






























































































































































































































































































































Table 4-3 
ll{tltJ 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 0 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 Yes 

777542 WCS Address Register Yes 

777544 wes Data Register ',/Q,~ 

777570 Switch Register YES 
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TABLE 4-3 (Cont.) 

ADDRESS REGISTER DATOS CHANGED TO DATO? 

777572 MMRJ No 

777574 MMRl Yes 

777576 ~I.I MMR2 Yes 

777600 User POR 0 No 

777602 User POR 1 No 

777604 User POR 2 No 

777606 User POR 3 No 

777610 User POR 4 No 

777612 User POR 5 No 

777614 User POR 6 No 

777616 User POR 7 No 

777640 User PAR 0 No 

777642 User PAR 1 No 

77764-4 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 Reg. Yes 

77i7746 Cache Control Register Yes 

777752 Hit Miss Register Yes 
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ADDRESS 

777766 

777770 

777774 

777776 

4.3.4 

~able 4-3 (Cont.) 

REGISTER DATOB CHANGED TO DATO ? 

CPU Error Reqister Yes 

Ubreak Reqister No 

Stack Limit Register Yes 

Processor Status Word No 

Timing Considerations 

Data from memory is introduced into the datapath throuqh 

the CSP. The loading siqnal 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 process:'a request. Thus, even when the requested 
data is in the cache, there is not enough time between Pl 
(when the SA is loaded) and P3 (when CSP data must be valid) 

for the data to be qated throuqh the DMUX. The loading signal 
for the CSP must be delayed unti~ the next microinstruction. 

This situation i8 illustrated in Figure 4-9. 
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FiQure 4-9 DATI Timing 

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 0 register, begins at P3 of the first microcycle. The 

Unibus cycle does not begin until after P2 of the second 

microcycle. Hence, the data to be written must be clocked into 

o during the first microcycle, and kept constant until P3 

of the cycle following the DATO (i.e., until the Unibus cycle 

is complete). The proc~ure for doing DATOs to valid Unibus 

addresses is shown in Figure 4-10. 
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Because both DATIs and DATOs req'uire 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. 
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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 SA register are relocated by the 

memory management l09ic, 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 addres9 identification bits, a valid 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 Control Register, CCR, is used to modify cache operation 

for diagnostic purposes. CCR(6)is used to write wrong parity. 

When set, it causes opposite (Odd) 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(7' is CPE JAMUPP, which, if 
set, causes an access to be abo~ted if a c~ parity error occurs. 
CCI( 3 : 2 > are used to force missos. CC~ ~ will causes misses 
whenever PBA(lO ~ is 0 (cache lo(:~tions 0 -511). CCR(3) will 
cause misses whenever PBA~O> is 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 wi,th 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 ~ame 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 BA45:13). 
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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 OATIs. The BUS DIN multiplexer gates console data, service 
flags, error information, and the physical bus address onto 
BUS DIN. The Data Storage (OS) 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 microproqrammer. Furthermore, meddling with this 
logic offers the greatest potential for 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 IBN UCON (BUS XFER), which must be false 
for other UCON activities to take place, is generated in this 
section. When either the DU or OS reqisters 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 IBN UCON (BUS XFER) 
is qnerated 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-ll/60 Console 

The PDP-ll/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 

PROC 

USf,R 

CONSOLE 

BATTERY 

when lit, indicates CPU is running code 

when lit, indicates CPU is Unibus master 

when lit, IT-llD is in User mode 

when lit, indicates processor is in console mode 
if on steadlly, battery backup is present and 

charged. Slow flashing indicates battery i. 

charging; rapid flashing indicates battery ia 

discharging. If off, battery is not pre.ent or dead. 

The numeric display register contain. 8ix octal charachters. 
It can display data or addre8ses. When displaying address •• , 

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 switch is in the HALT position, 
the CPU will power-up in console mode. If the switch i. in the 
RUN position, power-up will trap to location 24 (power-fa~l 
vector). If the battery backup on !«l5memory 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 proce.8or.(M7877). Keypad 
entris are encoded on the console board (KY-1IP) and 
trasnmitted to the status board by means of a 40-wire cable. 
This interface is shown in Pigure 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 eet. 

Console microcode is entered from the service flow when a 

service request is detected and no higher-priority .ervice 
condition exists. 

1./, 5, ~ Con8ole Dat'aP!'th R4I9'i:8:ters -- The followinq datapath 
registers are reae d f rYe or u •• by the conaole mdcrocode: 

CNSL.TMPSW :- BSPHI [7.J 
CNSL. CNTL := ASPHI[3J 

eNSL. SW := ASPHI(6 J 
eNSL. ADR :- ASPHIl' J 
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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 piaced in 

the low-order three bits of the temporary switch register with 
the previous contents shifted left three bits. Program ' 
movements to the Swi tch register are diSabledl Q! L' \ . o • .l I· ... ..:. <.C' ~<", 

The Console Control register, CNSL.CNTL, contains control and 

status bits, as well a·s CNSL.SW47:l6>, CNSL.TMPSWLl7:16)., 

and CNSL.ADR~l7:l6>. The layout of this register is shown in 

Figure 4-

The Switch Register, CNSL.SW, has Unibus ~ress 777570. It 

is loaded with the contents of CNSL.TMPSW when the Load 

Address and Control keys are simultaneously pressed. It can be 

~cces8ed by a macro-level p~ogram; however, if the Display 

Lock (DISLOCR) bit in CNSL.CNTL is set, the move will be 

treated as a no-ope 

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 CSROl. 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 f~om the Processor Control section 

and places it in R{TEl-1PI) . 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 CNLiCNTL 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 app~opri~te console service routine, as 

shown in the console flow diagram, Figure 4-

4.5.4 

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 UCON 13:11 as its data inputs and is enabled 

when BEGIN, UCON, and XFER~(24,23,21> are all equal to 1, and 

UCON <.15) and UCON<14> are both equal to O. Table 4- shows 
the console UCON codes and their functions. 
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I/O SEL 

Table 4-

Console UCON codes 

UC;ON SET:UP ___ I~NABLE . FUNCTION --- - ----- - - "-

<15:14> <13:11) BEGIN, UCON, XFERJ 

1 00 001 YES r CLR Display WR Counter 

1 00 010 YES I INC Display WR Counter 

I 1 00 011 YES CLR Console Service 

1 00 100 YES WR Display Storage 

1 00 101 YES CLR Console LED 

1 00 110 YES SET console LED 

1 00 III YES Set Decimal Display 
-.- ----.. -----

4.5.5 Bus Control BUSDIN Mux 

Console data is moved into the datapath through the BUS DiN 

multiplexer. This multiplexer is enabled onto BUS DIN when the 

DCON 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(10:9). The data placed on 

BUS DIN by each of the selection codes is shown in Table 4-

------------------------------~ 
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4.5.6 The OS Register 

The primary function of the os register is to provide a latch 
for OOUT data fo~ writing DATO data into the cache. However, 

since DIN is gated into the DMUX in the Cache/KT section of , 
the processor, os also provides a path from 0 to the CSP and the 
IR. A DATa Unibus cycle is not required to ena~~e OS onto BUSOIN. 

The OS register can be loaded (at p3) from OOUT by setting up 

UCON with I/O SEL and UCON <lS>both equal to 1. The OS register 
is cl O.eked 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 OMUX (see Figure 4- ) 

Figure 4- DMUX 

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 

"hen there is a Cache. hit on a DATI. 
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The remaining UCON data bits are used to clear various error and 
service flags. These functions are included in Table 4- I which 
summarizes the UCON interface to the Bus Control section. 
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4.b The WCS Section 

The Writable Control Store section of the IMP can function 

either as a IK-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<IS:OO> 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 source for BUS U siqnals is provi6ed by the TMS 

(Transfer Micro Store ) ROM. The TMS ROM is a SI2-by-16 

store which controls datapath activity while the WCS is 

acting as a data store. 

This section describes the organizatio~ 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 l2-bit address to the WCS section. rrhe UCON inter­

face is used 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 ~e~~~~ Mux, and generating a 

write pulse for the array_ 
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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-II 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 preceding paragraph. 

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

Addressing Structure of the Array 

The WCS array ts divided into three sections, 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. 

a 

I 
L~_~ 

Figure 4-15 

When the WCS is in local store mode, each section, or column, 

is linearly addressed 0-1023. AORR~.<ll:lO> provides the column 

address, and ADRMUX<9:0>provides the row address •. <)·cc_ 
.--, \ '"1 ""- \I~ ~ -- \ lo · 
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When the wes 1. in control atore mode, ADR~<ll:lO> ,$ alway. 
equal to '~.The entire row (48 bits) 1nQicat~u by ADRMUX<9:0> 
is put on BUS U. 

cs mt)~ 
II .0 ct J5 

[i i. J ....... 1 -N-U -A <-""-0> ---"'1 

A feasible user confiquration of the wes array is shown in 
Fiqure 4-17. There are,three sec.tion of local store, A, B, 
and C, each linearly addressed fl.'om6&l to IOlS. Page II of 
the .U~ dontrol store address space is allocated for 
wes control store. 

s.c*-\~Q., S.c ..... ~8 5~+i'"'A 
AOR<UHO>.~ ~OR <: \\!\~~ • CI \ AOt(<'llttto).: 0" 

lS L~ lS 

. 
btl 

( 

J cs ) 
NUA<":~>=f.o 

t 
\ "Ct. 

Figure 4-17 TypicAl Uaer Configuration 
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4. 10. 2 Transfer of Control 

? 
The TMS Pointer register, TMSPTR, addresses both the TMS ROM 

and the CRaM. 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 , 1J<45>, BGB, BUSBO>~, 

DATTB, and CONO are all equal to l.'i'he TMSPTR value is 

specified by the bits loaded into the ueON register. For 

example, the following field value specifications would 

load the TMSPTR with 010: 

4.0.3 

TMSPTR ~ 0.0 := WCS/I, BGB/I, BUSBOX/I, DATTB/I, CONO/l, 
UCONH/O, UeONM/O, UCONI0/0, UeONL/20 

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. 

Array Address Register 

The Array Address register (ADRREG) is initially loaded with 

OB<11:00> , defining the starting address in the array. In 

subsequent cycles, this register acts as a counter, incrementing 

if CROM<l> is a 1. 
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4. U.5 Array Address Nux 

The Array Address Multiplexer (ADRMUX) selects between the 
output of the ADRREG and the NUA signals from the Procesaor 

Control section. When the wes i~ being loaded, or used as a 
local store, this mhltiplexer solecta the ADRREG output to 
address the wes array. When the wes 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 wes Array 

The wes Array is a lK-by-Sl RAM. Each l6-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 .•. 7 BUS U NUX 

The BUS U multiplexer selects between the two sources of 
control located in the WCS section: ~he TMS ROM and the 

___ ._~ RAM. It is a tri-state mux, and is enabled by NUA<lO> 

C-· an~- N.UA<11>7, whic~ i~~ic~te ~;he top IK of address. space is 
~ bel.ng accessed. ~et\. ·I~ c::cn.h-cJ<.L,() b;J C ~ON <2.> 

b~ .e~ -40 1-, 
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4.~.8 BUS DIN MUX 

When 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<ll:lO>. If a status cycle is underway, 
this multiplexer puts status information on BUS DIN. 

4.".9 Control Rom 

....... -- -•....... -- _. --_._ .. , ------------------
BIT 

o 
FUNCTION 

Address Register load enable 
--------------------------1 

I 

2 

3 

Address Register Count Enable 
... ---_._----_._-----_ .. ---.- .. -- .•... _ ... - . 

Array Address Mux sele~t, 
Entry Point count enable 

Write Pulse enable 
.. - - --- _. ---_. - _._------------

4.~ USING WCS AS LOCAL STORE 

While the wes 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 wes 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 0 register as a parameter. 

Each LSFN maps directly to a starting address of a TMS routine, 
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1 
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11 
11 
12 
13 
14 
15 
I' 
11 
18 
l' 
il 
21 
22 
2] 
24 
25 
26 
27 

. 28 
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31 
31 
32 
31 
34 
35 
3ft 
31 
38 
39 
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43 
44 
45 ". 41 
4' 
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51 
52 
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MICRO 

1 , 
I , , , , 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
1 , 
1 , 
I , , , , 
I , , , 
I , , 
1 
I 
I , , , , , , , 
a , , 
i 
I , , , 

'AGE Z 

TNI ADM MICROCODE 'OA 11/61 

T~I' MICAOCODE GO!S INTO THE TMS RnM CTRANS'f_ M!C.OITO~[ 
ROM). T"IS AO~ RESIDES ON TH! weI BOARD AND ALLOws , 'ROGR'~ 
~UNN!NG tN T"E WAITEA8Lt CONTROL STORE OF TH! til,. 
TO UI! PAAT 0' THIS SA~E CONTROL STOAE ASA SLaCK DAT. STORE. 
CLOCAL STOA!) THIS ARILITY IS R!'LIlED 8Y AOUTINES WHICH 
PfR'OR" BLOCK LOADS AND STORES 0' YARIOUS PARTS 0' TH! INT!RNA 
STATf 0' TH! lt/'~. TH! 'OLLO~rNG PO~TIONS 0' TH! "ACHIN! 
AAE LOADED OA STOAEOi 

el) GE~!AAL REGISTERS 
ez) WARM 'LOATING POINT REGISTERS 
el) C SCAATCHPAD EXCEPT 8ASE CONSTANTS 
CA, USER SCRATC~ REGiSTERS 
(5) ENTIAE A SCRATCHPAD 
C6' ENTIRE 8 seRATCHP'D 
(1) ENTIRE C SCRATCHPAO 

THIS MICROCODE ALSO HANDLES ALL wes SUPPORT NEEDED IY THE 
BASE MAtHtNE TO PfA'ORM ITS 'UNCTIQNS. THE 'OLLOWI~G II 
A LIlT 0' THEI! ENTRY POINTS AND tHEtR FUNCTIONa. 

TMS AOOAEIS 

0001 

'UNCTION 

USED 8V WCStHIT FLOW. USED TO 1fT ADDA!" 
REGIST[R TO ZERO AND ALSO WRITES ZERO IN 
TH! W(')AO. 
I' USED 8V we! conE THEN LOADS ADDR!SS REGIST! 
WRITES ADO-Eas YALU! INTO 1HAT ADDAESI AND INC 
TH! ADDRESS -EGIST!R 8Y ON!, 

USED 8Y WCSINIT 'LOw. WRtT!S A COUNT INTO Nt 
TW!~ INCREMENTS THE AODAESS REGISTER, 

LOAOS WC! AOOAESS REGISTER WITH VALUE .~o TM!~ 
DATA INTO THIS ADDRESS. 

LOADS wes AOORfSS REGISTER WIT" VALUE. 
(AAS! MACHIN! ALSO SAYES THIS SAM! VALUE IN TH 
SC.ATCHPAO 21). T~tS ROUTINE ALSO 'UMPS ONTO 
THE DATA 'RO" THIS LOCATION, 

USEO ~y 'IRST WORO IN ROUTINE THAT READS weI • 
NOTE THAT THE wCI STATUS IS NOW ~£AD 8' THE ue 
INTEA'AC!. T~IS WOAD CAN PR08A8LV a! _IMOVfC 
8ASf ~ACHINE AND THIS ROUTINE 'ROM THE TMI .OM 

NOT R!'ER[NC!D 8V THE 8AIE "ACHINE, 

TH! wei USER CAN ALSO USE TH!!! ROUTINES IN THE TMS ~OM, 
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, , 
1 , 
1 
1 , 
1 
1 
I 
I , 
1 , 
I , 
1 
1 , 
I , , , 
1 
1 , 
I 
1 
1 , 
1 , 
1 , 
I , 
1 
1 

.TOC TM! MICROCODE 

USI~G ROUTINES IN THE TM~ PO~. 

T~E ROUTIN!S IN THE T~S ROM A~f DESIGNEO TO SAVE OIFFERENT 
SETS O~ THE lt/~0 MACHINE STATE INTO ~CS ACTING AS A LOCAL STO-! 
AND ALSO TO RESTOR! THESE SFTS FqC~ DATA IN THE LOCAL STORE, 

THE~F. ROUT!NES AR[ OESIGNED F~~ OPTIMUM ~ATA FLOW TO FACILITATE 
I~PLf.MENTATTON 0' FUNCTION! SUCH AS CONTEXT SWITCHING WMICH MUST 
HAPPEN AS ~AST AS POSSI8LE. 8ECAUSE OF THIS OTHER USES OF THES! 
ROUTINES ANO SUBSETS OF THfSE ROUTINES ~AV NOT 8f AS EASV TO USE AS 
WOULD Sf LI~ED. 

ALL RnUTIN£S ARf fNTfREn wIT~ THE WC! LOCAL STOQE MINUS ONE CLSADR-l) 
CLOCKED JNTO n. RETURN TO THE ~CS ROUTINE WILL OCCUR A'TE~ THE 
~UNCTION MAS eEE~ CO~PLETED. THESE RnUTINES AQE IMPLEMENTED. 
~y SETTING uP A PIPELINE IN THE OATAPATH ~HERE T~n DIFFERENT 
PARTS 0' THE OATAPATH MOVE OURING THE SAME MIC~OeYCLf. THE PIPELINE 
CONTINUES UNTIL ALL DATA IN THIS SET HAS 8EEN MOVED. 

USING SUBSfTS 0' THES! ~OUTINES TO MOVE ONLY A FEW OF THE DATA 
ITf~S AND NOT THE w~OLf SET IS NOT EASY. AS AN EXAM~lE THE 
'OLLOWING IS TH! PROCfOU~f TO SAVE REGtSTFRS ~1.RAI 

(1) USf A ~OUTtNf TO LnAO THE AOORfSS-2 INTO THE ADORfSS REGISTER. 
(2' CLOC~ ~l INTO THE 0 ~fGtSTE~. 
(3) afT T~E TMS~TR WITH ADDRESS THAT WRITES RQ INTO T~E 

ARRAY AND ~OVES R3 THROUGH THE OATAPATH AND ClOC~S IT 
t~TO O. ONLY THE CROM BITS ON THIS INSTRUCTION WILL SE 
!X!CUTEO. THE TMS ~ITS WILL NOT 8E ACCESSED. THIS WILL 
~RITE R3 INTO THE LOCAL STORE ADOQ£SS-l. 

(~) THE NEWT IN!TRUCTION wYLL WAITE R3 tNTO THE ADDRESS ANO 
~OVE ~2 INTO D. THE REST OF T~E ROUTINE WILL WRIT! 
~2.RI INTO THE A~RAV AND RET~RN CONTROL TO THE wes 
~OUTINf AT THE THI~O INSTRUCTION AFT£A THE ONE THAT 
SET THE T~SPTR VALUE. 

THIS EXAMPLf SHOWS THAT A SUBSET OF THE DATA ITE~S 
CANN~T Sf aTO~fn IN THE SAME ~ANNfR AS T~E ENTIRF. SET SINCE 
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To illustrate how to invoke a TMS routine, the following 
example loads the nine l6-bit words in LSG], ••• LS [j+S] 
into ASPLO[O:5, 16,6: fl and BSPLO[O: 5, 16,6: 7]. 

SETUP2: 

4.8 UCON CONVE'l'IONS 

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-saver. 

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 
MICROPROGRAM INTERFACES 

DR "FT'" . . \'{ '\ ~ . 

