf‘ destmatlons are defmed as the C register for single
. (only) operands and the first of two operands, and the D reg:ster'
" for the second of two operands. (Excludlng the spec:.al operand of.
Multlply and Add, in whxch case the destmatmn is again the'C regi
ters) e o

N 'Completlon of the last operand- transfer results ina s1gna1 SAU GO
- which allows the SAU to terminaté the housekeepmg state and begxn»
K '1nstruct1on executmn. Since the SAU contains no equipment to’i

'rogate the 1nterrupt mechanlsm, t.he GO sxgnal mdtcates' ‘

That the necessary 0perands are in the CD reglsters and
That the prevmus mstructiOn caused no program mterrupt.

The transfer of non-mternal operands is the responsxbﬂxty of the TBC

;, To sat1s£y the second cond1txon above the set of T-t1mer E is dependent
. upon the presence of MAR MODE conditions. durmg transfers of the fu-s
. (or only) SAU operand The SAU GO tngger is set w1th T-txmer E-M
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‘and its output Mot set condxtion esta'bhshes the d.c,- 51gna1 to the R
- SAU controls, The trigger is reset by SAU GO* NO SAU House- el
~ keeping. : T-timer M and no mterlock TBC oCC serves as the 'I‘BC -
_ advance cond1tlon. - L .

The’ ABC control of mternal operand transfers is smnlar to that -
previously discussed with the SAU GO tr1gger set, when applicable, L
with A-timer E-M. (The TBC, when an internal register is speci= .

. fied as an SAU operand, has no function to perform. However, to
- facilitate handling SAU 1nstruct10ns under program interrupt condx- e
tions, the counter is not allowed to advance until an 1nterlock is: e
established with the ABC, The ABC decode. line in tlns case. serves ‘

- as the TBC advance, condition after A-timer E- M is .used to reset e
the TBC Advance Enables Sequence tngger.- S : '

o 'SAU Store Levels (Appendlx IV pp. 12 19), |

i .‘”The levels reserved to ; recezve SAU store mformatmn fall mto three_"ﬂ_ ‘
._‘lcategones-’vw--.u.s-w o AR kot R

. Store Clevel - ~ 'recewes mforrnatmn from the C.;-
TP register following Fetch’ and Store
‘operations.. The resultis __ga_ted

..~ from C for "ouly" store (WBC) and
t fu-st of two stores (WBC). '

‘Store Dlevel .- receives the second word from the
SRR R T o) reg1ster followmg Fetch and Store
opérations spec1fy1ng Word boundary__
. ‘5"‘jcrossover. : '
3. " Store bus level - receives s store data followmg Fetc
e ' .77 and Special Store operations," Follow __
" ing this class of SAU 1nstruct1ons,
: - 'data is latched on the Anthmetu: :
RN .Checker bus. RS

L The ABC ‘and SCC act1on here fOHOng recexpt of the Last Cycle. '
_ Store s1gnal indicating-data availability is similar to that prevxouslv-
. "described. = The data and control paths involved for transfers from- -
. .the C and D registers (as opposed to transfers with the data already j'

2 latched on the ACIB) are such that the A-tnner EE tngger 18 usedto-_-;'
allow a three cycle transfer. T P e

= 'Although the TBC ha.s no actron at these 1evels, the ABC mterlock is
o ;' formed ‘to prevent the advance untll the C and D reg1sters are clear.




SAU 'Spe'cial "Operaﬁd Levevls'.(Aj)pendi'x‘ 1V pp. »20-2 1)'_ :' g SR

The special operand for the SAU multiply and add instruction poses
the same interlock problem as its PAU counterpart in that the des~ "
tination of the data is the same (C) register-as that used to buffer o
an ‘“earlier" operand, Therefore, the TBC action is inhibited until”
_the pulse SAU Ready for MPYC Operand is received, ‘This again =
sets a Memory trigger and T-timer E i8 set to time the transfer.”. =
 The gate out of the Operand field is the TBC d.c. decode line identify-
ing the level and the data is gated in to C with the sample selected by -
T-timer E*M. The memory. trigger is-reset by this same sample, -
and its absence serves as the indication to the SAU that the operand ;¢

- ‘SAU.Pfogreési;re Indexing (PX) levels, (AppendxxIV-p. 22) .

' The final level of all SAU instructions in which the progressive ‘mode -
of indexing is specified is used to buffer the original co_ntent_é of the ./ .

. affected index core storage loca tion. During ‘normal operation, the

' “‘only lookahead functions required are the transfer of indicators and.

" instruction counter fields at the ABGC level, Since the progressive

indexing function allows the index result indicator to 'jchahgez,ffthis‘.

category of indicators is included in the transfer, . =

B

= SpeCIaISAU Ins tructions f

~The Branch on Indicator and Branch on Bit instructions érié:"‘freaftéd"
" . as speci_al. SAU instructions since, for economy reasons ; -the”SAU--
.~ equipment is .utilized to perform the bit testing anii'"mbdificatioxi neces

©.-sary. These instrictions therefore require lookahead action similar;
. foother SAU instructions. ' v e

o~

' The _Iné'tr'géfidn' Unit assumes the. test will faii and @.‘:Ontinu‘eél‘ﬂté 'ﬁf_bces

- instructions accordingly. A special (branch recovery) level following
-~ those necessary for ‘processing the SAU action buffers the Branch Ad-
: dress such that, upon detecting that the branch is. to take place, a-
 modified housecleaning procedure will allow the Instruction Unit to:

L recover, .

