




























































































































































































































































































































































































































































































Table 4-3
n{oo INTERNAL ADDRESSES

ADDRESS REGISTER DATOB CHANGED TO DATO?
772300 Kernel PDR 0 No
772302 Kernel PDR 1 No
772304 Kernel PDR 2 No
772306 Kernel PDR 3 No
772310 Kernel PDR 4 No
772312 Kernel PDR 5 No
772314 Kernel PDR 6 No
772316 Kernel PDR 7 No
772340 Kernel PAR O No
772342 Kernel PAR 1 No
772344 Kernel PAR 2 No
772346 Kernel PAR 3 No
772350 Kernel PAR 4 No
772352 Kernel PAR 5 No
772354 Kernel PAR 6 No
772356 Kernel PAR 7 No
777540 WCS Status Register Yeé
‘777542 WCS Address Register Yes
777544 WCS Data Register “Yes
777570 Switch Register YES




TABLE 4-3 (Cont.)

ADDRESS REGISTER DATOB CHANGED TO DATO?
777572 MMRg No
777574 MMR1 Yes
777576, MMR2 Yes
777600 User PDR 0 No
777602 User PDR 1 No
777604 User PDR 2 No
777606 User PDR 3 No
777610 User PDR 4 No
777612 User PDR 5 No
777614 User PDR 6 No
777616 User PDR 7 No
777640 User PAR 0 No
777642 User PAR 1 No
777644 User PAR 2 No
777646 User PAR 3 No
777650 User PAR 4 No
777652 User PAR 5 No
777654 User PAR 6 NO
777656 User PAR 7 No
777744 Memory System Error Regq. Yes
777746 Cache Control Register Yes
777752 Hit Miss Reéister Yes




‘Pable 4-3 (Cont.)

ADDRESS REGISTER - DATOB CHANGED TO DATO ?
777766 CPU Error Register Yes.
777770 Ubreak Register No
777774 Stack Limit Register Yes
777776 Processor Status Word No

4.3.4 Timing Considerations

Data from memory is introduced into the datapath through

the CSP. The loading signal for the CSP occurs at P3 if
WRCSP is specified in the microword.

The cache and memory management logic take a finite amount

of time to procesSfa'request. Thus, even when the requested
data is in the cache, there is not enough time between Pl
(when the BA is loaded) and P3 (when CSP data must be valid)
for the data to be gated through the DMUX. The loading signal
for the CSP must be delayed until the next microinstruction.
This situation is illustrated in Figure 4-9.
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Every DATO to a valid Unibus address involves a Unibus cycle
as well as a cache cycle. The cache update, with the address
specified by the memory management unit and the data specified
by the D register, begins at P3 of the first micreccycle. The
Unibus cycle does not begin until after P2 of the second
microcycle. Hence, the data to be written must be clocked into
D during the first microcycle, and kept constant until P3

of the cycle following the DATO (i.e., until the Unibus cycle
is complete). The procq:Hure for doing DATOs to valid Unibus
addresses is shown in Figure 4-10.

: ——o coNnsTanT ~ |
up3 Pl P2 P3 u?3 Pl P2 P3 WP3

S T N S o IR Y v N ]

DATO l i
i CdkBA cLkp ‘ ] '
! Cache Unibus |
| Update Cycle
| Begins Done |
uword 1 i pword 2 ‘ ‘

J
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Because both DATIs and DATOs require two microcycles to
complete, do not specify memory references in two successive
microwords. The invocation of the Unibus in two consecutive
microcycles will put the machine in an undefined state.

4.3.5 Examples

T.B.S.



4.4 THE CACHE/KT SECTION

The Cache/KT section of the processor contains the memory
management logic, the cache, the stack limit, and the DMUX.
Virtual addresses from the BA register are relocated by the
memory management logic, and the resultant Physical Bus
Address is directed to the Unibus and to the Cache. A hit

(data in cahce) on a DATI causes the Cache port of the DMUX

to be selected; on a miss, the Bus Control section places the
data on BUS DIN and it is written into the cache from the

DMUX output. The NPR address monitor invalidates cache locations
which have been altered during DMA transfers. The stack limit
unit compares the stack address with a previously loaded value,
and causes an error if the stack goes below the stack limit.

4.4.1 The Cache

The 11/60 cache memory consists of 1024 words of direct-mapping
cache. Each word consists of a tag field and a data field. The
tag field has seven‘address identification bits, a wvalid bit,
and byte parity. The data field consists of two eight-bit bytes,
each with a parity bit.

Each location in backing store can be directly mapped, or
allocated, to one specific cache slot and each cache slot can
accept data from up to 128 different backing store locations.

The Cache Controi Register, CCR, is used to modify cache operation
for diagnostic purposes. CCRC6 ) is used to write wrong parity.
When set, it causes opposite (0dd) parity to be generated in the
tag and data fields. When read, those locationswill cause a parity
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error and inhibit the hit signal. CCR{7D is CPE JAMUPP, which, if
set, causes an access to be abo;ted if a cdbﬁb parity erroir occurs.
CCi(3:2>are used to force misses. CCRC2 will causes misses
whenever PBAC10 »is 0 (cache locations 0 -511). CCR(3> will

cause misses whenever PBA §0) ie 1 (locations 512- 1023).

The Hit/Miss register indicates whether the six most recent references
by the CPU were hits or misses. A 1 indicates a hit, and a 0 '

a miss. The most recent cycle is tracked in the low-order bit. This re
register is read-only.

4.4.2 Accessing KT/Cache Registers

These cache registers, along with the memory management registers
and the stack limit register, can be accessed from the datapath |
over the UCON interface. Some of the registers are read-only
at the microcode level, as they are at the macro-code level.

The KT/Cache section has three devices which can gate data onto
BUS DIN: the internal address ROM, the Read-Write multiplexer,

and the Read-only Register multiplexer. The enable signals for
these devices are provided by UCON data bits: multiple enables can
cause hardware damage. Thus you must be very careful to properly
set up the UCON register, and not attempt ALU operations during
the same cycle as a UCON set-up. :

The particular PAR or PDR gated onto BUS DIN is determined by the
current processor mode ( User or Kernel) and, within those sets,

by BA<15:13).
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4.5 THE BUS CONTROL SECTION

The Bus Control section of the 11/60 has four main functions:
Unibus interfacing and arbitration
Console interfacing
Timing control
Status control

This section has three interfaces to BUS DIN, as shown in
Figure 4-xx. The DU (Data-Unibus) register buffers Unibus data
on DATIs. The BUS DIN multiplexer gates console data, service
flags, error information, and the physical bus address onto
BUS DIN. The Data Storage (DS) register allows data from DOUT
to be gated onto BUS DIN. This is used for cache updating on
DATOs, and for writing data into the CSP and IR.

Nearly all of the activities on this board are transparent to
the user microprogrammer. Furthermore, meddling with this
logic offers the greatest potential fcr putting the CPU into an
undefined state. Thus the following sections do not suggest
using the facilities of this section. It is described here for
informational purposes.

Note that the signal IHN UCON (BUS XFER), which must be false

for other UCON activities to take place, is generated in this
section. When either the DU or DS registers has data to be gated
onto BUS DIN as a result of a DATI or DATO, it takes precedence
over all other BUS DIN devices. Thus, the signal IHN UCON (BUS XFER)
is gnerated by the hardware when either of these conditions is

detected.
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Microprogram control of the Unibus is essentially limited to
issuing bus codes and checking for Unibus requests (BRs)
via BUT(SERVICE) or BUT(BG).

4.5.1 The PDP-11/60 Console

The PDP-11/60 operator's console is shown in Figure 4-
There are five discrete visual displays which indicate
the current operation of the processor. These lights and
their meanings are as follows.

RUN -- when 1lit, indicates CPU is running code

PROC -~ when lit, indicates CPU is Unibus master

USFR -- when lit, KT-11D is in User mode

CONSOLE -- when 1lit, indicates processor is in console mode

BATTERY -~ if on steadily, battery backup is present and
charged. Slow flashing indicates battery is
charging; rapid flashing indicates battery is
discharging. If off, battery is not present or dead.

The numeric display register contains six octal charachters.
It can display data or addrea#es. When displaying addresses,
all decimal points are lit.

They key switch has five positions. The panel lock position
deactivates all keypad functions, and inadvertent operation
of the slide switch has no effect..
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The three-position slide switch allows a choice of action to
be taken on power-up. If the gwitch is in the HALT position,
the CPU will power-up in console mode. If the switch is in the
RUN position, power-up will trap to location 24 (power-fa%l
vector). If the battery backup on MOB memory has failed, the
M9301 bootstrap will be invoked, which is the action taken if

the switch is in the BOOT position.

The hardware for control of the operator's console is in
the bus control section of the processor. (M7877). Keypad
entris are encoded on the console board (KY-1llP) and
trasnmitted to the status board by means of a 40-wire cable.
This interface is shown in FPigure 4- .

Keypad entries are read twice and compared: the five-bit
key code is directed to the BUS DIN MUX. If the keycode
is valid and the comparison showed both readings equal, the
console service request flag is set.

Console microcode is entered from the service flow when a
service request is detected and no higher-priority service
condition exists.

9 5}&& COnaole‘Datapath"Regdsters == The
registers are reserved for use by the consol

following datapath
e microcode:

CNSL.TMPSW := BSPHI[7 ]
CNSL. CNTL := ASPHI[37]
CNSL. SW  := ASPHI[6 ]
CNSL. ADR := AsPHI[7]
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The Temporary Switch register, CNSL.TMPSW, is used to hold

the value displayed in the octal display on the console. When

any numeric key is pressed, its binary value is placed in

the low-order three bits of the temporary switch register, with
the previous contents shifted left three bits. Program

movements to the Switch register are diaabled/ gur oy boaneess

\

-

The Console Control register, CNSL.CNTL, contains control and -
gstatus bits, as well as CNSL.SW4l7:16>, CNSL.TMPSWZ17:16>,
and CNSL.ADR<17:16>. The layout of this register is shown in

Figure 4- .

The Switch Register, CNSL.SW, has Unibus aAAress 777570. It

is loaded with the contents of CNSL.TMPSW when the Load
Address and Control keys are simultaneously pressed. It can be
accessed by a macro-level program; however, if the Display
Lock (DISLOCK) bit in CNSL.CNTL is set, the move will be
treated as a no-op.

CNSL.ADR, the console address register, is loaded from the
temporary switch register when Control and Load Address are
pressed simultaneously.
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4.5.3 Console Microcode

The BUT(SERVICE) at the end of every macro-level instruction dispatches
to the console microcode if the console service resquest flag

is set. The entry point is CSR0l. The console microcode loads

console constants into the CSP and sets the CSP Invalid flag

(see Section 2. ). This is done by calling two subroutines.

FLG reads the Flag register from the Processor Control section

and places it in R(TEMPl) . FLGS ORs a constant from MD with

R(TEMPl) and re-writes the Flag register. The 'EXAM', 'DEP',

and 'DON'T CLR CSR' bits in CNL.CNTL are then cleared. The

console tests for single-step mode and halts if SI is set.

If single~stepping is not indicated, the A-port of the BUS DIN
multiplexer ( in Bus Control) is selected, and the data is
read into MD. Microcode branches decode the keypad code

and dispatch to the appropriate console service routine, as
shown in the console flow diagram, Figure 4- .

4.5.4 Console Use of UCON Interface

Data to be displayed on the console is moved‘from CNSL. TMPSW
onto DOUT, and then written into the Display Scratchpad. The
display scratchpad is continously read (sequentially) to
drive the octal display.

Control for the dipaly Scratchpad, the console mode indicator,
the decimal displays, and for clearing the console service
request flag comes from the Display Control decoder. This
decoder uses UCOM 13:11 as its data inputs and is enabled
when BEGIN, UCON, and XFER‘M<24,23,21> are all equal to 1, and
UCON <15) and UCON <14 are both equal to 0. Table 4~ shows
the console UCON codes and their functions.
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Conso;e UCQN codes

Table 4-

—- ;
i 4 UCON SET-UP_ | @GNABLE __
1/0 SEL <15:142 <13:11>| BEGIN,UCON,XFE
1 00 001 YES L
1 00 010 YES
1 00 011 YES
1 00 100 YES
1 00 101 YES
1 00 110 YES
1 00 111 | YES )
4.5.5 Bus Control BUSDIN Mux

Console data is moved into

.. FUNCTION
R |

CLR Display WR Counter
INC Display WR Counter
CLR Console Service Rgst

|
i
i

WR Display Storage
CLR Console LED
SET console LED
Set Decimal Display

the datapath through the BUS DiIN

multiplexer. This multiplexer is enabled onto BUS DIN when the
UCON register is set up with UCON<15> =0 and UCON I/O SEL = 1
and the INH(UCON(BUS XFER ) signal is not asserted. Slection

of the multiplexer is done by UCON(10:3>. The data placed on
BUS DIN by each of the selection codes is shown in Table 4- .

N ALS DIN MUX FOR STATUS
‘*’TF"‘"‘“ ToTmes———— T em— P -
s _ ORI 10:94>
om © 1 1 A
15 (] ] o0 ADRS "N
_— _ )
0 [ % SHvICG ] AN
= ——— {1} N
1 ’ [ St ] W ON |
(YN
2 [] oW TIEDT WL
M (H W
" s DATOS (1) D 20 YN
- — e DR
" * DATD (1) H WCS PAR B N WL
] [} 10 PAGE XD(PR) YL
R S B 1N DI SOWRED L
] s 10 PAGE’ L Y] Y L
I X 1 [TIL S |
n SLIE S L WIBITE SSW TIEQn Y
. R L (¥ o
= SLIDE SW L LOWNYTE TAOE oM AW
PAR EMR L i UL _
) PREL LD L TAG PAR B BETVY - ' L E(DN
R . 1. ey (O N
[ KEYPO COOE FLTPY SEWICE W 09 ARRT M (DH
| jamn —_— (M -
n YR CO0E CDGOLE SERVICE %D 210N MB(DH
YUY (N (HN
(4 KEYWD CODE R FAIL ()M 0D A0S £ Y XX
L. 2(_3_)" U S (1) e ]
n KEYPRO CODE CADE R (1) H WS H Mo (DK
IBULR R
- EYPO X TELDR 2 U WEAK (1) H Y 10X
®i R}




4.5.6 The DS Register

The primary function of the DS register is to provide a latch
~for DOUT data fop writing DATO data into the cache. However,

since DIN is gated into the DMUX in the Cache/§T section of

the proceséor,'ns also provides a path from D to the CSP and the
IR. A DATO Unibus cycle is not required to enable DS onto BUSDIN.

The DS register can be loaded (at p3) from DOUT by setting up
UCON with I/O SEL and UCON <15»both equal to 1. The DS register
is ¢l oCked at P3 of the microinstruction in which UCON XFER
(BEGIN UCON XFER ) is specified. '

4.5.6.1 -- The DMUX The DIN port of the DMUX (see Figure 4- )

Figure 4- DMUX

A1

is the default selection. Although the DMUX is in another section
of the processor, UCON<08) is used in conjuction with UCON I/O SEL
to select the cahce port of the multiplexer. This is used only
vhen there is a Cache hit on a DATI.
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4.5.7 Other BUS Control UCON

The remaining UCON data bits are used to clear various error and
service flags. These functions are included in Table 4- , which
summarizes the UCON interface to the Bus Control section.



4.6 The WCS Section

The Writable Control Store section of the IMP can function
either as a 1K-by-48 control store or as a high-~speed
3K-by-16 local store. Most users will configure the store
to be part control store and part local store.

The store is loaded 16 bits at a time from DOUT, under control
of the UCON interface. When the memory is read, data goes

out on BUSU<47:00> if the WCS is in control store (CS) mode,
or on BUSDIN<15:00> if in local store (LS) mode.

When in LS mode, the WCS is cycling as a data store and so is
not available as a source of control signals for BUSU. An
auxiliary sourceé for BUS U signals is proviced by the TMS
(Transfer Micro Store ) ROM. The TMS ROM is a 512-by-16

store which controls datapath activity while the WCS is

acting as a data store.

This section describes the organization of the WCS option;
the user interface is described in later chapters. The distinction
between organization and use can be shown by a discussion of

the loading mechanism.

DOUT provides the path for passing a 16-bit word and its
associated 12-bit address to the WCS section. The UCON inter-
face is ysed to select and then set-up the WCS to receive

the address and data. Once the WCS section has been set up,
its local control takes over. This local control, implemented
by CROM (Control ROM) , effects such actions as clocking the
Address Register, selecting the Addmess Mux, and generating a
write pulse for the array.

4-4¢
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However, you will not interface to the WCS section at this
level. Using a macro-level program, you will move data into
the WCSDR and WCSAR registers in the PDP-11 I/O page. An
instruction which addresses these register, e.q.,

MOV #501, WCSAR, is executed by the base machine using the
primitives described in the precediné paragraph.

A block diagram of the WCS section is shown in Figure 4-14,

4.§.1 Addressing Structure of the Array

The WCS array s divided into three secfions, as shown in
Figure 4-15. Each section is 1024 words long and 16 bits wide.
The array is addressed by the output of the ADRMUX,

U Q

[ x Vo 1K ¥l | {K =1k

A
Figure 4-15

When the WCS is in local store mode, each section, or colunmn,
is linearly addressed 0-1023. APRRE& <11:10> provides the column
address, and ADRMUX<9:0>provides the row address. 506.

r\iuw* 4- b,



When the WCS is in control store mode, ADRAEa<11:10> S always

equal to ll;, The entire row (48 bits) indicated by ADRMUX<9:0>
is put on BUS U.

A feasible user configuration of the WCS array is shown in

Figure 4-17. There are three section of local store, A, B,

CS meoe

NAS moéé [léo(.

Figure 4-16

m 10 9 J2)
14 NUA <a:o
o ? ' 4
oW
L& ~——
Lo Frowm ADR MUY
PORRES

and C, each linearly addressed fromBil to mﬂg. Page b of

the .nﬁpo control store address space is allocated for

WCS control store.

NUA <3:0>

Sechion C Sectow & Section A 0
ADR<moy 240 | ADR €16 ® @\ | ADRLI0>= 0O
LS L_E, L\S
Sil
5l
CS
NUA<ad>=b
Q..

Figure 4-17
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4.0.2 Transfer of Control

PO E€RTRY fOINT AODRESS RGB\sTC L

The TMS Pointer register, éﬁSPTR, addresses both the TMS ROM
and the CROM. The TMS Pointer is loaded with UCON<14:06>,
which defines the starting address of a TMS routine. In
subsequent cycles, TMSPTR is incremented if CROM<2> is a 1.

- The TMS pointer is loaded when WCS SEL , u<45>, BGB, BUSBOX,
DATTB, and CONO are all equal to 1. ‘The TMSPTR value is
specified by the bits loaded into the UCON register. For
example, the following field value specifications would
load the TMSPTR with 0{0:

TMSPTR « 0i0 := WCS/l, BGB/l1, BUSBOX/1l, DATTB/l1, CONO/1,
UCONH/0, UCONM/0, UCON10/0, UCONL/20

4.6.3 DB Register

The DB register stores the contents of DOUT so that 16 bits

can be written into the WCS Array during each microcycle. It

is clocked at P3. When the WCS is set up, the first word clocked
into DB is the starting array address. Subsequently, the

DB register gets the data to be written, while the Array

Address register selects the array addresses. The data in DB

is written into the array only if CROM<3> is asserted.

4.£.4 Array Address Register

The Array Address register (ADRREG) is initially loaded with
DB<11:00> , defining the starting address in the array. In
subsequent cycles, this register acts as a counter, incrementing
if CROM<1l> is a 1.



4. 6.5 Array Address Mux

The Array Address Multiplexer (ADRMUX) selects between the
output of the ADRREG and the NUA signals from the Processor
Control section. When the WCS is being loaded, or used as a
local store, this mﬁltipléxer selects the ADRREG output to
address the WCS array. When the WCS is in control store
mode, the array is addressed by the NUA in the same way as
the base machine control store is.

4..6 The WCS Array

The WCS Array is a lK-by-51 RAM. Each 16-bit section has

a parity bit associated with it. Even parity is generated.
Only 16 bits of the array can be written at one time. When
functioning as a control store, 48 bits are read onto

BUS U<47:00>.

4.60.7 BUS U MUX

The BUS U multiplexer selects between the two sources of
control located in the WCS section: the TMS ROM and the
_WCS RAM. It is a tri-state mux, and is enabled by NUA<10>
andHEUA<11>l which indicate f:he top 1K of address space is
being accessed. Whafien is cowrrallsd b:) CROM <22
Lcﬁuzﬁyni*ud—,



4.p.8 BUS DIN MUX

Wheh l6-bit words are read from the WCS array (LS mode), the
BUS DIN multiplexer selects which 16 bits of the 48 are

put on BUS DIN. In this situation, the multiplexer selection
is controlled by ADRREG<11:10>. If a status cycle is underway,
this multiplexer puts status information on BUS DIN.

4.6.9 Control Rom

BIT _____FUNCTION
0 Address Register load enable
1 Address Register Count Enable
2 Array Address Mux select,
Entry Point count enable
3 Write Pulse enable

4.7 USING WCS AS LOCAL STORE

While the WCS array is being used as a local store, the TMS
Rom provides the control signals for the datapath. Routines
in the TMS ROM provide control for loading WCS locations
from any of the scratchpad register or for loading a set of
scratchpad registers from locations in the WCS array.

To use this facility, you issue a Local Store Function Code (LSFN)
over the UCON interface, passing a local store address in

the D register as a parameter.