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 haz'dware organization because it is a 

highly microprogrammed machine. 

The microcode architectu.re is important to the wcs user for 

the following reasons: 

1. It determines the environment thrlt exists 
upon entry to the WCS 

2. It expects certain state cond.itions to exist 
after the completion of WCS control 

3. The user can cause base machine code to be invoked 
without intentionally exiting from the WCS 

4. The base machine code has capabilities not 
available to wcs code 

5. 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. 
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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 FET02. FETOl is the primary.entry point to which 

control must be returned. FET03 issues a BUT(IN~:TR1:~, a 

brach which performs initial instruction decode to approximately 

75 targets. Any necessary source and destination calculations 

are then made, and the instruction is executed. A test for 

service is made, using BUT(SERVICE). If no service condition 

exists, control is returned to the fetch se~uence. 

5.1 .. 1 Overlapped Fetch 

In certain circumstances, the PDP-ll/60 performs an overlapped 

macro-level fetch. Register-to register operations, for 

example, only require one microcycle to complete, so the 

overhaed of FETOl and FET02 are eliminated by fetching the 

next instruction while the reqister-to-reqister instruction is 

being executed. Figure 5-2 indicates the logical flow of the 

overlapped and non-overlapped fetch. Hard-wired logic detects 

those instructions which cannot be overlapped, and inhibits 

the overlapp~d fetch in FET03. 
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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(INSTRl) 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 

IRt7:6). 

The instruction in the IR is also clocked into MD at P3 of 

FET02. It can then be moved through the ALU, masked or 

shifted in the shift tree, and then placed in the SR for a 

CASE branch decode. 
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5.1.3 Instruction Executio~ 

Execution of a PDP-ll 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, DdrR(SF) PLUS MD 
D (C)4:::- COUT1S 
DATO 
SET CONDITION CODES 
J/BRA05 

the destination calculation 
put the correct data in MD 

clocking occurs in next 
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 i8 an example of 

multi=step execution: 'in addition to set-up steps, sixteen 

shift-and-add steps are performed. 

5.2 MICRO-LEVEL INTERRUPT ACTIVITIES 

There are two ;nethods by which the base machine handles 

service and error conditions': Service and JAMUPP. 

5.2.1 SERVICE 

The serVice "- ~ - .!'II" __ nanCLes 

non-fatal errors, interrupts, asynchronous errors, and WCS 

micro-level service requests. 
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Each event requiring service sets a flag which is later 

read by the service dispatc~outine. 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 ~~cro-level instruction and at the end of the 

shared trap flow. 

service conditions are handled in priority order. The 

priority ranking is: 

Yellow ~ne 
Cache Parity Error 
Power Fail 
Console Service Request 
Floating Point Exception 
Interrupt 

Figure 5-5 shows the service flow. 
4 

5.2.2 JAMUPP 

A JAM is a hardware-forced transfer of control to location 771, 

which is the beginning of the JAM dispatch routine. In 

general, those events whieh cause a JAM cannot be recovered 

from, and therefore cause the macro instruction (including 

XFC) currently be~.q executed to be aborted. 
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However, 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 DAT.O, 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 
Odd Address Error 
Red Zone 
KT AO'-\ort 
Illegal Internal Address Reference 
Cache Parity error 
Unibus Timeout 
Unibus Memory Parity Error 

5.4 IN'rERFACE 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 FETOl, 
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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 machine 

uses because the Page regist~r must be clocked to jump to 

page O. 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 (SBRVICE) . , . 

J service 

PAGEE-O 
BUT (SUBR B) 
J/SER02 

not service 

PAGE 4It-o 
BUT(SUBR B) 
J/FET01 

To eliminate this overhead, -a location in the base machine 

is provided to do the service test on a FETOl base. It is 

called BRAOS, at location 0003. Finish with: 

LAST: 
PAGE6r-O 
BUT(SUBR B) 
J/3RAOS 
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5.4.2 Generating a T~ 

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) 

TRPB: 
EMIT/244, 

P3, Mn'" EMIT 
PAGE __ O> 

J/TRAPOO 

5-13 

1 Select EMIT 

!Generate trap vector 

TRAPOO is at 0271 





CHAPTER 6 

DRAFT WCS USAGE GUIDELINES 

This chapter is intended to summarize the programming 

conventions which will enable you ~o make effective use of the 

Writable Control Store option, without damaging other 

sections of the PDP-II/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 

~------+--+-~------------~-F----O--:---A=d=d-r-~~ss 
l ----- -- -Column Address 
I t----- - -- --- Masked out 

Figure 6-1 WSSAR 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 l6-bit word read from WCSDR will come 

from the array location specified by the current contents of 

the WCS Address register. 



" 

Pigure 6-2 shows a feasible user configuration of the wes 
address space. The three sections of paqe 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 partitioniqq. 

Co'fl-\-YO 1 
54-0y-.,e 

;000 

k( D C. ~ -
~~i?-~ ~ 

Figure 6-2 Possible User Configuration 

This exampl,e 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 
~ (microaddress 6000 ). 

Figure 6-3 L9ad Image 
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rITlE WCSlD 
~ILENAHE lOAD.HAC 
:SECT 
------.- ~1:;_l-OBL -L.OAD-fH-' WCSLD---

.IRPC X,012345 
R'.X~_~'~ _.. ___ . __ " ____ ._. ______ . ____ . __ ._ 
.ENDH 
SP=X6 
PC=X7 
wts-A-b·R=~i·7·7S·4-2"··· --. -_ ..... -_.- . _. --. .. -. '-- . 
WCSDR=17?S44 

C:SLD: M(JV tLOADIM,RO 
1512. , R1 
I000777,R2 
etwCSADR 

---- .. --- .. _.- _.. ...... . .". -
;LOADIH IS STARTING ADDRESS OF ARRAY 
;LOAD PAGE 6 ONLY 

OOP: 

MOV 
MOV 
CLR 

(RO)+,R3 
R2,R3 
R3,WCSDR 
t2000,WCSADR 
( RO ) + , WC'SDR' 
t2000,WCSADR 
(RO)+,WCSDR 

;MASK FOR INVERTING UPF 
-'--'-rSiA-RT WITH ROW 0, COLUMN 0 

;MOVE LOW-ORDER WORD SO CAN XOR 
'; I NVe:-RTS UPF FIELD BITS 
;SEND TO ARRAY 
;COLUMN 1 NOW - _. -- . - .•... -- -. . ." . _. 

'COLUMN 2 NOW 

MOV 
XOR 
MOV 
ADD 
MOV 
AttD 
MOV 
ADI. 
SOB 
.EXIT 

14001, W'CSADR---' .--.. -------, _.-. ffACK TO COLUMN 0, ROW PLUS 1 
R1,LOOP 

.END START 

The WCS status register has Unibus Address 77754g. Its format 
is shown in Figure 6-4. It is provided for maintenance purposes. 

I Used 

Not Used ---,-- Ii I 
Maint. Enable - .. --.----.. -' -1 I 

-Par 1 

Par 2 

'------Par 3 

,--------Parity Disable :::. u:: ~.~~ .. ---- .... ____ ==::J 
Wri te Enable -- --'- '--"'---"- '.-.. _. , -.. _ ... --_ .... - . 

Write Wrong Parity 

_._-- --- I 

~ ____ J 

Figure 6-4 wcs status Register 
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6.2 wes Entry Point.s 
, 

There are many ways that control of the machine is passed into 
wes. 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 

wes 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,XX Dispatch 

This is a reserved ins'truction for DEC's 
future use. Default ,response is a reserved 
instructictn trap. (trap vector 10) 

XFC 0767XX D~spatch 

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 eiqht entries of the XFC diapatch 
table located at 6030. 

Reserved Instruction 

When the 11/60 executes one of the reserved 

instructions such as FIS or FASTxl then 
control is passed he,re. Default response 
is a reserved instruction trap. (trap 
vector 10) 
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ENTRY POINT 

6004 

6005 

6006 

6007 

6010 

DESCRIPTION 

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. 

(TRP07) 

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 is passed to 

this point. Default response is to 

FETOI. 

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. 

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. 

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 

6Qll -
6015 

DESCRIPT'ION 

XFC 0761XX throuqh 0765XX Dispatch 

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

Further explanation of the entry points can be found in the listing 

of resident aection of WCS found in Appendix D. 



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-I) 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 [O]-B: 



E~1' 
t> .. I# wc:.sa C.J-81 ,.a-T ! &> .. I.&." I .to". ..4.tI,. .... ~ 

NIN) 7/1Xa. 

ela: 
TMS'T~ _ CoSTO'-. c;.«5)" ,. ... f-,,,. , 

lAve". Cia .+ .... • 
" •• T1 1'11~ 

EI.~ 
'1/1'" N'.T. I "~" N...at w~. 

".'f: 7/iK ! SC&eft' NdA. w~ • MI"~ 

The following routines exist in the TMS ROM: 

ROUTINE NAME 

READ 
READANDINCR 

LOADANDREAD 

LOAD READ INC 
WRITE 
WRITEANDINC 

LOADANDWRITE 
LOADWRITEINC 
INCAND READ 
LOADADDRESS 
LOADGRS 
STOREGRS 

LOADFP 
STOREFP 
LOADCSP 
STORECSP 
LOADWCSAB 
STOREWCSAB 

SETLOAD 

( 

DESCRIPTION 

READ DATA 
READ DATA TO MD, INCREMENT ADDR 

LOAD ADDRESS AND THEN READ DATA 

LOAD ADDRESS AND THEN READ DATA 
WRITE DATA 
WRITE DATA AND THEN INCREMENT ADDRESS 

LOAD ADDRESS AND THEN WRITE DATA 
LOAD ADDRESS, WRITE DATA, INCREMENT ADDRESS 
INCREMENT ADDRESS AND THEN READ DATA 
LOAD ADDRESS 
LOAD FR' S FROM LOCAL STORE 
SAVE GR'S INTO LOCAL STORE 

LOAD FP REGISTERS FROM LOCAL STORE 
SAVE FP REGISTERS INTO LOCAL STORE 
LOAD CSP UJg-13] INTO LOCAL STORE 
SAVE CSP [[1[1-13] INTO LO~~L STOP~ 
LOAD WCS WORK REGISTERS FROM LOCAL STORE 
SAVE WCS WORK REGISTERS INTO LOCAL STORE 

SAME AS LOADREADINC 



ROUTINE NAME 

SETSTORE 

AS PAD LOAD 

AS PADS TORE 

BSPADLOAD 

BSPADSTORE 

ALLCSPLOAD 

ALLCSPSTORE 

LOADREADTWO 

INC READ TWO 

LOADWRITETWO 

WRITETWO 

READINDIRECT 

WRITE INDIRECT 

DESCRIPTION 

SAME AS LOAD ADDRESS 

LOAD ASP [flfl-37] FROM LOCAL STORE 

SAVE ASP [lIfl-37] INTO LOCAL STORE 

LOAD BSP['fl-37) FROM LOCAL STORE 

SAVE BSP[g'-37] INTO LOCAL STORE 

LOAD CSP (fllI-l7] FROM LOCAL STORE 

SAVE CSP[fl,-l7] INTO LOCAL STORE 

LOAD ADDRESS AND READ TWO PIECES OF DATA 

INCREMENT ADDRESS AND READ TWO PIECES OF DATA 

LOAD ADDRESS AND WRITE TWO PIECES OF DATA 
I 

INCREMENT ADDRESS AND WRITE TWO PIECES OF DATA 

READ DATA POINTED TO BY DATA 

WRITE DATA AT ADDRESS POINTED TO BY DATA 
(WCSA [fll ) 

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 wh.en a service condition is detected. The 
processor state to be backed up includes; the Floating Point 

Accumulators; 

RO - R7; the KT-ll registers; the PSW. 

Note that since the PC is pointing to the next instruct~on, it 

must be decremented. In this way, the aborted instruction may 

be attempted again after normal interrupt servicing is completed. 

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. 
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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-II Processor State Requirements 

The 11/60 microprocessor is used primarily to implement a 

PDP-ll. 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 locations 0 through 

7, the PDP-II general registers, must have 

duplicate contents. ASP[O] = BSP[O], 

ASP[I] = BSP[l], 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 

CSP[16] = 0 

CSP[14) = 2 

6.4.5 Complete Decoding of Opcode ~roups 

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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CHAPTER 7 

EXA\1PLES 
"DRAFT 

This chapter will provide examples of tec:1niques 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 sectaon 

exam:.nes t~'le step-by-step implementation of such an 

instruction. Since this example is intended to illustr~te 

a variety of concepts and procedure~,it does not represent 

the optima~ implementation of such an instruction. 

7.1.1 Instruction Specification 

Define the BLOCK MOVE instruction as follows: 

where: 

l~ 2 1 0 
WORD 1: I XFC.BLKMOV I Ri 

WORD 2: 

WORD 3: 

XFC.BLKMOV 

R. 

A 

B 

1 

A 

B 

is the opcode for BLOVK MOVE 

is the general register which 
contains the count in <!l*~::. 07: 00> 

( ~ means 256J 
is the starting source address 

is the starting destination address 

The format for this instruction is BLKMOV R., A, B. 
1 
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For simplicity, this example avoids dealinq 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: 

7.1.3 

Set up Count 

Fetch A address 

Fetch B address 

Do while Count ~ 0 

End 

Move A word to B address 

Count = Count - 1 

Increment A and B 

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 FET112, so the RES reqister 

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[ 0] 

WCSA[lJ 

dontains A addrs 

contains B address 
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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) 

SETUPl: 
P2, I)+-SR+l 

SETUP2: 

1 

P3, WCSB[O]+D 
NEXT, J/SETUP3 

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

SETUP4 : 
PI, BA+PC, 

DATI, 
P2, D+PC PLUS ,2, 
P3, PC+D 

S!TUP5: 
P3, MDt-DATA 

SETUP6: 
P2, D+MO, 
P3, WCSA[O]+D 

SETUP7: 
PI, BA+PC, 

DATI, 
P2, I)+PC PLUS 2, 
P3, PC+D 

SETUPS: 
P3, MD. DATA 

SETUP9: 
P2, D+.MO 
P3, WCSB[l]+D 

7-3 

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 ~~CRO 
INSTRUCTION 

MDt-B 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: 

PI, BA+WCSA[O], INITIATE FETCH OF VALUE 
DATI, 

P2, D+WCSA[O] PLUS 2, POINT TO NEXT VALUE 
P3, WCSA[O]+D 

LOOP2: 
P3, MD+DATA 

LOOP3: 
PI, BA+WCSA[l], 
P2, D+WCSA[I] PLUS 2, 
P3, WCSA[ 1]+0 

LOOP4 : 
P2, D+-MD, 

DATA 

LOOPS: 
NEXT, BUT (COUNT) , 

J/STRTLOOP 

VALUE ARRIVES 

SET BA WITH ADDRESS 
1 POINT TO NEXT VALUE IN 
1 B AREA 

INITIATE WRITE OF VALUE 

VALUE WRITTEN INTO MEMORY 
LOOP UNTIL COUNT IS OVER 

! TARGETS ARE 
! STRTLOOP:COUNT NOT DONE 

FINISH': COUNT DONE 

1 THIS WORD MUST BE ON AN XXXXXI BOUNDRY. 
FINISH: 

NEXT, BUT (SUBRA), PAGE (0) , ! RETURN TO TEST FOR SERVICE WITH 
J/BRAOS 1 FETOl AS A TARGET 
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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 rec'.lce the number of cycles and/or words. 

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

as SETUP 7, and that SETUPS, SETUPS, and LOOP2 are all 

identiaal. 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 SUBI. SUBl must 'contain a BUT(RETURN). The three 

instructions which jump to it aust 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 SETUPS 

STRTLOOP must load Return with LOOP3. 

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

STRTLOOP use the ALU and the 5cratchpads. The microword fields 

for RETURN, RETURNPAGE, l~d PA~E overlap the ALU and 

scratchpad control fields, so the BUT(SUBR B) cannot be 

specified. 
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1'.nother potential candidate for reduction is LOO~4: 

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 II/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 interrup.table. The BLKMOV 

microcode would test for Service once in t!ach 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 a.nother point which the microprogranuner 

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-II 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. 
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Adder 

APPENDI>: A 

GLOSSARY 

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. 



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 ~rom any of several 

sources to a single destination. A bus is a communications 

path which is capable of mul tiplexed u~;e. 

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 charac~erized 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 logical operation. 

Control field 
an 
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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 microeode 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. 
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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. 1\lso used to characterize prog:ram code which resides 

in non-alterable, non-volatile memory, usually ROM. 

Horizontal architecture 

A loose term used to cat«~gorize 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 
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Macro-level machine 
The computer defined by the macro-level architecture I 

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. 

~1icrocode 

A) One or more microinstructions, B) To write one or mere 
mioroinstructions. 

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

~icroinstruction 

An instruction which causes the generation of control signals 
to control the logical 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 12L technology. B) That portion of a central 
processing unit that interprets and executes ll'.icrocode. 

,iicroprogram 
A microcode routine; a prog~am composed of microinstructions. 

A-6 



Microprogrammable 

Pertaining to the capability to control the actions 0; 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 device used to program a PROM. 

ROM 

Read-only memory. A storage device whose contents cannot 

be altered. 

Realization 

In the hierarchy of architectures and organizations, realization 

describes the lowest level -- the ehips 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 

A-7 



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 impedance state. 

In the off, or hiqh impedence 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; 

AJ Instruction~counter sequencinq 
B) Relatively narrow microwords 

C) Microinstructions s~ecify a single operation 
D) The microinstruction is highly encoded. 
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APPENDIX B 
DRAFT 

INSTRUCTION SET PROCESSOR (ISP) NOTATION 

The Instruction Set Processor (ISP) notation provides a 

coherent method of describing hardware operations. A subset 0 

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. 

~or a complete description of ISP notation, refer to paegs 

15-36 and the Appendix of Computer Structures: Readings 

and Examples..L. 

B.l MEMORY DECLARATIONS 

In this manual, memory declarations have the general form: 

where: 

1".1.1. 

M 
a and b 

x and y 

M[a:b](x:y> 

is the name of the declared entity 

are the {~pp~~ and(lo·;~r·i bounds (addresses) 
. -_ .. -.. --

of the memory 

indicates a range of values 

are the upper and lower bounds of the 

elements (bits) of the memory. 

Conventions 

T~p_rsp notaticn provides for mixed numbering systems by 

means of subscripts, e.g.: ~1[a:b8]"'x:y>lO 

On the 11/60, these explicit subscripts are omitted,. and 

the following ,set of conventions is followed. 

J.. Bell, C. G., and Newell, Allen: Computer Structures: ~eadings 
and Examples . ~lcGraw-Hill; ~ew York, 1971. 
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Ir.cations are numbered in octal, and are Ii .sted in ascending 
('):r:"n~r. ~it:~ ~~-e numbered in decimal , listed from leftmost to 

rightmost. 

Thus, ASP[0:17]~15:0> declares ASPLO to be a l6-word , 

memory. Each word is composed of 16 bits named 0, 1, 2, ••• 15. 

D.2 ASSIGNMENT AND SUBSTITUTION 

The "colon_equals" symbol (:=) assigns a name to an expression. 

Thus, x:=y assigns the name x to mean the same thing as 
expression y. 

A slash mark is used to indicate abbrev'iation or replacement. 

r::'hus, if x is any name, and y is any name, the x/y 

assigns y as a synonym for x. 