T t: on Unit preparation of these instructions include testing " .
» for those conditions' which, if ‘the branch conditions are met, cause. . . . -
~ the instruction to be rejected. These include the branch address failing "~ ..
- -the address invalid (AD) or instruction fetch (IF) tests, certain store = . i,

- addresses failing the Data Store (DS) test, .and the instruction itself <. SRS
- failing the Execute Exception (EXE) test. These conditional indicators .
i '_-‘must be interrogated by the SAU such that the presence -offaxiy"onq R
 servesto inhibit the bit modification when the branch conditions' aremet, .-
 For this purpose they are buffered in the Operation Code field of the.
~ first level associated with these instructions, ‘Normal TBC ~aétioji"-p1a¢¢, e
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them in the SAU execution register.

o Branch on Bit (BB)1

) -Lookahead processing of the three SAU levele irwolved is simi- ?_‘:;_
_lar to the add-to~memory operation specifying a single operand.

The TBC decode line identifying the first level of these special -
" instructions is memorized by the SAU and serves b identify the
‘.mstructlon, in 11eu of any SAU Op Code-

S Coincxdent with the Last Cycle Store pulse, responses indicating
‘. ‘the results of the bit test and the status of the conditional' indicaw
. tors are memorized by the lookahead in the Branch Test Rcsnlt"

" triggers to defme the action to.be: taken at the branch recover :

level.»;.-,.a,-_/‘.. T PP

| ‘The ABC action at the recovery level. in addition to. the norm
' transfer of 1nd1cators. etc. , varies depending upon the espouse

' ,Branch Unsu ccessful :

'No spec1a1 action since Instruction: Unit. assum;:twn
- 'was correct and the mstructmn was not rejecte' ;

o Branch Successful--tonditional mdicat'ors

. ' Instruction Umt a.ssumption was correct.-(sxnce in

.. struction 1s rejected) and the conditional indicators

. are entered into the Indicator Register... This is:
_. | v'direct path from the SAU Execution regmter' :
o input gates of the Indicator Register. ‘

P "Branch Succes sful-no conditional indicator

‘ 'This case mdicates the Instructlon Unit assumption
"' was incorrect and any later lookahead levels mustt-
. be considered’ mvalid. Thus, the housecleamng

L Mode of operatron is 1mt1ated in order to.recover,:

_ (The Housecleanmg Mode of operatmn may be 'entered‘duelto any
rone of three conditions occurnng. v The action is discussed ina-
later section of this memo.) ’

:‘2-'. "Branch on: Indu:atorA

_The assocxated fetch and store levels of the Branch on Indicator
instruction are distinctly coded due to special handling of bit. posiw- ‘
'tions 0-19 of the Indicator Register. These bit: pos1t10ns are

_‘1 normally unaffected by the storing function; however, to accoxn
L plish the bit resetting function of this 1nstruction, coincident thh
" ?. ;-the transfer of the regmter contents to the C register, bits 0 19

: 10 Appendix Iv’ppt 27’ 4, 13, 28
a Appendix IV-pp. 24 25, 26, 28




"are reset. There is then a unipolar gate provrded and activated
: by the ABC durmg the store tra.nefer. < RN -

. With this exception, the Branch on Indrca.tor and Branch on Bit
L mstructrons are handled identically 'by the lookaliead. :

3o

‘ Store Instructron Counter u‘ Branch on Indicator l -

",'A vanatron of the Branch on Indrcator instruct ion is encountered
~when prefixed with the Store Instruction Counter If functxon. In l
this case an additional level of lockahead is involved.- Tlus addl- ,

_ tional level requ1res d1£ferent actmn dependmg upon the_. branch‘

v,.condrtrons. Lo e 5 '

No assumptmn is made concernmg the success of the brt test.
. Instead after loading the recovery level into the lookahead, ‘the.
'Instructron Unit waits for the SAU to. complete the . test 'before
'completmg the instruction.. (Smce the Instructmn Umt retam
the branch address in this case, no recovery is necessary n
"--the "recovery level" exxsts only for control sn'nphc:lty). :

ti;:f The - spec1al,actron of the ABC at the recovery level_‘, 3
to the followmg (The coding of this. level. dxffers frorn the =

Branch "Uns uc ces-s ul

S In addrtron to the transfer of indicators, the ‘contro
f'_"pulse Regume—No Stica'is sent to the Instructmn
" . Unit, . The additional level in this case’is a "dummy,
+- level with the IC tag bit to- effectwely close out th

"V instruction.and ‘cause the. interrupt mechanism to'b

rBranch Successful-conchtronal mdrcators

{-“Same as 1) above wrth these md1cators entered n,.
L '»;the Indlca.tor Reg1ster. :

i ':'Branch Successful-no cond1t1ona1 ind1ca.tors

. 'In thrs case, the control pulse Resume-Stxca is given

~_the Instruction Unit. This unit proceeds to effect the

. store instruction counter action and places the result
in the lookahead for eventual stor:mg. i ;