Each LSFN maps directly to a starting address of a TMS routine,
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TM8 ROM MICROCOOE FOR {1/60

THIS MICROCODE GOES INTO THE TMS ROM (TRANSFER MICROSTORE
ROM), THI8 ROM RESIOES ON THE WCS BOARD AND ALLOWS A PROGRA¥
RUNNING IN THE WRITEABLE CONTROL STORE OF THE 11/69

TO USE PART OF THIS SAME CONTROL STORE AS A BLOCK DATA STORE,
(LOCAL STORE) THIS ABILITY IS REALIZED BY ROUTINES WHICH
PERFORM BLOCK LOADS AND STORES OF VARIOUS PARTS OF THE INTERNA
STATE OF THME 11/67, THE FOLLOWING PORTIONS OF THE MACWINE
ARE LOADED OR STOREDS

(1) GENERAL REGISTERS

(2) WARM FLOATING POINT REGISTERS

(3) C SCRATCHPAD EXCEPY BASE CONSTANTS
(4) USER SCRATCK REGISTERS

(S) ENTIRE A SCRATCHPAD

(6) ENTIRE B SCRATCHPAD

(7) ENTIRE C SCRATCHPAD

THIS MICROCOOE ALSO WANDLES ALL WCS SUPPORT NEEDED BY THE
BASE MACHINE TO PERFORM ITS PUNCTIONS, TYHE FOLLOWING I8
A LIST OF THESE ENTRY POINTS AND THEIR FUNCTIONSI

TMS ADORESS FUNCTION

0001 USED BY WCSINIT FLOW, USED TO SET ADDREZSS
REGISTER TO ZERO AND ALSO WRITES ZERO IN
THE WORD,

IF USED BY WCS CODE THEN LOADS ADDRESS REGISTE
WRITES ADDRESS VALUE INTO THAT ADDRESS AND INC
THE ADDRESS REGISTER By ONE,

anad USED BY WCSINIT FLOW, WRITES A COUNT INTO WC
THEN INCREMENTS THE ADDRESS REGISTER,

faie LOADS WCS ADDRESS REGISTER WITH VALUE AND THEN
DATA INTO THIS ADDRESS,

na2e LOADS WCS ADDRESS REGISTER WITH VALUE,
’ (RASE MACHINE ALSO SAVES THIS SAME VALUE IN TH
SCRATCHPAD 21), THIS ROUTINE ALSO PUMPS ONTO
THE DATA FROM THIS LOCATION, ) _

fa3a USED AY FIRST WORD IN ROUTINE THAT READS WCS 8
NOTE THAT THE WCS STATUS I8 NOW READ BY THE UC
INTERFACE, THIS WORD CAN PROBABLY BE REMOVED
BASE MACHINE AND THIS ROUTINE FROM THME TMS ROM
LY NOT REFERENCED BY THE BASE MACHINE,

THE WCS USER CAN ALSO USE THESE ROUTINES IN THE TMS ROM,

4-5%5
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.T0C TM8 MICROCOOE
USING ROUTINES IN THE TMS ROM,

THE ROUTINES IN THE TMS ROM ARE DESIGNED TO SAVE OIFFERENT
SETS OF THE 11/60 MACHINE STATE INYO WCS ACTING AS A LOCAL STORE
AND ALSO TO RESTORE THESE SETS FROM DATA IN THE LOCAL STORE,

THESE ROUTINES ARE DESIGNED FOR OPTIMUM DATA FLOW TO FACILITATE
IMPLEMENTATION OF FUNCTIONS SUCH AS CONTEXT SWITCHING WHICH MUST
HAPPEN A8 FAST AS POSSIBLE, BECAUSE QF THIS OTHER USES OF THESE
ROUTINES AND SURSETS OF THESE ROUTINES MAY NOY BE AS EASY TO USE AS
WOULD BE LIKED,

ALL ROUTINES ARF ENTERED WITH THE WCS LOCAL STORE MINUS ONE (LSADRe{)
CLOCKED INTO P, RETURN TO THE WCS ROUTINE WILL OCCUR AFTER THE
FUNCTION HAS BEEN COMPLETED,  THESE RNUTINES ARE IMPLEMENTED .

BY SETTING UP A PIPELINE IN THE DATAPATH WHERE TWN DIFFERENT

PARTS OF THE OATAPATH MOVE DURING THE SAME MICROCYCLE, THE PIPELINE
CONTINUES UNTIL ALL DATA IN THIS SET WAS BEEN MOVED,

USING SUBSETS OF THESE ROUTINES TO MOVE ONLY A FEW OF THE DATA
ITEMS AND NOT THE WHOLE SET IS NOT EASY, AS AN EXAMPLE THE
FOLLOWING IS THE PROCEDURE TO SAVE REGISTERS R3IeRO

(1) USE A ROUTINE TO LOAD THE ADORESS=2 INTO THME ADDRESS REGISTER,
2) CLOCK R3 INTO THE O REGISTER,
(3 SET THE TMSPTR WITH ADDRESS THAT WRITES R4 INTO THE

ARRAY AND MOVES R3 THROUGH THE DATAPATHM AND CLOCKS IT
INTO O, ONLY THE CROM BITS ON THIS INSTRUCTION WILL BE
EXECUTED, THE TMS§ RITS WILL NOT BE ACCESSED, THIS WILL
WRITE R3 INTO THE LOCAL STORE ADORESS=1,

(4q4) THE NEXT INSTRUCTION WILL WRITE R3 INTO THE ADDRESS AND
MOVE R2 INTO O, THE REST OF THE ROUTINE WILL WR1TE
R2=RA@ INTO THE ARRAY AND RETURN CONTROL TO THE WCS
ROUYINE AT THME THIRD INSTRUCTION AFTER THE ONE THAT
SET THE TMSPTR VALUE,

THIS EXAMPLE SHOWS THAT A SUBSEY OF THE DATA ITEMS
CANNOT BE STORED IN THE SAME MANNER AS THE ENTIRE SET SINCE



To illustrate how to invoke a TMS routine, the following
example loads the nine 16-bit words in LS[jJ, ... Ls[3+8]
into ASPLO[0:5, 16,6:7) and BSPLOJ0:5,16,6:7].

SETUP1: oses. 3/seruee ) U 0/\) st~
TMS PTRé LOADSES, ¢ ’r' o mamq elks
SETUP2: e

1)4r;£poﬁu4s.1g,q7ﬁex7'

4.9 UCON CONVETIONS

I. Don't do a UCON Select in the cycle following a BUT(CLEAR FLAGS).

II. Keep EMIT on BUSDIN most or all of the time -its a real

time-sgaver.

III. Watch out for accidentally enabling multiple UCONs by
trying to perform an ALU-related function in the same word
as a UCON setup. Dedicate a microword to enabling and loading

the UCON register.
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CHAPTER 5 {:)}:e;n&}:-}-

MICROPROGRAM INTERFACES

The preceding chapters have focu ssed on the aspects of the

11/60's hardware most visible to the user microprgrammer.

However, the 11/60's architecture is not completely defined

by specifying tis hardware organization because it is a

highly microprogrammed machine.

The microcode architecture is important to the WCS user for

the following reasons:

1.

It determines the environment that exists
upon entry to the WCS

It expects certain state conditions to exist
after the completion of WCS control

The user can cause base machine code to ke invoked
without intentionally exiting from the WCS

The base machine code has capabilities not
available to WCS code

The base machine code provides a large set of
examples, both of hardware usage and of
microprogramming the 11/60.

This discussion is also motivated by the fact that no

description of a microprogrammedmachine is complete without

some discussion of the microcode.



5.1 FLOW OF THE BASE MACHINE CODE

The overall structure of the base machine code is shown in
Figure 5-1. The instruction fetch uses two microinstructions,
FETOl and FETQ2. FETOl is the primary entry point to which
control must be returned. FET03 issues a BUT(INSTRI1Y, a

brach which performs initial instruction decodé to approximately
75 targets. Any necessary source and destination calculations_
are Ehen made, and the instruction is executed. A test foi
service is made, using BUT(SERVICE). If no service condition

exists, control is returned to the fetch sequence.

5.1.1 Qverlapped Fetch

In certain circumstances, the PDP-11/60 performs an overlapped
macro-level fetch. Register-to register operétions, for
example, only require one microcycle to complete, sd the
overhaed of FETOl and FETO2 are eliminated by fetching the
next instruction while the register-to-register instrﬁction is
being executed. Figure 5-2 indicates the logical flow of the
overlapped and non-overlapped fetch. Hard-wired logic deﬁects
those instructions which cannot be overlapped, and inhibits

the overlapped fetch in FETO3.

5-2
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Figures 5-3 and 5-4 illustrate in more detail how the
overlapped fetch works. XFC instructions are never
overlapped, so the non-overlapped entry point to service

routines in the base machine should be used.

5.1.2 Instruction Decoding

Base machine decode is done in two steps: BUT(INSTR1l) and
BUT (INSTRS). A large amount of logic is dedicated to this
initial IR decoding. Since this special purpose logic is not
tailored for XFC decoding, you will generally need to

do multi-step microprogrammed decoding. This method.

is used by some sections of the base machine code such as the
status group of floating point instructions, which decode

IRL7:6).

The instruction in the IR is also clocked into MD at P3 of
FETO2. It can then be mowed through the ALU, masked or
shifted in the shift tree, and then placed in the SR for a

CASE branch decode.



5.1.3 Instruction Execution

Execution of a PDP-11 instruction in the base machine
is usually done in one step. For example, the execution step
(E-phase) of an ADD instruction with source mode 0 and

destination mode 2 (ADD Rn, (Rm)+) requires the following:

P2, D& R(SF) PLUS MD ! the destination calculation
D(C)d= COUT15 ! put the correct data in MD
DATO
SET CONDITION CODES ! clocking occurs in next
J/BRAOS luinstr, which will do a

! BUT(SERVICE)

Because WCS routines are likely to be doing more complicated
activities in the datapath, multi-step execution will be

more common. The MUL instruction in EIS is an example of
multi=step execution: in addition to set-up steps, sixtqen

shift-and-add steps are performed.

5.2 MICRO-~-LEVEL INTERRUPT ACTIVITIES

There are two mnethods by which the base machine handles

service and error conditions: Service and JAMUPP,
5.2.1 SERVICE

The service flow, which starts at SERCO1 or SER0OZ2, handles
non-fatal errors, interrupts, asynchronous errors, and WCS

micro-level service requests,
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Each event recquiring service sets a flag which is later
read by the service dispat’cl"routine. If any of the flags
are set, any of the branches which test for service (e.g.
BUT(SERVICE)) will be true. A BUT on service is done at the
end of every macro-level instruction and at the end of the

shared trap flow.

service conditions are handled in priority order. The
priority ranking is:

Yellow Zone

Cache Parity Error

Power Fail

Console Service Request

Floating Point Exception

Interrupt

Figure 5-5 shows the service flow.

5.2.2  JAMUPP

A JAM is a hardware-forced transfer of control to location 777,
which is the beginning of the JAM dispétch routine. In
general, those events which cause a JAM cannot be recovéred
from, and therefore cause thé macro instruction (including

XFC) currently being executed to be aborted.



Ho&ever, a JAM is alos caused by a reference to internal
Unibus addresses, such as the KT or Cache registers. When

an internal address is specified at the micro-Level»with a
DATI or DATO, the following microinstruction should do nothing
except clock data into the CSP. The JAM routine will destroy
datapath state, and the timing of the hardware JAM is such
that the microword following the internal address reference
will, in effect, be executed twice. Thus no data manipulations

should be attempted in that mieroinstruction.

The JAMUPP routine services the following conditions:

Power-up

Internal Address

Microbreak

WCS Parity Error

0dd Address Error

Red Zone

KT A™ort

Illegal Internal Address Reference
Cache Parity error ‘
Unibus Timeout

Unibus Memory Parity Error

5.4 INTERFACE DEFINITIONS

5.4.1 Service
At the end of every macro-level instruction, or at least every
15 microseconds, a test for service must be performed. BUT(SERVICE),

issued when the UPF field contains the address of FETO1l,

5-11



causes the service routine to be invoked if needed. Service

starts (for non-overlapped fetch) starts at SER02 (0703).

The WCS user cannot use the same method the base machiné
uses because the Page register must be clocked to jump to
page 0. Only BUT(SUBR B), BUT(SUBR A), and BUT (RETURN)

clock the page register.

To get around this, the user can finish execution with the

following branch:

LAST: BUT (SEBRVICE)
\[7 service not service
PAGE€—0 PAGE €&~ 0
BUT (SUBR B) ‘ BUT (SUBR B)

J/SER02 J/FETO1

To eliminate this overhead, a location in the base machine
is provided to do the service test on a FETOl base. It is
called BRAO5, at location 0003. Finish with:

- LAST:
PAGE & O
BUT (SUBR B)
J/3RA05

{



5.4.2 Generating a Trap

The 11/60 trap sequence begins at TRPOO. It expects the

trap vector to be in the MD when invoked.

For example:

TRPA:
BUT (CLEAR_FLAGS) | Select EMIT
TRPB:
EMIT/244, !Generate trap vector
P3, MD & EMIT
PAGE 4= ) !
J/TRAPOO ! TRAPOO is at 0271

5-13






CHAPTER 6

WCS USAGE GUIDELINES D RAFI"

This chapter is intended to summarize the programming
conventions which will enable you vo make effective use of the
Writable Control Store option, without damaging other

sections of the PDP-11/60.

6.1 WCS UNIBUS REGISTERS

You will use two Unibus locations to load the WCS array: the
WCS Address Register, WCSAR, and the WCS Data Register, WCSDR.

WCSAR has Unibus address 777542. Its format is shown in
Figure 6-1. ‘

15 12 11 10 9 g

7' al |
o

—Row Address
t———- ---Column Address

L_,_““_—~——————Masked out

Figure 6-1 WESAR Format

WCSDR has Unibus address 777544. A 16-bit word moved to this
address will be loaded into the WCS array at the location
specified by WCSAR. A 16-bit word read from WCSDR will come
from the array location specified by the current contents of
the WCS Address register.

&=
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Figure 6-2 shows a feasible user configuration of the WCS
address space. The three sections of page'7 are set aside
for local store use, while page 6 is used for control store.
The following program illustrates how one can use the Unibus
registers to load the microwords for that partitioning.

6000
Control
SYor=
7000
Lo Ch L
TR [

Figure 6-2 Possible User Configuration

This example assumes that the load image exists in main
memory as shown in Figure 6-3. The program loads the 1536
16-bit words (512 microwords) beginning at location LOADIM
in main memory into the control store, beginning at location
g (microaddress 6000,) .

931;1 4§mb> i
_ 23 2.

= o - = o e o

Figure 6-3 Load Image

(p - Z,.



FITLE WCSLD

"ILENAME LOAD.MAC

$LOADIM IS STARTING ADDRESS OF ARRAY

sLOAD FAGE & ONLY
iMASK FOR INVERTING UPF

#START WITH ROW Or COLUMN O

#MOVE LOW-ORDER WORD SO CAN XOR
# INVERTS UPF FIELD BITS

"$BACK TO COLUMN Oy ROW PLUS 1

=SECT
.GLOBL LOADINs WCSLD
JIRPC X»012345
R’X=%’X e
ENDM |
SP=%é
PC=%7 BT
WCSADR=177542
WCSDR=177544 ,
CSLD: MOV $LOADIM,RO
MOV #512.yR1
MOV $000777 yR2
CLR = @8UCSADR T
0OF: MOV (ROY+yR3
XOR R2sR3 B} a
MOV R3sWCSDR $SEND TO ARRAY
ADD #2000/WCSADR __ SCOLUMN 1 NOW
MOV (RO)+yWCSDR
ADD #2000 WCSADR $COLUMN 2 NOW
MOV (ROY+sWCSDR
ADD #4001, WCSADR
SOE R1,1.00P
EXIT - o
"~ +END START

The WCS status register has Unibus Address 77754g, Its format

is shown in Figure 6-4. It is provided for maintenance purposes.

Parity Error
WCS ID Code

15 14 13 12 11 10 9

|

7 6 S

4
v

Not Used

T T

Maint. Enable — - -

Not Used - -
Par. Gen -. .

N

|

Write Enable —— -~ o o s
Write Wrong Parity

Figure 6-4 WCS Status Register
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1
’{ {Lot Used
... Par 1
- Par 2

L—~——————Par 3

Parity Disable



6.2 WCS _Entry Points

There are many ways that control of the machine is passed into
“WCS. The following is a list of the entry points into the WCS

address space and what the default instructions for each entry

point are:

ENTRY POINT

6000

6001

6002

6003

DESCRIPTION

WCS Microbreak Entry

A microbreak occurs when the value loaded

in the register is encountered and the
microbreak enable bit is set. (FLAG<08>).
Default response is to return to the console
flow.

XFC 076@gXX Dispatch

This is a reserved insgtruction for DEC's
future use. Default response is a reserved
instruction trap. (trap vector 10)

XFC 0767XX Dispatch
User XFC Dispatch

This is the entry point for the user's
extended function codes. The user XFC
(0767NX) is now further decoded according
to bits 3-5 of the instruction to enter to
one of the eight entries of the XFC dispatch
table located at 6030.

Regserved Instruction

When the 11/60 executes one of the reserved
instructions such as FIS or FASTx1 then
control is passed here. Default response
is a reserved instruction trap. (trap
vector 10)

4



ENTRY POINT DESCRIPTION

6004 ODD PC Dispatch

Whenever the base machine encounters a

New PC value of an interrupt or trap vector
which is odd then control is passed to this
point. Default response is to return into

the trap routine as if WCS was not present.
(TRPO7)

6005 Default Service Condition Two

The Service Condition is checked once
between each macro instruction. If the
WCS Service bit of the flag register is
one (FLAG<07>) then control ié passed to
this point. Default response is to
FETO1l.

6006 Default Jam Condition

When the XCS Extra Jam Pin is asserted low
and the internal suppressed clocks are
suppressed then control immediately passes to
this point. Default response is to go to the
the console flow.

6007 ' Default Service Condition One

Service passes control to this point if the
pin Extra Service is asserted. Default response
is to return to execute another instruction.

6010 Diagnostic Entry

When diagnose on the console is pressed
control passes to here. Default response
is to pass control to the End of Service
Routine.
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ENTRY POINT DESCRIPTION

ggié - o XFC 0761XX through 0765XX Dispatch

These instructions are reserved for DEC's
future use. Default response is a reserved
instrugtion trap. (trap vector 10)

Further explanation of the entry points can be found in the listing
of resident section of WCS found in Appendix D.



rd

6.3 TMS ROM ROUTINES FOR THE 11/60 WCS

This ROM resides on the WCS board and allows a program running
in the writeable control store of the 11/60 to use part of this
same control store as a block data store (local store), This
ability is realized by routines which perform block loads and
stores of various parts of the internal state of the 11/60. The
following portions of the machine are loaded or stored:

General Registers

-Warm Floating Point Registers

C Scratchpad except Base Constants
User Scratch Registers

Entire A Scratchpad

Entire B Scratchpad

Entire C Scratchpad

There are also routines to read and write one data item (with
and without loading the address register), read and write two
data items (with and without loading the address register),
read and write one data item indirectly.

Every TMS routine is invoked by a UCON function which loads the
Entry Point Register with the starting address of the TMS routine
wanted. All of the block move routines are entered with the WCS
local store address minus one (LSADR-1) clocked into D. Two null
cycles must be placed after the instruction that loads the Entry
Point Register. Return to the WCS routine will occur after the
function has been completed. The following example set of code
saves the general registers into local store address specified

in WCSB [0]-B: ‘ '
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Exis

Pa-T, DB, WCsSBLel-8B, ! D & local atore aldress,
NEXKT, /R xa
Exa:

-

TMSPTR . (STOREGRS),

Inveke GR stera reutira.
N&XT, I/5x3 | -

ExS: .

NRxT,  3/Bx¢ ] Finet Null Werd ,
Exy: | ' -

NExT, T/tns | Second N2 Wed |

The following routines exist in the TMS ROM:

ROUTINE NAME DESCRIPTION
READ READ DATA

READANDINCR READ DATA TO MD, INCREMENT ADDR
LOADANDREAD LOAD ADDRESS AND THEN READ DATA
LOADREADINC LOAD ADDRESS AND THEN READ DATA

WRITE WRITE DATA

WRITEANDINC WRITE DATA AND THEN INCREMENT ADDRESS
LOADANDWRITE LOAD ADDRESS AND THEN WRITE DATA
LOADWRITEINC LOAD ADDRESS, WRITE DATA, INCREMENT ADDRESS
INCANDREAD - INCREMENT ADDRESS AND THEN READ DATA
LOADADDRESS LOAD ADDRESS

LOADGRS LOAD FR'S FROM LOCAL STORE

STOREGRS SAVE GR'S INTO LOCAL STORE

LOADFP ‘ LOAD FP REGISTERS FROM LOCAL STORE

STOREFP SAVE FP REGISTERS INTO LOCAL STORE

LOADCSP LOAD CSP [@@-13] INTO LOCAL STORE

STORECSP SAVE CSP [@@-13] INTO LOCAL STORE
LOADWCSAB LOAD WCS WORK REGISTERS FROM LOCAL STORE
STOREWCSAB SAVE WCS WORK REGISTERS INTO LOCAL STORE
SETLOAD SAME AS LOADREADINC

(-8



ROUTINE NAME DESCRIPTION

SETSTORE SAME AS LOAD ADDRESS

ASPADLOAD LOAD ASP [@@-37] FROM LOCAL STORE

ASPADSTORE SAVE ASP[@@-37] INTO LOCAL STORE

BSPADLOAD LOAD BSP[@@-37] FROM LOCAL STORE

BSPADSTORE . SAVE BSP[@@-37] INTO LOCAL STORE

ALLCSPLOAD LOAD CSP(#@-17] FROM LOCAL STORE .