To illustral:e the use of these symbols, let's look at 

one of the fields in the microword, BEN. 

BEN := )l~43: 42 > 
YlASCON :- 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. 
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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 'E--) indicates the ',readIng, transmission, 

and writing of data. For example, 

tl~ t2 

indicates that tl receives t 2 - If t2 is a memory, then 

Tl receives t 2 's contents_ If t2 is a value, then the value 

is put in tl-

CSP [21 T- 200 

ASPLO[O] ~ D 

The value 200 is pla~ed in CSP(2] 

The contents of D is placed . 
in ASP(O] • 

i'\ front arrow, (.~), inciicat:es a control opera't:ion wilicn 

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 
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COO! 

RASIC SKE'L£TON 0' ~EStDE~T SECTlnN F~R WCI "PTION ", THf PD~ 11/60 

TH!~E .Af NINE CLASSES OF ENTRY POINTS INTO THE ~.SIC AESIDE~T 
SEeTtON. THESE E~TRV PMINTS 'ND THERE AE'SO~S ARE ltST!D 
H!IEi 

(t) ERROR A~UTINE 

60tb USER HAS LOST CONT;OL OF MrcAOCOD~ OR OBTAINED 
rLLfG.L fAAO. e~NDrTION. 

(2' NON-USER VFC OISPATCH 

60~t XFC 0160NN 
'011 ~~C ~16tNN 
'0t2 XFe 0162NN 
6013 XFC ~7'3NN 
6~tu ~'C P764~N 
~~15 XFC ~16SNN 

tJ) USER .Fe DtSPA'C~ 

(I) ODD PC DISPATCM 

c" We! "ICRO~AEAK 

6000 ~rCAOAIE'K MAS ~EEN EN'"LED AND ADD~!SS ~A! REfN ~'TC~EO 

(a) RESERVED INSTRUCTIONS 

6~Al A A!SERVE~ INST.UCTJ~N ~,s BEEN !XECUT,O. 
CFrs,'AST~t,ETe.) 

C" DEFAULT SE~VtCE CONDITIONS 

&APJ~ WC! !ERvrcE' eFLAG) HAS AEE~ TURNEn ~~J BY ~tCAocnf')~. 
69A7 PIN ~XTR' SF.RVleE HAS BEEN PULLED OOWN~ 

C~) ~EF'ULT JAM CONOITION 

60~~ EXTERNAL JAM PIN HAS B~EN PULLED. 

CO) DIAGNOSTIC CONOITION 

6007 OIAGNOSE CONOITION PRESSED nN THE CON!nL!. 

II~PCHI 

REGTN.~R0(.03016037' 
lTA~r,FTS ARE ENTRJES IN DISPATCH TARLF.. 
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14] 
144 
14! 
l A6 
141 
10e 
t4q 
\51 
151 
152 
1~3 
154 
155 
1~' 
15'7 
1S8 
15' 
1&0 
1 b 1 
1&2 
1"3 
1&4 
105 
100 
lb1 
108 
lb' 
171 
171 
172 
171 
174 
175 
110 
111 
118 
11, 

'lSA 
; 18 t 
, 182 
, 181 
'184 
'1815 

, 18, 
~ 187 

1 
1 TH! ~OlLOwrNG COO! IMPL[~!NTa T~E A'SIC RESIDENT FUNCTIONS 
I NEEDEO TO SfRV! THE WC~ USER. NOT! THAT THE USER I~ WE CHOOSE 
1 CAN OV!RL.Y THE PORTIONS 0' THII conE WHtCH HE NEEDS Tbo. 
I 
1 

.TOC REtIDENT ROUTINE eODf. 

1 
I we! ~IeA~~A!'~ fNTAY 'OSITIO~ 
1 
I A MleRbBR!A~ OCCURS WHEN THE VALUE LOADED IN THE MICR08R!AK 
I .ECIITER IS ENCOUNTERED AND TW' MJCR08RfAK ENABLE eIT IS SET~ 
1 ('lAG e'8~). IF THE TRAP ON ~ICR08REAK ~IT (WHAMI elq~, IS ON 
1 THEN THE BAS! MACHIN! TRAPS TO TRAP VECTOR 4. CONTROL ONLY 
1 CO~!S TO THII LnCATION I' THAT BIT IS 0". 
1 
I THE 'OLLnwING INPUT CONDITIONS ARE 0' INTER!ST. 
1 
1 (1) ~IeROBR!AK [NABLE 8IT ('LAGe0~.) HAS ~EEN CLEA~ED. 
1 (2) LOG ROUTINE HA' LOGGED. 
I CA) CSP INVALID SIT SET IN 'LAr. REGISTER. 
I (8) CS'C~) e •• JAM REGISTER 
1 eSpel) e •• STATUS VaR S40 
1 eSPt2' e •• P8A 
I CS'Cl) e •• CUA 
I CIPe") e •• 'LAGS. VECTOR 
I CI'C!) e •• WHA~I 
I eSpe6' e·. C1CH! OATl 
, CIP(,) e •• HITTAG WITH TAr, 'IELD MYGH. 
I capCt" e •• OS REGIST!_. , 
1 IN TM! OE'AULT C1S! CDNT.OL ~!TURNS TO THE CONSDLf. , 
x,cauBAtl 

NEXT, PAG!(1),BUTCIU8A8), lRETURN TO 'ETCH NE~T INSTQUCTi 
J/CON" 

.~P~ 0 ~,e~'~11 ~"1011~ 't0~e'0~ IRA"e~A IltI1~~A fltP'I" 

) 188 1 
v'c e70axx OlS~ATCM 

THIS ~'C rNST~UCTION IS RESE-VEO BY DEC AND NOT TO 

• 

~ 18' 1 
! 1'~ 1 
! l' 1 I 
) 1 '2 I 
~1f~] I 

I! USED 8Y THE ~es 'AOGRAMM[~. O!'AULT IS JU~~ TO THE TAA' ROUT!I 

21'" I 
21'5 , 
OJ • ft ... 
~l""a 

21'7 
21 '-8 
21" 
22~0 
2201 

TO INITIATE A R[SERVED INSTAUCTION TRAP. (TRAP VECTOR tl). 



x,e ~1~1NX OISPATCH 
UI!A XFe DISPATCH 

THIS IS THf ENTRY POINT 'OR ALL 0' THE US[A! rNST'UCTIO~S. 
TH! USER XFC C07~7NX' fS NOw 'U.T~[. D!eODED ACCO-OING 
TO etTS !-~ OF TH, tNSTAUCTIO~ TO ENTER ONE 0' TM! fl'WT 
fNTRIES n, THE v'c OISPATCH TAAL!. 

TM! FOLL~WtNG INPUT CONDITIONS EXtST AT THIS TIME. 

etl MO CONTAINS x'c INSTRUCTlnN. 
(2) SR CONTAINS Y'C INSTRUCTION. 
(]) TA CONTAINS x'c tNSTAUCTIO~. 

USf'POrS,Al. 
NEXT, @UTCIRS-]), lJUMP TO ONE 0' THE fIGHT 

J/USE~0 IENTRIFS IN THE OISPATC~ T'BLE. 
b~A? ~ ~A0~A~0~ p~~~~~~~ 0An~A0~~ '0~A~~~~ ~~~~lAl~ a~~11~~~ 

1 
1 
1 
1 
! 
J 
1 
1 
I 
1 , 
J , 
1 
1 

RESERVF.O tNST~UCTtONS 

THE POP tl1b0 CONTAINS A FEW R!SERVFO INST~UCTrONS WHIC~ 
ARE NOT IMPLEMENTEO· SUCH AS FIS AN~ FASTY. YF THE We! 
IS ENA8LEO THEN ExtT fS TAKEN TO THIS SPOT. TwE ~E'AULT 
AES-bNSE rs TO EXECUTE A RESERVED tNSTRU~TtON TAAP. C[~ROQ 
VECTOR 1~'. 

THE FOLLOWING INPUT CONDITIONS EXIST AT THIS Tr~EI 

(1) 0 REGISTER CONTAINS WH'~I VALUE. 
C2) "eCl CONTAINS ALlIcl'l7~. 

wr.SRsvn~tl 
~3, CSPO[Mn]:E~ITC~~l~), 110 - FnR TRAP VECTOR. 
~EXT, PAGE(0) ,~lJT(SUBRA), l~FTUR"1 TO TRAP FLn~ TO 

J/Tqp~~ !INITIATE TPAP. 
b003 ~ ~~~Al~A0 ~~~~~~1~ ~A0~~~~~ ~~1~1~~~ ~~111~~P 01PtAl11 

J7 
J~ 
.:Jq 
SIC' 1 
; I 1 
52 1 
53 1 
51.& 1 
5'5 
5b .. 
57 

nOD PC OISPATC~ 

WHfNEVfR THE aAS~ ~ACMYNF FINO~ AN coo AonRESS IN AN INTE~RUPT 
OR TRAP V!tTnR ANn T~£ wes IS P~FSFNT IT fXIT~ TO 
THIS LOCATt~~. THIS ALLOWS T~E U~fR Tn wRIT~ A FA~T INTEPRUPT 
HAN~LER CONSISTING OF we! ~ICROCO"'. THE OEFAUL~ c,s~ wTLL 
BE Tb RETURN TO T~E TRAP FLOW JU~T 'S IF We! ~AS NOT DPESENT. 
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1 
1 TH! 'OLlowING INPUT CONDITIONS EXIST UPON ENTRY TO THIS 
1 LOCATIONi 
1 
1 (1) ReVECT) CONTAIN' N!W PC VAlU[ TN TRAP VECTOR (OOD VALUE). 
1 (2) 0 CONTAINS NEw P8 VALUE. 
1 (I) SR CONTAINS OLD PS VAlU!. 
1 
, THfR! IS NO WAY TO 'YNO OUT W~ICH T~AP VECTOR WAS ENCOUNTEA!O. 
1 USER MICROCODE WILL ~AVE TO ANALVZE THE NEW PC OR PS VALUE 
1 TO D!T!R~INE TH! OEVtC! W~TCH INTFRRUPTED. , 
1 

OOOPCOIS0ti 
NEXT, PAGfC4),BUTCSU8RB), lRFTUAN AtG~T 8AC- TO THE 

J IT" P 01 1 A AS E' HAC ~, I NET A A P FLO W • 
&~04 9 ~~eleell ~~a~~eal ~e0~~~0~ 0~~0~AA~ ~~1'I~Q'l t~Alt~Al 

, 
1 
1 , 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

TM! SE~VIC! CONDITION IS CHEC~!D ONCE 8ETWEEN EAC~ ~ACRO 
INSTRUCTION. ONE cnNDtTloN TMAT CAUSES SERVICE Tn AE 
N![O!O I~ IF TME wes !fRVICE ~lT nF THE FLAG R~GJSTER TS 
TURNED ON. (FLAG c~7». THE WCS SERVICE BIT IS TU~NEO 
ON BV T~! We! MICROPROGRAMMfQ WHENFVER ~E WISHES TO MONITOR 
(TAACE) THE NfXT INSTRUr.TtON!. WHF.N TMYS BIT IS ON eONT~OL 
tS 'ASSED TO THIS INSTRU~TtCN ONCE ~~Tw£~N EVER V ~~CAO 
INSTAUCTION. l' THtS BIT IS ON T~fN THE WCS CAN MONITOR 
rV!RV tN!lTRUCTtON EXECUTED. THf DEFAULT IS TO NOT 
MONITOR ANYTHING BUT INSTEAD RETUQN TO EXECUTE A~OTHEA 
INSTRUCTION. C'ET~l) NOTE THAT RF.TlIRN MtJ~T NOT AE 
TO 8AAa~ AS AN INFINITE LOOP WILL RESULT. 

SVCDF'LT02i 
N[)tT, PAGf(0),BUTC!U8RA" lRETURN Tn E'(ECuTf 

J/'rT~l lTHF. NEXT INSTPUCTION. 
~~A~ ~ 00~~00al ~~~0R000 ~~9A00~~ 00~~~~~0 ~At'1Att lt~'A~t0 

1 
1 
1 
1 
1 
1 
1 
1 
I 

WH!N T~! XCS fXTRA JAM PIN IS Y'N~EO T~rs CAUSE! 
AN IM~!OIAT! JA~ CONDYTION TO OCCUP.. IF TME wes IS [NA8LEO 
THEN CONTRbL IS PASS!O TO THIS LnCATION. IN TH! OE'AULT CAS! 
CONTROL IS RETURNED TO THE CONSOLE 'Lnw. 

JAM"EFLT01i 
NEXT, PAGE(1),BUT(SUSR8), 

J/eo~q~ 

o-~ 

IRfTURN TO CONSOLE CONTAOl. 



1 
2 
] 
4 
5 

• 7 
8 
q 
o 
\ 
2 
3 
~ 

S 
b 
7 
8 
Q 

" 1 
2 
3 
4 

5 
& 

1 
e 
q 
~ 

1 
2 
3 
lJ 

5 
b 
7 
8 
q 

o 
1 
2 

3 
4 
~ 
b 
7 
8 
q 

o 
1 
2 
3 

1 
1 
1 , 
1 
J 
1 
J 
I 

Of FAULT ~ERvtC[ CONDYTION ON! 

WH!N T~E PIN EXTRA SERvrCE IS PULLED THEN TM!! 
CAUSFS A SERVICE CONOITION TO AAtSE. EXIT IS TO THIS 
ROUTINE TO ~ANOL! THAT cnNDITInN WHEN wes IS ENA8L!D. 
THE DEFAULT CASE IS TO RETUPN TO EXECUTE' ANOTH! .. 
INI'TRUCTION. 

, . 
SVeO!'LT01. 

NEXT, PAG'C0),~UT(SUARA', l~£TUt:PN TO !XEClIT! 
J/'ET~l 1THE N'XT rNST~UCTION. 

b007 A 0~~~~~~0 ~~~~A~~A ~~0~~~~~ 0~9~~0~0 0A1Jll~t It""11 

1 
1 
I 
1 
1 
1 
1 
1 

DIAGNOSTIC ENTRY 

~HE~ OIAGNCS~ ~N THE CONSCLE I~ PQES~E~ AND We! IS 
FNA8LEO THEN CONT~OL IS PASSED Tn THIS POINT. DEFAULT 
~!8PONSE I~ TO PASS CONTQOL TO THF ENO 0' SE'PVICE ROUTINE. 

WCSOrAG01t 
NEXT, PAGE(1),BUT(SU8RB), 

J/EOS1A 
lPETURN TO ENO 
10' SERVICE AOUTIN£. 

&0t~ ~ 00~~0~00 A~~~~~~0 ~10A0~0~ A00~~~P~ ~~111~~1 0'110~A0 

XFC ~1&lXX DISPATCH 

THIS XFC INSTRUCTION IS RES~RVEO BY DEr ANO NOT TO ~F. USED 
qy THE wes PROGRAMMER. DEFAULT IS TO JUMP TO TME TPAD 
ROUTINE TO INITIATE A RESERVED IN~TRltC:TION TRAP. (TR.P V~CTCA t~l. 

X'COTH1Qt. 
P3, wR-C!P,CSPD(Ol~),EMIT/~01~, 11~ • FOR TPAP VECTOR. 
N£~T, P.GE(0),AUT(!UR~B), lRETU~N TO TRAP FLOW. PAGE 8ITS 

J/TRP0A lS~APEO WITH FMIT ~TTS~ 
&011 0 ~0~~t00A ~~0~~010 0~~~~~~~ ~~10t~A~ ~~111~A~ ~10101\1 

1 
1 
1 , 
1 
1 
1 
1 

XFC 07tt2XX OISPATCH 

TMIS XFC INSTRUCTION IS RE'8E'RVEO ~v OFC AND NOT TO BE USED 
ev T~f wes PRnGRA~~ER. Of FAULT IS TO JUMP TO THF TPAP 
ROUTtNE TO INITIATE A RESERVED IN~TRUCTION TRAP. (TRAP VECTOR 10). 

~ )(FCOTH2~1 

5 Pl, WR·CSP,CSPO(D1S),EMIT/~01~, 11~ - FOR TRAP VECTOR. 
o N!XT, PAGE(0),8UT(SURRA), lPETLJR~ TO TRAP FLOW. PAr,E BrT~ 
7 J/TRP0~ lSHAREO WITH fMIT BITS. 

b A I2 '" "''''A'''I''''''' "'{;o"'P:II:III{;O I>I{;O"'''''''M'I'I ""'I ill "''''!' ""'111""''' "'1"'1"'111 @: ~' 



1 
1 
1 
1 
1 
1 
1 , 

w,c 97,.3XX OISPATCH 

THII X'C INSTRUCTION IS RESERVED l'V DEC AND NOT TO Bf: IlSEO 
8V TH! weI "ICROP~OGR'MM!R. DFFAULT IS TO JUMP TO THE TRAP 
ROUTIN! TO INITIAT! A AESEAV!D tNST~UCTlnN T~AP. (TAAP V£CTOQ 

X'CCTH]a, 
Pl, wA.CS~,CSPO(Ol~,,!MIT/~gl~, ItA • 'OR TRAP VECT~Q. 

10). 

~!XT, 'lG!(0),BUTClUBAI), 'R!TUR~ TO TRAP 'LOW. PAG! ~rTS 
J/TAP~I ISHARfO WITH f~IT BITS~ 

o~11 0 "le1~gl ~0'0~~la 01'1~~ep a010t~0~ ~~ltl~~~ At~\0ttt 

1 
1 
1 
1 
1 
1 
1 
1 

X'c 07,UXX DISPATCw 

TH!S X'C INSTRUCTION fS R!SERVEO BV o~c ANO N~T T~ BE lISEO 
BY TH! wCS MtCROPROG~A~M!R. O(FAULT IS TO JUMP TO T~£ TRlP 
ROUTYN! TO INITY'T! A AfSEAV!D IN!TRUCTlnN TRAP. (TRAP V!CTOA 10). 

XFC~THU0t 
Pl, wR.CSP,CSPO(015),[~IT/911~, 11~ - FOR TRAP VECTO~. 
NEXT, P'GE(0),eUTCSU~AB), 1RETURN Tn T~AP 'LOW. PAGF AITS 

J/TQP00 '5MA~EO WITH fMIT ~ITS~ 
bAt4 ~ 0A9~t~0g 00~~00t0 ~~A~0~0~ ~0t01~A0 A0t110~~ 0101~ltl 

TH!S X'C INSTRUCTION IS AESE~vEO ev nEe AND NOT TO Sf USED 
BV T~f We! MJCROPRn~R.MMFR. OEFAULT TS TO JU~p TO T~! TAAP 
ROUTINE TO INITIAT! A RESERVEO INSTRUCTION TAAP. (TAl' V!CTOA t.,. 