E ‘ 'tv-f(The actmn at thm ﬁnal level is srmrlar‘ to that of other
“ Instruction Unit store type 1nstruct10ns and 15 dlscussed
, .+ in that sectron of thrs memo.) e T
1. Appendrx IV-pp. 24 25 26 30
. 2. Appendrx IV-p. 45 o
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C.‘ Non-Afithrhetic Instruction Execution N

' Execution of instructions vﬂuch involve neither arithrnetic unit
differs somewhat from the previously described action for sequencing -

‘the Interrupt Mechanism. These instructions include the Input-Out-
put class and those executed chrectly by the I.nstructmn Umt. :

)'.

s The Noop Indxcator Test tngger is used to 1nd1cate the last mdma-'
tor setting.. In addition, the PAU contains 'a Master Tests Complete:
trigger which is funcnonally the PAU counterpart of the lookahead

- MAR MODE trigger and must be reset between each instruction. Thls
_ action is the responsibility of the lookahead for all non-anthmetlc. _—
‘instructions and is accomplished at the last level with the sample = - - -
selected by Indicator Transfer E«M, ICI, ABC1 and the ABC decode
’ lme 1dent1fy1ng these type mstructmns ' : ‘ :

It should be noted that, though the TBC has no acnon to perform s
at many of the levels to be described here, the advanced must be T
delayed until the above action has been accomphshed to ehmxnate the
. possibility of the PAU falsely interrogating the Master Tests Com-"
- plete condition. . At these levels, the ABC decode lme serves as the .~
'TBC advance condition after Indxcator 'I’ransfer E-M is used to reset
‘TBC Advance Enables Sequence tngger. o :

1 Input Output Instruc'aoms1 %

. 'I‘he locatxon of the 1nformat1on requu'ed by the Exchange
Units for execution of I/O instructions is shown in the °
‘Operand and Operation Code field format documents in
”Append1x II. This information includes the Control Word";_‘i
Address, Unit Address and Operation Code., In addition,
- the Instruction Unit determines the proper Exchange Un:.t_"l_':
~_involved and sets Op Code pos:.non 7 accordmgly. e

' The transfer of th1s 1n.format1on is the respons1b111ty of
' the TBC. and takes place via the TOB., " The level is :
identified by c01nc1dence of LAOP;, OP-9;, OP-8i," -
~ TBCj and the gate out to the TOB takes place in the usua.l
. .decode-manner,- Pr1ortc selecting the Exchange, how-g‘ iy
' -ever, all previous stormg functions are concluded. In .
~addition, no select is given if an interrupt occurs. 'I‘hus, P
T-timer E is delayed until the MAR conditions have ’been
met and the mterlock show the SCC to 'be at the same . .
1eve1 o : : P s :

T-tuner M and’ the TBC decode line 1dent1fy1ng the proper
.. Exchange establishes the d.c. Select Basic Exchange or:
s Snlect H1gh Speed Exchange s1gnals. No further actmn

1. Appendix IV-pp, 49-51 . e
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occurs unt11 ‘the mstructmn has been accepted or ;

reJected

When the Exchange accepts" the instruction, the

- ‘accept pulse is remembered in the 1/O Reaction '

Storage trigger and, after proper clock pulse

+ ~synchronization, the 1/0. response trzgger serves -
_-to advance the TBC :

l’.u

' When the Exchange reJects ‘the mstructmn, thxs . :
~signal is sent to the Interrupt Mechanism controls

.~ to record the proper 1/O reject indicator, This

'.’The second level prov1ded for I/O mstructmns is a L
. dummy level tagged with the IC bit such that the :
'mterrupt mechamsm is mterrogated_ ;

Instruct_l'on '_Umt Instrucnons ‘i‘.{’
| The ins trucnons executed wzthm the Instructmn
< the’ pomt where it is necessary to.store and/or
~enter indicators. 'These functions are completed

'“. by the lookahead in pr0per sequence. These levels
: "?=are referred to'as: : e '

'_'."Two other levels ex1st to process the cases where |

.,"Index Core Storage is modified and’ where the looka-
‘head must furnish the contents of an internal reg1ster i
~ for proper execution by the Instructmn Umt These

' ‘levels are referred toas: . :

reject signal is then: relayed to the lookahea.d and .

o performs essentially the same action in estabhsh '
“ing the 'I‘BC ddvance condition, In either case, the

' accept or reject signal resets T- tlmer M du'ectly

. to termmate the Select S1gnal. o : X

Umt are generally completed within that unitto"

s -,»"—.- - PR

‘ (l) Instructzon Umt Store levels :
(2) Indlcator Transfer Only levels

(3) Pseudo Store level
(4) Internal Fetch level

- Proper combmatmns of these four types of levels pro-"
vide the lookahead action neces sary for complehon of i

all Instruction Unit instructions, Append1x III shows .- '
specifically the type level or levels 1nvolved for each sy

A"ms tructxon.



It should be noted that those mstructxons whxch the
* Instruction Unit terminates by loading the lookahead -
- with any of the first.three levels above may cause the
Index Result indicators to change; thus, this category
of mdlcators is included in the transfer.