ALLCSPSTORE SAVE CSP[@@-17] INTO LOCAL STORE

' LOADREADTWO LOAD ADDRESS AND READ TWO PIECES OF DATA

INCREADTWO INCREMENT ADDRESS AND READ TWO PIECES OF DATA

LOADWRITETWO LOAD ADDRESS AND WRITE TWO PIECES OF DATA

WRITETWO INCREMENT ADDRESS AND WRITE TWO PIECES OF DATA

READINDIRECT READ DATA POINTED TO BY DATA

WRITEINDIRECT WRITE DATA AT ADDRESS POINTED TO BY DATA
(WCSA[#])

More information on the TMS routines can be obtained from the
listing in Appendix E.



6.4 CAUTIONS AND WARNINGS

Because of the potential for problems due to microcode errors,
certain microprogramming conventions must be followed. Many of
these conventions have been mentioned in other sections of this
manual; they are reiterated here for completeness.

6.4.1 -Timing Considerations

6.4.1.1 Interrupt Latency =-- In order to assure normal CPU

responsiveness to interrupts, WCS microcode sequences should be
implemented so that a maximum interval of fifteen (15) micro-
seconds occurs between tests for interrupt service requests
(BUT (SERVICE) or BUT (BG)). Note that a test for service
occured just prior to the fetch of your XFC instruction.

One technique for making a long instruction interruptable is to
"back-up" the processor state to the state at the beginning of
the instruction when a service condition is detected. The
proéessor state to be backed up includes; the Floating Point
Accumulators;

| RO - R7; the KT-11l registers; the PSW.

Note that since the PC is pointing to the next instruction, it
must be decremented. In this way, the aborted instruction may
be attempted again after normal interrupt servicing is compléted.

Some microinstructions can be restartable by keeping updatable
paramemters in the general registers.

Notice that failing to check for service is effectively
equivalent to setting the processor's priority level to 7.

6.4.2 UNIBUS Usage Conventions
Unibus control operations may not be performed withing micro-

code subroutines. BUS operations must not be performed in

consecutive microwords.

/o "”‘/(£>



6.4.3 Internal Scratchpad Use
The CSP Constants invalid flag must be set whenever the

floating point constans are not in the CSP.

6.4.4 PDP-11 Processor State Requirements

The 11/60 microprocessor is used primarily to implement a
PDP-11. Consequently, some constraints are not in the values
of internal state permissible at the initiation of normal
instruction fetch. The constraints include the following.

The contents of ASP and BSP loéations 0 through
7, the PDP-11 general registers, must have
duplicate contents. ASP[0] = BSP[0], . . .
ASP[1l] = BSP[1l], ASP{7] = BSP{[7].

The three locations in the CSP which contain the
basic machine constants must, in fact, contain
those constants.

CSP[17] =1
CspP(l6] =
Csp[14]} = 2

6.4.5 Complete Decoding of Opcode Groups

It is expected that within each XFC opcode group, not all of
the possible code combinations will have interpretations.
Insturction decoding must be complete in the sense that those
opcode values whichdo not have an interpretation result in an
illegal instruction trap. Failure to provide this complete
decoding could result in a loss of control due to a macro-

level coding error.
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EXAMPLES

This chapter will provide examples of techniques and
applications for WCS microprograms.

7.1 BLOCK MOVE

In Chapter 1, the efficiency of a microcode implementation
of a BLOCK MOVE instruction was discussed. This sectd¢on
exam.nes tae step-by-step implemmntation of such an
instruction. Since this example is intended to illustrate
a variety of concepts and procedures,it does not represent
the optimai implementation of such an instruction.

7.1.1 Instruction Specification

Define the BLOCK MOVE instruction as follows:

WORD 1: XFC.BLKMOQV Ri
WORD 2: A
WORD 3: B
where:
XFC.BLKMOV is the opcode for BLOUK MOVE
R, is the general register which
contains the count indktng~oo>
_ g means 256)
A is the starting source address
B ' is the starting destination address

The format for this instruction is BLKMOV Ri' A, B.



For simplicity, this example avoids dealing with several problems,

e.g., a check for interrupts and setting the condition codes.

7.1.2 Specify Algorithm

The algorithm used in this implementation of BLOCK MOVE is:

Set up Count

Fetch A address

Fetch B address

Do while Count #¥ 0
Move A word to B address
Count = Count - 1
Increment A and B

End

7.1.3 Specify State

At entry to the BLKMOV microcode routine, PC-2 points to the
XFC instruction; the PC points to A, and PC + 2 points to
B. A BUT(CLR-FLAGS) was performed in FET@2, so the RES register

has been cleared.
By convention, the PC will point to the next instruction
- after the operands are fetched.

The WCS registers will be used for temporary storage as follows:

WCSA[O0] dontains A addrs
WCSA[L] contains B address

7-2



7.1.4 First-pass Coding

The following instructions indicate what is happening in the
datapath during the ececution of the BLKMOV instruction.

! BLOCK MOVE INSTRUCTION
! PC POINTS TO A ADDRESS

BEGIN: _
P2, SR+NOT R(DF)

SETUP1:
P2, D*SRel

SETUP2:
P3, WCSB{0]+D
NEXT, J/SETUP3

!
!
SETUP3:
CNTR+WCSB [0]<07:00>

SETUP4:
Pl, BA+PC,
DATI,
P2, D«PC PLUS 2,
P3, PC+D

SETUPS:

P3, MD«DATA
SETUP6:

P2, D+MD,

P3, WCSA[O0]+«D

SETUP7:
P1l, BA«PC,
DATI,
P2, D*PC PLUS 2,
P3, PC*D

SETUPS8:
P3, MD,.DATA

SETUPY:
P2, D«MD
P3, WCSB([1l]+D

#

o

e pun

UPON ENTRY RES IS CLEARED
ONES'S COMPLEMENT OF COUNT

TWO'S COMPLEMENT OF COUNT

PUT COUNT ON B-BUS SIDE

LOAD CNTR

INITIATE FETCH OF A ADDRESS
POINT PC TO B ADDRESS

MD+«A ADDRESS

PUT A ADDRESS INTO
A SCRATCHPAD

INITATE FETCH OF B ADDRESS

POINT TO NEXT MACRO
INSTRUCTION

MDé&E ADDRESS

PUT B ADDRESS INTO
A SCRATCHPAD



!
{ MAIN PROGRAM LOOP

! FETCH VALUE FROM ONE AREA AND PUT INTO OTHER AREA
] :

! THIS WORD MUST BE ON A XXXXX@ BOUNDARY

STRTLOOP:
P1, BA+WCSA[O], ! INITIATE FETCH OF VALUE
DATI,
P2, D+«WCSA[O0] PLUS 2, ! POINT TO NEXT VALUE
P3, WCSA[0]+D
LOOP2:
P3, MD«DATA | VALUE ARRIVES
LOOP3:

SET BA WITH ADDRESS
POINT TO NEXT VALUE IN

Pl, BA«WCSA[1],
P2, D«WCSA[l] PLUS 2,

e b G

P3, WCSA[1l]+D B AREA
LOOP4:
P2, D+MD, ! INITIATE WRITE OF VALUE
DATA \
LOOPS: ‘
NEXT, BUT(COUNT), VALUE WRITTEN INTO MEMORY
J/STRTLOOP LOOP UNTIL COUNT IS OVER

TARGETS ARE
STRTLOOP” COUNT NOT DONE
FINISH’ COUNT DONE -

Vs pum buw Sew Sem

! THIS WORD MUST BE ON AN XXXXX1 BOUNDRY.
FINISH: }
NEXT, BUT(SUBRA), PAGE(0), ! RETURN TO TEST FOR SERVICE WITH
J/BRAOS ! FETO1l AS A TARGET



7.1.5 Try to Condense the Code

After sketching out the microcode, your next step will
be to try to exploit the parallelism in the IMP datapath
to reduce the number of cycles and/or words.

Note that in the code above, SETUP4 does the same thing

as SETUP7, and that SETUFs5, SETUP8, and LOOP2 are all
identieal. One method for reducing the number of
microinstructions (not cycles) is to try to make
subroutines out of repeated sections of code. It is

not a good programming practice to make a one- or two-word
subroutine, because the problems are usually greater than
the benefits. However, to illustrate the process, we will
ignore that point.

Look at what happens if MD « DATA is made into a subroutine,
call it SUBl. SUBl must contain a BUT(RETURN). The three
instructions which jump to it nwust use a BUT(SUBR B) to
load the Return register with the correct next address,
i.e.:

SETUP3 must load Return with SETUPS

SETUP6 must load Return with SETUPS8

STRTLOOP must load Return with LOOP3.

Now, can this be done ? No, because both SETUP6 and

STRTLOOP use the ALU and the scratchpads. The microword fields
for RETURN, RETURNPAGE, 2Nd PAGE overlap the ALU and
scratcﬁpad control fields, so the BUT(SUBR B) cannot be
specified.



Pnother potential candidate for reduction is LOOP4:

can the DATO be done in LOOP3 where the BA is set up ?

Again, this reduction will not work because the D register is
needed for incrementing the B address as well as for the

Data Out.

The preceding unsuccessful search for words to eliminate
illustrates two of the three kinds of conflicts which
put constraints on your microprogramming. Microword

bit conflicts cause one level of constraint; datapath
components provide another. The third constraint,
timing, is somewhat easier to foresee.

7.1.6 'Check For Interrupt Latency

The size limit on this block move is 255 words,
determined by the width of the CNTR. Each word that is
moved requires two memory cycles, a Data In and a Data Out.

For a worst case analysis, assume that there are no

cache hits, and that the memory cycle time is one

microsecond. Each iteration of the loop will then take approx-
imately two microseconds: 15 microseconds will have elapsed
when 7 words have been moved. Hence the 11/60's interrupt
latency rule will be violated if the block move instruction
cannot be interrupted.

One solution is to change the instruction specification so

_ that the state of the execution is held in the general
registers, namely: the decremented count, the incremented
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A address, and the incremented B address. This would make the

instruction restartable as well as interruptable. The BLKMOV

microcode would test for Service once in each loop. When the

service condition arises the PC must be backed up to point to

the XFC instruction. The microprogrammer has two options when

the interrupt has been serviced:

1) return to XFC code and restart instruction from the beginning

2) set a flag internally and restart execution in the middle of
the instruction.

This example also raises another point which the microprogrammer

must resolve and that is the problem of leaving an instruction in

a half executed fashion. (i.e., part of the B address field has

been changed) There are no PDP-11 instruction which leave things half
done. The microprogrammer may want to add a level of sophistication
and set a flag (Semaphore) at the macro level which signifies that
the B address field is invalid. (Does not contain old or new data.)

If the microprogrammer decides to restart execution of an instruction
in the middle he must either be sure that his task is the only one
using this instruction or else stack up the data he needs to know
insuring a valid implementation. '






APPENDIX A
GLOSSARY

Adder
A device whose output is a representation of the sum of the
quantities represented by its inputs.

Address assignment
The allocation of an absolute address or a relative address
to a symbolic address.

ALU

Arithmetic and logic unit: a device whose output is a
representation of the result of the operation specifiea
by its control inputs performed upon the quantities
represented by its operand inputs.

Architecture
That set of a computer's features that are visible to the
programmer.

Barrel shifter

Bit Steering

An encoding technique in which one bit in the microword
is used to specify how bits in other fields are to be
interpreted.

Branch set

A set of microinstruction addresses which are potential
targets of a conditional branch.
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Bus ,

A) A path over which information is transmitted from any of
several sources to any of several destinations. B) A path
over which information is transmitted from any of several
sources to a single destination. A bus is a communications
path which is capable of multiplexed use.

Chained sequencing

A method of instruction sequencing in which each instruction
explicitly idetifies the next instruction to be executed; that
is, it contains a separate address field. Contrast with
instruction-counter sequencing.

Clock (verb)

To provide a signal to a register or other logic device
which causes the data at its inputs to appear at its outputs.
(Con trast latch.)

Combinational logic element

A device having at least one output channel and zero or more
input channels, all characterized by discrete states, such
that the state of each output channel is completely determined
by the contemporaneous states of the input channels.

Constructed address

An instruction address that is formed by isolating the
next-address field and modifying it with machine-state
indicators by means of an arithmetic or loQical operation.

Control field

A P TR - |
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Control line
An input channel that controls the operation of a device

or logic element.

Control signal
A signal on a control line.

Control Storage
Memory in which executable microcode can be stored.

CPU

Central processing unit.

Cross—-assembler
An assembler which executes on one machine and produces

machine language code for another machine.

Direct control

A method of organizing the micrword in which there is a one-
to-one mapping between bits in the microword and control
signals in the computer. Also known as unpacked control.

Disable

'Emit field ,
A microinstruction field which provides either a data literal
to the datapath, or an address literal to the sequencing logic.

Emulation
The use of microprogramming techniques for the interpretive
execution of one machine by another.



Enable

Encoded control
A method of microword organization in which the values of
the control fields must be decoded to generate control signals.

Fetch
To obtain data or instructions from storage.

Firmware

A term used to describe the microrpogramming level, between
hardware and software, in the implementation of computer
systems. Also used to characterize program code which resides
in non-alterable, non-volatile memory, usually ROM.

Horizontal architecture
A loose term used to categorize machines whose microword has
some of the following attributes:

A) it is capable of specifying multiple simultaneous
operations;

B) it is not highly encoded
C) it is relatively wide; and
D) it specifies the address of its successor

Host machine
A microprogrammable computer upon which an emulator for
a target machine is implemented.

Instruction-counter sequencing _

A method of instruction sequencing in which a special counter
is used to store the address of the next instruction to be
executed. Most macroprograms are sequenced this way.
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Instruction decode
The first phase of instruction interpretation, in which the
fields of the instruction are decoded to determine the

operations specified by the instruction.

Instruction register
A special-purpose register which stores only instructions;
generally serves as the source for instruction decode.

Interpretive execution

A method of implementation in which the execution of a.
single instruction at one level of the machine requires the
invocation and execution of multiple instructions for a

lower level of the machine.

Interrupt latency
The longest period of time a microprogram should execute
before allowing interrupts to be serviced.

Latch (verb)

To provide a signal to a register or other device which
causes the data at its outputs to take a constant value,
and to cease tacking changes in its input data.

Local storage
Data storage within a processor which is not accessed over

a main, general-purpose memory bus.

Macroinstruction ,
A machine language or macro-level instruction



Macro-level machine
The computer defined Ly the macro-level architecture ,

Macromachine
Synonym for macro-level machine.

Masking
A programming technique; the first step in the process of
extracting a non-word group from a word.

Microcode
A) One or more microinstructions, B) To write one or mcre
microinstructions.

Microcycle
The smallest unit of time available for the execution of
a single microinstruction.

Microinstruction
An instruction which causes the generation of control signals
to control the lagical elements of a processor.

Micro-operation
An operation specified by a control field of a microinstruction.

Microprocessor ,

A) A processor on an LSI chip, usually implemented in MOS,
Bipolar, or I?’L technology. B) That portion of a central
processing unit that interprets and executes microcode.

Aicroprogram
A microcode routine; a program composed of microinstructions.



Microprogrammable
Pertaining to the capability to control the actions of the

micro-level machine via microprogramming.

Microword
A word of control storage.

Organization
A level below architecture, organization is concerned with
how the facilities available to the programmer are provided.

PROM
Programmable read-only memory.

PROM blaster
The dewvice used to program a PROM.

ROM
Read-nnly memory. A storage device whose contents cannot
be altered.

Realization
In the hierarchy of architectures and organizations, realization
describes the lowest level -- the €hips and wires which

implement a machine organization.
Reentrant program
A program that can be interrupted at any point, and then

resumed from the point where it was interrupted.

Register



Scratchpad memory
Local storage within the central datapaths of a machine.

Scratchpad registers
Individual words of a scratchpad memory.

Shift register.
A register capable of shifting its contents_ to the right
or left when a control signal is received.

Special-purpose register
A register whose use is limited to a special purpose, such
as a floating-point register, an instruction register, or

a stack pointer.

Set-up register

A register used to store relatively static control information.
After loading, the data in the register can be used to
supplement the control information provided by the micro-
instruction.

Target machine
The computer whose architecture is implemented by an
emulator running on a host machine.

Tri-state logic ’
A type of logic in which the source that controls a given line
can force the line into one of three states:

A) Logical one

B) Logical zero

C) Off, or high impedence state.
In the off, or high iﬁpedence state, the line is available for
other devices to put information on it without affecting the
original source that drives the line. Hence a selecting (or
multiplexing) function can be realized.
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Vertical architecture
A general term used to describe machines which have some of
the following attributes:

A) Instruction-counter sequencing

B) Relatively narrow microwords

C) Microinstructions specify a single operation

D) The microinstruction is highly encoded.
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INSTRUCTION SET PROCESSOR (ISP) NOTATION

The Instruction Set Processor (ISP) notation provides a
coherent method of describing hardware operations. A subset o
of the ISP notation has been used in examples throughout

this manual. This appendix described the elements of this
subset, and the conventions which are followed in its use.

Tor a complete description of ISP notation, refer to paegs
15-36 and the Appendix of Computer Structures: Readings

and Examples<.

B.1 MEMORY DECLARATIONS

In this manual, memory declarations have the general form:
M{a:bl{x:y >

where: ,
M is the name'of the declared entity
a and b are the[ﬁbpéﬁ and(iEGQrﬁbounds (addresses)
of the memory.“"”
: indicates a range of values
X and y are the upper and lower bounds of the

elements (bits) of the memory.

R.1.1. Conventions

The ISP notaticn provides for mixed numbering systems by
means of subscripts, e.qg.: w[a:beldx:y>lo .
On the 11/60, these explicit subscripts are omitted, and
the following set of conventions is followed.

4 Bell, Cc.G., and Newell, Allen: Computer Structures: Readings
and Examples . !McGraw-Hill; New York, 1971.
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Lncations are numbered in octal, and are 1li .sted in ascending

order, Rita Are numbered in decimal ,
rightmost.
Thus, ASP[O:lZ]{lS:O) declares ASPLO to be

memory. Each word is composed of 16 bits named

B.2 ASSIGNMENT AND SUBSTITUTION
The "colon equals" symbol (:=) assigns a name
Thus, x:=y assigns the name x to mean the same

expression y.

listed from leftmost to

a lé6é=-word
0' l’ 2'-.'-150

to an expression.
thing as

A slash mark is used to indicate abbreviation or replacement.

Thus,

assigns y as a synonym for x.

if x is any name, and y is any name, the x/y

To illusttrate the use of these symbols, let's look at

one of the fields in the microword, BEN.

BEN :=,u<43:42>

BASCON := 0
CSP := 1
BSPLO := 2
BSPHI := 3

With these definitions and assignments, we can specify the

BEN field value for a particular microinstruction with:

BEN/BASCON

This specification indicates that the field composed of
bits 43 and 42 of the microword is to be loaded with the

value zero.



B.3 OPERATIONS

Most of the symbols for operations in ISP are used widely
enough that they are self-explanatory. There are two
symbols, however, which may be new to some programmers.

A back arrow (&) indicates the ' reading, transmission,
and writing of data. For example,
tf&f‘tz

indicates that t receives ty- If t,y is a memory, then
T] receives t,'s contents. If tsy is a value, then the value
is put in tj.