XFCCTH5Q11 
Pl, W~·CSP,CSPO(015),!~IT/~010, 11~ • ~OR TAAP VEtTO-. 
NEXT, plGf(0),JtUT(SU8A"', 'RETURN TO TA'" 'LOw •. 'AG! 8ITI 

J/TRP0A lSHAPED WITH EM!T 8tTI. 
bAl~ e 0~~Pl~~0 81,~e0te .~~~Ag0P ~AtetA~~ ~8t'l~el Itltl111 



1 wes ERROR ROUTINE 
1 
1 WHEN THE WC! RESIDENT IS LOAOED ALL OT~E~ LOCATIONS 0' 
1 wei WILL CONTAIN A JUMP TO THIS L~C'TrnN. T~E USERS 
1 ~ICAOCOO! WILL R~ OVERLAIO ON TOP OF T~ESE JUMPS. W~!N!V!A 
1 - TH! USfR~ MICROCOOE LO~E~ CONTAOl CENT'RS UNPLANNED '~DA!SS' 
I OR OECIOES A FATAL E~ROA HAS OCCUORfO cnNTAOL WILL [HTtP 
1 ~!AE. OE'AULT HANOLING FOR TWIS C'~E IS TO !XIT TO T~! 
1 CONsnLE CODE' JUST A~ IF A HALT INSTRUCTION WAS ENCOUNTER!O. 
1 IN A LOT OF CASES THE' USER WTLL WANT Tn BUILD HIS 
1 nWN f~QOR AOUTIN£. 
1 
1 

WCSERAt 
NEXT, PAGEC1',BUTCSUBR8), lP.ETlJR~ Tn BAse: M~CHINE. 

JICnNQq lMALT FLC~. 
'~1~ 0 ~~~~~A~~ 0~~AA~~~ ~·t~~~A0~ p~~~~~p~ ~~11t~P~ ~~10~~~0 
1 

1 
1 U~ER XFC DT~PATCM TA~LE C~7~7NX) 
1 
1 ACCORDING TO BYTS 3-5 OF THE USFP ~FC I~ST~UCTlnN nNE 
1 OF T~ESE EIG~T ENTRIE~ OF THF "ISPATCH TAPLE IS ~NTE~E~. 
1 THY! OI~PATCH TABLE rs MOOIFrF.~ RY THE MICQncn~~ LOAnER 
1 WHEN IT LOAOS THE U~fRS MICROCODE Arr.OQCING TO THE ENTQV 
1 STATEMENTS ~PEeIFIEn IN T~E 4SSE~~LV. THF ~EFAULT 'OR 
1 fAC~ OF T~~S! ENTRIES r9 TO ~F.TUR~ Tn THE AA~E MACHINE AS 
1 I' , P~SERVEO INSTRUCTION WAS ENCOllNTF.REO. AN INSTQlICTtON 
1 IS ONLY ACCEPTE~ AS LEGAL IF ~CS cnnF Tn fXfCUTF THAT 
1 INSTRUCTION ~'S ~F.EN L~A~F.n. NOTE THAT THE USFR ~ICRnpROG~A~MER 
1 CAN FURT~F.~ DECOOt RIT! ~.~ OF THE X~C TNSTRUCTION TO 
1 FACIL!TATE MORE YFC !~STAUCTtONS. ~INCE THf x~C IS IN T~f SR 
1 FUR THE ROE enD f 0 FIT C A r~ n C C 1.1 ~ ~ V T F ~ T T r-I r. S R C ? - P) • 

1 
1 

.CASF 
US~RV'I 

OF DYSPCM 

P], ~R.C!p,C!pn(D1S),E~IT/~01A, 

NEXT, PAGE(0),BUT(SUR~e), 

J/TRP"'''' 

!t~ - RESERVFD TRAP. 
lRFTURN Tn TR.P FLOw~ PAGE BITS 
lSHARE~ WITH FMrT ~IT!. 

1~3~ 0 ~~~0t00~ A~~0~~tP ~0~~~~0~ ~~l~t~~~ e~1tl~~~ 01~101tl 

.CASF 2 OF Otspc~ 
USFRtl 

lYFC ~7b71X 

03, WR.CSP,CSPOCD1S),!~IT/0~10, 11~ - RESERVEO TR.P. 
NEXT, P4GE(Q'),eUTCSUARA}, lRETURN TO TRAP FLOW. PAGE BITS 

J/TRP0~ ISHAPED WITH EMIT RTTS. 
,Plt ~ 0000t00~ ~0~0~~10 ~~0~~00A ~0t~10~~ 0~ltlA~~ 01010111 

.ClS! 3 0' OISPCM 
US!Jl21 

lXFC ~7b2x 



.CAS! 4 O~ OISPCH lXFC ~7&73X 
U.S!"l. 

'], WR.csp,eSPO(015),EMtT/~At~, 11~ • FOR TRAP V[CTO~. 
NEXT, PAG!C0),8UT(!URRB), JRETURN TO TRAP 'L~W. 'AGf 8IT~ 

J/TRP01 
~eJ] I ""I~t0IA ""001010 0~0~0~PA ~~1010A~ ~~1tl~P0 el~t~ltt 

.CAS! ! 0' OIS'CH 
USER4t 

Pl, WA-CSP,CSPO(D15),!~IT/0010, 
NEXT, PAG!(0),8UT(!UBRA), 

... f ITRP01 

lXFC Q97b75X 

ItA • FOR TRAP Y!CTOP. 
l~ETIJPN Tn TPAP FLOW. PAGE eITS 
IS~APE~ WITM EMIT ~JTS • 

b~l" "000el~A~ ~0~0~01~ ~100~~~~ A~t~t0~~ ~~'11~n0 ~1~t~tI1 

.CASf ~ 0' OISPC~ 
USP:RIJ. 

P3, WR-CSP,CSPDCOt51,fMIT/001A, 
N!XT, PAGEC01,BUT(SU8RB), 

J/TAP0~ 

lXFC ~7675V 

'1~ • FnR TRAP V~CTOR. 
lRETU~~ TO TRAP FLnw. P'GF BITS 
lSHARED WITH EMIT BITS. 

b015 ~ 0~~~100~ ~~~A~~10 00~~0~2~ 101~10~0 A011t~A0 0101Attl 

.C.s~ 1 O~ OISPCH 
USER&. 

Pl, WR-C~P,CSPO(015),E~IT/001A, 
NEXT, PAGE(0),AUTC!UA~A', 

J/TAP0R 

!XFC "'7~1bX 
lRf:TlIRN TO TRAP FLOW. PAGf AITS 
ISHA~En WITH EMIT AITS. 

~01b ~ 0~0010~~ ~~P00al~ ~~0A0A~e ~r'~1~~0 0~111~00 ~l~lAltl 

.CASE 8 O~ OISPCH IXFC 07b17X 
USEq7, 

P3, w~.csP,eS-O(015),!~IT/~01~, 11~ - FOq TRAP V!CTQA. 
NEXT, PAG!(~),8UTCSUBRB), lRETUR~ TO TRAP 'LOW. PAGE ~rTS 

J/TRP~0 lS~APED WITH E~IT 8ITS. 
bP17 ~ A0~01A~~ ~~00~~t'" ~0~A~~0~ ~~10t~~~ ~~111~~0 AtAt9111 

p- 8 



I 
1 
I , 
I , , , , , , , 
I , 
I , 
I , 
I , 
1 
I 

I , 
1 
1 
1 
1 
I 
I , , 
1 
I , 
I 
I 
I 
I 
1 
I 
1 
I 
I , , 
I 
I , 
I 
1 , 
I 
I , 

TM' ROM Mlc~ncOO£ FOR l1/b~ 

T~II MICROCOD! GOr~ t~TO T~E TM! RnM (TRANSFEP MICQnST~~F 
RO.)~ THIS RO" -fSYOES ON T~E wes ROARO ANO ALLOwS A P~OGRA~ 
.UNNtNG l~ TH! WRTTEABLE CONTQOL STOPF OF THE 11/~~ 
TO US! PART 0' T~IS SAME CONTROL STORE AS A ALOCK nATA STC~E. 
CL~CAL STOR!) THIS JAIlITY IS ~£ALIZFO PV ~OUTt~f~ ~~JC~ 
P£R,bRM SLOCK LOADS ANO STORlS OF VARIOUS P'~TS O~ T~E I~Tf~NAL 
ITAT! ~, T~! tl/b~. THE 'OLLowING ~ORTIO~S "F THE ~ACHINE 
ARE LOAO!D OR STOA£O~ 

(1) G[NEAAL REGISTERS 
(2) ~AR~ FLOAlING POINT RFGI5T~RS 
(3) C ~CRATCHPAO EXCEPT AASf cnNSTANTS 
(4) USER SCRATCH REGISTERS 
(5) !NTIR£ A SCRATCHP'~ 
Cb) ENTI-! B SCRATCHPAO 
(7) !~TtAE C seRATC~'AO 

TMIS "ICROCOOE AlSO HANDLES ALL We! SUPPORT NfEOED RY THE 
8'1! MACHINE TO ~ER'OR~ ITS FUNCTIONS. THE FnLL~wING IS 
A LIST 0' TMfS! £~TRV POINTS 'NO THEIR FIINCTIClNS. 

'.11 

•••• 

FUNCTION 

USED BY WCSINtT FLnw. LISEI') TnSfT ,,,nRESS 
REGISTER TO Zf~O AND ALSO ~QITES lf~O I~ 

T"'E wO~O. 
t, USEO AY wes COOE TH~N LOAns .n~QE5S QEGI~T~~ 
WAITES AnnRES! VALUf INTO THAT AOORESS ANO JNC~~MENTS 
TM! ADDRESS REGISTER BV ONE. 

USEO BY wCSYNIT FLO-. w~ITES' COU~T INTO we! {~~ 
T"'EN INC-!MfNTS THf AOO~FSS ~EGISTER. 

LOAOS wes AD~RESS REGISTER WtTH VALUE AND THEN ~RITES 
DATA INTO THIS AOOAFSS. 

LOADS WC! ADORES! ~E~l~TER WITH VALUE. 
(['ASf ~'CHINE ALSO SAVE'S THIS SA-"E VALUE IN TMF. A 
SCRArCHPAD 21). THIS ROUTI~Jf ALSO PUMFS O~!Tn aUSOI'" 
THE OAT. 'Rn~ T~ts LOCATtON. 

USED BY FIR!T WORO TN ROUTINF. T ... AT QE,nS wes STATUS. 
NOTE THAT T~E WC! STATUS IS Nn~ REAO ~y THE ueON 
INTERFACf. THIS wnRn CA~ PRO~APLY RF. RFMOVFO F~C~ 
BASE ~AeMINE AND THt~ ROUTINE FPOM T~£ T~S ROM. 

NOT REFERENCED BY THE RASE HArMINE. 

T H r we SUS f A CAN • L SOU S f THE 5 E p eHJ TIN E S ! N T ~ E T M S ~ n M • THE 
'OllOWING IS A LIST OF FUNCTIONS WA~TE~ RY wCS USF.RS ANO ~AYS 
TO R!ALIZ! TMf8! 'UNCTION!. 

~ - ( 



, 
I 
I , , , , 
I , 
I , 
," 
I , 
I , , 
1 
1 , 
I 
I , 
1 
1 
1 , 
1 
I 
I 
I , 
I 
I , 
I , , 
I 
1 
I 
1 
I , , , , 
I 

TM, AOD"rll 

"S2 

1'24 

AIZI 

aeS4 

1114 

"14 

111' 

"lit 

IIIG' 

"UNCTInN 

(READ) 
AfAO nATA ~NTO 8U!DI~ ~OtNTED TO BY THE AOooE55 
.!riIITER. 

(RfAOANOINC) 
R!AO DATA 'OINTfD TO I~TO MO AND THEN INC~EM£~T 
THf ADDRESS A[GISTER. 

(LOAOANORfAO) 
LOAD TH[ A~D~ESS REGtSTER wrTH VALUE AND ~EAO DATA 
OUT ONTO RUSOIN. 

(LO'D~EAOINC) 
LOAD T~E ADDRESS qEGtSTER AND RE40 THE DATA 
POINTED T~ INTO ~D. 'OLLOWS T~I5 BV INCREMENTING 
T~E AOOIE5S REGtSTE~. 

(WRIT!) 
WPITE DATA I~TO T~E AOOPES! POI~TEO TO. 

(lliRITEANnINC) 
WRITE DATA INTO T~E LOCATION POINTED TO AND T~EN 
INCR!~!NT THE AnDRESS RfGISTE~. 

CLOAOANOWRITE) 
LnAO AOOAESS REGTSTfR A~~ WRITE OATA INTO THIS 
LOCATInN. METHOD OF USING THIS ROUTINE lSI 
18T TNIT. CLOCK 0 AT ~2 WITH AOORESS 
2ND INST, SET TMS~TA TO 1~ 
lAO INST. CLOCK D AT P2 WITH DATA TO A! WRITTE~ 
4TH INST. (DATA IS wRyTTEN INTO LnCAL ST~AE) 

(LOAOWRITEINC) 
LOAD THE ADO~ESS Q[GISTEA AND WRlTE DATA INTO TNtS 
LOCATION, 'OlLOws THIS BY INCREMENTING THE ADDRESS 
A£GISTE~. (NOTE THAT T~rs ROUTINE IS INVO~fO 
IN T~£ SA~! MANNER AS AeaV! M[THOD.) 

CINCANOR!AO) 
INCAF.~fNT THE ADOR!SS R!r,rST!R ANO P.!AD TH! DATA OUT ON 
T~E SUSDtN. DATA 1S AVAILA8LE AT P] OF THE SECOND 
NULl. wo-O. 
tLn'J)A~DRESS) 
lOAD THE APORESS ~F.GtSTER wtT~ AN"ADDRESS. 
'UNCTYON rs EQUIVAlFNT TO lOAOAN~READ. 

NOTE T"'IS 

'.TITL! T~SAO~ 
_tOENT Ivelll 
_RADIX 8 
,WIDTH 32A 
• 08JECT cl'I"~ 

~eOUNDS r0.,711 
• ADORfSS OUMlt.clI123~ 

lOCTAt. NUM£RYCS. 
,Of'INf 12 ArT wOAO • 
'ACTUAL ROM IS t6 ~ITS FOR TM! 
,AND U BITS FeR CAOM~ 
lnEF!NE 512 wOAOS • 
'T~rs FIELD EXISTS ONLY TO SATI5FY T~E 
10F TME ~ICRn ASSE M8l.ER. 



· . ALU II. cl. 

Ai,. 1 
I ., •• 
BEN i,. cl.'c2. 

SIPlO il. e 
el'Ht i •• 1 
cap i •• 2 
,'aeON". 1 

• 't!LD elEL i~. ~3. 

-D Ii- I 

• 't!lD AfN i,. c4. 

ASPlO ,,. W1 
As, ... r ". t 

'~rT IN TMS A~M TO ~ANOLE ALU FIELD. 

'S~D A STRAIGHT THROUGH ALLU. 
lSENn A STRAIGHT THROUGH 'LlJ. 
I~US AIN SOURCE. 

lLn~ HALF 0' e SCRATCMPAO. 
lHIG~ HALF OF 8 SCP.ATC~PAO. 
Ie SC~'TCHPAD LOCATION. 
IBASE cnNSTANTS I~ TME CSP • 

Ie aus SELECTION. 

'WHEN lO~qESSING THE BASE CONSTANTS • 

IBUS lIN SOuctCE. 

'LOW ~'LF OF A SCAATc~p'n. 
lHTGH HALF OF A SCRATCHPAn. 

"r!lD SADDA ". c1.'ca.'C). ILOw O"OER THQE£ ArTS OF B ADDRESS. 

,'J!LC 'ADOA II. c1.'c8.'CIj. lLnw OqnEA TM~EE BtTS OF A· '''C'lqESS 

l'I!lD ALLAAODA I~. c4.'c6.'c1.'c8.'c5. 1& AODRESS r~T~ • SCRATC",OAD. 

,.". , • Ie 
AI t 1 • 1 t 
It"2 , • 12 
.'3 , • 13 
1It14 , • 14 
.e! 1 • 15 "e. 1 • 16 
Aa, 1 • 11 "I' , • , 
Att J • 1 
"12 , • 2 
JlIS , • 3 
It t4 , • '4 

Itt! , • 5 
At' ~ •• 
Rt1 , - ., "'I , • ]~ 
IItl t ~ • ] 1 
"22 , • 32 
"23 , • 33 
A24 , • ]4 
AI! "~a ]~ 
"2' , • le. 
.27 , • 3' 
A31 , • 2P 
A31 , • 2 t 
All , • 2i 
A]l , • 23 
R34 , • 2" 
A15 , • l5 
R]' , • 26 
AI' I • 2' 



.'tELO ALL.'DD~ II· C2~'Cb~'c7~'c'.'cJ~ 

R •• , .. tl 
ttlt "~a 11 
•• a "- 12 
R03 , . 13 
•• 1 , • 14 
".! , • l~ .... , -1& 
.. 81 , - t7 

"1' , • I "11 , . 1 
-12 ~ • 2 A13 , . 1 
"14 "~a 4 
At! ,,- 5 
.t6 ". b 
A17 ,~. 1 
A2QJ "- 30 
R21 ,,- lt 
-22 ,t· 12 
"23 "- 11 
RZQ , . 34 
.l~ , -35 
A26 , • 3b 
"l7 , • ]1 
R31 , • 29 
Alt , • 21 
"32 I • 22 
"33 , -21 
R14 , - 24 
-lIS , • 25 Alb , • 2ft .31 I - 27 

.FlflO ALLA~ODRW II. cI2.'c •• 'c7~·c8.'c5~ 
R~" II· tB 
RII ,,. 11 
FUJ2 ,fa 12 
Rll ,,. II 
R~4 ,,. 14 
IfB! ,,. 15 
AI6 , .. 10 
,~11 ,,. 17 
"II , .- A 
"11 ,,. I 
"12 , .. 2 
• 11 .,. ] 
Rt4 ,,. 0 
"t5 ,,. 5 
"16 ,,. • Al1 ,,. 7 
-21 ,,8 ,~ 

;;2i ". li R~2 ". 32 
R21 ,,8 33 
R24 ,,. 34 

• A25 ,, . 35 
R26 II· 3. 

r3'/~ 



. 
AZ' , .. 37 
fiJI ,~. 28 
ItSt "- 21 
R!2 ,.- 22 
ItSJ ,,- 21 
A34 ,,. 24 
AJ5 ,, . 25 
• S. ,~. 2f) 
It37 ',8 Z1 

,'t!LD 'LT"T II. Cf)~ 

VII" ;,8 " 
NO II. 1 

",'IELD ca'ADR ii- c.>·c7>·ca>·ct'~ 

• 'IELD CLkD i.- c,~ 

VEl i,8 t 

.,tELD WIC." i.- ell> 

VEl i,8 ! 

.'IELD H!LO .,. e12> 

"'1 ". 1 
LO II. I 

,'IELD WAS" 118c14>·C!S> 

• j'. 1 
a 118 Z 
10TH .i-] 

.'t!LO UAOALD .i- ct.·,l 

VES i ••• 

• 'IELD UAOAIC .i8 C17. 

vra il. 1 

• 'IELD INCTMS .i- e18>,1 

Y!I i,8 t 
NO .i8 a 

,'IELD UWIIT! •• - Cl'· 

VEl ,,8 t 

~TOC TP4S MACAO DE'INITICtNS 

'AlA SCPATCHPAD ADDRESS 8IT 3. 

'THYS 8tT IS ASSERT!D LO~ AN~ 
lNnT ~IGH AS NOR~AL. 

'ADDRESS WHEN 'CCESSI~G C SCRATCMP'~. 

lCLOCK C ~EGISTE~ • 

l~RITE C SCRATC~PAD. 

IWH£N WAITING TO A nR R SCAATCHP,OS 
ITHIS FJELD SPECIFIES HIr.~ O~ Lnw ~'LF. 