N,

| b. External Store in Lookahead Panty

(l) Instruct:on Unit Store Levels o

, :-In general, these levels’ may specxfy either ex-
: ternal memory locations or an internal com- =
. puter register as indicated by the contents of the.

LAAR. When external mémory is specified, the -
necessary ECC b1ts, if possible, are generated
during the loading process, thus elumnatmg the .
necessity of the SCC check and check bit conver=.
sion cycle.. The WBC tag bit is set by the’ Instruc- 3

tion Unit and used in conjunction with this part:cu-

lar Lookahead Operatmn Code to 1dent1fy thxs condih

External Store m ECC:l
‘ The ABC at tlns level comcident with’ Ind1ca-
~jtor Transfer timer E-M resets the LF tag
' bit to initiate SCC action, This latter actlon
prov1des the store request to the BCU dxrectly. :
followed by the prevxously defined sequence of
' operations neces sary to effect the transfer of
. the information to the BCU. . (The level at = -
~‘which the store is effected £ollowmg the: Store
.-Instruction Counter if Branch on Indicator - * ..
instruction is. handled in this marmer.; How-f.} "‘_;-
" ever the Index Result indicators do not apply’
‘ and since the SAU is mvolved the Lookahead‘ e
‘Normal Test tngger 1s used I

It is not always possx’ble. for checkmg purposes, :

- toinclude the generation of ECC during the load-

' ing process, ‘Thus, the necessity may exist for
-the normal SCC check cy¢le, - The absence of the -
‘WBC tag bit 1nd1cates this condition and the ABC 2
coincident with Indicator Transfer txmer E~M,
resets the Store Check Test trigger, 'The SCC -
action is identical to that Previously descnbed o

~ with the Interrupt Mechanism mterrogated after

: the check and check bxt conversmn cycle. T

1, Append1x IV-p. 41-42 57

2. Appendix IV-p, 43

3, Appendlx IV-p. 41-42 '55
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c. Inte rnal Store4

The date path exxstmg for effectmg the trans-

- fer of store data from a lookahead level to an
internal register exists only through the C
register, Thus, the function is performed in
two steps, the TBC controlling the transfer
from the Operand field to C and the ABC com-
pleting the transfer from C to the internal _
register specified by the LAAR contents. T-
Bus timer E is set after an interlock is estab-"
lished with the ABC and after the MAR MODE
conditions are met. ‘The TBC is ‘not.allowed
‘to advance until ABC completes the store,. the B

‘advance condition being A-timer ‘M and no. 1nter- )
lock. Use of A-timer EE provides the neces-

: sary three cycle transfer from C.. This tngger
is set by T-timer M, Indicator’ Transfer M and
the ABC decode line 1dent1fy1ng the level.. ’I‘he
. remammg actmn is s1m11ar to that descnbed

Indxcator _Transfer Only Level1

,' Processmg the Indlcator Transfer Only Level en-. |

. .talls only. the indicator transfer functmn and mter-
' '.l'upt sequencmg actmn. LT e e E

Pseudo Store ‘I..evelz R

" "”Durmg normal 0perat10ns, _ thls level is 1dent1cal to

RCH

2) above, Only in the event of rejecting the mstruc- ;
- tion or detecting a program interrupt do the Operand

f1e1d contents become useful mformatmn._”; P

Inte rnal Fetch Leve13

" The lookahead actlon of supplymg the contents of

an internal register to be used as an Instructmn 5

... Unit operand is ‘accomplished in two steps.” The trans-

. fer from the specified internal ‘register to the Operand

- field is accomplished at the ABC level. ‘This takes.

-place subsequent to the transfer of 1nd1cators and is-
~timed by the A-timer in 1 the usual manner. The. sa.mplev

. selected by A-timer- E-M resets’ LF to allow comple-
- tion of the transfer by the SCC, JRREE AR

Appendix IV-p, 39-40 - - g

_Appendix IV-p, 46,47, .
Appendix IV-p, 48
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The SCC decode line 1dent1fymg the level part1c1pates in the request to the
- I checker priority system, When priority has been established, the LA tol
timer E tr1gger is set..’ (M for no Index Transfer is used here.) The mforma-_
tion is gated to the LAICIB with this trigger and the signal given to gate in the . .
data to a pre-selected Y. regxster. The LA to I memory trigger serves to ad -
vance the SCC on the first sample followmg the dxsappearance of the 1nter10ck.

Sy

VIII Instructmn ReJect Control Deﬁniuon O

: The actxon descnbed to this pomt allows processmg the entxre computer_’«. -
- instruction set under normal operating conditions; It is possible, upon - o
~.detection of certain conditions ‘during preparat:on, to reject the mstruc-
‘tion.. These conditions cause the No Op tag ‘b1t to be set 1n the level Lt
= -1nvolved and 1nc1ude' el L . B -

1) ,"‘Abnormalues detected durmg the Instructxon Umt prepara- .
..+ tion, prior to loading the lookahead, such as addresses faﬂ- _
IR ing the boundary companson c1rcu1ts, Amvahd operatmn R

'.;codes, errors, etc. e L T SRR

Z) "";An‘operand address fa111ng the Memory checkmg cu'cmts.