CSP{2] 4« 200 . The value 200 is placed in CSP[2]

ASPLO[0] e=D . The contents of D is placed .
in ASP[O0].

a front arrow, (-—»), inaicates a control operation wnich
invokes an action-sequence. Thus,

b—» action-sequnce
indicates that if b is true, then the action-sequence is
applied; otherwise, it is ignored. For example:

SR{4:0> ¥ 0 —» Branch

B.4 ISP NOTATION SUMMARY

8-%
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APPENDIR D

BASIC SKELETON OF RESIDENT SECTION FAR WCS OPTION OF THE PDP 11/60

THERE ARE NINE CLASSES OF ENTRY POINTS INTO THE BASIC RESIDENT
SECTION, THESE ENTRY PAINTS AND THERE REASONS ARE LISTED

!
1
|
}
‘ 1]
! HERE Y
!
] (1) ERROR ROUTINE
}
} 6016 USER HAS LOST CONTROL OF MICROCODE OR OBTAINED
! TLLEGAL ERRQR CONDITION.
!
! €2) NON=USER XFC DISPATCH
!
H 'Y 1B XFC O76CONN
| 6011 XFC Q761NN
| 6012 XFC QTH62NN
} 6013 XFC AT&3INN
} 60140 XFC P76UNN
! 6915 XFC AT&SNN
|
| t3) USER XFC DISPATYCH
|
: 6nRA2 XFC @7&7NN
|
| (4) 00D PC DISPATCH
| .
| 6004 TRAP VECTOR OR INTERRUPT VECTOR CONTAINS AN ODD ADNDRESS,
l . .
| (s) WCS MICRORMREAK
) :
| 60002 MICRORREAK HAS REEN ENABLED AND ADDRESS MAS REEN MATCHED
(o) RESERVED INSTRUCTIONS
6203 A RESERVED INSTRUCTION HAS BEEN EXECUTED,
| (FIS,FASTX1,ETC,)
T DEFAULT SEPVICE CONDITIONS _
690S WCS SERVICE (FLAG) WAS BEEN TURNED NN BY MICROCODE,
6007 PIN EXTRA SERVICE HAS BEEN PULLED OOWN,
(a) PEFAULT JaM CONDITION
T EXTERNAL JAM PIN HAS BEEN PULLED.
(9) DIAGNOSTIC CONDITION
6007 DIAGNOSE CONDITION PRESSED AN THE CONSOLE,
COOE
1SFCHS JTARGETS ARE ENTRJIES IN DISPATCH TARLE,

REGINBQRAQ [603A16037)

o )



143

144 )
148 | THE POLLOWING CODE IMPLEMENTS THE RaSIC RESIDENT FUNCTIONS
146 | NEEDED TO SERVE THE WCS USER, NOTE THAT THE USER IF HWE CHOOSE
147 | CAN OVERLAY THE PORTIONS OF THIS CODE WHICH ME NEEDS T0O,
Ltus |
149 |
150
154
152 ,L,710C RESIDENT ROUTINE coODE,
153
184
15% | ‘
156 | WCS MICRORREAK ENTRY POSITION
187 1 ‘ :
188 | A MICROBREAK OCCURS WHEN THE VALUE LOADED IN THE MICRORREAK
159 | REGISTER 18 ENCOUNTERED AND THF MICROBREAK ENABLE BIT 18 SET,
160 (FLAG <38>), IF THE TRAP ON MICROBREAK BIT (WHMAMI <Q9>) 1S ON
16y THEN THE BASE MACHINE TRAPS TO TRAP VECTYOR 4, CONTROL ONLY
162 COMES TO THIS LOCATION IF THAT BIT IS OFF,
163 | .
164 | THE FOLLOWING INPUT CONDITIONS ARE OF INTEREST:
16§ |
166 | (1) MICROBREAK ENABLE BIT (FLAG<O&>) HAS REEN CLEARED,
167 | €2) LOG ROUTINE HAS LOGGED,
168 | (A) CSP INVALID BIT SET IN FLAG REGISTER,
169 | (B) CSP(A) <o JAM REGISTER
17¢ | CSP(1) <ee STATUS XOR 340
171 | CSP(2) <== PBA
172 | CeP(3) <ee CUA
173 CSP(U4) <=e FLAGS » VECTOR
17¢ C8P(S) Cem WHAMI
178 | C8P(6) <=o CACHE DATA
17¢ | CSP(7) <ve HITTAG WITH TAG FIELD MIGH,
1;7 ! C8P(11) <we DS REGISTER,
178 |
1;’ ! IN THE DEFAULT CASE CONTROL RETURNS YO THE CONSOLE,
‘180 |
181
182 ,
"183 XFCSUBALL
'184 NEXT, PAGE(1),BUT(SUBRS), IRETURN TO FETCH NEXT INSTRUCTY .,
'188§ J/CON99
8 6002 0 P0QA3ACN APAQ0007A R10M0P0N 20PCARMR 00111°00 CO1P0ARR
186
1187
188 | ‘
189 | Xre B760%XX DISPATCH
2190 |
M9y ) THIS XFC INSTRUCTION 1S RESERVED BY DEC AND NOT YO
192 | 8E USED BY THE wCS PROGRAMMER, DEFAULT IS JUMP TO THE TRAP ROUTI!
51:3 : TO INITIATE A RESERVED INSTRUCTION TRAP, (TRAP VECTOR 12),
194 .
2198 |
ClYO
2197
2198 XPFCOTHOLS
2199 P, WR=CSP,CSPD(D1S),EMIT/RO10, 118 « FOR TRAP VECTOR,
2200 NEXT, PAGE(®),BUT(SUBRB)Y, IFETURN TO TRAP FLOW, PAGE 8]
2201 J/TRPAO ISHARED WITH EMIT BITS,

6201 O QARA1P00 ARPQRAA1INA ANAAAARA AM1G10AR 0A11100A2 1A1BY1] C{’ZLJ
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XFe AT67INX DISPATCH
USER XFC ODISPATCH

THIS I8 THE ENTRY POINT POR ALL OF THWE USERS INSTRUCTIONS,

“THE USER XFC (P767NX) IS NOW FURTHER DECODED ACCORDING

TO BITS 3=5 OF THF INSTRUCTION TO ENTER ONE OF THE EIGWT
ENTRIES OF THE XFC DISPATCM TAAMLE,

THE FOLLOWING INPUT CONDITIONS EXIST AT THIS TIME:

(1) MO CONTAINS XFC INSTRUCTION,
(2) SR CONTAINS YFC INSTRUCTION,
(3 TR CONTAINS XFC INSTRUCTION,

USERDISPALS

Xl 4

Bus G Beo G B Bt B Buw S Gen Gn P G G G

BUT(IRS-3), 1JUMP TO ONE OF THE FEIGHWT
J/USERQ IENTRIFS IN THE DISPATCH TABLE,

@ 20000000 AARRANAR OANANANA AAAARRAP ARARIAIA APAIIQAAER

RESERVED INSTRUCTIONS

THE POP 11/60 CONTAINS A FEW RESERVED INSTRUCTIONS WHICH
ARE NOT IMPLEMENTED SUCH AS FIS AND FASTYX, IF THE wCS

IS ENABLED THEN EXIT IS TAKEN TO THIS SPOT, THE DEFAULTY
RESPONSE I8 TO EXECUTE A RESERVED INSTRUCTION TRAP, (EIROR
VECTOR 1),

THE FOLLOWING INPUT CONDJITIONS EXIST AT THIS TIME:

(1) 6 REGISTER CONTAINS WHAMI VALUE,
(2) D(C) CONTAINS ALlicA?>,

WCSRSVNAL Y

6003

G- G P e B P Gue Pue

CSPD(MP]LEMIT(AR1A), " 11@ = FOR TRAP VECTOR,

PAGE(®) ,RUT(SUBRR), IRFTURM TO TRAP FLOW TO
J/TRPIA JINITIATE TRAP,

A ANCAINAMG NAARAAIN PRAGRAARA AANIQAIAAN AQRIILART O1PA1A11Y

non PC DISPATCH

WHENEVER THE BASE MACHINE FINDS AN CDOD ADDRESS IN AN INTERRUPT
OR TRAP VECTOR AND THE WCS 18 PRFSENT TIT EXITS® TO

THIS LOCATION, THIS ALLOWS THE USER TN WRITE A FAST INTERRUPT
HANDLER CONSISTING OF WCS MICROCONF, THE DEFAULT CASE WTLL

BE TO RETURN TO THE TRAP FLOW JUST 8S IF WCS WAS NOT PRESENT,

D-3



THE POLLOWING INPUT CONDITIONS EXIST UPON ENTRY TO THIS
LOCATIONS

(1) RCVECT) CONTAINS NEW PC VALUE IN TRAP VECTOR (0ODD VALUE),
(2) O CONTAINS NEW PS VALUE,
(3) SR CONTAINS OLD PS8 VALUE,

THERE 18 NO WAY TO FIND OUT WHICH TRAP VECTOR wWAS ENCOUNTERED,
USER MICROCODE WILL WAVE TO ANALYZE THE NEwW PC OR PS VALUE
TO DETERMINE THE DEVICE WHICH INTERRUPTED,

G P Sm G P P G= G Pm o P B> Gw

NDOPCDISO1 Y :
NEXT, PAGE(4),BUT(SUBRR), IRFTURN RIGKT BACK TO THE
J/TRPOY lRASE MACHINE TRAP FLOW,

6704 O 0NOACOAN PAQAAQA] PAGRARAAA CANAAAAR AA111AC] 1PAL1QAAY

DEFAULT SERVICE CONDITION TWO

l

l

)

! THE SERVICE CONDITION IS CHECKED ONCE BETWEEN EACH MACRO

l INSTRUCTION, ONE CONDITION THAT CAUSES SERVICE TO RE

| NEEDED I8 IF THE WCS SERVICE AIT OF THE FLAG REGISTER 18

! TURNED ON, (FLAG <27>), THE WCS SERVICE B!T IS TURNED

i ON BY THE WCS MICROPROGRAMMER WHENFVER HE WISHES TO MONITOR
! (TRACE) THE NEXT INSTRULTIONS, WHEN THIS BIT IS ON CONTROL
! 18 PASSED TO THIS INSTRUCTION ONCE RETWEEN EVERY MACRO

} INSTRUCTION, IF THTIS BIT IS ON THEN THE WCS CAN MONITOR

} EVERY INSTRUCTION EXECUTED, THE DEFAULT IS TO NOY

! MONITOR ANYTHING BUT INSTYEAD RETURN TO EXYECUTE ANOTHER

] INSTRUCTION, (FETAY) NOTE THAT RFTURN MUST NOT RE

! TO BRAGS AS AN INFINITE LOOP WILL RESULT,

!

!

]

VCDEFLTA2:
NEXT, PAGE(®),BUT(SUBRA)Y, JRETURN TO EYECUTE
J/FETOY LTHE NEXT INSTRUCTION,

6A0S 0 20000000 AAANARND PAGAACAR NQAAANAAY RA11101] 1100AP1Q

DEFAULT JAM CONDITION

!
i
!
! WHEN THE XCS EXTRA JAM PIN IS YANKED THIS CAUSES

! AN IMMEDIATE JAM CONDITION TO OCCUR, IF THE WCS IS ENABLED

! THEN CONTROL 18 PASSED TO THIS LOCATION, IN THE DEFAULT CASE
! CONTROL IS RETURNED TO THE CONSOLE FLOW,

!

!

J

AMDEFLTQ21}

NEXT, PAGE(1),BUT(SUBRB), IRETURN TO CONSOLE CONTROL.
JseonQQ

6236 @ APRAANQRO ARDARDAM A1MAAA0M PPCANACAR PAL1100A CA10Q0AR

\
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DEFAULT SERVICE CONDITION ONE

WHEN THE PIN EXTRA SERVICE 18 PULLED THEN THIS

CAUSFS A SERVICE CONDITION TO ARISE, EXIT I8 TO0 THIS
ROUTINE TO HANOLE THAY CONDITION WHEN wCS IS ENABLED,
THE DEFAULT CASE IS TO RETURN TO EXECUTE ANOTHER
INSTRUCTION,

UD ow 0w 0o 0w oo Gw O b= o o

VCDEFLTOL?
NEXT, PAGE(Q@),RUT(SUBRA)Y, IRETURN TO EXECUTE

J/FETAH LTHE MNEXT INSTRUCTION,
6007 @ 20AAAARS AANANNAG ARGANNON 0ARAACAR BA111001 11PPOR1Q

DIAGNOSTIC ENTRY

!

H

l

l WHEN DIAGNOSE AN THE CONSOLE IS PRESSEN AND WCS IS

! ENABLED THEN CONTROL IS PASSED TO THIS POINT, DEFAULTY

! RESPONSE I8 TO PASS CONTROL TO THF END OF SEPVICE ROUTINE,
!

{

W

CSNIAGReY:
NEXT, PAGE(1),BUT(SUBRB), IPETURN YO END
J/ENS 1A I0F SERVICE ROUTINE,

6017 0 Q@PAQRA20 AVARRARE M1AREAAA ARARAARN 20111001 Qe110000Q

YFC A761%XX DISPATCH

THIS XFC INSTRUCTION 18 RESERVED BY DEC AND NOT TO RE USED
RY THE WCS PROGRAMMER, DEFAULT IS TO JUMP YO THE TRAP
ROUTINE TO INITIATE A RESERVED INSTRUCTION TRAP, (TRAP VECTOR 10),

- - P G e G G G

XFCOTHIAS
P3, WR=CSP,CSPD(D1S),EMIT/0010, 1@ =« FOR TRAP VECTOR,
NEXT, PAGE(Q@),BUT(SURRB), IRETURN TO TRAP FLOW, PAGE BITS
J/TRPOA ISHARED WITH FMIT RITS,

6011 QO G0QQA1007 ANMEPAAALIA CAAARANA AQ1AIAA2 AM1I11007 A1A1A11]Y

XFC @762XX DISPATCH

THIS XFC INSTRUCTION IS8 RESBERVED RY DFC AND NOT T0O BE USED
BY THE WCS PROGRAMMER, DEFAULT IS TO JUMP TO THF TRaAP
ROUTINE TO INITIATE A RESERVED INSTRUCTION TRAP, (TRAP VECTOR 18),

G pr S P G P G S

XFCOTHR?
P3, WR=CSP,CSPD(D1IS),EMIT/0R13, 110 =« FOR TRAP VECTOR,
NEXT, PAGE(Q),BUT(SURRBY, IPETURN TO TRAP FLOW, PAGE BITS

J/TRPOQA |SHARED WITH EMIT BITS.
6M12 & AARAIMARG APAGANIA ACAARARR ARIAICAR AAL11ARR F101011) (D-fy



L4+ 2763XX DISPATCH -

THIS XFC INSTRUCTION 1S RESERVED AY DEC AND NOT 7O BE 1SED
BY THE WCS MICROPROGRAMMER, DEFAULT IS TO JUMP TO THE TRAP
ROUTINE TO INITIATE A REBSERVED INSTRUCTION TRAP, (TRAP VECTOR 118),

XFCOTH3OS

P3, WReC8P,C3PD(D1%),EMIT/0010, 114 = FOR TRAP VECTOR,
NEXT, PAGE(Q),BUT(SUBRS), IRETURN TO TRAP FLOW, PAGE RITS
J/TRPOD ISHARED WITH EMIT BITS,

6313 Q0 00001700 MOGOAM1I2 20QNAMARR 020101000 (A01114MA A1RA10111

XFC @764%XX DISPATCH

THIS XFC INSTRUCTION IS QESEQVED BY DFC AND NOT TO BE USED
BY THE WCS MICROPROGRAMMER, DEFAULT IS TO JUMP TO THE TRAP
ROUTINE YO INITTATE Ao RESERVED INSTRUCTINN TRAP, (TRAP VECTOR 10),

XFCATHUOS
P3, WReCSP,C8PD(D1IS),EMIT/0010, 11 « FOR TRAP VECTOR,
NEXT, PAGE(Q),BUT(SURRS), IRETURN TN TRAP FLOW, PAGE RITS
J/TRPOO ISHARED WITH EMIT RITS,

6314 0 2MAA1000 POAMARIA ARAPAMAN AA12100A AN111000 2121011

XFC AT65XX DISPATCH

THIS XFC INSTRUCTION IS RESERVED 8Y NEC AND NOT TO BRE USED
BY THE WCS MICROPROGRAMMER, DEFAULY TS TO JUMP TO THE TRAP
ROUTINE TO INITIATE A RESERVED INSTRUCTION TRAP, (TRAP VECTOR (@),

G e B B Gm G P

XFCOTHS A}
P3,  WReCSP,CSPD(D1S),EMIT/AD1Q, I1@ « FOR TRAP VECTOR,
NEXT, PAGE(Q@),RUT(SUBRR), IRETURN T0 TRAP FLOW, PAGE BITS
J/TRPOA ISHAPED WITH EMIT 8178,

671S @ 2PARIAN2 00000Q10 AARANACR AR1Q1NNA AB111000 A101ALYY



WCS ERROR ROUTINE

WHEN THE WCS RESIDENT 18 LOADED ALL OTHER LOCATIONS OF
WCS WILL CONTAIN A JUMP TO THWIS LOCATION, THE USERS

OR DECIDES A FATAL ERROR HAS OCCURRED CONTROL WILL ENTER
HERE, DEFAULT HANDLING FOR THWIS CASE IS TO EXIT TO THWE

IN A LOT OF CASES THE USER WTLL WANT TO BUILD WIS
OWN ERRQOR ROUTINE,

WCSERR?
NEXT, PAGE(1),BUT(SUBR8), IRETURN T0O BASE MACHINE,
J/CONSS IHALT FLOW,
@16 0 PAPAANRA QA2AANNAR A100AAARA ANPOAARR AR1110PCR AR10RACA
}

USER XFC DISPATCH TARLE (A7ATNYX)

ACCORDING TO BITS =5 OF THE USFR XFC INSTRUCTION ONE

OF TWESE EIGHT ENTRIES OF THF NISPATCH TARLE 1S ENTERED,
THTIS DISPATCH TABLE I8 MODIFTED RY THE MICROCODE LOANER
WHEN TT LOADS THE USERS MICROCODE ACCORDING TO THE ENTRY
STATEMENTYS SPECIFIED IN THE ASSEMBLY, THF DEFAULT FOR
I8 ONLY ACCEPTED AS LEGAL IF wWCS CODF TD EXECUTE THarT
CAN FURTHER DECODF BITS Qe?2 OF THE XFC INSTRUCTION TO

FURTHER OECODE OF IT CAN NCC!IR RY TFSTTMR SR(2-0),

S S W G- m B G S P G P B P S = S e

CONSOLE CODE JUST AS IF A HALT INSTRUCTION WAS ENCOUNTERED,

EACH OF THFSE ENTRIES IS TN RETURN TN THE BASE MACHINE AS
IF A PESERVED INSTRUCTION WAS ENCOUNTERED, AN INSTRUCTION

MICROCODE WILL RE OVERLAID ON TOP OF THESE JUMPS, WHENEVER
THE USERS MICROCODE LOSES CONTROL (ENTFRS UNPLANNED ADDRESS)

INSTRUCTION WAS REEN LOADED, NOTE THAT THE USER qxcaopnosnAvnen

FACILITATE MORE YFC INSTRUCYIONS, SINCE THE XFC IS8 IN THE SR

.CASF 1 OF DISPCH IXFC A7670X
USERAg
P3, WReCSP,CSPD(DIS),EMIT/Q010Q, 1@ =« RESERVED TRAP,
NEXT, PAGE(Q2),BUT(SURRB), IRFTURN TN TRAP FLOW, PAGE BITS
J/TRPQQ ' JSHARED WITH FMIT RITS,
A3A P 0RANI000 ARANARIP RRAAANAR ARI210AAP RA11170PA B12108111
.CASF 2 OF DISPCH lYFC 27671X
USER1
r3, WRe(CSP,C8PD(D1IS),EMIT/0AL R, {172 « RESERVED TRAP,
NEXY, PAGE(Q®),BUT(SURRR), IRETURN TO TRAP FLOW, PAGE BITS
J/TRPRG ISHARED WITH EMIT RITS,
WI1T 0 90001003 2302PR10 AAARIRRA AGLIAIARA QR1110AA 2101011
«CASE 3 QF DISPCH IXFC A7862X
USER21
P13, WReCS8P,CSPD(DIS),EMIT/0P12, © 11@ - RESERVED TRAP VECTOR,
NEXT, PAGE(Q),BUT(SUBRA), IRETURN T0O TRAP FLOW, PAGE BITS
J/TRPOD ISHARED WITH EMIT BITS,

6Q32 @ 00301222 ACAAPAIN AACPRGOA 0QA1Q10P2 OP111000 B1A1G11Y

TP



.CASE 4 OF DISPCH IXFC A7673X

USER3)
P3, WRe«CSP,CSPD(DIS),EMIT/001P, . 112 « FOR TRAP VECTOR,
NEXT, PAGE(Q),BUT(SUBRRD), JRETURN TO TRAP FLOW, PAGE BITS
: 4 J/TRPRO
6033 @ 00001000 00000010 0ACARARH PO1AI0MAQ AAI1INPD B1O1ALYY
LCASE S OF DISPCH IXFC @7675X
USERUL
P3, WR=CSP,CSPD(D1S),EMIT/0012, {13 =« FOR TRAP VECTOR,
NEXY, PAGE(Q),BUT(SUBRR), IRETURN TO TRAP FLOW, PAGE BITS
J/TRPOO ISHARED WITH EMIT RITS,
6034 0 20001007 ACARAALIY NAARAAAN AAIN12R0 PAYL11ANR A1O1AYY]
.CASE &6 OF DISPCH IXFC A7675X%
USERS
Py, WReCSP,CSPD(D1S),EMIT/Q017, 11@ « FNOR TRAP VECTOR,
NEXT, PAGE(Q),BUT(SUBRS), IRETURN TO TRAP FLOW, PAGF BITS
J/7TRPOA ISHARED WITH EMIT BITS,

6035 7 2Q0A1000 ARANAALO QA200QACA AQ1A100G MAA11100A 2101A11}

JCASE 7 OF DISPCH

USERG
P3, WRe(C4P,CSPD(D1S),EMIT/001A, IXFC @7676X
NEXT, PAGE(Q),RAUT(SUARA)Y, IRETURN TO TRAP FLOW, PAGE RITS
J/TRPOA ISHARED WITH EMIT BITS,
6836 @ Q0PQ1000 A2G23217 AARACNARA CR1AINMAG AR111700 B1ALIALYLY
.CASE B8 OF DISPCH . IXFC @7677x
USERT .
P3, WReCSP,CSPD(D1S),EMIT/A010, 11@ = FOR TRAP VECTOR,
NEXT, PAGEC(Q2),BUT(SUBRE), IRETURN TO TRAP FLOW, PAGE RITS
J/TRPAD ISHARED WITH EMIT BRITS, ‘

6237 QA 20201000 AARAAAIA AAPAAPAN ARIQ1AAR AAI11ANG A1A1A11Y
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TM8 ROM MICROCODE FOR 11/6Q

THIS MICROCODE GOF3 INTO THE TMS ROM (TRANSFER MICRASTORF

ROM) , THIS ROM RESTIDES ON THE WCS ROARD AND ALLOWS A PROGRAM
RUNNING IN THE WRITEABLE CONTROL STORF OF THE 11/60

TO USE PART OF THIS SAME CONTROL STORE AS A BLOCK DATA STORE,
(LOCAL STORE) THIS ABILITY 1S REALIZED PY ROUTIMES WHICH
PERFORM BLOCK LOADS AND STORES OF VARIOUS PARTS OF THE INTERNAL
STATE OF THE 11/6A, THE FOLLOWING PORTIONS OF THE MACKINE

ARE LOADED OR STORED:

(1) GENERAL REGISTERS

(2) WARM FLOATING POINT RFGISTERS

(3) C SCRATCHPAD EXCEPT BASE CONSTANTS
f4) USER SCRATCH REGISTERS

{S) ENTIRE A SCRATCHPAD

(6) ENTIRE B SCRATCHPAD

(7) ENTIRE C SCRATCHPAD

THIS MICROCODE ALSO HANDLES ALL WCS SUPPORT NFEDED RY THE
BASE MACHINE TO PERFORM ITS FUNCTIONS, THE FOALLAWING IS
A LIST OF THESE ENTRY POINTS AND THEIR FIUNCTIONSS