,HtG'" ~ALF. 
lL(')w MAL'. 

lWRITF eSP,ASP, nR 80T~. 

'WRITE A SCRATCHPAO. 
'WATTE ~ SCPATCH8AD. 
aWRIT£ ROTH A AND 8 SCRATCH~AOS 

le.n~ ~ LOAD 'DORf!! AEGtSTFA. 

IlOAD ADDRESS ~~GIST£.~ 

lCAO~ 1 INCREMENT 'O~PESS A'-GISTER • 

IINCRE~fNT 'DO~ESS ~F.GtST!~. 

lDEFAUlT IS TO INCA£~f~T T~S POINTE~ • 

'I~CRfMENT TMS POtNTEP~ 
'[N~ OF T~S ROUTtN~. 

lREAD/wRITE LOCAL STORE. 

IWATTE INTO LOCAL STORE. 



• 

,MAClltO 
.MACAO 
.MACRO 

'. MACAO 
• MACAO 
.,..AC"O 
.MACAO 
.MAC"O 
.JI4ACRO 
.M~CRO 
• J!4ACItO 
• MACRO 

.t-1ACRO 
• MACAO 
.... ACAO 
• MACRO 
,"ACAO 

,'''ACAO 
• fl4ACRO 
.~ACAO 
.... AC.O 
, Ji4ACItO 
,fI4ACAO 
."'CAO 
,"ACIitO 

MO:OATA i •• 
O ...... O:D~TA II-
1)."'0 '1. 

LOADANOWAIT! .i­
'OaTINC&OOA ., • 
GOOD8YE ia­
WAtTEDATA il8 
'llL!A ii. 
lOADADDR!IS II­
lNCANDWAtTE ". 
tNC:ADOA!SS II • 
IT!'THROUG~ 11 • 

G!N[All AEGISTER ~ACAOS 

LOADGPT i •• 
LOAOGRCN) ••• 
STORfGRCN) Ii. 
LOAOUSEA" •• , • 
STOAEUSfAA. II. 

LO'P3CN) •• -
lO'P2(N) I.a 
lO"1CN) 118 
LD, .. ,(N) ., • 
S"'](N) .,_ 

S"P2CN) ' •• 
ST'P1CN) II. 
ST"ICN) II. 

I 

BfN/8ASCON,8Sfl/MD,WACSP/YES 
MD.DATA,CLKO/YES 
8£N/aAaCON,8SEl/fl4~,ALU/B,C:L~O/vrs 

UAORLD/Yf!,UWAITE/YES 
UADAIC/Y!S 
tNCTMS/QI 
uwAITE/YfS 
tNCT'4~/" 
UAOFU.O/YES 
UAD~IC/V!S,UWArTE/VfS 
UAOAIC/VfS 
INCT"'S/I 

D."n40'TA,WRSP/~nTH,FLTPT/NO 
lOAOGAT,'AnDR/'N 
~LU/A,FLTPT/Nn,A'DDR/'N,CLKO/VF.S 
D."O.OATA,WRS'/90TH,FLTPT/VES,A'ODA/b 
'LU/A,FlTPT/VES".onA/b,CLKO/YES 

O.~040'T"WRSP/A,A'DD.I'N,FlTPT/VES 
D.MO.OATA,WR!P/A,"OOA/eN,'LTPT/Y[S 
lOF']C'N),MILO/HI 
l~'P2('N),HILO/HI 
'LU/A,A'DO~/'N,'LTPT/YE~,CLKD/VfS 
ALU/e,8ADDA/.N,FLTPT/Y!S,CL~O/YfS 
ST'P3C·N),'fN/ASPHI 
IT'P2('N),AE~/SSPMI 

WCI ICRATCHP'D AEGISTfR ~'CAns 

,"'ACAO 
,,..ACAO 
,MACRO 
,""'CItO 

LOWCSA(N) •• -
LOWCIS(N) .,. 
STwe!ACN) ,,. 
STWe8!CN) II. 

.MACltO LOCSP(N) .,. 
,MACltO STCIPeN) .i. 
.~'CAO 
••. UC-O 
,"'CAO 
,"'CAO 
.~.c"o 
,""CltO 

ALL ICAATCHPAD MACROS 

LOAOASPA"C~O I •• 
LOA08SPAO(N) II­
STOAEA"'DCN) ,,8 
ITORflspaO(N) "­
LOiOiL.LeSiiCN) I.­
ITO"(ALLCSPCH) , •• 

~.~D.~ATA,HILO/~t,WASP/A,rLTPT/~O,AAOOA/'N 
D.MO.OAT',~TLn/HI,w~SP/A,FlTPT/~n,A,~n~/'~ 
'LU/A,'EN/'SPwt,CLWD/Y£S,FLTPT/Nn.AAODA/.~ 
'LU/ft,8fN/ASPHt,CLI(D/YfS"LTPT/~o,"ADn.I.N 

~(N/CS"WPCSP/VFS,C!PAOR/.H 
'lU/8,8!N/CSP,CLWD/Y£S,CSP'OA/.~ 

O.MO.O'T"W~SP/"'LL"DOPW/.~ 
D.~O.O'T"WQSP/A,·LLA'OOAW/.N 
'LU/A,CLWO/V!S,ALL'.onQ/e~ 
ALU/A,CLI(O/YfS,ALLA'DO~/eN 
~fN/CSP,wPCSP/YES,CSP'DP/.~ 

, L U 18, "f N I r. , .. , r. L tt 0 I V f S , C S P , D A 1-.' 



I , 
I , , , 
I , , , , , 
1 , , 
1 , 
1 , , , 
1 
I , 
1 
I , , , , 
1 , , , 
1 
1 
I , 
1 
I 

.coor 

~TOC T~S MICROCOOE 

USING ROUTr~!S IN TM! T~S ROM. 

1M! ROUTINES IN THE T~S ROM AqE OESIGNE~ TO SAVE DrF~ERENT 
IfTS 0' THE 11/o~ ~lCHtNf STATE INTO wC~ ACTING AS A LnCAL STO~E 
ANO ALao TO RESTORE T~fS! seTS FROM OATA TN THE LOCAL STORE. 

TM!!! ROUTtN~S AR[ OfStGNEO FOR npTI~u~ OATA FLOW TO 'ACtLTTATE 
1~'LE~!NTATtON OF FUNCTrONs SUCH AS r.nNT~~T SW1TC~ING W~ICH ~UST 
HA'''e:N AS '&11 AS POISISLf. SECAUSE OF T"'1S OTHER USES'"' THESE 
~OUTIN!S AND SUBS!T! 0' THES! qOUTTNES MAY NOT ~F. AS EASY TO USE .~ 
WOULD aE L.IKED. 

ALL ROUTINES AR! !NTERE~ WITH THE We! LOCAL STO~E ~rNUS "~f ClSAOQ-t) 
CLOCKED tNTO D. RETURN TO THf wes ROt/TTNE wYLl nCCLIR AFTER T"'E 
'UNeTION HAS BEEN COMPLfTEO, THESE ROUTINf5 ARE I~PL~~ENTEO 
IV SETTING UPA PIPELIN! IN THE OATAPATH WHERE TWO DIFFERENT 
'ARTS OF THE DATA,A1H ~OVE OURING TH~ SAME ~tCRnCYCLf. TH! prpELI~E 
eONTINU!S UNTIL ALL OAT A IN T~IS SET HAS ~fEN MOVE~, 

UIING SU8SETS ~F THESE ~~UTIN~S TO ~nvE ONLY A FEW OF THE OATA 
%TrM~ AND NOT TH! WHOLE SET IS NnT EASV, AS AN £~A~PLE T~E 
'OLLOWING IS TME P.~CEOURf TO SAYf REGISTERS R3-R01 

(1) USE A ~OUTtN£ TO LOAO T~E ACO~~S~.2 INTO THE AODRESS QEGISTER. 
(2) CLOCK R3 INTO T~f 0 REGISTER. 
(3) SET THE TMSPT~ WITH AonRES! T~AT ~RITES Q4 INTO THE 

ARqAV ANO ~OVES R3 THROUGH T~E nATAPATH ANO eL~CKS tT 
INTO O. ONLY TM! CRO~ 8TTS ON THIS rNSTRUCTION -YLL ~E 
!YfCUTEO. THE T~S eITS WILL NOT BE ACCES~ED. THIS ~ILL 
WRITf Al INTn THE lOC-L STOPE ADDR!SS-'. 

(4) THE NfYT tNST~UCTION WILL WRITE ql INTO THE AO~~ESS A~n 
MOVE Q2 INTO D. TH! REST 0' T~E ROUTINE WTLL ~QtTE 
~2-0~ INTO THE ARRAY AND ~€TUQN CONTROL TO TME We! 
qOUTINE AT T~E THIRD INSTRUCTION A'TER T~F ONE T~AT 
SET TM! T~SPTR VAlUE. 

THIS EXA~PLE SHOWS THAT A SU8~ET OF TME OATA ITEMS 
CAN~bT BE STOR!O IN TH~ SAME MANNER AS THE ENTlqE SET SJNCf 
TME 'IAIT DATA IT£~ WILL 8£ SAYED TwICE IN Twn DIFFERENT ADnRE!SES. 

.Toe CqO~ LooeATIONS USED 8Y WCS TO stlPpnRT T~E eASF. MACHINE. 

lLOCATro~ lERO OF THF T¥S IS Acce:~!En 
IWH!NEV!R AN INtT SIGNAL IS ~AISEn 
ley THf AASE MAe~rNE. An~~ESS ~EGTSTF~ 

'tLL!~ '~TLL Cyel! HERE UNTIL THF TM~~TR IS CHANGED. 
~ BII~~'I~ llAAPABl ~a8~11~~ ~0~9~0~A 

TMSllli 

2 

] 