3) , The operand 1tse1f faﬂmg the I Checker c1rcu1ts
Under control of the No Op b1t, normal functlons are 1nh1b1ted and only;
- the necessary 1nterrupt system sequencing functions are performed. s T
. 'The presence of this bit at any level through the last (fetch) operand
level associated with a given instruction causes the entlre mstructmn o
 to be rejected.’ Beyond this point, the No Op bit will not appear. smce 1"',,'
' the executmn umts are alfowed to mod1fy addressable regxsterl. o .

: Durmg the ABC action (Transfer Indlcators E° M) at a No Oped level
' the No Op MODE. tr1gger is set and remains on to define the action
through the last level assoc1ated w1th the mstructxon. i

‘TBC act1on cons1sts of mere.‘l_y_advancmg over a reJected mstructmn
on the basis of No Op MODE*IC;* TBC;. At the last level, no actxon :
_occurs. unt11 ‘the ABC. has completed action at this same level, at
.which time the TBC advance into the next 1nstruct10n and the No Op
MODE‘ tr1gger reset occur sunulmneously. D

‘ The ABC actxon dunng 1nstructxon reJectmn 1nc1udes the transfer of
- the Instruct:on Exception 'and the CNIDC indicators, with the No Op ;
'Ind1cator Test trigger recording the last transfer. -In addition, .upon - '.
detecting a- store level during this modé of operation, the LAAR Busy
‘trigger is reset and the No Op tag bit set. Thus, if necessary, the
. Forward No. Op Conversmn cycle may take place to’ allow the computer o
: to contmue. T R T T .
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PAU Ins trucnon Reject

In general , the PAU is not allowed to begm pre-executxon of an mstruc-
tion to be rejected. ' The exception occurs when the special operand ag--
sociated with the PAU Multiply and ADD instruction is No Oped.  Inthis

" case, the PAU MPYC Reject pulse is given in lieu of the PAU Continue

- signal, and the mstructmn termmated prmr to mochfymg an addressable
e reglster. S ST : \

SAU Ins tructxon Re;ect

. The d c. output of the SAU ReJect tngger serves; to cause reJectmn of
SAU instruction. . This signal is given only when housekeepmg has "
actually begun and is given only at the first'No- Oped operand level. “The .
'SAU Enabled Memory trigger set by the ABC (Indlcator Transfer o M)

* . at the first SAU level (if not rejected) remembers the fu'st condztxon 5
' above. The logi¢ for setting SAU Reject is, then, SAU Enabled Memor
‘No Opi, ABCj, No No Op MODE,. ‘Indicator Transfer Es M. The tngger
-is reset by the SAU NOT OPERATING condition 1nd1cat1ng mstructmn
reJecnon prior to the modification of an addressable: register,: The’ SAU

-Enabled Memory trigger is reset at the last level with the‘sample selected‘_;‘":_;_‘
by Ind1ca1:or Transfer E+M, ABC;j; IC; O E o

n Ps eudo Interrupt ”

SAU PX Pseudo Store level

'When1 an mstructmn resultzng in any of the a‘bove levels is rejected, the

.transfer of these indicators is inhibited at the: ABC level thus. th
" Instruction Unit record of these indicators is in error.  The va.hd:.ty of: _
. -any subsequent levels -appearing in the lookahead is in questlon and House '

cleamng -action is m1t1ated to recover. Thxs recovery 1s referred to as a
. “pseudo 1nterrupt" R

[
| b e el e G

@ Followmg tlns actzon,' the apphcable bxt posxtzons of the Indn:ator Register’
~are transferred "back" to correct the Instructmn Unit: Updated Indicator
Reglster, the contents of the IC Buffer are transferred to the Instruct;on

Counter and the: Instructwn Umt resumes by re-preparmg instructions
fromthlspomt.,"» ; R .

The mterpretatmn placed on the No Op tag b1t proh1b1ts the b1t settmg be-
'~ 'yond the last fetch operand level of SAU. instructions;

- However, errorg
detected durmg the loadmg of 1) pseudo store data for

the .progressi_ve




X

indexing level and 2) the branch address into the branch recovery level
must be recorded and appropriate action taken, Only if this recovery
data is to be used is this error significant, 'The error line is gatedinto
Operation Code position 8 and the CNIDC indicator. The former action
converts these particular Lookahead Operation Codes to ""No Op Codes"
and the level is handled consistent with instruction reject action. When .
it is determined a recovery is necessary, the CNIDC indicator is trans=
ferred to the MK position of the Indicator Register, o

Lookahead Housecleaning Mode of Operatidn "

The Housecleaning mode of operation may be nec.,essi'tvated by any of tliree -
conditions: = S : . S
‘1. . Detection of program mterrupt, - S el
- 2. Detection of the need for "pseudo interrupt”, - "~ o
3. . Detection of the need for "branch recovery'. S

In each case, the levels beyond that at which the ABC iiﬁtiatésftﬁé Hdu_éee .
- cleaning mode are considered invalid; Lookahead loading is terminated -

immediately and, at any level containing pseudo store ‘data, the operand

- field is transferred to Index Core Storage to "back date" this memoryarea,
. This action continues until all counters are interlocked with the JAUC and -
- the IAUC Advance Enables ‘Sequence trigger is on indicating all'levels -

have been processed. The necessary lookahead status tr‘iggé'rs"_a’re‘-thé'nf.“'