TM8 ADORESS FUNCTION

2001 USED B8Y WCSINIT FLNW, UUSED TN SFT ANDRESS
REGISTER TO ZERQ AND ALSO WRITES ZERO IN
THE WORD,

IF USED BAY WCS CODE THEN LOADS ANDRESS PEGISTFR
WRITES ADNRESS VALUE INTO THAT ADDRESS AND INCREMENTS
THE ADDRESS REGISTER BY ONE,

geed USED BY WCSINIT FLOW, WRITES A COUNT INTD WCS &ND
THEN INCREMFNTS THF ADDRESS REGISTER,

rate LOADS WCS AODRESS REGISTER WITH VALUE AND THEN wRITES
DATA INTO THIS ADORFESS,

an2e LOADS WCS ADNRESS REGISTER WITH VALUE,
(BASE MACHMINE ALSO SAVES THIS SAME VALUE IN THE &
SCRATCHPAD 21), THIS ROUTIME ALSO PUMPS OMTD BUSDIN
THE DAYA FRNOM TKIS LOCATION,

pale USED BY FIRST WORD IN ROUTINE THAT REANS w(CS STATUS,
NOTE THATY THE WCS STATUS IS NOw READ RY THE UCON
INTERFACE, THIS WORD CAN PRORARLY RF REMOVED FROM
BASE MACHINE AND THIS ROUTINE FROM THE THS ROM,

2240 NOT REFERENCED BY THE RASE MACHINE,
THE WCS USER CAN ALSO USE THESE POUTINES IN THE TMS RNM, THE

FOLLOWING IS A LIST OF FUNCTIONS WANTED RY WCS USFRS AND waAYS
TO REALIZE THESE FUNCTIONS,

E-I
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THS ADDRESS FUNCTION

(READ) ,

0032 READ DATA ONTO BUSDIN POINTED TO BY THE ADDRESS
REGISTER,
(READANDING)

8924 READ DATA POINTED TO INTO MD AND THEN INCREMENTY
THE ADDRESS REGISTER,
(LOADANDREAD)

7020 LOAD THE ADDRESS REGISTER WITH VALUE AND READ DATA
OUT ONTO BUSDIN,
(LOADREADING)

2034 LOAD THE ADDRESS REGISTER AND READ THE DATa

POINTED YO INTO MD,  FOLLOWS THIS BY INCREMENTING
THE ADDRESS REGISTER, '

(WRITE)

9214 WRITE DATA INTO THE ADDPESS POINTED TO,
(WRITEANDING)

geod WRITE DATA INTO THE LOCATION POINTED TO AND THEN
INCREMENTY THE ANDDRESS REGISTER,
(LOADANDWRITE)

p010 LOAD ADDRESS REGISTER AND WRITE DATA INTO THIS

LOCATION, METHOD OF USING THIS ROUTINE 18

187 INSY, CLOCK D AT P2 WITH ADDRESS

eND INST, SET TMSPTR 710 10

JRD INST, CLOCK D AT P2 WITH DATA TO RE WRITTEN
4TH INST, (OATA IS WRITTEN INTO LOCAL STNRE)

(LOADWRITEINC)

fae1 LOAD THE ADDRESS REGISTER AND WRTITE DATA INTOQ TWNIS
LOCATION, FOLLOWS THIS BY INCREMENTING THE ADODRESS
REGISTER, (NOTE THAT THIS ROUTINE IS INVOKED
IN THE SAME MANNER AS ARQVE METHOOD,)

CINCANDREAD)

2008 INCREMENT THE ADDRESS REGISTER AND READ THE DATA OUT ON
THE SUSDIN, DATA IS AVAILABLE AT P3 OF THE SECOND
NULL wWORD,
(LOADADORESS) '

2040 LOAD THE ADDRESS REGISTER WITH AN ADODRESS, NOTE THIS

FUNCTION I8 EQUIVALENT TO LOADANDREAD,

LTITLE TMSROM
,IDENT /veals

JRADIX 8 I0CTAL NUMERTCS,

JWIDTH 328 IDEFINE 32 RIT WORD,

+OBJECT <1910> LACTUAL ROM I8 16 BITS FOR Tws

, LAND 4 BITS FOR CROM,

LBOUNDS (01777 IDEFINE S12 WORDS,

+ADDRESS DUM11s<31123> ITHIS FIELD EXISTS ONLY TO SATISFY THE

I0F THE MICRO ASSEMBLER,

E -2



.T0C TMS MICROWORD FIELD DEFINITIONS,

JFIELD ALU 118 <> IATT IN TMS ROM TO WANDLE ALU FIELD,
'YELIR! {SND A STRAIGHT THROUGH ALLU,
-] ll!ﬂ ISEND R STRAIGHT THROUGH aLlU,
LFIELD BEN 118 ¢1>°<2> IRUS ARIN SOURCE,
88PLO 118 @ ILOW HALF OF B SCRATCHPAD,
B!PH; 11 | IHIGH MALF OF B SCRATCHPAD,
csP 1t 2 IC SCRATCHPAD LOCATION,
SASCONt I 3 IBASE CONSTANTS IN THE CSP,
JFIELD BSEL 113 <3> le BUS SELECTION,
MD ti13 @ IWHEN ADNRESSING THE BASE CONSTANTS,
JFIELD AEN 118 <U> 1BUS AIN SOURCE,
ASPLO 3tm @ ILOW HALF QOF Ao SCRATCHPAD,
ASPHT 1318 1 JHIGH WALF OF A SCRATCHMPAD,
FIELD BADDR 138 <7>°<8>°¢3> I1LOW ORDER THREE RITS OF 8 ADDRESS,
FIELD AADOR 131w <7>°<¢85°<S5> ILOW ORNER THREE BITS OF A ADDRESS

FIELD ALLAADDR 113 <d>°<6>°<7>°<8>°<S> !A ADDRESS INTN A SCRATCHOAD,

RAG pis 10

R3B! 18 {1
ROA2 p1m 2

R23 18 13

R34 18 14

R2S 18 (S

R@6 318 16

RBY s 17

Ri® 13 @
Riy s
R12 118 2
R1S g1z %
Rig gm 4
RiS 1= §
R16 318 &
R17 s 7
R22 i1 37
R21 113 3%
R22 1w 32
R23 = 33
R24 38 3U
R2S jim 3§
R26 18 36
R27 1= V7
R3G 1= 20
R31 118 214
R32 ji8 22
R33 18 23
R34 18 24
R3% 338 25
R36 1% 26
R3Y 118 27



oFLELD

+FIELD

)

T
RO2
RO3
RO
Ros
ROs
RO?Y
R10
R11
R12
R13
R1a
R1S
R16
R17
R20
R21
R22
23
R24
n2s
R26
R27
R32
A3y
R32
R33
R34
R3S
R36
R37

p1e
jre
yis
pim
1is
pis
pis
pis
$1s
pis
11s
pis
1L
pie
pis
pis
pie
Pie
pis
Jie
pis
pis
t1s
pis
1s
jis
118
pis
1is
jie
pis
IR R4

10

v S

R7Q
ROY
RO2
RO3
ROy
ROS
RO

ROY

R1®
R11
rRi12
R13
Rig
R1S
Ri6
R1?
R2O
RZi
R22
R23
R24
R2S
R26

XL
pie
rea
118
e
jie
1s
jis
rie
j1s
yie
1y
tye
jie
y18
pis
t1e
jis
11n
pis
1is
11s
11

10
i1
12
13
14
1S
16
17

']
ANOCADWWN—- 3
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R27 ji1e 37

RSP jis 20
R3L 3= 21 g
R32 118 22
P33 318 23
R34 s 24
R3S g8 25
R36 318 26
R37 188 27
JFIELD PLTIPY 118 <b> IA/R SCRATCHPAD ADDRESS BIT 3,
YES jim @ ITHIS BLT IS ASSERTED LOW AND
NO 1t8 § INAT HIGH AS NORMAL,
LFIELD CSPADR 118 <6>°<7>°¢8>°<1@> LADDRESS WHEN ACCESSING C SCRATCHPAD,
JFIELD CLKD 118 <9> lCLOCK D REGISTER,
YES 118 1
JFIELD WRCSP 138 <ii> INRITE C SCRATCHPAD,
YES 118 ! |
JFIELD MWILO 113 <12> IWHEN WRITING TO A NR R SCRATCWPADS
ITHIS FYELD SPECIFIES WIOW DR LNW wALF,
HI 118 | JHIGH HALF,
LO 11w @ LLOW HALF,
}FI!LD WASP 18¢C1U>’<15> I{WRITF BSP,ASP, OR BOTH,
A sy IWRITE A SCRATCHPAD,
8 18 2 JWRTTE R SCRATCHBAD,
B0TH 1183 IWRITE ROTH A AND B SCRATCHDPADS
JPIELD UADRLD 113 <165,1 ICROM @ LNAD ADDRESS REGISTFR,
YES 110 ILOAD ADDRESS REGISTER,
JFIELD UADRIC 1i® <17> ICROM 1 INCREMENT ADDRESS REGISTER,
YES 118 | | INCREMENT ADORESS REGISTER,
JFIELD INCTMS 113 <18>,1 IDEFAULT I8 TO INCREMENT TMS POINTER,
YES 118 | L INCREMENT TMS POINTER,
NO 3318 @ LEND OF TMS ROUTINE,
JFIELD UWRITE g3 <19> . IREAD/WRITE LOCAL STORE,
YES 138 ) IWRTTE INTO LOCAL STORE,

.70¢ TMS MACRO DEFINITIONS

c-S



o MACRO
«MACRO
+MACRO

+MACRO
JMACRO
MACRO
 MACRO
JMACRO
JMACRO
<MACRO
JMACRO
MACRO

+MACRO
+MACRO
JMACRO
+MACRO
+MACRO

+MACRO
+MACRO
+MACRD
+MACRO
+MACRO
+MACRO
«MACRO
+MACRO

+MACRO
JMACRO

,MACRO

JMACRO

JMACRO
JMACRO

«MACRO
JMACRO
JMACRO
JMACRO
+MACRO
JMACRO

MOVE DATA INTO,AROUND AND OUY OF THF DATAPATH,

MD.DATA t1s
D MD.DATA 838
D.MD g1m

CROM MACROS

LOADANDWRITE 31%m
POSTINCADOR 133
GOODBYE g1w
WRITEDATA 118
FILLER 118
LOADADDRESS 113
INCANODWRITE 1=
INCADDRESS 118
STEPTHROUGH 118

GENERAL REGISTER MACROS

LOADGRY g3m
LOADGR(N) 112
STOREGR(N) 1tm
LOADUSERRSG 31w
STOREUSERRS 31318

BEN/SASCON, BSEL/MD, WRCSP/YES
MD_DATA,CLKD/YES
BEN/BASCON,BSEL/MN, ALU/B,CLKD/YES

UADRLD/YES,UNRITE/YES
UADRIC/YES

INCTMS /@

UWRITE/YES

INCTYS/0

UADRLD/YES
UADRIC/YES,UWRTITE/YES
UADRIC/YES

INCTMS /Y

O _MD, DATA,WRSP/BROTH,FLTPT/NO
LOADGRT,AADDR/ON
ALUZA,FLTPT/NO,AADNDR/ON,CLKD/YES
D_MD_ DATA,WRSP/BOTH, FLTPT/YES,AADDR/ S
ALU/A,FLTPT/YES,AADNR/6,CLKD/YES

FLOATING POINT REGISTERS IN A AND B SCRATCHPANS MACRNS,

LOFPI(N) 318
LOFP2(N) 1=
LDFPI(N) 1=
LOPPRA(N) 18
STPPI(N) 133
STFP2(N) 138
STFPI(N) 118
STFPA(N) 11

WCS SCRATCHPAD REGISTER

LOWCSACN) 118
LOWCSB(N) 118
STWCSA(N) 118
STWCSB(N) 118

O, ™D, DATA, WRSP/A, AADDR/ON,FLTPT/YES
D MO DATA,WRSP/R,AADDR/ON,FLTPT/YES
LOFPI(oN),HILO/MI

LOFP2(eN),HILO/HI
ALU/ZA,4ADDR/ON,FLTPT/YES,CLXD/YES
ALU/B,BADDR/ON,FLTPT/YES,CLXD/YES
STFP3I(ON), AEN/ASPH]
STFP2(ON),REN/BSPHI

MACRDS

D MO NATA,HILO/HT, WRSP/A,FLTPT/NO,AADDR/ON
DLMD DATA,HILO/HT,WRSP/R,FLTPT/NO, AADNDR/ON
ALU/ZA, AEN/ASPHT,CLKD/YES,FLTPT/NO,AADDR/ON
ALU/R,BEN/RSPHT,CLKD/YES,FLTPT/NO,RADDR/ON

C SCRATCHPAD REGISTER MACRNS

LOCSP(N) 118
STCSP(N) 118

ALL SCRATCHPAD MACROS

LOADASPAN(N) 118
LOADBSPAD(N) 31m
STOREASPAD(N) 1w
STOREBSPAD(N) 318m
LOADALLCSP(N) 11
STOREALLCSP(N) s

REN/CSP,WRCSP/YES,C8PADR/ON
ALU/B,BEN/CSP,CLKD/YES,CSPADR/ON

D MO PDATA,WRASP/A,ALLAANDRW/ON

D MO, DATA,WRSP /B, 4L LAADDRW/ON
ALUZA,CLKD/YES,ALLAADDR/ON
ALU/B,CLKD/YES,ALLRADDR/ON
REN/CSP,WRCSP/YES,CSPADR/oN
ALU/B,REN/CSP, LKD/YES,CSPADR/ @Y
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.70C

R LT TMS MICROCOOE
USING ROUTINES IN THE TMS ROM,

THE ROUTINES IN THE TMS ROM ARE DESIGNED TO SAVE DIFFERENT
SETS OF THE 11/63 MACHINE STATE INTO WCS ACTING AS A LOCAL STORE
AND ALSO TO RESTORE THESE SETS FROM DATA IN THE LOCAL STORE,

THESE ROUTINES ARE DESIGNED FOR NPTIMUM DATA FLOW TO FACILITATE
IMPLEMENTATION OF FUNCTIONS SUCH AS CONTEXT SWITCHING wWwHICH MUST
HAPPEN AS FAST AS POSSIBLE, BECAUSE OF THIS OTHER USES NF THESE
ROUTINES AND SURSETS OF THESE ROUTINES MAY NOT RE A8 EASY TO USE 48
WOULD BE LIKED, :

ALL ROUTINES ARE ENTERED WITH THE WCS LOCAL STORE MINUS NNE (LSADRe})
CLOCKED INTO DO, RETURN TO THE WCS ROUTINE WILL OCCUR AFTER THE
FUNCTION NAS BEEN COMPLETED, THESE ROUTINES ARE IMPLEMENTED

BY SETTING UP A PIPELINE IN THE DATAPATM WHERE TWO DIFFERENT

PARTS OF THE DATAPATH MOVE DURING THE SAME MICROCYCLE, THE PIPELIME
CONTINUES UNTIL ALL DATA IN THIS SET HAS REEN MOVED,

USING SUBSETS OF THESE RNUTINES TO MAVE ONLY A FEW OF THE DATA
ITEMS AND NOY THE WHOLE SET I8 NOT EASY, AS AN EXAMPLE THE
FOLLOWING 18 THE PROCEDURE TO SAVE REGISTERS R3eR2}

(1) USE 4 ROUTINE TO LOAD THE ADDRESS=2 INTO THE ADORESS REGISTER,
t2) CLOCK R3 INTO THE D REGISTER,
(3 SET THE TMSPTR WITH ADNRESS THAT WRITES R4 INTO THE

ARRAY AND MOVES R3 THROUGH THE NDATAPATH AND CLNCKS IT
INTO D, ONLY THE CROM BITS ON THIS INSTRUCTION WILL BRE
EXECUTED, THE TMS BITS WILL NOT BE ACCESSED, THIS wILL
WRITE R3I INTO THE LOCAL STORE ADDRESSe1,

(4) THE NEXYT INSTRUCTION WwILL WRITE R3 INTO THE ADPRESS AND
MOVE R2 INTO D, THE REST OF THME ROUTIME WILL WRTITE
R2«RA INTO THE ARRAY AND RETURN CONTROL TO THE WCS
ROUTINE AY THE THIRD INSTRUCTION AFTER THFE ONE THAT
SET THE TMSPTR VALUE,

THIS EXAMPLE SHOWS TWAT A SUBSET OF THE OATA ITEMS
CANNDOT BE STORED IN THE SAME MANNER AS THE ENTIRE SEY SINCE
THE FIRST DATA ITEM wILL BE SAVED TWICE IN TWO DIFFERENT ADNDRESSES,

CROM LOCATIONS USED BRY W(CS TO SUPPNRT THE BASE MACHINE,

JLOCATION 2ERO OF THF TMS 1S ACCESSEDND
IWHENEVER AN INIT SIGNAL IS RAISED
18Y THE BASE MACHINE, ARPRESS REGTSTEF

FILLER IWTLL CYCLE HWERE UNTIL THE TMSPTR IS CHANGED,
A 2AGAA000 19000001 P00Q0APA AGRA2AAN
TMSR211
LOADANDWRITE {LOAD ADDRFSS, WRTITE DATA AND

i 090020031 A220A1100 2ARAAGA0 N0ANAARA

POSTINCADDR ITHEN INCREMENT TO POINT TO THE

2 @22a0an! 1APA3111 A20APMRA ARMACAND

GNODBYE INEXT ADDRESS,

3 00003010 0RAAA0QA1 20ARRARA AANARPNQ
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TM80041

WRITEDATA
4 00000012 100011 COnRRRPE
POSTINCADOR
S 002020011 CQ0ON11! @PQ0Q0QQ0
GOODBYE
6 00000011 19072ACt 20NAAMARQ
FILLER
7 022800100 20220AA1 AMRAQACA
TMS0101
LOADANDWRITE
12 0Q0M01Q20 1200110~ 20002000
GO0DBYE
11 00002101 03A22201 290000
FILLER
12 00000101 1007Q0A1 AAMMARARA
FILLER
13 000002119 22020001 ANRRAAAL
WRITEDATA
14 0000110 1000110 0AMQPAGR
GOODBYE
1S 0CoQeriil APAQAA2A01 A20A200A
FILLER
16 00002111 10MA2AA] 200A0QAA
FILLER
{7 00001000 20708201 AAIAANAN
TM8320)
LOADADDRESS
29 02201200 1020201072 2QecnePR
GOODBYE
2t 20201001 MOAARQR! QAMARAND
FILLER
22 20001031 10000001 22Q0RRAQA
FILLER
23 MogeiQte 200007301 0AQdQRMA
READANDINC?
STEPTHROIGH
24 020201010 10030101 MAAPARQAQ
MO DATA,STEPTHAOUGH
25 Q200P10t1l AANRAQA1Q) GoRPipaQ
INCADDRESS '
26 00001911 100002111 AGPAQRQ02Q
GOODAYE
27 A00R1100 M0Q0QPR! 2000PCRAR
TMSO3QAt STEPTHROUGH
I3 00321100 14227101 3A02ARCA
STEPTHROUGH
31 0020110l GANABRIAY AAAARAQ
STEPTHROUGH
12 90901141 1000A1PA] AAAAANNQ
FILLER
I3 00001110 00022201 PAAAAGRY
LOADREADANDINC?
LOADADDRESS
J4 000271110 1000ARAIA2 200000 0P
MO, DATA,STEPTHROUGH
IS 090001111 AAGARICY! A20A1020
INCADORESS
36 00821111 10200111 A2300A00
GOODBYE
17 aed1a0eC Aganar®l 2PPARANQ

IWRITE DATA FROM DOUT
2AAR0aMO

JAND INCREMENTY TO POINT TN THF
nesanan

INEXT ADDRESS,

naoneaon

{

2000400

INTO wes

ILOAD ADNRESS AND WRITE DATA,
LLELLLLL

|

ProeaA2ae

freaaAee

paagaeame

IWRITE DATA FROM DOUY IMTO LOCAL STORE
poRAARAR

!

RARARAAN

20000200
fRoPA20QA

JINITIALIZE ADNDRESS REGISTER TN VALUF,
NARPAARD

AanacAne
reGroRAQ
"ARANANG

100 NOTHING RUT READ DATA
BRRRAPAY

JREAD DATA AND PUT INTO ™D
fPARO1L 10

JINCREMENT ADDRESS REGISTER,
naArAANR

IEXIT BACK TN CALLER,
P2CeOMPQ

ddJd A Add
{
pRAAQAMY

aRANAAAR
efpamlAnN@

IL0OAD ADDRESS RFGISTER,
ArAABAMD

IWRTITE DATA INTO MD,
peAR011@

IPOINT T0 NFXT ADNRESS,
PARPANMR

LEXIT BACK TN fALLFR,
oracAANn
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THMERAR

LOAOADDRESS

‘a0 00010000 1AACA1AA AGQACERP AMAAARAD

at

- e o= o= o -

OADGRS1
u2
43
uq
s
ae
47
sQ
St
52
s3
‘84
ss
Se
s?