lOADANOW~ITf 
1'~10111 ~aBA110~ 

POSTINCAOOR 
"1~~~~1 1~P~ll11 

cnOD8YE 
0Ie~All~ 000~Ja~1 

~~~~~"'0Q1 

0A~~~"0" 

SLOAn AOORF~S, W~TTE OAT4 A~~ 
ot~Aot~"'t'I~ 
lTHEN I~CREMFNT TO POINT Tn THE 
'H'~"'0~0I0 
1NEXT AOORESS. 
""HH~0~~' 



TN1114. 
WRYTfOATA ,wRITE OATA FROM OOUT I~TO we~ 

4 010e~lll 1~~~11~1 00~0e"~,, 0A~000"'0 
POITINtAOOA ,AN,., tNeRf"'f~T Tn porNT Tn T"" 

! '1118111 0111~111 """"III'" 1~"Qln0~~~ 

GOODBYE It N f )C TAO 0 A [ S S • 
e- "1111111 1 ,,,,,QUit,! 0"""'~"00 "00"'9.''''0~ 

'llL!A , 
7 'II~II~I 1000APQll 0I''''00~QI''' "'''9'A0~0''' 

TMS.1". 
LOAOANOwJlITE ILnAO AO~PE'!S AND w~tT[ DATA. 

1" 0"1~lllg 1'~~110~ 0"""""00 "'''0091P0A 
GOOD8Yf I 

1 t "10~"lel 10"'''leI1 ~000001~ 1f11000"'QH~' 
'!lL!A 

12 1'1101"1 1"""'10"1 """''''0",." "Qt"0"~ep 
'IlLER 

13 018all1'" 1001B001 ~~fJ'U''''00 ~"00~~"'P 
wRtT!OATA ,WRIT! DATA 'AO~ DOUT I~TO LOCAL STORE 

11.6 011"~111 100011~1 0C11"'0"'UJ" 5I'0"00"'A~ 
GOOOSY! I 

IS 1111"'111 0",,,A0A01 ""1"'000"1 ~0",,,,QI~,,,, 

'tlt.!A 
1'" 080'0111 !Cute.",,,,,, 1 0CU''''''0'''''' "'0P'''~~QtQt 

FILl.fA 
1 7 0,a11011 00001001 'UI0"0Q101", £II 00 PI 010 Qt '" 

TM8121, 
LOAOAOORfS8 IlNITIALI1E AonRfSS R€GISTE~ Tn VALUf. 

21 110el~g", 10000100 00"'0~0p~ ~~A~A~P~ 
GOODBVE 

2t 0~~~1~~t ~~~~900t 0~p~~A~~ ~0A00~~~ 

FILL!R 
22 sa~011~t 10~~~~~1 00~9~~B~ p9v~~~AA 

FIlL.f~ 
23 ~'111~t' .al~la91 01~00~A~ ~~~~B0A0 

A!AOANOt~el 
ST!PTHROUGM 

24 0AI0t'1~ t~0a0101 ~~~AA0~~ 
~D~DATA,STEPTHAOUGH 

25 0.e~1~11 ~A~A~lel 090~lA~e 
tNCADORESS 

26 0eell~11 10011111 Ae~A~f0~ 
GOODBYE 

21 ag00tlsa ~e0g~~01 09B"'~00~ 

T~S0]01 ST!PTHAOUGH 

100 NOTHY"'G 
0~"'~"'~~0 
'R[AO DATA 
Pt"'0Q'011(a 
lINCRfllllfNT 
~,,~"'~~"'~ 
lfXIT 'lACK 
00~P9ACI'0 

]0 00001100 lA~~~l~t 0~0f~~0~ ~0"'~0~~0 
STf'TMAOUG~ , 

11 0~0~11~1 ee~AA1"S 0A~A~"'~p ~00~0A"'~ 
ST!.'PTMROU(iH 

31 ~1'~llAl t~A~ll~1 0A~A~A~0 AAA~A0~P 
FILl.ER 

33 0~Aettl~ 00A00~Al ~0AAA0~0 0~0P10AA0 
LOAORfAOA~DINCI 

AUT O[AO OATA 

,~o PUT INTO "'0 

Tn CAllER. 

LOAOADOAfSS 
34 e,e~tJle 100AA1~a 0~P0aA0p 

~O.OATA,!T~.T~ROUGH 

'LOAD AonPFSS ~FGtSTER. 

Clt"'~~0""'''' 

• J! "IeAtltS 0A0A0101 00A"'lA~0 
INCAOOAE!S 

]6 Ileatll! 10~A~ttl ,,~,,~~,,~~ 

GOOD8YE 
l' ~.eJ_~_r .Q~~~~~l 0P~R~~~~ 

l~.TTE ~ATA INTO ~O. 

CIt"""''''!''' iPCTNT TO NfXT ADnQfSS. 
~~AP"''''''''' 
IExyT 8AC~ Tn r.ALlFR. 
QUHH' fI ~ '" OJ 

~-8 



TM •••• i 

I 
I 
I 
I , , 
1 
1 , 
1 , 

LOA01DDRfSS 
II ".1"1~ 11~1~1~~ 110A~I'~ 9~~~~9~0 

QOOD!V! 
It al'11 •• 1 10e~~~~1 0ee~ee~~ ~~0A0A~0 

.TOC LOAD G!N!~AL A!GIST!RS 'Rn~ wes 

THf GENE~AL. AEGtSTF~S '~.A7 AND U!E~ R~ AR! LOADED wIT~ OITA 
IAV!D IN T~[ We! LOCAL. STORf IN 9 CONTIGUOUS LOC'TION~. T~F. -c! COO~ 
IMbuLD LblO T~! START!NG 'DDA!!S MINUS ONE CLSAD~.t) INTO 0 A~O TRANS'; 
CONTAOL TO THIS .OU~IN!. TH[ nATA. IS PIPELtNFD 'ROM Lor4l STORE TO 
THE G[N!.AL .!GtST[~IS. (IN (ACH cvr.LE ONIE 1& f'IT VALUE IS .-£t"l'; 
A!'O OUT OF LOCAL S?OR! AND WRITTfN INTO T~f 
-0 -let!T!A WHILE A SECONO 1. BIT VALUE IS MOV~~ 'AOM M~ THQOUGH T~E 
ALU INTO 0 .NO TH!N WRITTEN INTO 80TM THE A AND B SCRATcwPAOS.) 
CONTROL TS RfTUANEO TO TM! WCS MICAoconE AT THE !ND n, TMrs 
~OUTtN! WHfN CROMc2~ GOES LOW. 

1 
LOADGAI. 

LOAOADOR!SS 
"2 1'011'11 101~01~0 ~0~el~A~ ~0~0000~ 

MO.DATA,INCAODRfSS 
4] 0'lllel~ R~~~0111 ~~~01~0A '09P~lt~ 

LOICGR(1),INCAOORESS 
"4 elBll'l. 11~I~tl1 11~91011 1\10Atll 

l010GRt&),tNCAOORfSS 
4~ '11t0811 a0~09tl1 11011~11 11~~~110 

LOADUa!RP',INC1DDREas 
4' .1111111 1011"111 1IP't"!1 lQ1Q10f'110 

LOADGR(!),INCADOAESS 
41 l'lt'll~ A0a0~11t 110al~1~ tl1t011~ 

LOAOGR(4',INCAOOR!SS 
~I .le11109 1000~tl1 110~111~ J10~~tl~ 

LOADG.(l',INCAOO~!SS 
St 90~1010i 00~0"ltl 11011'11 Al1e311~ 

L01CG-C23,tNC100RfSS 
~2 •• 011101 11000111 11001011 ~le~e119 

L010GRC1',INCADORfSS 
5] eel11110 09110111 11~Bl~le 011~e110 

LOADGRCS) 
54 leel.tle t01AA191 11~at01~ ~1~00tl~ 

IOODBV! 
5' 110t9111 10~~a0~1 0~~00~~A ~0~0"~~0 

'llLER 
! •• ~elal11 11000001 ~~000e~0 ~~0~J~~0 

,tL.LfA 
51 "'1111' e.,e~ee1 00~~'0~a ~0~~3~B0 



.TOC STOAE GENfRAL REGISTER! INTO ~CS. 

, , 
1 
1 
1 
1 
1 
1 
1 
1 
1 

THE GEN!RAL RF.GTSTERS R~-R7 AND USER Rb ARE SAVEO INTn T~E ~e~ LnCAL 
STO~! IN q CONTIGUOUS LOCATIONS. T~I! CODE IS INITIATED BY L"ADtNG 
TMS~TR wIT~ T~E STARTING AOORESS OF T~TS ROUTINE A~n CLOCKING 
tNTO 0 T~[ LOCAL AOORESS MINUS ONE CLSAOR-l). T~E DATA IS 
pr~!LrNEO 'RO~ T~E A SCRATCHPAO TO wCS LOCAL STOAf. CJ~ EACH CVCLE ONE 
tb 8IT VALUE IS READ OUT OF THE" A 'CRATC~PAO THROut;H THE AllJ iNO 
CLnCKED INTO 0 WHILE ANOTM!R lb AIT VALUE ~HICH ~AD AEf~ ClnCKEO INTO 
08 PREVIOUSLY IS WRITT~N JNTO A l~CAL STOPF ADnAESS.l CONTPOl 
-ETURNS TO THE WC! ~ICROCODE AT TH! END nF THE POUTt~E WHEN ep~~.c2> 
GO!S LOW. 

1 
STOA!GASi 

LOAt)AODAESS 
b0 011110~~ 1~~0~10~ ~~0A~~0~ P.~~000A~ 

STnRF.GR(1) 
&1 00011001 A0~~~t~1 ~~~0~Al1 111~~~~t 

STOREGR(b),INCANOwAITE 
b2 00011A~1 1~~~111t 00~P~~11 11~~~~~1 

STORfUSE~Rb,r~CANOW~tTF 

bl ~001t~1~ A~0~ltll 000~~~11 11.~~~~~1 
STOREGR(S),INCANOwRITF 

b4 A~~1101~ IP001111 ~00~0~1~ 111~~~~t 
STn~EGR(4),INCANnwAYTf 

b5 00011~11 ~0001111 ~~~~~~1~ 11~~~~~1 
STOREGRC]),tNCANOwRtTE 

bb 08111011 1~~01111 0~~~~~11 011A0~~1 
STOREGR(2),INCANOWRITE 

b7 II~t1100 ~P~~lttl ~~~~~Att 01~~~001 
aTOR£GRCt),INCANO~ATTE 

71 ~'0111~~ 1~~01111 ~~~~A~l~ ~11~~~~1 
STOR£GRC0),INCANOwRITE 

71 01111101 00A~1111 0~~0~01~ ~1~~~~~1 
INCANOWRYT! 

72 111111~1 1~001111 ~~~~~A~~ ~~~~~~~A 
GOOOeVf 

73 00'11110 ~0~0~0~1 0~~~~~"A ~~A~~P0~ 
'ILL!R 

7~ 0~01'110 1~~~0~01 0~~'0~~~ ~~0~~~00 

'ILLER 
7~ 91111111 0000~~~1 900~~A~~ ~P~~AP~' 

.TOC LOAD WAA~ FLOATING pnT~T QFGtSTFQ~ FPOM wr~. 

~-IO 



TH! SIX WA~M FLOATING REGISTER! ARE lnAOED WITH OATA P~EVIOUSLY 
SAVED IN TM! We! LOCAL STO.! IN 2a/tA CONTIGUOUS LOClTI~NS. THE 
wei INITIAT!! TMYS CODE BY LnADIN~ TMSPTR wITH THf ~TARTI~G A~n~E!~ 
0' TMIS ~OUTYNf ANO CLOCKING INTO 0 T~F. LOCAL STnRE AODAE~S MINUS nNF. 
c~aAOR.l). TME OATl IS PIPELtNfO FROM L~CAL STOA[ TO EITHER THf A OR 
e seAATeMPlOS. CIN EACM MICAOCVCLE ONE 1~ BIT VALUE IS AftNG AEA~ 
OUT 0' lOCAL STORE AND W_ITTfN INTO THE MO ~EGTSTfR W~tLE A SECOND 1~ 81 
"0 V E D 0 U T 0 F T ME JI4 0 T H R 0 U GMT MfA L U , T Io4R OU G H D • N D W R ITT EN tNT 0 E I T H'[ R 1 
A OA B SCAATCM~AO OfPENOYNG UPON T~f SYGNIFrClNrE nF THE RFGTSTER.) 
CONTROL .ETUANS TO TH! WC! ROUTIN,. wHF.N CPO~C2~ GOES L~~. 

o,~'''i 
L.OAOAOOAESS 

7, eletl)11 10000t0A ~0~~~~~~ "'01~"'~0Qt0 
MD 4 OATA,tNCAOOAfSS 

." 90t~~00A ~A~~~111 P000100Qt "'AAClI~tl~ 
LO'P0(S),INCAonRESS 

II lellA~a0 1~00~111 ~t011al~ 1011~~110 
LO"t(5),INCAODRE!S 

at 1'10e0~1 00R0~tl1 1"'QJtl~10 1"1"''''110 
LO'P2(5),INCAO~RESS 

02 0Il0""'~1 la~0""11 0t~~t~1~ 1~t"'~11" 
LO'P1(5),INCADDRESS 

133 aI31~00t~ ~~~~~111 10QJ~1~lQt lQ110011'" 
lO'P~(4),INCAOORESS 

"4 a~1~001~ 10~0~111 ~1~110t0 lC1tQH~AJ1~ 

lO'~t(4),tNCAOOAE!S 

I! 1'19~el1 0~~~0111 1~~1101" 1~0I"'011'" 
LO"2(4),INCAOORESS 

•• 11181"11 1~"0I"111 Qll"''''1'''10 tGIIQt0"'11'" 
lO'P3(4),INCAOOAf!S 

'" 'Itll!SA eR",~ellt 1"001"'10 1'''Qt''''''11~ 
LO'P~Cl),tNCAOOR!SS 

II 01tl'118 11"0~111 01011011 "'0tP~11'" 
LO"1(3),INCA~O~ESS 

11 alt~~llt 0"~~"'ltl 1"''''11011 "'''t''''''ltQt 
LO"2(3),INCAOOR!SS 

II 'It81101 t~08011t ~1~~lPl1 "''''100110 
LO'P1Cl),INCAOORESS 

1] 111~~t10 ~0~0~111 t"'''''''l~lt "'''l~''lt''' 
LO'P~(2),INCAODR£SS 

14 001~~11~ 10~0I""'1 01"'11Cltl1 0Q19'''''''11Q1 
LO'P1(2),;,NCAOnRfSS 

15 ell~~tl1 0~0~"'111 1~t'lt1011 ~~"'0c-l1" 
LO'P2C2',INCAOORESS 

If) 811~"'11t l~~~~ltl 010Al~tl ~P0A"'11~ 
LO"l(2),INCAOORfS! 

17 al101001 10A~Pl11 100~1011 QlC'l0A"110 
LD'P~(l)~INCAOCRESS 

Z" eatll~0e 10~00111 ~1~110t~ 00t~Qllt~ 

LO'Pl(t),INCAOORfSS 
2t 11101001 ~0"'~~11t 1~011~t~ ~Vl1~~11~ 

LO'PlCl',INCAOOAfSS 
il 11101001 10~00111 ~1~~1010 ~010"'lt0 

LD'P1Ct),INCAOOR[SS 
23 .1111110 80~0~111 100~1011 Ql01~"'110 

LO'P~(0),INCAODRESS 
l4 ,et~l~l~ 1~~A~111 01~tl~t~ ~0~0"'lt0 

LD"l(0),INCADORESS 
~-(I PI) '11'1021 00A~0111 lAQtll~l" 000"'~11~ 



LD'P2(0),INCAODRE!! 
12. all11111 109a31tl 010~1~10 0~~"'0110l 

LOII'PlCI) 
la7 "1111ee IIIme101 lP1~"'1011QJ ~~~""'11Q1 

Goooev! 
131 11111100 10100~0t QJ00"'''' "QH" 100P1f1Af'tA 

'IL.l.fR 
lSI IItll111 010~00~1 0~0A"ft09.1 """'''''''OIR 'ILLfR 
132 'llmlt"l 10CUI~e01 11~0"0"ft e8Q10eCUII 

, 
~ T~! SIX WAR~ FLOATING POINT REGISTEPS APE SAYED t~TO THE WC! LOCAL 
1 STO;E INTO 24/\01 CONTIGUOUS LOCATIONS. wrT~IN fACH OF THE FLOATING 
I POINT REGISTERS WOROS AR! SAYEO IN srG~r'tcANeE ORDER. T~! wCS ~OUT: 
I IN!TIATES TMIS eon.E AV LOAOING TMSPTR wITH THE STARTI~G ADD~ESS OF TH: 
I ROUTINE ANO CLOCKING INTO 0 TME LOCAL STOQ£ ADDRESS ~INUS 'ONE (LSADA.' 
a TH! DATA IS PtPELINEO 'RriM T~f A nR B SCRATCHPADS INTO THE ~cs LOCAL 
1 STORE. eIN EACH MICROCVCLE' O~E lb BIT VALUE IS READ OUT 0' THE 
I A OR e SCRATeHPAo THROUG~ TME 'LU AND CLOCKED INTO 0 WHILE ANOTHER 16 
& VAlUf WHICH HAO BEEN CLOCK!O INTO n~ PREVIOUSLY IS w.tTT~N INTO A 
1 LOCAL STORf AOORESS). CONTROL IlF.TlIRNS Tn THE WCS MICROCODE AT THE 
I !NO 0' THE ROUTINE WHEN CRO~C2> GOES LOW. 
1 
STORf'PI 

LOAOAODRESS 
113 00101110 0000~100 000~~00~ ~~P0000~ 

STFPOICS) 
11~ ~At01110 1~0~0101 00000010 1~0011~~ 

. ST'PI is), INCANOWRITE 
135 00101111 0'~~1111 00000010 101100~1 

STFP2(5),INCANOwRtTE 
136 e01~1111 1~001111 00~0001~ 100A10~~ 

ST'PltS),INCANOWRTTf 
111 ea110101 00001111 0~0~~~10 t~t~00~t 

STF~~(4),INCAND~RITf 
141 11110909 10001111 0~~0"'01A 100~AI0~ 

ST'PI(4),INCANOWRITE 
141 0~lt0001 0I0~~111t 00"'0~~t0 l~Al~~~1 

ST"2(4),INCANOwRITf 
142 0al1~ell 10001111 00~0~~lA 10000~A0 

STFP1C41,INCANDWRITf 
tQ3 00110018 00~~tltl 0A00~01~ 1~0~00~1 

STFPOItl),INCANDwRITE 
144 IIll011Q1 100A1111 00000911 0~0011~0 

STFP1(3),rNCANOWRITf 
145 11110011 00001111 00090011 ~~ltAA01 

ST'P~(3),INCANOWRIT! 
246 01110011 l0A01111 ~0~A00It ~A0A1P.P0 

STFP3Cl),INCANOWRITE 
ta1 le110100 00101111 0~000A11 001AA001 

ST'P0(2),INCANOwRITE 
150 1011~IPl 10~01tl1 000~A~11 ~0~~~I~A 

STFPIC2),INCANOWRITE 
151 eI11~1~1 0e~01111 00AQI~~lS ~~~10~~1 

ST'P2(2),INCANOWRtTf 
152 l~lt0101 tPA01111 0P~~~Pll ~~~00~~~ 

STFP1(2),INCANOWRITE 
• 151 ~0110110 0~aAl111 00A00011 ~A~~0~Al 



11' 

lSI 

1" 

1" 

I •• 

1'1 

1.2 

1.3 

164 

1ft! 

1 •• 

16' 

I 

ST'~0Cl),rNeANOWRITf 
11110110 10~0tl11 000~~~1~ ~0"l3l1"CJ' 

ST'Pl(1),tNCANOWRITE 
.ll1Bl11 0m-Il111 01~e~~1~ 00110A91 

,T'P2C11,INCANowAtTE 
'll11tll ta~01111 00~~0110 A0~Ql10"'''' 

'T"3Cl),INeANDW~lT! 
•• tI1011 eA~0111t ~Iee0el~ ~P.t~0ft"'t 

ST"I(I),INCANowRtT! 
Illt10'1 1011t111 e0~0011~ ~'~0"tfl0 

aT'~!(0"INCANDWRrT! 
Iltttalt 0~mel111 IAA~~lt~ ~00tA""'1 

IT'P2(8),tNCANDWRIT! 
.1111111 10011111 10~a0Alf "'''''''0~''''''' 'T'~3(1),rNCANowRrTE 
"111"'11 "'0~0tll1 ~fI",a~"'t'" Cl'01P1Q1P191 

tNCANDWRtT! 
e'11101~ t0~~1111 e0Q1"GIt"'~'" "'~Ql0"''''ot''' 

GOODlY£' 
lel11~11 10a91"'01 00000~'UI "'90"''''0''1 

'IL.L.ER 
l'~ttlQ11t 1"'011"el 0~IcJ'U'aA" "''''~'''I'''~''' 

'IL.L.!R 
Iltl111~ e2~e"'0el 0aa","'",al ""0110"'8 

THII AOUTINF LOAOS ALL OF T~f ENTAI!S YN T~E C SCP1TCHPln [yeEPT 
~O. TH! BASE CONSTANTS FRO~ OlTA PA!VYOUSL.Y SAVED IN TWE We! LOCAL 
STOR! IN 12/10 eONTIGuaus LOCATIONS, THIS CODE IS INITIATED AV 
LOAOING T~SPT~ WIT~ T~E STARTINQ AOORF.SS OF THYS A"UTtNE ANn tl.nr.KI~G 
INTO 0 TI-t! lOCAL STOR!: A"O"fSS Mt~lJS ONE CLS,,,R-l'. TWE nATl IS 
R!AO OUT OF We! LOCAL STORE ANO WRYTT~~ INTO T~E C seR'TC~PAO r~ n~E 
~ICQOeVCLE. EAC~ CYCLE H1NDL!S ON£ 1~ 8IT ITEM. CONTqOL AF.TUQNS Tn 
TH( wes ~OUTINE WHEN CRO~c2. GO!S L.OW. 

.OAOea" 
LOA01OOA!S! 

, '7 fI ell1t101 1~1101P0 ~~~~~g~m ~Qte"QI"~~ 
L.DeSp(11),tNC~OORESS 

,11 '811111t 1~1"''''tlt '~~~tl~t 118'-1"'18 
LOCS-(lb),tNCAO~R!SS 

.11 1'111111 10~~ltlt ~~~~10Al 11~0~"'1'" 
LOeS'(15),rNCAOO~!SS 

13 ~.ttl1t~ a~~'Al11 ~00~1Ja0 t10~0010 
L.DCSP(14),INCAOORESS 

14 0Bltltl~ 1011~111 ~0~~1~~~ 11~~0~t0 
LDCSP(13),INCAOORESS 

15 01111111 e''''~0111 0~"'~lt~t 01~~B~1'" 
LOCSP(12),INCAOORESS 

'7' ell1111t ta~ePtll ~0A~1~~1 "'100"'~1' 
loeSP(11),INCAOOAESS 