. reset to allow resumption of normal action b‘efo;é allowing the loading to-
- begin, . e e e T T L

A, Housecleaning due to an',intex;»'rupt A

S o T e e e
. This action is initiated due to the Interrupt Next Instruction trigger -
indicating the latest memorization of the interrupt line,: The sample
selected by this trigger, ABC Advance Enables Sequence, ABCj*LFj* :
" LGCj sets E trigger of the Houseclean Timer which is used (in place o
of the Indicator Transfer timer) throughout the remaining levels dur~
- ing this mode of operation, At this time, synchronization ‘with the "
Instruction and Execution Units occurs to define the status of the e
computer. Appendix II contains, in flow chart form, a des cription of -
_the Execution States. Lo S e e

__’vTh‘e ‘sample selected by Houseclean Timer E-M*No LA Hbu’seciéén o
Mpde. Interrupt Next Instruction: 1) sets the Interrupt Inhibits = v
-Load trigger the output of Which inhibits all Load Enable signals to
- the Instruction Unit,.-2) sets the LA Disable Interrupt trigger which -
insu.res the memorization' of no new i_nterrupt until this recovery is
- complete. -3) sets the I Houseclean Request trigger informing the -
Instruction Unit of the recovery. This trigger is reset by that unit
_upon initiation of that action necessary to insure availability of the
. Tegisters necessary to receive recovery data from the lookahead, =

Completion of this action is indicated by the d, c. signal LA House~

- clean Request from the Inst,r-uc_tion- Unit, ..
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When the instruction at this 1evel-1 e., the instruction bemg mter-
rupted -is the first level of a PAU instruction (specifying a non~- .
internal operand and is not rejected), it is evident that the PAU will A
begin preexecution. This units action upon detection of the interrupt -
condition, is to terminate pre-execution and enter an "Idle" state \
‘such that no further instructions may begin, (Th1s is necessary since
it cannot be guaranteed that the TBC has not given the GI Op Code &
Start signal which applies to the next instruction. Neither the PAU"
nor the SAU may honor a Start s1gna1 from the 1ookahead while the
PAU 1s in this "Idle" state. ) S TR

The pulse, Set Executmn Units Idle from the- PAU 1nd1cates th1s condx-
tion and is 'sampled into the Execution Unit Idle trigger., Coincidence
of this trigger and Lookahead Houseclean Request sets the LA House-

~ clean Mode tngger which controls the action at the remammg levels of
lookahead : : :

" When the interrupted instruction is the first level of an SAU instruc- L
- tion (not rejected), it is evident the SAU will begin its Housekeeping
activity.. This ABC decode line, Houseclean Timer E.M, and No LA
Houseclean Mode sets SAU Instruction Interrupt as temporary stor- N
age. This trigger and SAU Housekeeping sets the SAU Reject trigger .

which again informs that unit to terminate prior to mod1f1cat1on. wof e

~an addressable register., SAU Not Operating: SAU Reject- Interrupt RN
. Inh1b1ts Load.SAU Instructmn Interrupt is used to set Executlon Umts

o When the ABC decodes any Ievel other than the frrst level of PAU or ,‘
SAU instructions, the Execution Units Idle trigger is set du-ectly S
(Houseclean Timer E- M) by the lookahead such that the LA House-' o
-~ clean Mode trigger will be set in the: usual manner after the Instruc- S
t1on Un1t cornpletes the necessary recovery.,- PR : R

" By this method then, once LA Houseclean Mode is present, the stat
- of all other units involved has been established and the lookahead may .
proceed to restore any necessary data. (It should be noted that LA

"Houseclean Mode inhibits normal TBC action, 50 until this tngger

- comes on, the TBC continues to function norma.lly. This should .

justify the concept of the necessary executlon umts "1d1e" state.

‘The: LA Houseclean Mode provrdes a cont1nuous advance cond1t1on for

‘the, TBC such that this counter will advance through to the IAUC level

contingent only upon the TBC-OCC interlock. At ea.ch level to be house‘-v,_

' cleaned the ABC action is restncted to:

1) Transfer only the CNIDC mdxcator to the Indlcator Reg1ster
. to record errors in recovery mformatlon. A '
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2) Reset LAAR Busy and set the No 0p tag bit at levels R
~©  requiring use of the LAAR. (This again allows the .
. Forward No Op Conversion - Cycle if forwarding hal
l been specified.) This action is performed by the .