200100A1 10000100 23MA2AAN
29210210 AAAAR111 @AQA1A0N
200102019 j0200111 (1001011
90210011 G0QACat1l 1l0d3n1l
90010011 joeeci1i! 11PA10Y1
peaioi1em Aracal1ll 11941010
gesioten
2AQA1010y 2000111 11G0101}
000102101 10200131 11001011
20010110 00002111 11mA101D
geoielia 12ac8m101 11001010
20010111 QA00P0QNA1 QAGMQAGBAN
90310151 10000001 APRRAGPD
0dej1c00 GQ30PEA1 @QAABARA

GOQORYE
200102001 2RA0AAAA] 20P70RAM APAAAMAAC

.70C LOAD GENERAL REGISTERS FROM WCS

THE GENERAL REGISTERS PAeR7 AND USER R6 ARE LOANED WITH DATa

SAVED IN TWE WCS LOCAL STORE IN 9 CONTIGUOUS LOCATIONS, THE WwWCS CODF
SHOULD LOAD THWE STARTING ADDRESS MINUS OME (LSADRef{) INTO DO AND TRANSF:
CONTROL TO THWIS ROUTINE, THE DATA IS PIPELINFND FROM LOCAL STORE TO
THE GENERAL REGISTYEFS, (IN EACH CYCLE ONE 16 BIT VALUE 1S REING

READ OUT OF LOCAL S”ORE AND WRITTEN INTO THE

MO REGISTER WHILE A SECOND {6 BIT VALUE 18 MOVED FROM MD THROUGH THE
ALU INYO D AND THWEN WRITTEN INTO BOTH THE A AND B SCRATCHPADS,)

CONTROL 18 RETURNED YO THE WCS MICROCODE AT THE END OF TMTS

ROUTINE WHEN CROM<¢2> GOES LOW,

LOADADDRESS

PRACAAAD
MD,DATA, INCADDRESS

, T LILIRY,
LOADGR(7), INCADDRESS

11100110
LOADGRC6&), INCADORESS

11200110
LOADUSERRG, INCADDRESS

10¢em110
LOADGR(S), INCADDRESS

111¢0110
LOADGR(C4), INCADDRESS
1ee211y 110M1010
LOADGR(3), INCADDRESS

fieeatio

a11ee110
LOADGR(2), INCAODRESS

r1e00110
LOADGR(1), INCADDRFSS

?11e0110
LOADGR(®)

P1000112
GOODBYE

pRAANARR
FPILLER

APQRAI2RD
FILLER

afea2ma0



T0C STORE GENERAL REGISTERS INTO WCS,

TME GENERAL RFGISTERS RA=«RT AND USER Ré& ARE SAVED INTO THE WCS LOCAL
STORE IN 9 CONTIGUOUS LOCATIONS,
TMEPTR WITH THE STARTING ADDRESS OF THIS ROUTINE AND CLOCKING
INTO D THE LOCAL ADDRESS MINUS ONE (LSADRel), THE DATA IS

PIPELINED FROM THE A SCRATCHPAD
16 BIT VALUE I8 READ OUT OF THWE
CLNCKED INTO D WHILE ANOTHER 16
D8 PREVIOUSLY IS WRITTEN INTO &
RETURNS YO THE wWCS MICROCONDE AT

GOES LOw,

TOREGRS ¢

_LOADADDRESS

60 00011007 (PQA2A10Q ANAGRARAA
STOREGR(T)

61 020011001 A20AQA101 AMRANAALY
STOREGR(6), INCANOWRITE

1Pp21111 QQuematy
STOREUSERRSG, INCANDWRITE

63 fo0lioine PAQAL111Y Q20AMAlLY
STOREGR(S), INCANDWRITE

64 002110107 1081111 AGAMDRLQ
STOREGR(4), INCANDWRITE

65 0@011011 MERB111] AAnANAlQ
STOREGR(3), INCANDWRITE

66 00011011 10a01111 QPAGAALY
STOREGR(2), INCANDWRITE

67 020011100 APAA111t APANAAYL
STOREGR(1), INCANDWRYITE

73 @FO11100 10001111 @OAROAlQ
STOREGR(@), INCANDWRITE

71 00011131 @deariily 2AMR@ALIN
INCANDWRITE

72 00011101 {0021111 @AAnARARA
GOODBYE

73 Q209211110 APMCG0A1 2ARpAPARQ
FILLER

T4 020011110 10002201 Q0P30QARNA
FILLER

62 0001100}

reagoane
11100001
11060001
120800001
11100001
11200001
plinanal
ajeeraal
ajireoQy
A1eaRaAAY
A0QAARRAAD
il ddd 1y

ARARANAA

7% Q20211111 72AAAAA1 Q2037AARA APARAARR

«T0C

g -/

THIS CODE IS INITIATED BY LOADING

TO WCS LOCAL STORE, (IM EACHW CYCLE ONE
A SCRATCHPAD THROUSGH THE ALU AND

BIT VALUE WHICM MAD REEN CLNCKXED INTO
LOCAL STORF ADNDRESS,) CONTRPOL

THE END OF THE ROUTINE WHEM CRAMM <>

LOAD WARM FLOATING POINT RFGISTFRS FROM WCR,

O



OADFP}

THE SIX WARM FLOATING REGISTERS ARE LNADED WITH DATA PREVIOUSLY

SAVED IN THE WCS LNCAL STORE IN 24/1@ CONTIGUOUS LOCATIONS, THE

WCS INITIATES THIS COOE BY LOADING TMSPTR WITHW THE STARTING ADNRESS

OF THIS ROUTINE AND CLOCKING INTO D THF LOCAL STORE ADDRESS MINUS ONF
(LBADR=1}Y, THE DATA I8 PIPELINED FROM LOCAL STORE TO EITHER THE A OR

B SCRATCHPADS, CIN EACH MICROCYCLE ONE 16 BIT VALUE IS AEING REAN

OUT OF LOCAL STORE AND WRITTEN INTO THE MD REGTISTFR WHILE A SECOND 16 BI
MOVED OUT OF THE ™MD THROUGH THE ALU, THROUGH D AND WRITTEN INTO EITHER 1
A OR B SCRATCHPAD DEPENDING UPON THE SIGNIFICANCE OF THE RFGISTER,)
CONTROL RETURNS TO THE WCS ROUTINE WHEN CROM<2> GOES LOW,

LOADADDRESS

76 280211111 123000100 2APAAARA AAAPAAAL

MD_DATA, INCADDRESS

77 00197000 2ANGR11{ PARD1000 NAAAALLW

LOFPB(S), INCADNRESS

20 020194000 100200111 /1011210 1710@110

LOFP1(S), INCADDRESS

a1 ool08001 28N0A111 17211012 1010P110

LOFP2(S), INCADDRESS

g2 001020071 1000A111 A1AAIALA 12100110

LOFP3(5), INCAODRESS

23 020170017 20Q@0111 10001P1@ 10100110

LOFPQ@(4), INCADDRESS

A4 2A100010 12020111 P1Q11010 (1AARAI1@

LOFP1(4), INCADDRESS

2% 20107011 20322111 107211010 (4002110

LOFP2(4), INCADDRESS

36 90100011 17AAAA111 A1PA17A10 10AGA11A

LOPP3(4), INCADDRESS

A7 02010221007 2AMNR111 10001412 17ARANI{A

LOFPA(3), INCADDRESS

10 02010021002 100300111 21011811 A21AAL11Q

LOFP1(3),INCADDRESS

{1 Qotmat19)l 200MAA111 10011011 AQIQAL1Q

LOFP2(3), INCADDRESS

12 00190121 1@ge@lll 19B31Q11 AP1AAL10Q

LOPP3I(3),INCADORESS

13 @eaipniia PoaRAl1l1l 10AR1811 A0leRlln

LDPPAC2), INCADDRESS

14 Q0100110 12000111 Q21011311 fePMAAl11QA

LDFP1(2), NCADNRESS

1S 020120111 QQQePA11l 10911011 APARAL11Q

LOFP2(2), INCADDRESS

16 090120111 1020AQ11] 21ad121] AcRAAYYQ

LOFP3(2), INCADDRESS

17 002101000 00aARIt1 102A1011 MAGAN11Q

LDFPA(1), INCADDRESS

20 20101000 10A00111 A1A11AI0 A21QAAL1A

LOFP1(1),INCADDRESS

21 001010021 A2AAA1L1 12311010 eeien11e

LOFP2(1), INCADDRESS

22 001010} 13M2011) A10301010 A2i0711Q

LOFP3I(1), INCADDRESS

23 @0121010 23P0Q111 1000A10210 PA1QAL1Q

LOFPA(Q), INCADORESS

24 P0101@i 1002Q111 21211010 AOARQROA11Q

LDFP1(®), INCADDRESS

S 30121811 A0ARR111 1AA11A10 ABARAA]1R =



126 2010121} 10@2211) 210A1n10 PAARA11AQ

.o LOFP3(0)

137 Q0181100 00000101 1AOAIN1D A2PAALILA
GaooosYye

130 9201231100 12900031 2000ANQR0A QRQAAAMA
FILLER

131 00101101 223000001 2020207 AQANAAAA
FILLER

132 ¢@01{01101 100@APRR 02000000 P0003NAQ

:.

l STORE INTO 24/1? CONTIGUOUS LOCATIONS,

{ POINT REGISTERS WORDS ARE SAVED IN SIGNIFICANCE ORDER,

!

!

{

l STORE,

{

!

! LOCAL STORE ADDRESS),

I END OF THE ROUTINE WHEN CRON<2> GOES LOW,

l

STOREFP}
LOADADDRESS '

133 9201021110 00000100 200ARAA PAAPDAREQR
STFPA(S)

134 09101110 10002101 020P00A1Q 1G4A211Q0

' " STFP175), INCANDWRITE

135 922101111 200A111] Q00007310 1A1100A]
STFP2(S), INCANDNWRITE

136 Q0101111 17P201111 Q0QQ00173 l0@A1Q0Q
STFP3(S), INCANDWRTITE

137 00110000 202001111 @ramPA1l 1A1pAEN]Y
STFPA(4), INCANDWRITE

140 00110003 10201111 APACAR1IA 10202107
STFP1(4), INCANDWRITE

141 92®110001 A2PA1111 QPAQAP1Q 12710041
STFP2(4), INCANDWRITE

42 22110001 100201111 ARAAAR1IA 12002000
SYFP3I(4), INCANDWRITE

143 Q22110010 222A1111 0ARQ0QA1IQA 10PAAPMAY
STFPA(3), INCANDWRITE

144 20110012 100A1111 MAQRAGAL1 Q@2Q11QQ
STFP1(3), INCANDWRITE

145 00110011 Q22071111 QA0pARc1| "AliAAA]
STFP2(3), INCANODWRITE

146 20110211 10001111 MOANAA1Y 2RGA1PPD
STFP3(3), INCANDWRITE

147 Q0112100 GRQ01111 00QRA2A11 AP1AAANY
STFPR(2), INCANDWRITE

15@ 0200114120 10021111 @ode/Anil aeamaiannp
STFP1(2), INCANDWRITE

151 90112101 02@dl111] 00NARAL] APA1IAAN]
STFP2(2), INCANDWRITE

152 0A112191 1eeallily 2PPPEARl] ARAMAQABAAR
STFP3(2), INCANDWRITE

1S3 0@ei10110 @rEMA111] C0ANRQ11 ARAABAAY

LDFP2(@), INCADDRESS

THE SIX WARM FLOATING POINT REGISTERS ARE SAVED INTO THWE WCS LOCAL
WITHIN EACH OF THE FLOATING
THE WCS8 ROUT:
INITIATES THIS CONRE RY LOAOING TMSPTR WITH THE STARTING ADDRESS OF TN
ROUTINE AND CLOCKING INTO O TME LOCAL STORE ADDRESS MINUS ONE (LSADRe"
THE DATA 18 PIPELINED FROM THE A NR B SCRATCHPANS INTO THE WCS LOCAL
(IN EACH MICROCYCLE ONE 16 BIT VALUE IS READ OUT OF THE

A OR B SCRATCHPAD THROUGH THE ALU AND CLOCKED INTO D WHILE ANOTHER 16
VALUE WHICHW HAD BEEN CLOCKED INTO NB PREVIOUSLY IS WRITTEN INTO A
CONTROL RETURNS TD THE WCS MICROCODE AT THE

€12



154
199
156
137
160
161
162
163
164
169
166
167

- e —— - — — ——

SYFPA(L1), INCANDWRITE
28110110 1202111} Q20002A1N
STFPL (1), INCANDWRITE
go11011y 200M01111 QoQOAALA
$TPP2( 1), INCANDWRITE
60110111 12A01111 Q20Q0aiQ
STPFP3I(1), INCANDWRITE
00111000 20M21111 Me@doRRlQ
STFPO(Q), INCANDWRITE
00111000 12001111 QemoR010
STFPI(B), INCANOWRITE
g0111001 2GaA11!) 2MAAAAA1IA
STFP2(B), INCANOWRITE
90111001 10001111 Q22PaAcAld
STFPI(O), INCANOWRITE
9111010 M2221111 QAAMRRALIQ
INCANDWRITE

go11121Q 12001111 QQaQGQPQAQP
GOODBYE

92111011 00Q00MA1 20002A0AN
FILLER

PAL11011 10200001 2PQ00A00
FILLER

82111100 22000001 220023200

.T0C

a0001100
ee11anay
AARI0A0D
LEEELLES
ACMEA1A0
20210001
WELTLLLT)
ABAMANDY
LLLELLED
70000200
AG0MaARA

A2a00aR0

LOAD C SCRATCHPAD EXCEPY RASE CONSTANTS FROM wWeS,

THIS ROUTINE LOADS ALL OF THE ENTRIES IN THE C SCRATCHPAD EXCEPT

FOR THE BASE CONSTANTS FROM DATA PREVIOUSLY SAVED IN THE WCS LOCAL
STORE IN 12710 CONTIGUUUS LOCATIONS, THIS CODE IS INITIATED RY ‘
LOADING TMSPTR WITH THE STARTING ADDRESS OF THIS ROUTINE ANN CLOCKING
INTO D THE LOCAL STORE ANDRESS MINUS ONE (LSADRel)Y, THE DATA IS

READ OUT OF wWCS LOCAL STORE AND WRITTEN INTO THWE C SCRATCHPAD IN ONE
MICROCYCLE, EACH CYCLE HANDLES ONE 16 BIT ITEM, CONTROL RETURNS TO
THE WCS ROUTINE WHEN CROM«2» GOES LOW,

0ADCSP Y

70
T
T2
73
74
15
76
7
2o
21

LOADADDRESS
90111100 12300102 2APOPORQD
LDC8P(17), INCADDRESS
gei11101 8acAnt1ly 20041101
LOCSP(16), INCADDRESS
e21111a) 18AMR1t1 AAARAIONY
LOCSP(15), INCADDRESS
P0111117 PeadRtly mepal)d0
LOC8P(14), INCADDRESS
2011111, 1000QB111 ANQAIRAD
LOC8P(13), INCADORESS
eA1111i1 APARA11] 0QAPRLI1AY
LOCSP(12), INCADDRESS
911111y 1022111 @e2Aaaiant
LOCSP(11),INCADDRESS
2120080200 AMR0R111 MB3@P1100
LOCSP(12),INCADDRESS
P1000000 1GACA111 Q20D10AQ
LDCSP(T), INCADORESS
Al1e000n] Q02aQQlll 20adii1At

aro2a000
{1oconto
{10analQ
11000010
110P0010
210pB010Q
1000010
aiamealae
ni1aonAria

10000210

E-15



cee
203
224
2oes
206
207
»70C
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LDCSP (&), INCADDRESS

e100m001 12@R2111 2Q0nia@l 10G0RAQ1QA

LOCSP(5), INCADDRESS

21220010 PeQ2M11] Q02011720 1MERAN1Q

LOCSP(4), INCADDRESS

10002010 t12a3an1l] Q0MR1MAA 1030A0R1Q

GO0OBYE

91000711 20000001 200P20AAA APNQOABD

FILLER

21002011 1200PAQ1 2ANAQRAPA ARAQR0PQ

FILLER

21000127 2AQ00QQ21 2000020 AAAARARD

STORE € SCRATCHPAD EXCEPT BASE CONSTANTS INTO WCS,

THE C SCRATCHPAD ENTRIES EXCEPT FNOR THE BASE CONSTANTS ARE SAVEN INTO
THE WCS LOCAL STORE INTO 12/10@ CONTIGUOUS LOCATIONS, THIS CODE IS
INITIATED BY LOADING TMSPTR WITH THE STARTING ADDRESS OF THIS ROUTINE A
CLOCKING INTO D THE LOCAL STORE ANDRESS MINUS ONE (LSADRel), THE DATA
18 PIPELINED FROM THE C SCRATCHPAD INTO THE WCS LOCAL STORE, (IN EACM
CYCLE ONE 16 RTIT VALUE IS READ OUT OF THE C SCRATCHPAD THROUGH THWE ALU
AND CLOCKED INTO D WHILE ANOTHER 16 RIYT VALUE WHICH HMAD BEEN

PREVIOUSLY CLOCKED INTO DB IS WRITTEN INTO A LOCAL STORE ADDRESS),
CONTROL RETURNS TO THE WCS MICROCODE AT THWE END OF THE ROUTINE

WHEN CROM«2> GOES LOw,

STORECSPt

210
211
21e
213
214
215
216
217
229
221
222
223
224
22%

2226
227

LOADADDRESS

21003100 10003100 3AQ0RPAR POARAAAN

STCSPCIT)

212@01021 20700121 Q20MRAA111 110PBALN

STCSP(16), INCANDWRITE

e1gm2101 1em2111] PeQAGAl) 110PANAYL0D

STCSP(15), INCANDWRITE

01900117 CAM21111 2GG2Q11M 11000Q1Q

8TCSP(14), INCANDWRITE

21007110 1MA2111] GAROAALA 110AAR1Q

STCSP(13),) INCANDWRITE

21407111 GAeanilll OANAAL1]1 O1MNDA1A

STCSP(12), INCANDWRITE

01008111 10031111 0MPAAA11 PAIAAAALD

STCSP(11), INCANDWRITE

210710202 QA0@21111 AMACA{1P Al1QABN1Q

8TCSP(12), INCANOWRITE

21001000 10001111 OMAROQA1R AlNQOR1Q

STCSP(7), INCANOWRITE

AleRion1 00AB1111 BNRBAIL1 1PRARALIR

STC8P(6),INCANDWRITE

21001201 1de01111 AR000QA1) 1MOQOQAtIQ

STCOP(S), INCANOWRITE

21201210 edenlll] PAARQ11Q 10000M10

STC8P(4), INCANDWRITE

21001010 10001111 23000010 17ACAALA

INCANDWRITE

21001011 APAR11i1l A0AGRARE AAANAANA

GOOOBYE

212301211 10020001 AAAAAAAD ARRARRAR

FILLER

010071100 Q20AQPRRL P0QB2QPAD PAARANAR £¥
-



PILLEN
230 0Qioeiice 1200@@2) AeaaQern

.10¢

LOADNWCSABS
LOADADDRESS

01001]01 22007100 AnABAAAR
MD_DATA, INCADDRESS

231

232 01001101 13AG0111 00QPiIQACA
LOWCSA(B), INCADODRESS

233 01921110 M0POGQALLY 10011010
LOWCS8(2), INCADDRESS

234 21001114 10020111 B101im1A
LOWCSB(1)

23S 021091i11 QGQ0ecQiR! AtotiotiQ
GoODBYE

236 01001111 10022a01 200AQR00
FILLER

237 21210000 20ANA0A] P2ANAAAANA
FILLER ,

249 010170020 10002021 P2Q00ANQR

. 70C STORE WCS USER

STOREWCSAR
LOADADDRESS

241 01010001 ACA0A1Q2 Q2A0APAQA
STWC8A(D)

242 010120021 12002101 PAPPOAALA
STWCSBA(B), INCANDWRITE

243 010210013 20001111 AAAARRALQA
STWCSAC1), INCANDwWRITE

244 Q1210017 100P111] 03000010
INCANDWRITE

24S 01010011 GQAR1111 AMRQQQ0Q
GOODBYE

246 01013711 100AQRA1 3AGPAN0A
FILLER.