11 01111000 0~110111 ~0~~1100 ~10",e01Qt 

LDCS'(10),rNCAOO~!SS .e ~1~~0Ie~ 1~~~~111 00~~10~~ ~la0Ap'1~ 
LOCSP(1),tNCADORESS 

81 0110~~~1 0~~0al11 ~~~011At 1"C'I~"'01'" 

E'- \3 



lOCSPC6"INCAOORESS 
212 0t0""'QJ01 10~~0111 00~~la91 lAB0e01P 

LOCSP(5),INCAOORfSS 
213 IteeAete 0"'QJ~111 000~11AA t"''''Q'IAtl 

lOCSP(4),INCAODRESS 
210 11110etl telA~11t 0a"'01~~'" 10~00"t0 

r;OOO8Y! 
215 11110~11 000""001 e0"'~0,uJ~ 00G'J00C1100 

'ILLER 
21' 01lAIAIt t0AQI"0Q11 "",,,,QU.lQlP0 "'0000a~QJ 

'ILLER 
207 11'"IIIA 00000001 000000G1tDl "'CllCIJ~00Qt9 

• TOC STOR! C aCRATCHPAO EXCEPT SASE CONSTANTS INTet WCS • 

I , T~! C SCRATCHPAO ENTRIES !XCfPT FOR THE aAs£ cn~STANTS ARE SAVEn I~Tn 
1 , T~[ WC! LOCAL STORE INTO J2/1~ CONTIGunUS LoeATIONS. THIS CODE IS 

1 , 
INITIATED BY LOADING T~SPTR WITH THE STA.TING AonRfSS OF THIS ROUTINE A 
CLOCKING INTO 0 THE LOCAL STOPE AnOQESS MINUS ONE CLSAOA-l). THE DATA 
IS PIPfLINfD 'ROM TH! C SCRATCHPAO INTO THE ~CS LOCAL STORr. (IN EACH , 

I 
1 
1 
1 , 

CYCLE ON! Ib ATT VALUE IS ~EAO OllT rF TMf C SCRATCMPAD THROUGH THE ALU 
AND CLOCKED INfO 0 WHILE ANOTHER 16 AtT VALUE ~~rCH HAD BEEN 
PREVIOUSLY CLOCKED INTO OA IS WPITTEN INTO A LOCAL STORE 'ODQE~~l. 
CONTROL RETURNS TO THE WCS ~ICROCODE AT THE END OF THE ROUTINE 
WHEN CROMC2~ GOES LO~. 

STORfCSPI 
LOAOAOORESS 

210 01000100 1~0aa100 0"'00~~~~ 00"'00~0~ 
STCSP(17) 

211 11e~01Q11 00",001Al QJ0"'~0111 110P001A 
STCSPCt6),INCANOWRITE 

212 110"'0101 teGltQJtl!1 ~00"'0Q111 1100"''''10 
STCSPC!5),INCANOWRITf 

213 0t00011A e0101111 "'000~11~ t1000Pt'" 
STCSPCI4',INCANOWRITE 

214 alAe~110 tDle0ltl1 0"'~"'~"'t~ 1100"'~1~ 
!TeSP(13),INCANOWRfT! 

215 0t~0"'111 00001111 0AA09111 01"'1""'10 
STCS~(12),lNCANowRtTE 

216 0100~tl1 10Q01111 ~~00a"'lt Al~~0~1~ 
STCSP(11),INCANowRrT~ 

217 0t0~t000 00'lt111 0~00~tt~ ~t0~0~1~ 
aTCSP(10),tNcANOW~rTE 

22'" 11a0100A teelttt1 0A000~1~ "'1~00~1~ 
STCSP(7),INC~NDwRrTf 

221 ~1'~t0"'1 00~01111 0A00~tl1 1~0~~~t~ 
aTC8P(6),INCANOwRtTE 

222 01101101 10001111 ~A00001t lA000P.10 
STCSP(5),INCANOWRITE 

221 el101BtR 0e~0tltl 0~~00110 t0000P.t0 
STC!P(4),INCANOWRIT! 

224 01001Al~ 1~~~1111 0000001'" lA~00A.10 
INCANOWAITf 

225 01e~101t A~A01111 00~000A~ 0~0~0~~A 

GOOOBYf 
el101~11 10000001 "'~0~~~"'''' ~000~00e 

'-ILLER 
010~11e0 00A0~~01 000~0~~~ ~AA0~0~0 4 

~-, 



'ILL[" 
131 11,.1111 111~e001 aaa~0~~~ ~0~~0~~~ 

~TOC LOAD wei Usr.. at.ATCN _fGIST!RS 'ROM we •• 
LOADweS.I. 

lOADAOOA!SS 
231 Itell111 ele0~lB0 0A~000~' AAIRmAe~ 

"D~DATA,INCADOA!SS 
232 It"ltll le.~'ltl 0Ae~1~~~ ~1100tt0 

LOWCSACI),YNCADORESS 
231 ~t'"ttl~ ~~.ael11 110t10l~ It,~etl~ 

LDWCSece),tNCAOOA!SS 
234 0tllltl~ tl~e~111 11~11~1~ ~1~0~lt~ 

loWeSBCl) 
235 011.1111 1010'111 01~11RtP ~tlA't10 

;OOOBY! 
23~ 11111tl1 10~0a~~1 0RAR~e~~ ~~~A~~" 

'IlLER 
211 1101110e ~~~A~~~l ~~~A~~~' ~~IA~A0~ 

'ILL.!R 
249 1101~'0R 11001.01 ~0000AA~ A~~AI~00 

.TOC STORE we! USER SCRATCH REGISTEPS FRO~ we!. 

STOAfwCSA". 
LOAOAOORESS 

241 11~tR'11 00~0AI0~ ~00A~~~~ A~'00A0~ 
STlIfeSA(0) 

24Z 01010'01 10~00t01 00~~0A1A 0101AAAt 
ITweS8(0),INCANowRtT! 

243 It01081A 0A001111 ~~~~~~1~ ~tA~ll~~ 
STWC!AC1),INCANOwRITf 

244 It'1011~ te~~tt11 ~QJ0000t0 ~l""ll(11~ 
t~e'~DWRITE 

245 010t~~tt 00~~tl11 ~~"~0~~A ~0"~~~~~ 
GOOOeYE 

2"& "101~Plt 10~~"0~1 0~~~0"~~ 0~"00n~p 
FILLER. 2"' "10101~~ ~~P~~001 ~~~0"0~~ ~~~Aa0~0 
~ILlER · 

25~ e101"10~ l~~,,~~al 0~~~~0A0 ~~0~~~"~ 

.TOC T~S UTILITY ROUTINES TO SfT LOCAL STn~E ADDRFSS 

SfTLOAOa 
LOADAODRESS 

251 0t0t0t~1 ~~00~10~ 0a~0~00" ~09~e~A0 
~O~OATA,tNeAOOAESS 

Z51 el"t~19t 1~0~~tl1 110~1'~~ ~~AI~lla 
GOOOBYE 

253 It"t~110 la~p,e01 ~~~~1"90 "0~~'0~' 

SfTSTOR!i 
LOAOAOORfSS 

25~ elel"lt~ 1~~~~lA0 0'''~~0~~ 0"~190A~ 
G0008YE 

255 01010111 "0~~~~~1 e~0"0000 00e00~~0 



~TOC LOAD ALL A SCRATCHPAD VALUES. 

1 
1 
1 , 
1 , 
1 
1 
1 
1, 
1 , 

ALL OF THE REGISTERS IN THf A SCRATr.HPAD ARE LOADED WITH ~ATA wMtCH 
COMES FROM THE WCS LOCAL STORE IN 32 cnNTtGUOUS LO~'TtnNS. THE 
wes CODE SHOULD LOAD T~E STAqTt~G AnOQfSS MINUS O~F ClSADR-t). 
INTO ° AND TRANSFER CONTROL Tn THIS ROUTINE, THIS ROUTINE ~tLL 
PIPELINE TME DAT~ FROM LnCAL STaPF TO THE GENERAL PEGr!Tf~S. 
(IN [ACM M1CROCYCLE nNE 1~ BIT VALUE IS REAO OUT o~ l.OCAL ST"AE 
AND WRITTEN INTO THE MO REGISTER WHILE A SECOND I' BIT 
VALUE IS MOVED 'RO~ ~o THROUGH T~E ALU INTO 0 AND THEN ~AtTTEN 
INTO THE A SCRATCHPAOS.) CONTROL T5 RETURNED TO TH! 
WC! MICROCODE AT THE ENO 0' THIS f:tOUTINE WHEN CAOMcl. GC'ES'l.OW. 

ASPADl.CADI 
LOAOAOORfSS 

2!. 01810111 100~~100 A00000~0 0~e00'~~ 
"O~OATA,I~CADORESS 

257 0t0110~~ ~~~0~111 ~~~01~~~ 000'~\1~ 
LOAOASPAO(R~0),TNCAOO~fSS 

2b0 01011000 100a~111 10~Pl~10 ~10~0110 
LOAOASPAO(R~I),INCAO~RfSS 

2.1 91e110~1 00P00111 1~0~t0t0 ~lt001t~ 
LOAOASPAnCR02),INCAOORESS 

?bZ ~t~11~~1 100A~tl1 1~~~tPtl A10A~tl~ 
LOAOASPAOCR03),I~CAOORES! 

2b3 01011010 ~0~~0111 10001~11 011P01t~ 
LOAOASPAD(R04),INCAOOAESS 

2~4 010'11010 1000011'i 1~~01~1~ 110P0110 
lOAOASPAOCR0S),INCADDRESS 

2'5 01~11011 0~000111 1000101~ l11PA11~ 
LnAOASPAOCR0b),INCAOOR~SS 

2 •• Al~ll~11 lA~00111 10~01Al1 11~A011~ 
LOAOASPAO(R07),INCAOORESS 

2.7 81111100 00000111 1~AA.1011 111~Pl1~ 
LOAOASPAOCR1~),INCAOORESS 

21~ ~tA11100 10~0'[11 1~0Al~l~ PA~~~11~ 
~OAOASPAOCR11),INCAOORESS 

271 01011101 ~0C"APtll lClt~0t~ICl1 0~tf)tC!'t10 
LOADASPAnCRI2),INCAOORfSS 

171 01011101 1~P~~111 1~~~lPl1 ~A00~11~ 
LOAOASPAOCR13),I NCAOORfSS 

Z71 ~tAtl110 ~~~~Pl11 10~Al~lt ~Pt~~11P 
LOAOASPAO(RI4),INCAOO~~SS 

27" 01~11110 100~Attt t~0~1~t~ l~a~~lt~ 
LOAOASPADC~t5),INCAOORESS 

275 01011111 ~~~~0t11 10001~lA t~1~~'10 
LOAOASPAOCR1~),INCADOAESS 

27' 01aSl111 l!i1Q1P~111 t~<""'1~11 1~"'~0tlO1 
LOAOASPAOCRt7),INCAOORESS 

~7' 01t~~P08 ~0A0~111 10~~t0tl t~10~110 
LOAOASPAOCA2~),INCAOOAESS 

l~~ a110000~ 100~~111 1~011~t~ ~lA9~tt~ 
LOAOASPAO(P21),INCAOOR~SS 

3~1 01100~0t ~A~0~111 10011Al~ ~11A~11P 

102 01100~01 t0~00tl1 10~11~t1 ~lA00tl~ 
LOAOASPAD(R23),tNrAnop~ss 

• 1 ~J 011 Ql0 01" "0 V' ~ ~ 111 t" ~ 11011 011" P 1 t 0 

£-l~ 



LOAOASPAO(~ZQ),INCADOQESS 
Je4 11tlll19 1000~tl1 10~t10t0 lt~~91ta 

LOAOASPAOCR2~),INCAOORfSS 
Se,· .tl11111 ~1~~~ltl le~11~1~ ltle~tll 

LOADASPAO(~Z&),INCADDR!SS 
]06 111~191t 1~0~0111 10~tl~11 lt~letl0 

LOADASP'OCR21),INCAOOA!SS 
311 111~etle 00~A~tl1 la~lt011 ltt~~11~ 

LOADASPAO(R]0),INCAODRESS 
311 .tl~ll~e 10~0'11t l~~lt~t~ AAA~0110 

lOAOAS~'OCA31),INCAODA!S! 
311 Ittlatl1 ~0~0~111 la~lt01A ~~tA~tl~ 

LOADASPAOCR12),INCAOnRfS! 
J1Z 'tll'111 1000~111 l~Alt~tl ~~'~~11~ 

. LOADASPAD(A13),INCADORE!S 
31S '111~ltl 11~0~111 1~~t1011 e91a~11~ 

LOADASPAO(R]4),INC'ODAESS 
314 11111111 10~00111 10Alt~tA 10AA0'10 

LOADASPAOCR3S),INCAOOAfS! 
]1' el111t11 0e~~0111 1~~11Al~ lAl~A119 

LOADASPADCRlb),INCADORfS! 
lib 11111tl1 lae00tlt tAPtlatl tll~Rl11 

LOADASPAOCR37) 
111 11tltl0e ~11~~l~t 10~11011 lel~~tt0 

;OODSY! 
321 11101200 t00~~~~1 000~0~~~ ~~~~'Apa 

FYLL.ER 
321 01111"1 ee0ap~Al ~'00~0A0 0~~e00~p 

'ILLEFI 
3ll Itll1e~t 1~~~00~1 2~~0~0~0 P0~~0~~~ 

.TOC STORf ALL A SCQATCHPAO VALUfS INTO wCS LOCAL STORE. 

1 
, ALL OF TME • SCRATCMP.O RlGISTF.RS AP~ S'V~D INTO TH~ We! 
, l 0 CAL S TOR f T. N 12 C 0 ~ T t GUO U S· l 0 C • T TON S • T ... E W C S I ~ I T I , T ~ S 
I tHIS COOE Ay LO'DING T~SPT~ WYTM THE STAATING ADDRESS nF 
I THIS ROUTINE AND CLOCKING I~TO 0 THE LOC'L STORf AonAESS 
, ~YNUS o~£ CLS.DR-l'. THIS ~OUTINf PI'Elt~fS THE ~AT' 
, 'AOM TM! A SCR'TCHPAO TO lOCAL STnRf. C IN EAC~ ~tCAnCYClE 
1 ONE lb lIT VALUE IS ~EAD OUT 0' THf , SCRATCHPAO T ... ROUr.M T~F ALU 
1 AND CLOCKEO INTO D WHILE ANOTH!A 1~ AIT VALUE wHIC'" .... 0 BEEN 
, CL.OCKED YNT~ oe PREVIOUSLY IS WAITTEN INTO' LOCAL STORE 'O~RESS.) 
, CONTROL Q!TUA~S TO THE WCS AOUTINF WHEN CAOMC2. GOES LOW. , 
ASff'OSTORf; 

LOAO'DOQ[SSI 
STOR!ASPAOCRI0) 

III 0t1~lPl~ 0e~00101 0000801~ ~t0000~1 
STOR[ASPAO(P01),tNCANOwRIT[ 

1~4 01101~10 t0~01tl1 AP~~~~10 ~11~00~1 
STOREASPAO(R02),INCANOWRTTE 

325 01t01~lt ~~~01111 00~~~011 0t000~01 
STOREASPAO(R~ll,INCANOWRITf 

32. 11111111 10~Al111 11~0~el1 01t00~~1 
aTOR!ASPAD(A0~),rNCANowRITE 

111 '11e110~ 0~001111 00~A~~1~ 11~~0~Pl 
STORfASPAOCPA5),TNCANowRITE 

330 11111t01 l1P~1111 0~0~~~1~ 11100~~t 



ITORfASPAOCR0~"rNCANOWAITE 
331 et1011~1 00~01111 003~~~lt 11'~0A~t 

STOREASPAOCR01),tNCANOWRITE 
312 'tl~tI01 la0~ttl1 ~~aa00tl 111"~~t 

STOAfAaPADCR10),tNCANOWRITf 
]]] 11101110 ~~t~1111 ~R000P.t~ ~00AA9Al 

STOAEASPAOCR11),tNCANOWRIT! 
]]4 11101110 1~~~tl11 0000t0~0 ~010~~Pt 

ITOREASPAOCRll),INCANOWRIT£ 
]]5 Itl1ttl1 00001111 00000Att ~0~~1'~1 

STORfASPAO(R13',INCANOWRIT! 
3], 01101111 1~001111 00~0~~lt 00ta0a~1 

STOA!ASPAOCRI4,,!NCANOWRIT! 
]]1 0111'100 10901111 0A0A~01~ t~la~~~l 

aTOAEASPAO(R1S),INCANOWRITE 
]40 01118000 1~001111 0A000011 1010~001 

STOA~ASPADCRlb"INCAN~WRITE 
]41 atl10101 0~~~1111 ~~0~A02t 10~~la~t 

STOR!ASPAOCR11"INCAN~WAITE 
342 0t110~~1 100al111 000~0~11 10t01AAt 

STOA!ASPAOCR20',INCANOWRITE 
3~3 0tl1~~10 00001111 000~~01A ~101~~~1 

STOR!ASPAO(R21',INCANDWRtTE 
344 01110010 10001111 0~0~~~10 A1110A~t 

·STOA!ASPlOCR22"INCANOWRYTE 
3Q5 el1tB~11 A0~~11tl ~0~~~01t At~100AI 

STOREASPAOCR2l),INCANOWRITE 
3Ab 0tlt~lll 10001111 ~~0A~~tl 01tl~~'1 

STOREASPAO(R2~),INCANowRtTE 
347 ~tl1A100 0A~01111 0~~A0~10 !10tR~~t 

STORfASPAO(R25',INCANOWAITf 
359 011tlilA t~901111 A0~~~~1~ l'110~0t 

STOA!ASPAO(~2~),rNCANOWRrTE 
351 011t01~1 ~0~011tl A~~0~~11 t101R~~t 

STOREASPAOCR27l,INCANOWRITE 
352 011t~1~1 10A~l111 0a0~0~11 111180'1 

STORfASPAOCR3~l,INCA~DWAITf 
353 ~11t0t10 ~~~01111 P00~~~t~ ~0~10~e, 

STORfASPAO(Rll',rNCANowAITE 
354 0111~tlA t0A01ttl A0~~0~1~ A~lt~~el 

STORfASPADC~32),tNCANOwRtT! 
355 01110111 ~e0el111 ~0A~0~11 ~~01~0el 

STOREASPAO(Rll),INCANDWAIT! 
l!' Itl1~111 10001111 0~A~~~11 P~11A~01 

STOREASPAO(R14',INCANnwRITE 
357 01tlt~00 0~~01111 00~0~010 1~~1~~~1 

STOREASPAOCR3S),INCANOWRITE 
l,a 0tt1100A IAPeltll 0~~00~l0 101t~0~t 

STOREASPAO(R3b),INCANOWRITf 
3~1 11111~Al 0e~01111 AAA00~11 l~Al~AA' 

STORfASPAO(R37),INCANOWRITf 
3b2 0t111001 10001111 0'APeell lA1111~1 

INCANOWRITE 
3'3 11111010 0~'At111 ~00~~0~~ A~AS0'P~ 

1~4 01111Al~ lA00~001 00P0~0~~ ~A~~0~P~ 
'ILLER 

lb5 etl1t~tl 0~~~~A~1 0~~0~~~~ 0~~P~P~P 

• FILLER 
lbb 01111011 1~00~001 ~0~~0~A~ P0000~A0 



.Toe LOAD ALL ~ !CRATCMPAO VALUES 

I , , 
I 
1 , 
1 , , 
I , , 

ALL 0, TM! R£GISTERS IN TME e sc~.TC~.AD ARE LnAOED WTTM DATA WHICH 
CO~[S FR~M TME We! LnCAL STOAf IN 32 CONTIGUOUS LnC'Tro~S. THE 
wei INITIATES THIS eno! 8Y lOADING THS-TR WITH THE STAATI~G ADDRESS 
0' THIS ROUTtNF. AND CLOCKING INTO 0 TME l~CAL STORE AonRESS ~TNUS ONE 
CLSAOA-l) TMIS ROUTINE WiLL PtPfLTNE TH£ nATA '~n~ LOCAL 
ITOAf TO THE GENERAL R!GtSTERS. (IN fACH ~ICROCYCLE nNE 
l~ BIT VALUE IS REAO OUT OF LOCAL STORF AND WRITTEN INTO T~~ ~D 
qEGISTfR WHILE ANOTHER 1& 8IT VALUE IS ~OVEO FROM MO THAOUGW 
TM! ALU INTO ° A~O THf~ WRITTEN INTO THE ~ SC~'TCHPAOS). 
CONTROL IS RETURNEO TO THE wC! ~rC~OCODE AT THE END 0' THIS 
-OUTIN! WH!N CROMc2> GOES LOW, , . 

el'ADLoAO. 
LOAOAOOA!SS 

3,7 Itl11111 ~100'10~ 0~0000~~ 00~~~0~0 
MO.OATA,YNCAODRES! 

370 11111100 10P0~111 ~a~010~p A0~~~tt~ 
LOAOBS'AO(R09),INCAOORESS 

371 Itl11t91 0e00~111 01~Al~1~ ~1~A~11~ 
lOA08S'AO(A01),INCAOORESS 

372 111tl\lt t00~~111 ~1~~1010 ~lt~0tt~ 
LOA08SPAn(R~2),INCADORfSS 

373 01111110 ~~~00111 01~~101t ~100~lt~ 
LOAOeSPAO(R01),tNCAOORESS 

370 9111111' t~~001tl ~1~01~11 01t~~lt~ 
_ LOAOBSPAnC~0U),INtADD~fSS 

375 01111111 A0~0~tl1 ~1~01010 11g~Atl~ 
LOA08SPAO(R05),TNCAOOR£!S 

37b Illtl111 1~000111 Pl~~1~10 111001t~ 
LOAoesPAOCQ06),tNcAODR!SS 

371 le~l~ee~ ~09~0111 ~1~~t0tl lt~0011' 
LOA08SPADCR~7),INeAODRESS 

40~ 1~~~0000 10~0~111 01001Atl 111~et10 
LOAOBSPAO(R10),t NCAOOPESS 

401 100~~00t ~~0A0111 ~t~A1010 ~~~00tl~ 
LOAD8!PAO(Rtl),INCAODRESS 

092 l1tl0101 10~0~111 ~t~~t01A ~0t~~110 
LOAoeSPAOCR12),tNCAOORF.SS 

403 111~e01A le~00tl1 ~10~10tl 0~0~0tl~ 
LOAoeSPAOCR13),YNCAODRESS 

~A~ tI0'~ltl 1~~~~111 01~910tl 0~10~tl~ 
LOA08SPAC(RIU),INCAOORESS 