" sample selected by LAAR any. ABCi. Fromi, House-f'.‘
o clean Tnner E-M S

- 3) Resettmg the LF tag bxt in pseudo store levels to allow
-~ the SCC to return the index word, - This is .done with
- the ABC decode line and Houseclea.n Tuner E-M.. : S

T 'The advance cond1t10n of the ABC dunng housecleanmg is Houseclein
'Txmer M, LA Houseclean Mode and no interlock ABC TBC

RV

P

* - The SCC action of returmng the mdex word1 is contmgent upon LA '
~ Houseclean Mode and is very similar to effectmg a valid store to !
. ‘Index Core Storage., The address involved, however, is bnffered
; lm posxtmns 1-4 of the Operatzon Code FAeld BT

T The process of returmng thxs recovery information must’ be. acco‘m-
" plished in "reversé' order--i, e ~~the ""earliest" original contents -
.. of any one Index Core Storage location is the: only information to be

.restored. Thus, during the return of data, the ‘address involved is’
. compared with. all other pseudo store addresses in lookahead and
" the: ‘comparison signal gated into Operatmn Code position O of the

| level compared with, This new lookahead Operation Code is the:
o 1nterpreted 'by the SCC as merely an, advance cond.ltxon.r

n "The ABC and SCC action continues antil all counters 1nd1cate the
" same (IAUC) value 1nd1cat1ng the lookahead is empty. With the
" sample selected by IAUG;, OCCI, TBCI. ABC;, SCC;i; 1AUC Adwr
*" vance Enables Sequence, and LA Houseclean Mode,’ the Houseclean
‘Over Timer is used to reset the varxous computer status triggers :
to allow resnmptlon of normal actlon. f e :

W?'Houseclean Over E M selects a sample to' |

b-'l)'_" Gate the contents of the I1C Buffer to the Inst:ruct;on
P Counter.' Thxs is a d:u-ect path. L : :

2) : Gate the Index Result mdlcator pos1t1on of the Indxcator-
'Reg1ster to the Instruction Unit Updated Indicator Reglster.
: Th1s corrects the latter mformatmn for local mterrogatmn.,.-.’l-: 3

3) Reset the PAU and SAU Start tnggers. Thls removes the

‘ false start which may have been set up by the TBC before ¥
B LA Houseclean Mode terrmnated this counters normal ac- e
‘ \ hon‘ AR .“ . . :‘ T . ] - PEEE ,y : .‘

L ;Appéndi::;'l\f-j)_.i 58 =
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4)  Reset lookahead MAR MODE and the PAU Master Tests
+ Complete tnggers 1n preparation for re-memonzmg the
mterrupt lxne. o : ST . .

. B) Reset LA Houseclean Mode and Interrupt Inh1b1t Load o
' triggers to allow further lookahead loading. (This LS
A . sample also resets Pseudo Interrupt Inhibits Load and ’
= . Branch Recovery Inhibits Load used durmg these types e
of housecleanxng actmn.)p SETRR

Houseclean Over E'M selects a. sample to- S

‘1)_ Set the PAU Walt trlgger.‘ Th1s essentxally termmates
~the PAU "Idles" state allowmg tlus umt to accept new -
' mstructmns. . ot - o

- 2) Set the No Op Indxcator Test tngger whxch allows re-—
 memorization of the mterrupt line in the usual manner, L
"Since the LA Disable Interrupt tr1gger is on, this memonza»

o "t1on results in MAR MODE and MAR Next Instructmn. = '

L Houseclean Over Tlmer-M forms a d Co s1gna1 to the Instructmn Um

' to resume. The first action includes "generatmg" a specral Branch
... on Indicator mstructmn (IRPT- BIN) to accomplish resettmg the Bit
... which caused the interrupt, The ¢onditions, branch if bit is off (F/N)'Ef* '
- - -and set to zero (L/Z) are generated, Thus the SAU. accomphshes the
- bit resettzng and the lookahead action is identical to that of the Branch'?-'"‘."
"' on'Indicator instruction with the Branch Unsuccessful response. (The.: '
.. TBC decode line at the f1rst levell 1s memonzed by the SAU 1n 11euof_"*

: any SAU op code ) : Sl e o o

The next 1nstruct10n seéen by the lookahead is the "free" 1nstruct10n
" stored at the address specified by the sum of the Interrupt Address .
g ;and the b1t address of the bit caus:mg the 1nterrupt '

5 The LA Dlsable Interrupt trrgger is reset by MAR Next Instructxon,
* - Indicator Transfer, timer E+M and inhibited by the ABC decode line’
L 1dent1fy1ng the first level of the IRPT-BIN 1nstruct10n. “In this man-
3 ner, it ig’ msured that both the IRPT- BIN instruction and the free
~instruction will be executed bv the 1ookahead before a new mterrupt
‘may be honoredr : do : : ;

A

(An addrtronal Interrupt Test level exxsts for the specral purpose of
. forcing 1nterrogat1on of the mterrupt mechanism, :In certain cases,
_ (notably the Transmit or Swap instructions) it is desirable for the -
" Instruction Unit to complete stores to the Index Core Storage area. .
" . without recourse to 1oad1ng successive pseudo store levels. since the E
'.:depth of lookahead 11m1ts the degree of recovery poss1b1e. This ma.y L
- "be accomphshed only upon provmg logrcally that the mstructton 15 ERNEE
5 not to be mterrupted | T

. '.

: jj_.LPnor to takmg thlS actmn, an Interrupt Test 1eve1 is loaded into the
‘ 1ookahead after whxch the Instrucnon Umt wa1ts for the Lookahead

L Append1xIV-p. 54 - .. T  Sheet 45 .