2UT 01212103 2°A030A01 3200A3Q0

‘ FILLER '

250 01210127 1APPAG0L 0ANAAAND

. 70C T™S UTILITY ROUTINES 10

SETLOADS
LOADADDRESS

251 01210101 AAGAMIRA Q03NN QAA

MD_DATA, INCADDRESS
2%2 0210210101 1d02A111 adaaiann
GOODAYE ‘

253 21010110 200AARA1 A0PARA0
SETSTOREY
LOADADDRESS
284 1010110 12PrPPiQQ GOW??B?B
GOODBYE
255 91010111 20aPAAAl AAAQARR0

faaaaana

nooncage
paenat1@
21002110
Atagaiia
plinotte
AAANAAR
ARARNRIN

270008000

SCRATCH REGISTERS

pacaenae

21212801

ploadina
a1eatime
foarenan
errganan
A0AA300A3

PA2ARARA

SET LOCAL STNRE ADDRESS

A3aeenrae
PAGRNLL0

gomeAQne

eaggecna

2002aRR0

LOAD WCS USER SCRATCH REGISTERS FROM wCS,

FROM wWCS,

e-15
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A

256
257
260
261
262
263
264
265
266
267
278
271
212
273
274
215
276
277
Inp
301
302
» 303

LOAD ALL A SCRATCHPAD VALUES,

ALL OF THE REGISTERS IN THE A SCRATCHPAD ARE LNADED WITH DATA WHICH

COMES FROM THE WCS LOCAL STORE IN 32 CONTIGUOUS LOCATINNS, THE
WCS CODE SHOULD LOAD THWHE STARTING ADDRESS MINUS ONF (LSADRe1)
INTO D AND TRANSFER CONTROL TO THIS ROUTINE, THIS ROUTINE WILL
PIPELINE THE ODATA FROM LNOCAL STORF TO THE GENERAL PEGISTERS,

(IN EACH MICROCYCLE ONE 16 BIT VALUE IS READ OUT OF LOCAL STNRE
AND WRITTEN INTO THE MD REGISTER WHILE A SECOND 16 AIY

VALUE 1S MOVED FROM MD THRNUGH THE ALU INTO D AND THEN WRITTEN
INTO THE A SCRATCHPADS,) CONTROL 1S RETURNED TO THE

WC8 MICROCODE AT THE END OF THIS ROUTINE WHEN CROM<¢2> GOES LOW,

SPADLDAD:S

LOADADDRESS
21010111 100001030 AG202AR2 QAPBQQCPAQA
MO_,DATA, INCADDRESS
21011200 ACAAR111 AOAARIMA0A QA0ORAY1Q
LOADASPAD(RAR®), INCADDRESS
21011000 10000111 (0QRiP10 P12P0110
LOADASPADO(RA1), INCADDRESS
010110a1 Q0POG111 100MA1013 A110AL10
LOADASPAD(RR2), INCADDRESS
A1A112A1 100AA11] 10201011 A1AANALIL1A
LOADASPAD(RAY), INCADDRESS
21011210 72MAA111 10001211 0A110A11Q
LOADASPAD(R@4), INCADDRESS
212811010 l0@@a1l 172921017 (1QA@0110
LOADASPAD(R@S), INCADNRESS
21711011 272302111 10031012 1{1PA11Q
LNADASPAD(RAb), INCADDRESS
AMAL111 170000111 1000101 11APDYI1Q
LOADASPAD(RB7), INCADDRESS
21211100 20@2A111 17P0N1011 f110011Q
LOADASPAD(RI®A), INCADDRESS
21711100 12322111 10031017 FRARGL1Q
LOADASPAD(R11), INCADDRESS
21211101 20070111 10021010 AP1RA110Q
LOADASPAD(R12), INCADDRESS
21211101 10@Ra1l1 10AA1A11 ACQROAL1Q
LOADASPAD(R]3), INCADDRESS
21711118 AAGAAR11] (00A1ALY1 QP1GRIYP
LOADASPAD(R14), INCADDRESS
21711110 1207a111 100R1017 1PAEALI10
LOADASPAD(R{S), INCADDRESS
21211111 ARAR@il] 120321012 1A1P0110
LOADASPAD(R16), INCADDRESS
21311111 172aRA111 1AGA121] 1ANARLILQ
LOADASPAD(R17),INCADDRESS :
211000020 AAAGA111 10001011 1°103110
LOADASPAD(R2®), INCADDRESS
2110000m 1022AA111 (0211012 AlAGAI1Q
LOADASPAD(R2Y), INCADDRESS
a11pQe01 AReRA11] 10211912 A110A110Q
LOADASPAN(R22),INCADDRESS
21100001 100AR111 10211211 AfnBALl1C@
LOADASPAD(R23), INCADDRESS
211020010 020rAQ11] 10Q11011 Q1107110

E-lG



LOADASPAD(R24), INCADORESS

304 01100010 1028R111 12711010 1100A110
LOADASPAD(R2S5), INCAODRESS

308 91100011 MARAAAI1] 10011010 11100110
LOADASPAD(R26), INCADDRESS

306 021122411 1700M0111 10011011 11MGO1L0Q
LOADASPAD(R27), INCADDRESS

387 Q1170100 A2PAA111 10411011 11100110
LOADASPAD(R3I®), INCADDRESS

318 01173100 12000111 10011017 APAAR110
LOADASPAD(R31), INCADDRESS

311 01109a101 220032111 12411014 AALANI{Q
LOADASPAD(R32), INCADDRESS

312 0119M101 1200A111 10011011 POGMAALILIP

~ LOADASPAD(R3I3), INCADDRESS

313 0122110 A0MOA11] 19AM11A1] AP1AG11A
LOADASPAD(R3U), INCADDRESS

314 01190110 12000111 120411017 12A0011D
LOADASPAD(R3IS), INCADORESS

31 Q91122111 Q2000111 111010 1A10M14Q
LOADASPADC(R3&), INCADDRESS

316 B1102111 10000111 17011011 10000110
LOADASPAD(RIY)

317 01121000 220001081 10011011 105PL10Q
GOO0ODBYE

320 01101000 1207A0A1 020RGAAN AARAANPD
FILLER

321 01191001 0002720 AACAAAMNE AAAAARAQQ
FPILLER

322 01101001 12000001 2AN2AG00 AAANANAQ

. T0C STORE ALL A SCRATCHPAD VALUES INTO WCS LOCAL STORE,

ALL OF THE Ao SCRATCHPAD REGISTERS ARFE SAVED INTD THF W(CS

LOCAL STORE IN 32 CONTIGUOUS LOCATIONS, THE WCS INITIATES

THIS CODE RY LOADING TMSPTR WITH THE STARTING ADDRESS nf

THIS ROUTINE AND CLOCKING INTO D THE LOCAL SYORE ADDRESS

MINUS ONE (LSADRey), THIS ROUTINE PIPELINES THE NDATA

FROM THE A SCRATCHPAD TO LOCAL STORE, ( IN EACH MICRNACYCLE

ONE 16 8IT VALUE IS READ OUT OF THE A SCRATCHPAD THROUNRH THWF ALU
AND CLOCKED INTO D WHILE ANOTHER 16 ARIT VALUE WHICH MWAD BEEN _
CLOCKED INTD DB PREVIOUSLY IS WRITTEN INTO A LOCAL STORE ADDRESS.)
CONTROL RETURNS TO THE WCS ROUTINE WHEN CROMe2> GOES LOW,

e Gw B G P G B S B S Gw

ASPADSTORE:
LOADADDRESS
STOREASPAD(RO®)

323 Q1101012 Q0000101 20200217 A1p20B01
STOREASPAD(RAL), INCANDWRITE

324 021101010 1PAG111] APANRARIA PAlLIMAGAY
STOREASPAD(RB2), INCANDWRITE

12% 01101011 A0QQ1111 00PPPGI! P10CONAY
STOREASPAD(RAY), INCANDWRITE

J26 01101011 1000111] GQOCPAB11 Bl1@2ANM]
STOREASPAD(ROL), INCANDWRITE

327 021121100 20201111 20272010 11200008
STOREASPAD(RAS), INCANDWRITE

330 0911211022 10001111 QA0AGANI™ 11100001 E;'-,:?



334
332
313
334
3138
3136
3137
340
341
LY
343
344
348
las
347
isa
59
352
353%
354
38§
31%6
357
360
361
362
363
364
365

366

STOREASPAD(RAG), INCANDWRITE
01101101 20@02111! 2A2AMRALY 110MGODY
STOREASPAD(RQAT), INCANDWRITE
01121101 10001111 PAQRPOQAL1 111000GQY
STOREASPAD(R1O), INCANDWRITE
21101110 20331111 00000R10 AGRAPAGAY
STOREASPAD(RI1), INCANDWRITE
21101110 1000111 0QA000.0 AN1QMAURY
STOREASPAO(RI2), INCANDWRITE
01101111 QGE21111 Q0AAA2R11 MAOPAPARAY
STOREASPAD(R1I3), INCANDWRITE ,
21101111 10R01111 2OMAPARIY 3010004}
STOREASPAD(R14), INCANDWRITE
21110000 20001111 2P0AP210 17M0AMANY
STOREASPAD(RIS), INCANDWRITE
91110002 17331111 BP00CR10 {2100QQY
STOREASPAD(R16), INCANDWRITE
21110081 00AA11l] 2AQA0ARAI1 10ARAAMY
STOREASPAD(RLIT7), INCANUWRITE
21110021 1000111] 20000Q11 1010307QAY
STOREASPAD(RZO) , INCANDWRITE
21113010 22201111 20000AQR10 PlAtIAPAAY
STOREASPAD(R21), INCANDWRITE
O!;tﬂ@!a 10001111 ePRAPQR10 A1110ARY
STOREASPAD(R22), INCANDWRITE
21110Q11 72301111 30PANE1Y M1A10A0Y
STOREASPAD(R23), INCANDWRITE
21110911 10001111 MRCAGPIY O111QAPY
STOREASPAD(R2U), INCANDWRITE
211170120 20031111 20AROP1IO 110182AY
STOREASPAD(R2S) ) INCANDWRITE
21110120 12201111 AOAMCALI0 111100B1
STOREASPAD(R26), INCANDWRITE
1110101 P@MB111]l AANAAMLYL 11010001
STOREASPAD(R27), INCANDWRITE
1110101 12001111 200PPQA11 11110001
STOREASPAD(RIA), INCANDWRITE
P1110110 PAAB111Y PAOACPPLID POA1ORA!
STOREASPAD(R3L), INCANDWRITE
21110110 10001111 ANAGREAIA AR110A0Y
STOREASPAD(R3I2), INCANDWRITE
21110111 722001111 NBAPGA1] APAINOOY
STOREASPAD(R3IZ), INCANDWRITE
81110111 19001111 IP0APRI1 AALI1AMDY
STOREASPAD(RIU), INCANDWRITE
21111000 20021111 00QACPQ10 1271A0RY
STOREASPAD(R3S), INCANDWRITE
21111000 10021111 2P0AGRA12 10110001
STOREASPAD(R3IS), INCANDWRITE
21111041 00001111 PACAAN1L 1AA10ANNAY
STOREASPADC(R37), INCANDWRITE
1111001 1000111] 2@RPAC11 10110001
INCANDWRITE
21111010 0PQ21111 COPACANA ANARRQAQ

Y. Y V' 3
&800BYE

21111010 13202021 A0CE223AA ANARRARA
FILLER

21111011 APRNAGAGL 2PAQAPAPAQ ONAPRAAR
FILLER

21111811 120000041 A0ARCANA 2PQ200700

=-18
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LOAD ALL 8 SCRATCHWPAD VALUES

ALL OF THME REGISTERS IN THE B SCRATCHPAD ARE LOADED WITH DATA WHICH
COMES FROM THE WCS LNCAL STORE IN 32 CONTIGUOUS LOCATIONMS, THE

WCS INITIATES THIS CODE BY LOADING TMSPTR WITH THE STARTING ADORESS
OF THIS ROUTINE AND CLOCKING INTO O THE LOCAL STORE ADDRESS MINUS ONE
{L8ADRe}) THIS ROUTINE WILL PIPELINE THE DATA FROM LOCAL

STORE YO THE GENERAL REGISTERS, CIN EACKH MICROCYCLE ONE

16 BIT VALUE 18 READ OUT OF LOCAL STORF AND WRITTEN INMTO THE MD
REGISTER WHILE ANOTHER 16 BIT VALUE IS MOVED FROM MD THROUGH

THE ALU INTO O AND THEN WRITTEN INTO THE B SCRATCHPADS)Y,

CONTROL IS RETURNED 70 THE WCS MICROCODE AT THE END OF THIS

ROUTINE WHEN CROM<2> GOES LOW,

BSPADLOAD?

387
370
I
372
373
374
375
378
377
4g0
(Y%
g2
403
40y
4gs
uge
47
410
“11
412
413

LOADADDRESS
21111100 20000107 AP002022 A2AANCAN
MO, DATA, INCADDRESS
21111100 10003Q111 QPRI 2AM AAAAAL LA
~ LOADBSPAD(RP), INCADDRESS
21111101 20002111 21a01a1d P1ARALLQ
LOADBSPAD(RA1), INCADDRESS
21111101 12047111 P1AA1010 2110011
LOADBSPAN(RA2), INCADDRESS
A1111110 A0ARQ111 O1PA1R11 PAl@EAL1Q
LOADBSPAD(RAI), INCADDRESS
21111110 10008111 21001211 21100110
_ LOADBSPAD(RA4), INCADDRESS
21111111 26000111 A1031010 113PA110
LOADBSPAD(RAS), INCADDRESS
21111111 19000111 P10G1Q10 11100110
LOADBSPAD(RB6), INCADDRESS .
10007000 A3AMA11] A1AA1Q11 11cdAB1LQ
LOADBSPADC(RET), INCADNRESS
100P2000 1000GA111 Q1001711 11100110
LOADBSPAD(R1B), INCADDRESS
12070021 APENRI11 P1P2A10IM ARAAAL1Q
LOADBSPAD(R1I1), INCADDRESS
10002001 10003111 A1POA1017 B010QAL11Q
LOADBSPAD(R12), INCADDRESS
10000010 200R011! 41001011 PAGAALLA
LOADBSPAD(R13), INCADDRESS
100000108 10070111 21001011 BR10A110
LOADBSPAD(RIU), INCADDRESS
1027011 PAPP1I1Y MPQRIA1Q 1RAPGYILD
LOADRSPAND(R1S), INCADDRESS
10000011 1°PEA111 210A1RIP™ 1P1Q011Q
LOADBSPAD(RI®), INCADDRESS
100001020 APOCAI11 21AA1M1Y 10Q0011A
LOADBSPAD(R17), INCADDRESS
12000170 10AQA11] 210A101] 10100110
LOADOBSPAD(R27), INCADDRESS
10000101 A2PAN11! P1011010 B10202110
LOADBSPAD(R21), INCADDRESS
10000101 1°P20111 A1011212 21100810
LOADBSPAD(R22), INCADDRESS
10002110 Q0000111 41R1101) A1AAD11Q
LOADBSPAD(R23), INCADORESS
10000110 10002111 A1N11011 A1100110



LOADBSPAD(R24), INCADDRESS

41S 10000111 @APRA11] A1011M10 110P2118
LOADBSPAD(R2S), INCADDRESS

416 102000111 10QQQ111 O1A11010 111P011Q
LOADBSPAD(R26), INCADDRESS

417 10001000 00M2A111 10411011 119ARA11A

. LOADBSPAD(R27), INCADDRESS

420 10001000 12400111 Q21211m1) 111MAYLLO
LOADBSPAD(R3IA), INCADDRESS

421 100010n1 Q002111 21011010 PAGAN11Q
LOADBSPAD(R31), INCADDRESS

422 10001001 10000111 21211010 AP1PA110
LOADBSPAD(R32), INCADDRESS

423 10001010 Q2A0011) 7111011 QQ@AN11Q
LOADBSPAD(R3I3), INCADORESS

424 10901010 10000111 Atollntl MA1ABI1Q
LOADBSPAND(R34), INCADDRESS

425 10001011 AP20AI1] Alolinte 1ABAMLLQ
LOADBSPAD(R3IS), INCAODRESS

426 10001011 100PQ0111 Q21711010 10100110
LOADBSPAD(R3S), INCADDRESS

427 100011020 eMOMAll] Al011011 100MAL1Q
LOADBSPAD(R3Y)

433 103701100 1PQ0OQ10Q1 A1211011 101MA11Q
GOoDBYE

431 10P01101 2PPAAGAL1 APARCPAIN AAANACAA
FILLER

432 10001101 10200001 2APANAND ANPARAALR
FILLER

433 10001110 00PAQNG3! P20PAN3P 002PMAQRD

.T70C STORE ALL 8 SCRATCHPAD INTO WwCS LOCAL STORE

ALL OF THE B SCRATCHPAD REGISTERS ARE SAVED INTO THE wWCS

LOCAL STORE IN 32 CONTIGUOUS LOCATIONS, THE WCS INTTIATES

THIS CODE BY LOAOING TMSPTR (BY USE NF UCON) WITH THE

STARTING ADDRESS OF THIS ROUTINE AND CLOCKING INTOD D THE LOCAL
STORE ADDRESS MINUS ONE (LSADRey), THIS ROUTINE PIPFLINES THF
ONE 16 BIT VALUE I8 READ OUT OF THE B SCRATCHPAD THROUGH THE ALU
AND CLOCKED INTO D WHILE ANOTHER {6 B8IT VALUE WHICH HAN REEN
CLOCKED INTO DB PREVIOUSLY IS WRITTEN IMNYO A LOCAL STNRE ANDRESS,)
CONTROL RETURNS TO THE WCS ROUTINE WHEN CRNMc2> GOES LOw,

G S G- G P Pw B G B G P

BSPADSTORE: L
LOADAODDRESS

434 100201110 10073100 PAGRACED AGQAANQP
STOREBSPAD(RO®)

43S 10001111 QA0NOR1Q1 2ANRANIA B10A0AB0E
STOREBSPAD(RO1), INCANDWRITE

436 10001111 100431111 QANRPAA1A P1001P0N
STOREBSPAD(RA2), INCANDWRITE

437 1e01Qe2a Q0031111 AANMAN11 P103AA3Q
STOREBSPAD(RA3), INCANOWRITE

G4d 19010040 10MO1111 QAMQAQ211 AladinmA
STOREBSPAD(RR4Y), INCANDWRITE

441 19010001 22A01111 OMAACAAIN 110000AN
STOREBSPAD(RAS), INCANDWRITE

442 10010001 1AQPA1111 OPRAAA1™ 11A01000



443
444
a4qs
a4é

447

4se

as)
ase
4s3
4s4q
4ss
4se
457
den
4o
dee
463
4su
465
use
us?
are
471
are
ars

474

475

47
ar?

Seo

STOREBSPAD(RDAS), INCANDWRITE
190010010 200051111 ANRAANALY 11000000
STOREBSPAD(RBT7), INCANDWRITE
10010019 10001111 ANOBARLY 110M1ANN
SYOREBSPAD(RIOQ), INCANDWRITE
19010011 007R111] ACOAPAAIO 0P0MQPAD
STOREBSPAD(R11), INCANDWRITE
10010811 100031111 0ARARR1A ARAAIAAR
STOREBSPAD(R12), INCANDWRITE
10010100 00M01111 000PG011 0OANAQAQQ
STOREBSPADC(RI3), INCANDWRITE
10010130 1020021111 AneRRRA1l AAQALQ0Q
STOREBSPAD(R14), INCANDWRITE
10010101 @200111! 2AANARICP 170AAOAA
SYOREBSAPADCRIS), INCANOWRITE
18010191 10021111 230320A1A 172010G0
STOREBSPADC(R16), INCANDWRITE
12010110 30A01111 2MA00A11 1PAGAAAPQ
STOREBSPAD(R1I7), INCANDWRITE
190010112 100021111 9GRAPAQ11 10001020
STOREBSPAD(R23), INCANDWRITE
1001211} 20002111] 20030MiQ AlOABLIAA
STOREBSPAD(R21), INCANDWRITE
19010111 10001111 2000012 B1AR1100
STOREBSPAD(R22), INCANDWRITE
10211000 20AR111] GAAAAR1I1 P1ARA1MA
STOREBSPAD(R23), INCANDWRITE
10011000 100C111] 0AQ2GAL1 A1201100
STORERSPAD(R24), INCANDWRITE
10011001 22A0111Y 2000001Q 11POOINA
STOREBSPAD(R2S), INCANDWRITE
17011001 12A2111) QQ@reaIA 113a110R
STOREBSPAD(R26), INCANDWRITE
{R01.010 20071111 Q2AQAQQA1Y1 1100A100Q
STOREBSPAD(R27), INCANDWRITE
10011@10 {32111 0PRA0R1Y (101100
STOREASPAD(RIA), INCANDWRITE
10211011 2AGR1I11]l 2AQAQRPINA G0AARLIAM
STORERSPAD(RI1), INCANDWRITE
10011Q@11 1°QA1111 QAQAAARIA AROO11QQ
STOREBSPAD(RIZ2), INCANDWRITE
10011100 Q2AP1111! Q090MAPR1l AQARALIPO
STOREBSPAD(RIZ), INCANOWREITE
10011120 18a01111 ARAANN1] AAAAIIQR
STOREBSPAD(RIUY, INCANDWRITE
180011101 SPAP111Y APRPQGAIA 10PQ010N
STOREBSPAD(RIS), INCANDWRITE

16011131 10001111 AGAAA21CG 10071100

S8TOREBSPAD(RIS), INCANDWRITE

10011110 Q20R1111 002PAQY1 1PB0R10Q
STOREBSPAD(RIT), INCANOWRITE

1011110 10931111 2APAAA11 10001107
INCANOWRITE

10311111 00AA1111 002PAPAA APARAARNA
GOODAYE

10011111 102AAAA]1 QAAPOAAAR ANAAAAAA
FILLER

10100000 00000001 2PANARAN QACPAQQPRAR
FILLER

10100200 10073001 RR3270RN AGAMAOPA
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« 70C LOAD ENTIRE C SCRATCHMPAD FROM W(CS
!
! THIS ROUTINE LOADS ALL NOF THE ENTRIES IN THE C SCRATCHPAD FROM DATA
} PREVIOUSLY SAVED IN THE WwCS LOCAL STORE, THIS CODE IS INITIATED
} B8Y LOADING TMSPTR WITH THE STARTING ADDRESS OF THIS ROQUTINE AND
| CLOCKING INTO D THE LOCAL STORE ADORESS MINUS ONE (LSADFel),
i THE DATA IS READ OUT OF WCS LOCAL STORE AND WRITTEN INTO TKRE
1 € SCRATCHPAD IN ONE MICROCYCLE, EACH CYCLE WANDLES ONE 16 RIY
| "DATA ITEM, CONTROL RETURNS TO THE wCS MICROCODE WHEN CROM«2> GOES LO
} 4
ALLCSPLOAD!
LOADADDRESS
S31 120100001 MARA2210Q AARNRECD APRAADAE
LOADALLCSP(A), INCADDRESS
See 10100001 1000Q111 A00A1000 QAOO@AP1IP
LOADALLCSP(1), INCADORESS
533 10100012 00030111 A0AB1100 ANANAALA
LOADALLCSP(2), INCADDRESS
S04 179100010 1220R111 00001001 QCARAA10
LOADALLCSP(3), INCADDRESS )
$0S (0102011 20QAQ111 Q0001101 AAPAGALIPR
LOAOALLCSP(4), INCADDRESS
SP6 19170011 1000011] 00AGIOMAE 1PPQRALA
LOADALLCSP(S), INCADDRESS
597 10100100 00MQ2111 PAPALIOR (PAMANLQ
LOADALLCSP(6), INCADDRESS
518 10100108 {0MQ211] AAMALIOQ! 180ABALIA
LOADALLCSP(7),INCADDRESS
S11 10102101 92023111 AAMAGLIIPY (PAGO2LIA
LOADALLCSOP(1@), INCADDRESS
§12 10100101 10QCQA11] 00AGINAN AI1PPAANIA
LOADALLCSP(11),INCADDRESS
$13 10100110 003000111 000N1100 A1GAMALIM
LOADALLCSP(12), INCADDRESS
S{d4 10100110 12APA11] 2000101 AIPAPAIN
: LOADALLCSP(13), INCADDRESS
S1S 178102111 0QAQARA11Y 2GAG1121 A1AMAQIA
LOADALLCSP(14),INCADDRESS
Si16 10104111 10002111 200210900 11008013
LOADALLCOP(15),INCADDRESS
S17 12101000 2000111 APRA1100 {1070R1O
LOADALLCSP(16), INCADDRESS
23 18101000 1020111 00Q0A10PY 1100R0A1D
LOADALLCSP(17),INCADDRESS
521 121010081 ARPEA111 APPA110Y 11CQAOAYR
GOODBYE -
522 1010100) 1000ARR) AARAAANE APAPAPAR
FILLER
23 10101010 CO0OANN] PARAAARA ARABORAR
FILLER
S24 17101010 1000000 CAUAAARA PAARRARAR
«70C STORE ENTIRE C SCRATCHPAD INTO wCS LOCaL S7ORE

g 2%
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ALL THE C SCRATCHPAD ENTRIES ARE SAVED INTO W(CS, THIS ROUTINE 18
CALLED BY LOADING TMSPTR WITH THE STARTING ADDRESS OF THIS ROUTINE AND
CLOCKING INTO D THE C SCRATCMPAD INTO WCS LOCAL STORE, (IN EACH
MICROCYCLE ONE 16 BIT VALUE 18 READ OUT OF THE C SCRATCHPAD, THROUGH
THE ALU AND CLOCKED INTO D WHILE ANOTHER 16 8IT VALUE WHICH HWAD

BEEN PREVIOUSLY CLOCKED INTO DB IS wRITTEN INTO A LOCAL STORE ADORESS,)
CONTROL RETURNS TO THE WCS MICROCODE WHEN CROM<2> GOES LOW AT THE

END OF THIS ROUTINE,

LCSPSTORE!?
LOADADORESS
'S {A101011 B30QA120 2PM00NAD ARAGAAAA

14
1S
‘6
(3
L]
5

STOREALLCSP(Q)

‘10141011 10000101 00PAQRQR1IA AACAGAL1Q

STOREALLCSP(1), INCANDWRITE
10101120 90001111 PAMAAI1A AAAQCQP1A
STOREALLCSP(2), INCANDWRITE
10101120 102001111 2AQMAAQ1Y AMONGAL10
STOREALLCSP(3), INCANDWRITE
18181101 90Q20@111}! 00AAGA11] ~AARION1Q
STOREALLCSP(4), INCANDNRITE
10141101 10001111 AGANAQIA 10P3QARLQ
sTOR!ALLCS¢t5)oINCANDNRITE
10101110 0231111 PAQPAIIR (0MAQGAL1Q
STOREALLCSP(&), INCANDWRITE
18101110 1000111} QA0MR20Q1Ss 10000AP1Q
STYOREALLCSP(7), INCANDWARITE
18101111 202111l APANA11]l 100Q0Q10
SYOREALLCSP(18), INCANDWRITE
10171111 13021111 20MQCA10 A10RAA1Q
STOREALLCSP(11), INCANDWRITE
10110000 07001111 20AAQ11Q 0120RMLN
STOREALLCSP(12), INCANDUWRITE
10110000 10001111 20PRCA1Y O12PABIR
STOREALLCSP(13), INCANDWRITE
18110001 020111 24CQ2A11Y Ql1Q0QQQ12
STOREALLCSP(14), INCANDWRITE

19110001 10001111 07000710 117AQAG1A

STOREALLCSP(1S), INCANDWRYITE
17110010 0AEA1111 OMO0011Q 110@nB10
STOREALLCSP(16),INCANDWRITE
181100104 10031111 2RQAMAAAL1Y 110Q20010@
STOREALLCSP(17), INCANDWRITE
10110011 02021111 00000111 110002710
INCANDWRITE ‘
19110011 10001111 22000000 AN000AMA0
- @oodBYE
10110100 2200n00! 02002000 0AR02020
FILLER
10110100 1002RAA1 Q0AAQ070 @2AQ000Q
PILLER , '
10110101 oQAMANQA] Q00002000 AARQ0000



' T0C

READ TWO PIECES OF DATA FROM LOCAL STOPE

i THIS ROUTINE REQUIRES A TOTAL OF SIx MICROCYCLES TO LOAD
! THE ADORESS REGISTER AND READ TWO PIECES OF DATA FROM LOCAL
i STORE PLACING THE FIRST IN O AND THE SECOND VALUE IN MD, THE
i FOLLOWING DIAGRAM SHOWS HOW TO CALL THIS ROUTINE AND WHAT HAPPENS
} AT WHATY TIMES
] I R A E R R R R 22 22X 22X 22223 22 X2 X222 28 X2 XXX 2 XX XXXXX2X2 K
} " WCS MICROCODE " T™MS AND CROM .
l I I R X R X XY I X2 222X 22X 222222 2 XX XXX SRR R X }
} » » *
H ¢ P2eT, D<==ANNRESSY * NO CONTROL *
{ » N .
l tﬁ.tit'ttiittittttitttt*tt'.tﬁiﬁt.iﬁﬁitttttﬁtttt.tttﬁt.tt'tttttﬁt
[} » . » L
\ * TMSPTR, {LOADREADTWO) * NO CONTROL .
H L » pe
3 2 2 2 XXX 22223222222 k22Z2223 2222222322 XXX 22X 22X 3 ]
] * * "
} " NULL WORD T NO CONTROL L
) * " "
l XX X R E X2 X2 2R X222 X2 X2 X2 22222 X222 X2 2XXX2 XXX RER22E 2
} * . LOAD ADDRESS .
! * * (DATA CLOCKED ONTO BUSDIN) *
} . P3, MDCeaDATA * *
] (X Y X S R X X 2 R R X R 2 X R X2 R 2R XX X 2 X R R X XY X R R XXX ZZ XXX R R RE X
} » , * INCADORESS : .
} » NO CONTROL * P2eT, D<e=MD,(DATA CLOCKED RUSe
| » *+ P3, MO<e=DATA *
t [ 2 2 X2 AR A XX 2R R R XA RRAREZEREXXRZERZ22 RS2 2222 X2 X )
} * , * *
1 . NO CONTROL * GOODBYE *
} » » »
] B 22 I XX A AR 2 2 2R X X2 R 2 R X X A R X R 2 R XX AR AR AR A SRR 2 X )
| * BACK IN CONTROL,
LOADREADTWO?S

LOADADDRESS
§52 10113101 1000010¢ 200GAAAA AAARINAD

O MO, MD_DATA,INCADDRESS
553 1011011Q 32222111 APAAIA10 ARAAALIYQ

GOODBYE
SS4 10110110 1000ACA1 PARNAGOE PPANBOND

FILLER
555 14110111 00RAAANAL 0APAAARD COAARPAANN

. e Sm = S

THIS ROUTINE REQUIRES A TOTAL OF FIVE MICRNCYCLES TO PEAD TwO
PIECES OF DATA ASSUMING THE ADNRESS REGISTER HAS ALREADY.
BEEN LOADED, THE FOLLOWING OIAGRAM SHNWS HOw TO CALL THIS
ROUTINE AND WHAT HAPPENS WHEN] '

gfﬁ?/



P P B G B P P e G G P o P P G P GO Gw P o Pw O OB P e

.'."‘ﬁtt"t'tiﬁ'ttttitttit."i"ti"itttitiiﬁitt.t.i‘t*tttiﬁiitt

" wCS MICROCODE * TMS AND CROM . -
t.tt"ttittttaiitttttitttttit'tttttﬁtttt'ittttttttttttitttttttoat
* * *®
» TMSPTR, (INCREADTWO) » NO CONTROL »
* [ ] [}
(P XXX R EXZ2:Z22 2322822222222 0222222222222 22222 2XRXR2XX22 R
[ ] . ] »
" NULL WORD * NO CONTROL *
* * . *
Y X X A XX 23 X2 X3 2222228 X 2222 XXX 2 XX R X2 XXX X2Z2X2 22X R X 21
. * INCADDRESS : *
. ' ® (DATA CLOCKXEND ONTO BUSDIN) *
* P}, MD<ee NATA » v
(T2 2 XX 2FXX22X22222 2222232222222 22X 22222 2 XXX XSS R Z2 2 X'
" ; * INCADDRESS *
* NO CONTROL * P2e7, D<&eaMD (BUSDIN CLOCKED) =
. » P3, MD<C=eDATA .
[ X X R X2 X2 X22 222X 222 222222222222 222222222222 XXX XX 2 XX X J
* " , »
» NO CONTROL * GOONDBYE ]
* * L ]

T T R R R T P
*B8ACK IN CONTROL,

INCREADTWO
INCADDORESS

586 10110111 12000111 0A20AACA AMAGAAOA
D~"D'ND‘°‘TA'INC‘DDRE83

5S7 10111030 32A02111 670001010 POOCA110
GOODBYE |

560 10111000 10070AD1 2PAAQ00R PAQAQRGAND

,Y0C WRITE TWO PIECES OF DATA INTO LOCAL STORE

!
|
|
l
|

THIS ROUTINE REQUIRES A TOTAL OF SIX CYCLES YO LOAD THE
ADDRESS REGISTER AND WRITE TWO PIECES NF DATA INTO [ NCAL
8TORE, THE FOLLOWING OTAGRAM SHOWS WOW YO CALL THITS
ROUTINE AND WHAT HAPPENS WHENS

([ ZX 22X REERERREESXEARZRSRRZERZSASERRE 2R ARAZRRERR2AR SRR AR RARSRR)

» WCS MICROCODE » TMS AND CROM .
(X223 X222 222ARZEZEXERZRRZRRRSEZRREERARRSARARRCAZRAR AR AR R R R ARE SR
] * *
* P2eT, D<=«ADDRESS * NO CONTROL S *
[ ] * *
Y PR X XTZEZZXEZZEEREIREZEEXERZZREEAAEEA SRR AR AREZA SRR AAR S A B R A J
] * (DR<CeeADNRESS) *
» TMSPTR=(LOADWRITETWO) » NO CONTROL *
» ]
(X232 X22ZX2222 222 222222222222 2222222222222 a2 2R 2R R
» : * ]
* P2eT, D<weDATA} * NO CONTROL .
* * L]
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'Y Y2 223223 2322222222222 2F22AR2AR2ZE2ZRA 22222282222 222 R A

{
4 * * LOADADDRESS (DR<==DATAY) »
! * P2eT, D<e=eDATA2 : t (DATA] WRITTEN INTD LOCAL ST) »
1 » L .
! AN I N AR NN RN AR R AN R RN R AR AN AN NN P AN NI N AN AN A A RN TN RN ANIANAN RN TR
! * # INCADDRESS (DB<weDATAR) *
i " NO CONTROL * (DATA2 WRITTEN) *
! * ’ * .
1 I I s Iy s I T
i L] ] -
} * NO CONTROL * GOODBYE L]
1 L} * . )
! I I I I e s I Iy
i ~BACK IN CONTROL.,
LOADWRITETWO!?

LOADANDWRITE
S61 17111201 P00Q{100 A000A0CY ARAPRANAN

INCADDRESS,WRITEDATA
S62 10111001 1paAll1]l 20000040 AQOOMACME

GOODBYE
563 10111212 AQ0Q0ACA1 AAPRO0AR APPQAQ0AQR

FILLER

S64 10111010 10007001 20000000 AP0APAAN

THI3 ROUTINE REQUIRES A TOTAL OF S CYCLES YO WRITE Twn PIECES OF DATA
INTO LOCAL STORE ASSUMING THE ADORESS REGISTER WAS BEEN LOADED
PREVIOUSLY, THE FOLLOWING OIAGRAM SHAWS HOW TO CALL THIS

ROUTINE AND WHAT HAPPENS WHEN]

(2 X R 2R R KRR AR ARRR2 22222 R 22 R 22 2 2R 222 XXRR222 22222l Z)

I AARZERXEAERARERAREEER SRR AR RRRS RSS2 ARRRRRANZAARS RN R R

«B8ACK IN CONTROL,

!

e » wCS MICROCODE » TMS AND CROM *
l (22 2 X232 2222222222222 222 X222 RXX2XXRX2 X2 2AXRAXREX2 2SR RX 22X ]
3 » * *
} " TMSPTR, (WRITETWO) * NO CONTROL N
§ * * *
‘ [ Z2 2 XXR2EZAZRR AR R AR AR XSRS SRR ANEANEZEZSZRZERR RN RS2 R 2 X J
i L » Y
{ # P2eT, D<eoeDATA} * NO CONTROL »
3 - . *
‘ (2 22X 2R 2222 XXX RZ2 220 XRZARAZAERRRRE R X8 2
} * , ' * INCADDRESS (DA<==DATAY) *
e * P2eT, D<DATA? * (DATAL WRITTEN) »
! " " *
] [ R XX E R X222 R 22X AT ER RS R ZZREER R A SRR YRR R 22 X
! . + INCADDRESS (DBcewDATA2) N
| . NO CONTROL * (DATAQ WRITTEM) *
3 ] * »
{ (2 AX3 X222 X222 222X XX RSS2 RARAREZ SRR ZE RS2 RN RS X X
1 » » »
i * NO CONTROL * GOODBYF -
! *» . )
H

}

g-206



WRITETWOL

568
Seé
Se?
ST

.70C

Co B P Gr B B P D B B G P G B P Dm G P B G B G P B e P G G G G P B B S G S

]

INCADDRESS,WRITEDATA

19111011 G0e0R1111 20200000 22000Q2AA

INCADORESS,WwRITEDATA

10111814 1Mp0{i1l1 MAANCEQA3 AAQ0QQ20Q

GOODBYE

190111100 490400AA1 0N2AAAAP QD(2B0QQ

FILLER

10111190 10000001 322n20A2 0A000ANQ

READ DATA VALUE POINTED TO BY LOCAL STORE VALUE POINTER,

THIS HOUTINE TAKES THE ADDRESS LOADED, READS THE VALUE IN THAT
ADDREUS, AND THEN USES THAT VALUE AS AN ADDRESS TO READ THE DATA
VALUE INTO ™MD, THIS ROUTINE REQUIRES SUPPORT FROM THE MICROCODE
AS DESCRIBED IN THE CALLING SEQUENCE DIAGRAM RELOW!

(ZA A2 2222220222 22 a2 X2 222222 222222322222 Z |

* wCS MICROCODE * TMS AND CROM »
ti'ttti!tttttitt.itttittititit'tttti'itttttttttﬁﬁit'tttit'ttit.tt
[ ] * ®
* P2eT, D<=<ADDRESS » NO CONTROL «
» -« . *
[ Z 22X A2 222X X2 RR 22X 2R X2 SR EE S XS ZZ AR E R XSS FAEZTR AR R0
* * (DA<=« ADNRESS) "
* TMSPTR, (READINDIRECT) " NO CONTROL *
” » [ ]
[ F X 2 F R AR XX R X R R X R R Z X R R R R R AR R XXX R XX XX AZ XA AR E X RYXR 22 2XXR2 1
* L ] L ]
. - NULL wORD : * NO CONTROL "
[) * »
[ I 2 2 X 2 R E R 2 AN R E K XX X R R R R X E R 22X AR 2R 2 A2 X2 R A R X X R R E RN R R ARRARRZX X 2
] * LOADADDRESS 1]
* . (CLOCX BUSDIN) *
*» P}, MD<e=ADDRESS * *
[ I 2 X X S R R R R R R R X R R R X R X2 2 XXX 2R3 X222k 2R XX R XX R R X SRR ARRXXXEKR R
L] » ]
* NO CONTROL * P2el, D<eeMp ™
] | «
|1 2 R A X KR AR R R X EZ R ZEE R 2R 222 AR 2 XX AR R XA R R E AR 22 S A R R R R R R R AR RZX R X 2]
. , * (DB<=sADDRESS) .
] NO CONTROL * _ w
*» L *
[ E P R R X R R R KRR R XA X222 2R 222222 RS IR R RN PR RRE RER R X ]
* * LOADADDRESS .
" NO CONTROL * (RUSDINC==DATA) *
» x P3, MDCweDATA *
[ E 3 R X222 R 2 R XX 222X R A2 XX RS EX XA R R AR EEZZER R RRARZEE SRR K R
] ] *
* NO CONTROL - GOODBYE *
* * Y

(2 XXXZ2EZ22ZE2ARRAASAREAR RS2 2222 AR A2 XZXRAZdRX22 A2 2 2ARRRRCXZE2 22 X ]

*BACK IN CONTROL,.
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READINDIRECTS

LOADADDRESS

S71 101111021 002107 Q003ANAR AOAMAAAN
D.MD,STEPTHROUGH

S72 10111191 100Qci1a]l ede2Ra1d 220002112
STEPTHROUGH '

S73 10111110 20020131 0AA220007 AARAGRAR
LOADADDRESS, MD_ DATA

S74 10111110 10000100 Q002100Q AMORAL1Q
GOOOBYE

S78 10111111 0MQACAQA1 202002000 QQRARMAAPA
FILLER

576 10111111 12000001 20000APQ POO@QPAQ
.70C WRITE DATA INTO LOCAL STORE ADORESS POINTED TO BY LOCAL STORE POINTER,

THIS ROUTINE USES ADDRESS POINTED TO BY CALLING ROUTINE AS

A POINTER TO ANOTHER LOCAL STORE VALUE, THE VALUE IN WCSA(Q)
I8 WRITTEN TO THAY LOCAL STORE POSITION, THE FOLLOWING . '
TIMING DIAGRAM SHOWS MOW THIS ROUTINE IS CALLED AND EXFCUTED:

LAS AR AL ARARS R AL AR AR ARl X R R R Rl iRl ddd)

LR R R R L R R R Y]
*BACK IN CONTROL,

{

! L WCS MICROCODE * TMS AND CROM *
! PR AR PN AR R AN AN AN N AR RN NN AN S P RN A RN ORI N AT AR ORI NI N ONRART IR AR INY
! » . *
| & P2eT, D<e=ADDRESS . NO CONTROL *
i " * *
1 X R R R R A R R R R R R X R X R R R R R R R X X R R R R I R R R RS XX XYL )
i . " (D8<e« ADDRESS) hd
! * TMSPTR, (WRITEINDIRECT) = NO CONTROL .
{ » » .
§ 2L R R R R Y T R R R R R R R R T R R XTSRS E 2R X IR 3
! * » *
! * NULL WORD L) NO CONTROL *
! . . »
i (2 R R R R R R R R R X R R R N R R 22 A RS R X T X R R R R R XX RZESR X2 Z
! . . LOAD ADDORESS e
1 * * (BUSNIN CLOCKED WITH DATA) B
! * P3, MD<€e=DATA » »
i 2 A I AR R R R E R R R R R R R R R R R F R R R R R R R R R R R R R R R R R R R R XSRS RN
{ * * *
! * NO CONTROL * P2eT, D<e=MD .
i " . *
! I X 2 R R R R R R R X R R R R R R R R R R R R R 2R R R 2 XX X2 XXX 222X XX RS X2 X )
} * * (DR<==ADDKESS) *
! . NO CONTROL * PeT, D<eaW(SA(R) *
l * . 1]
i 1 2 222 222 2 2 2 3 2 R N E R R R F R PR R R R R R R XX RN ZE RS2 R XY R
{ * * LOADAODRESS (DB<ceeDATA) . *
! * NO CONTROL » (DATA WRITTEN) N
] * * ' *
i 2 22 2 R R R R R R R R R R R Y X X X R X R R R R R X R X R R R R R R R RNR SRR NS X
H & . *
i . NO CONTROL * GONDBYE *
1 * . L
{

|
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WRITEINDIRECTS

77
600
621
682
603
604

LOADADDRESS

1100000 20020120 PAQCAA2A AMAAORAN

D.MD,STEPTHROUGH

11000000 1000A101 AAAGNA1A Q0QCAO110
STwWC8A (D) :

11000801 00300101 A000010 A1ALIAARY
LOADADORESS, WRITEDATA,STEPTHROUGH

11000001 (0071100 20A2QQ07 0200ANAQ
GOODBYE

11308010 230407221 PARARAAN QAPOQ00AQ
FILLER

11000010 19230001 32002007 20Q0A0MQ






APPENDIX F
(TEMPORARY)

The following pages contains drawings and other information
from the Microprogramming Summary which have not yet been
integrated into the specification.



FOvVs

* S+

used nrt

DOPaSMArDMRn=SRTw=DR7
SOP’2DM@u=DR7
DOP«SM(6 OR 7)
ODCPASM@aDM(6 OR 7)
SOPaDM(6 OR T7)

A N

where SOP’ = SOP#=(NEG+SBC+ROR+ASR)

1y
2,

FOV # SERVICE (a BUT)

SP  rewrite defeat (both bytes) when <«=FOV alse BUT
(INSTRY)

(1f BUT (instr 1) and not fetch overlep then defest
rewrite],

On @ JAMUPP save FOV (sections { and 2) in & status flop
readable thru hot bex {nterface or, maybe, uvsed in & BUT,

Conditional DATI {n FETO3

&, alweys do DATI

b, we have a STOP THE BUS 1{ne to bus control {f met FQV
then vank {t ({,e,, do stop the "bus"), -
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