Erpty signa. This signal is' formed by MAR MODE, + IRPT
NEXT INSTRUCTION, No Forward Required, the absence of = .
all Inhibit Load triggers, all counters interlocked, IAUC Ad- ,

i vance Enables Sequence, and the fact that the level des1gnated :
by the IAUC is not. chsconnected. e ’ '

| The normal a.cuonl taken at this level is seen to be sunilar to
that of the Indicator Transfer Only level w1th the Index. Result
_ 1nd1cators una.ffected.) : A - L

R
Coe

B, Housecleani-ng due to‘Ps‘eudo. Interrupt e

This actmn is necessary upon detectmn of a reJected
... instruction affecting the Index Result mdmators. The B
“~action is initiated during ABC action at: ‘the last (IC)
level of the rejected 1nstruct10n, thus 1nsur1ng the- a:f-
dres sof the next 1nstructmn appears m the IC Buffer '

The sample selected by the ABC decode 11ne, and Trans- :
fer Indicators E-M sets the Pseudo Interrupt Inhibits Loa.d
*.and the I Houseclean Request triggers, ' Following the
- Instruction Unit recovery, the sample selected by LA
'Housecléan Request, Pseudo Interrupt Inhﬂ:uts Load: and

. No. LA Houseclean Mode sets LA Houseclean Mode. .

e The lookahead actmn once the Mode tr1gger is on is 1dent1

- cal to that prev1ously described. The Instruction Unit. re~-

~~ sumes, however, by merely re-preparmg the mstruchon'
" specified by the contents of the IC Buffer. (The Inhl'bzt

- Load. triggers serve as memory of the. part1cu1ar type of

.+ housecleaning attion and define the method of resumptlon

.necessary for the Instructxon Umt.)v \ R

C ""Housecleamng due to a Branch Recovery

o Th1s actmn is necessary upon detectmn of the Instructzon
ijt makmg a falge assumption in attemptmg to process
the Branch on Bit/Indicator. instructions, The action is -
initiated by the ABC at the branch recovery level assomated
- with these 1nstruct10ns. e e e :

-The Branch Recovery Inh1b1ts Load tr1gger termmates the
loadmg process, arnd the I Houseclean Request sxgna.l ig” ,‘ i
given. LA Houseclean Request from the Instruction Umt,

. Branch Recovery Inhibits Load and No LA Houseclean Mode

' sets the LA Houseclean Mode tngger. SCC action.of return- .":
ing the branch address? is contingent upon this Mode tngger
‘(since LF was reset by the ABC "early" '} The LA to I timer .
is-used to time the'transfer with the data destmatmn of a pre-‘

T selected Y reg1ster. i + Pl .

‘ .1.' Appendut IV-pp. 52- 53

2. Append1x IV-p. 56
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-'I‘he recovery at the remaimng levels is 1dentxca1 to that '
for housecleaning due to a_"real" mterrupt or pseudo

- interrupt, However, ,upon. completion of this recovery. ‘
* the Instruction Unit resumes by preparmg the instrucuon .
spec1f1ed by the Branch Address and contmues from this _

- :.point. N

" 'Regardless of the type of recovery, the reset accom -,'
- - plished with Houseclean Over Timer: essenually allows . -
normal lookahead action to continue when the Instructxon
- 'Umt resumes the loadmg process. L L TR
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~ Appendix .

1.
N i

1

o

W

. Operation Code Field Formats -
LA and ‘:P‘AU' Test -Tr‘ig g'er_‘-l'_a_‘pg'_ic

k Deﬁmtwn of Level De31gnat10n

- PAU Loading Sequences : '

- SAU Loading Sequences LT
; AInstructmn Umt Loadmg Sequences-‘

L IAUE Funchons

Refe rence Sys ferh's "Df..a'wir‘agaf-. )

- Overall Slgma Computer
Sigma Bus System

~ Lookahead Unit -

- Operand Field

Regmter
. Indicator Fields:
. Information Transfer Cpntrols
Operatmn Code Fields = .-

' _.Supervisory Controls ‘ S

;Lookahead Loadmg Control Lme Defxmtxo

Special Operand Field Formats

Execution Umt Stite Deﬁmtxon

Level Functlon T1m1ng Charts

. OCC Functions. .~
N TBC-ABC Functmns

" SAU Instruction Levels' :
“PAU Instructmn Levels .

"Non-Arith, Instructmn Levels

| 'SCC Functmns :

. Page

, 00,00,00,0
- 00, 00.01.0" -
.- 30,00,00.0 .
- R ) 00 00 Of.é- '
Instruction Counter erld and Buffer S
| : 32,00, 00,0

~ 4 33,00.00,0

0ver1apped Lookahead Tumng L

S 36.00,00,0.7
| 38.00,00.0




.-AEE. endix. I

- Reference Sys'-t.erris; Drawmgs

. "Overall Sigma. Computer ﬂ “00,00.00,0
. Sigma Bus System - - ©.00,00.01,0
"ﬂulookaheadthut1!;;Jlgf ‘_{ ‘ .30, 00,00.0 -
' .Operand Field. =~ B USRI § O |
Instructlon Counter erlﬂ and Buffe‘
. Register ' : ' ¥
.",Indlcator FlQIdB SRR : .
" Information Transfer Controls
' Operation Code Fields -
' Supervisory Controls -

133,00,00.0
35,00, 00,
+36,00,00.0:

, _"‘_.38. 00.00. 0
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