405 110~~ll1 P0~~Pllt ~t~~l~l~ 1~0~0tl~ 
LOAO~SPAO(~t5),INCAOORESS 

4~b 1100e~11 1~~a~tl1 ~1~~1~1~ 1~10011~ 
LOAoeSPAOCRlb),YNCAOORfSS 

"07 le0~9100 ~~A0Pl11 0t~~1~lt t~100tt~ 
LOAOBSPAO(~17),INeAOORESS 

419 11010t~a 1~00Altl 01~Al~11 1~10~tt0 
LOAOBSPAOCR?~),INCAOORESS 

411 11'~0101 A0P~01tl Pl~11~1~ 010A0tt0 
LOAOBSPAO(R21),INCAOORf!S 

412 1'~00101 1~~00111 ~10110t~ 0110A11~ 
LOAOBSPAOCR22),INCAOORfSS 

41] 100~0110 00090111 ~101t011 ~1~~0110 
LOAOBSPAO(R23),TNCAOO~ESS 

41U 1~000tl~ 1~~00111 ~1~tlAl1 ~1100110 



• 

41! 

41' 

411 

421 

421 

422 

421 

.TOC 

1 , 
I , 
I 
I , , , 
I 

LOADBSPAOCRi4),INCAOORESS 
11111111 0e~0~111 A1011~t0 110~0110 

LOA08SPAOCR25),INCAODR!!S 
11111111 t~'011tl 0tP1101A ttl~011~ 

LOA08SPAO(A2.),INCADORfSS 
111111~' 11~0Rl11 A1011~11 11~0~tl~ 

LOAOBlPAO(R21),INCADOA!SS 
1 ••• 1111 18~eal11 01~tl~lt ltlA~ttl 

LOAOeS'AO(A]0),YNCADDAfSS 
11~ltlAt '~~~0111 0t0ttll~ ~~9~Alt9 

LOAOBtPAO(R31),INCAOOR!SS 
tlelll~t t~~~~tl1 01~tlA10 ~"t~01t0 

LOAOBSPAOCA]2),INCADOR!SS 
lIB'l~tA ela~lll1 ~t~11Itt ~0~~AI10 

LOAOBSPAD(R331,INCAOOR!SS 
tlllllta lA~~~ltl ~1~11~lt ~91~011' 

lOAOBSPAO(R3~),INCAOOR!SS 

10111011 ~~~0Altl 0101t~11 lA0~Alt' 
LOAOBSPAOCR1S',INCAOORESS 

1~~0t0tt lA~A~111 ~lAl1~10 10t0011A 
LOADBSPAOCR3~),INCAOORfSS 

l~0elt00 00e~0111 01011111 10~~Al1~ 
LO~OeSPAO(R31) 

lA~0t100 l~eletll A1011~11 t0t~0tlP 
GOODBYE 

le0~lt31 1~~AIIAl 0~A~~~0~ 0~0~A~AA 

'ILlER 
1~0Alt01 10000011 0~P0~00~ ~0P~0~~0 

'ILL£R 
lA0et1l0 l~me0~el ~00~0~0A 000~A000 

STORE ALL B SCRATCHPAO INTn WC! lOCAL STORf. 

ALL OF T~f ~ SCRATCHPAO AEGISTE~S A~E SjVf~ INTO TH£ wes 
LOCAL STORE IN 32 CONTJGUOUS lOCATIONS. THE wes INTTI'TF.! 
THIS COO! av LOAOING TMSPTA (BY USE ~F UeON) WITH TH! 
STARTING ADDRESS 0' THIS ROUTJ~E A~D CLOC~I~G INTO 0 TME ·LOCAl 
STORf ADOR~SS ~INUS ONE CLSAnR-l'. THIS ROUTINE PJPF.L1 NES THF 
ON! 1~ BIT VALUE IS READ OUT OF THE e SCqATCHPAO THAOIJ~H T~E 'LU 
AND CLOCKEO INTO ° WHIL! ANOTH[q 1& BIT VALU'- WHICH HAn A£EN 
CLOCKfD INTO O~ PA!VIOUSlY IS ~ArTTE~ t~ITO A LOCAL STnR~ A~OQfSS.' 
CONTROL ~ETURNS TO THf We! ROUTIN£ WHE~ CD"Mc?~ GOF.! LO~. 

I 
8S'AOSTOAft 

LOAOAOORESS 
0]' llle1110 10~~01e0 A000~000 A00A0~0~ 

STOR!8SPAOCR0~' 
4]5 1011ttl1 ~eAe0111 00~0~~lA 010~0000 

STORfSSPAOCRel),YNCANOwRtTE 
43. 'lee01111 100~1111 000e001~ Pl~01~~~ 

STOR!SSPAO(Q02),tNCANOwRYTE 
4]7 1001000~ 00~01111 ~0~~0~tl ~100.0A0~ 

aTORE8SPAOCR03',I~eANOWRrTE 
uui ii0i~B~~ i0~lll11 0~A00011 A1001~~~ 

STORfS8PAOCR0Q),JNCANOWRITE 
401 19010001 100011t1 0~00~01~ 11~0~~~0 

STOAE8S'AOCRA5),rNCANO~RITE 
442 1~ell'01 1~P01111 0A00001~ tl~010P~ 



STORf8SPAO(Alb),INCANOWRtT! 
143 111111t9 10101111 ~~000~11 11AA~00a 

'TO~fBIPAO(RI7',INCANOWArT! 
••• 1 •• t.lll 1~llll11 ~~~1~011 tleA1RR~ 

ITOR!BSPAO(Q10),INCANOWAIT! 
145 11111011 ee~~1111 Aee0~Al~ e01~a~~~ 

ITOAe8IPAOC~11',tNeANowAtT! 
44. l'll~'11 10101111 0A0~ee1~ ~0~Al~~~ 

ITOA£8IPAOCR12',tNCANOWAtT! 
147 11111181 Im~~1111 0e~101tl 001a~0e0 

ITDRfSIPAOCRt3),YNCANowAtTE 
451 11111'11 11101111 0~~0~'11 ~~00t00~ 

ITOR!8SPAOCA14),INCANOWRIT! 
4~1 11'tlt11 le~0111t 1~~~001~ 1~1010R~ 

ITORfBSPAOCA15),tNCANOWAIT[ 
4~2 t •• lltll 11~~ltl1 II,aA~t~ t~0It~l. 

ITOAfBSPAOCRtb),INCANowAtTf 
.~l l~ll'ltP 10A01111 0~~00Alt 1~10RAP0 

STORf8SPAOCRt7),YNCANOWAIT! 
4~4 le11011~ 10001111 eA~~~~11 lA001010 

STORf8SPAOCR20),INCANowRtT[ 
455 11111111 00~01111 0100A~1~ ~1~0etI0 

STORf!SPAO(Ail',INCANOWAIT! 
a~, 11111111 1~0~1111 0~000~10 01~0tl~~ 

STORf8SPADCR22),INCANOWRITf 
~~7 le~11~0A 00~Al111 0~~~~~tl ~1'~0t~A 

STOAf8SPAO(Q23),INCANOWRITf 
4'~ legtl~eA 10~~tl11 0~~00~tl ~t~01tA~ 

STORE8SPAO(~24),tNCANOWRITE 
4~1 l'0tl~01 00~~111t 0~~0~010 11~0~1~~ 

STORfRSP'OCR25),INCANO.~ITf 
A~2 1~ll1'll 10~0111t 00~~1~1~ 110~11~~ 

aTORfBSPAOCR2b),INCANCwAIT! 
·4~3 1~0t~lt0 e0~~1111 0~~~0~11 t100~t0~ 

STOR[BSPAOCP27),INCANOWRIT[ 
4~A tllt1819 1~~01111 ~~~A0011 110~lt1A 

STbAE~SPAO(R30',INCANowRtTE 
4~5 le0tl~11 0A~~1111 ~~~~0~1~ 0~A001~~ 

STORfASPAOCR31),INCANOWRIT! .'b tlltt'11 1~0~1111 ~0~0~et~ ~~~0t10~ 
STORf!SPAOCA32),tNCANOWRITE 4" tlelt10~ 10A~1111 00~~~~lt ~0~00t'0 
STOAf!SPAO(R33),INCANOWRITf 

47~ tl~t110A laAA1111 ~~~a~'tl A~0~11~0 
aTORE8SP,O(R]4),INCANOwRITE 

47\ 10~1'lAl 0~~~ltl1 ~A~~~~l~ 1~~00tA~ 
STORf8SPAD(R3~),INCANOwRITE 

472 1"11101 ltA~1111 ~0~A~01~ t~~~11~0 
aTOAEBap'O(R3b),INCA~DwRITE 

413 lJ'1111A e00~1111 000~~el1 l~~~el~~ 
ITORf8S'.OCR311,YNCANDWRITE 

474 1~'lt110 19~0tl11 0~A00~tl 100011~~ 
INCANOWAtTE 

475 11011111 ~~~~1111 000~~~0~ ~~0A~~~~ 
GOOD8VE 

07b tlAtllt! tB0A~~~1 ~~~0~~A~ ~~~AA~~~ 

'!LLr-
077 lBl~9.~e 10000101 00~~0~~0 ~~00~00~ 

• 'ILLER 
5~0 10t000~a 100~~0~1 ~e000~~A A0~~00P~ 

\ 



.TOC LOAD ENTIRE C SCRATCHPAO FROM WCS , 
1 
1 
1 
I 
1 , 
1 

THIS ROUTINf lOAOS ALL nF THE ENTAr~s IN TME C SCAATCHPAD FRnM DATA 
PREVIOUSLY SAVEO IN THE wes LOCAL STORE. THIS CODE IS tNITIATED 
BY LOADING TMSPTR ~ITH TH! STARTING AnDRESS OF THISPOlJTtNE AND 
CLOC~ING INTO D TME LOCAL STOPf AnDRESS ~tNUS ONE CL.SADP-t). 
TH! DA'A IS R!AD OUT 0' WCS LOCAL. STORE AND WRITTEN INTO T~F. 
C aCRATCMPAO IN ONE ~ICROCYCLE. EACH CYCLE HANDLES ONE 1& erT 

'DATA ITEM. CONTAOL A~TURNS TO THE wCS MICAncoOE WHEN CROHcl> GOES LO 
1 
AL.L.CSPlOADI 

LOAOADDR!SS 
511 11109~~1 ~~~0~1~~ ~0~~~'0~ ~~10~0~0 

LOAOAL.LCSP(~),INCAOOAESS 
5~2 101~0001 t0A0~111 0A0~190~ ~00'0PtP 

L.OAOALLCSP(1),INCAOOAESS 
5m] 11110010 10000111 ~00~tl~~ ~~~~~~t0 

L.OADALL.CSP(2),INCAOOAESS 
~0G 10110010 10~~~111 ~0~01~~t 00AA00t0 

LOADALLCSPC]),INCAODRESS 
50S 10110~11 0e~A'tl1 000~110t ~0AA~~1~ 

lOAOALLCSPC~),tNCAOORES8 
50~ latAlll1 10A0~tl1 00~010A0 t~A00~1~ 

lOAOAlLCSPCS),INCAOORESS 
501 11100100 00~00ttl ~~~~t!0~ 1~~~~0t0 

lOAOAL.L.CSP(~),INCAODRfSS 
510 lltA01~e 10~01111 ~0~01~01 1000a~1~ 

LOAOALLCSP(7),tNCAOORESS 
511 llt~0111 00~00111 ~A~~lt~t I~A0101A 

LOAOAL.LCSP(t0),INCAOORESS 
512 10110101 10~~Altl 0IA0t0~~ ~t~~0AtA 

lOADALLCSP(11),INCAOOPESS 
51] 11101119 000~0111 00~0tl~~ ~110~~IA 

LOAnALLCSP(12),INCAOnRESS 
514 l~1~~11~ 1~~AAltl 00A~tP~1 ~1'0~AtA 

LOADALLCS~C13',INr.AOORF.SS 
~15 10100111 0A~~~111 ~0~0tt~t ~t~0~01~ 

LOADALLCSP(l~),INC'OOQfSS 

51~ l~l'~ltl 10~~0tl1 ~0~01~~~ 1100001~ 
LOAOALLCSPC1S),INCAOOAESS 

517 tll~t~9~ 0f000t11 0~~~110~ 11~~0~1~ 
LOAO'LLCSP(l~),JNCAOOAESS 

520 1~IAt~0~ 1~~0Altt 000~I~P1 ttA~001A 
LOAO'LLCSP(17),I~CAOOAfSS 

521 101A1001 ~~~~~111 ~AA~lt01 1IAA0~1~ 
GOOOBYE . 

522 1~1~1A~t tA~0~~Pl ~~P~0~~~ ~~A~~~~A 
FILLEQ 

52] 19101010 0~~0~A~1 P~~0~~0~ ~~A0A~~~ 

'ILLER 
521 llt't~10 'A~0A~0t 0~~~~~P~ ~AA0~~0~ 

.TOC 



A~L THE C SCR&TC~P&O [NT~IES &RE SAVED INTO We!. THIS RnlJTINF. IS 
CAl~!D BY LOADING TMSPTR wITH T~! STARTING ADDRESS OF T~IS ~OUTtNE AND 
CLOCKtNC INTO D TH! C SCRATCMP&D INTO wei LOCAL STOAE. eIN E&CH 
MIe~OeYCL! ONE l' SIT VALUE IS READ OUT OF THE C SC"TC~PAD, THAOUG~ 
TH! A~U AND CLOCKED INTO D WHIL! ANOTHER t~ SIT VALUE WHICH ~&O 
SEEN PREVIOUSLY CLOCKED INTO 08 IS wRITTEN I~TO A LOCAL STORE ADDRESS.) 
CONTROL RETURNS TO THE wCS ~%CROCODf W~[N CAOMc2> GOES LOW AT THE 
!~D 0' THIS ROUTINE • 

. LCS'ITOR[I 
lOAOADOAE8S 

~! 1~111111 a210~t0~ ~~~~0A~0 ~pe~0~A~ 
STOREALlCSP(e) !, '1'1~1~11 la~0e191 00~a001A 000~00tf 
ITOI!ALLCSP(1),INC&NOWRITE 

!1 111~t100 0~leltl1 ~~~1~11~ ~~A0a~t~ 
ITOA!ALLCSP(2),INC&NOWRITE 

,e 10101101 1000tl11 0AA~~0tt ~~009A10 
STOAf&LLCSP(1),INC&NDwAtTE 

~, 1119\111 0010tll1 0~~00tl1 ~0100~10 
STOA!AL~CSP(4),INe&NOwRtTE 

Il 111~11~t 10A~11tl ~0AA~01~ t0~0~~11 
STOR!ALLCSPtS),INCANDwAITE 

'3 l'1~il1e ~0~atltt A00~~tt~ t~A~~010 
STOR!ALLCSP(b),lNC&NDWAITE 

~a l11A111~ 19151111 ~0A0a~11 10~0001~ 
STORfALLCSP(7),INCANDWRIT£ 

~5 11111111 000~11tl ~A~AAttl 100~AetA 
STOR(ALLCSPC19),INC&NOWAITE 

'6 llt~tl11 1~~0tl11 00~~001~ 01e~0~10 
STO-fALLCSP(11),rNeA~DwAITE 

'1 111t01~~ 0~10tltl e0~00tt~ ~l~AA~tA 
STOREALLCSP(12),INCANOWAIT! 

10 lWl1eB0A 10~01111 0A~00~11 01~P~01' 
STOR!ALLCIPtl1),INCANOwRtTE 

'1 l1t10001 01~0tl11 0A~0~11t AI00~~t0 
STOA!ALLCSP(14),INCANOWRTTE 

l2 lltlel~l 10'01111 0~0e0A10 l1Ala91~ 
ITn~!&LLCSP(t5),INCANDwRtT! 

l3 t~lt90tl 0010ttl1 0A000110 tt9~~0t0 
STOR!ALLCSP(l&),INCANOWAtT! 

&4 lltteel~ 10001111 00~A0011 1100001' 
STOI!&LLCSP(17),r~C&NDWAtT! 

&5 11110111 00901111 00000111 ltA00~11 
%NCANOWAtT! 

I' 111111tl 1110111t 0001000e A~110RR0 
GOOO!V! 

" 11111'11 IIIIR001 fg0111e~ 1~110010 
'ILLE' 

Sl 11111110 lell.~ll e1Ag01~1 elle0gl~ 
'ILLE. 

11 1.ttllll "~~1~~1 '10Ie0~e 8'000000 

\ 
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READ TWO ~I!C[I 0' DATA 'ROM LOCAL STOP! 

THIS ROUTINE REQUIR!S A TOTAL OF st~ ~ICROeVCLES TO LOAD 
TH! ADDR!la R£GfST!' AND READ TWO 'lfef3 0' nATA '~OM LOCAL 
.TOR! PLAtING TH! '1"8T IN' 0 A~D THE SECOND VALUE IN Mn. THE 
'OlLOWING DIAGRAM SHOWS wnw TO CALL THIS ROUTINE A~D WHAT ~&'Pf~S 
AT WHAT TIME. 

******************************.******************.**************­* we! MtCROCODE * TMS AND CROM • 
**.-***-************ •• **-*-_.****** •• *.*-* •••• **.**.**.**.*._-**-
* • • 
* Pl.T, DC--ADDRESS * NO CONTROL • 

- • • 
*-*.*******.******** ••• ** •••• *._** •••• ** •• ***** ••••••• *** ••• *--** 
* • • 
* TMSPTR~CLOADAE.OT~O). NO CONTROL • 
* • • 
**** ••• **** •• *********.********.** •• ***********.*-*._*****-**-*-* 
* - * * NULL ~ORD * ~n CONTAOL * 
• • • 
**** ••• ***********.*.*_.**.*-_.***_ •• _*.* ••••••• **---- ••• *.****.* 
* • l"AO AOORESS * 
* * COATA CLOCI<En ONTO AUSDtNl * 
* Pl, ~OC.·DATA * • 
**.*.*.******-**.**.****.*.* ••• ***.*_ ••• * ••• * •• *._***-***.******* 
* * INCADORfSS * 
* NO CONT~OL * ,P2-T, DC.-MD, CDATA CLOCKED ~US* 

- * Pl, ~Dc.·DATA -
_.*.**.* •• _***** ••• ****.**.**.* •• _ •• ***.**--**.***-*.**._.*._*-_. 
* * -
* NO CONTROL * GOODBYE -* * * _.*.* ••••••••••• ****-** ••• *.* •••• ***_ •••••••••••• * ••••• *._ •••••• -
• BACK IN CONTROL. 

lOAOREADTWO. 
lOAOADOR!SS 

552 111t1S~1 tele~lap a~~~A~~A ~~~~~~A0 
D.MD,MD.DATA,INCADOAfSS 

551 1111111' Ale0Atll ~~~~1~1~ PA~P~lt~ 
GOODBYE 

55" lelJ~tt~ tl'AA~~l ~~~~~~I' ~P9~1'~~ 
'Illf-

555 Ilt1Alt1 ~0'A~~~1 P~~I~~~~ ~~~~~AA~ 

1 
1 THIS ROUTINE AEQUr~ES A TOTAL nF FIVE MICRnCVCLES TO PFAO T~O 
1 't!C!S 0' DATA ASSU~tNG THE AO~AfSS REGISTEP HAS ALRE&nV 
1 8!fN lOADED. T~E 'OllowING DIAGOAM SH~WS ~O~ TO CALL T~lS 
, ROUTINf AND WHAT HAPPENS WHEN, 



, , , 
1 
I , , , , , , , , , , , , , , , , , , , 
1 

.*.************************************************************** 
* WCI MICROCOOE * TM! AND CAO~ * 
****************************.************************************ 
* • * * T~SPTA~(INeA['DTWO' * NO CONTR~L * 
• * * 
.* ••• ** •• ***.******.******.****************************** •• *.**** 
• * * * 
* 

NULL WOAD * 
* 

NO CONTROL * 
* 

****** •• _**********.*************************.************.****** 
- * INCADDRESS * 
* * (DATA CLOC~En ONTO ~USOIN) * 
* P], NOe-. OATA * • 
*****************.**********.******.***************************** 
* * INCAOORfSS * 
_ NO CONTROL * P2-T. Oe--MO (8USOJN CLOCkEO) * 
* * Pl, ~OC·-CAT' * 
***********************.*****.*.****************.***.**.********. 
* * * • NO CONTROL • G~OD8VE * 
• • * 
*.* •• **.**************.**************.**************.**** •••• ***. 
*BACK IN CONTAOL. 

rNCft!ADTWOI 
INCAOORESS 

556 11111111 11119111 a~~~~~~~ ~~001~1~ 
O~MD,MO~O'T.,rNrADDRESS 

551 1111111' IB~g1111 e~~ll't0 Pllgelt~ 
G0008VE 

5'1 1111109~ 1~~'~~0\ ~~~~000~ ~~~00A~0 

.Toe WAIT! TWO PIECES 0' DATA I~TO LOCAL STORE 

T~IS ROUTINE REQUIRES A TnTAL nF SIX CYCLES TO LOAD TME 
AOOPESS AEGIST!A AND WAITE TWO PIECES ~, DATA tNTn L~CAL 
'TORE. T~E FOLLOWING DT'GR'~ SHOWS ~Ow TO CALL T~JS 
ROUTINE AND WHAT MAP-!NS WHENI 

•• ****************.****** •• ****.** ••• ******.******.**** •• * •• ** ••• 
• wes MICROCODE * TM! ANO CROM * 
-***********.**.**** •• *.*.**.**** •• ** •••• * ••• *.** •• **** ••• **** ••• 
* • • 
* P2-T, De.-AOORESS * ~O CONT~OL • 
• • * 
.********.*.** ••• ** •• ********.* •••• *.******.*****.** •• * ••• ** •• **. 
* * CORe--AD~RESS) • 
* TMSPT~.(LOAOWAITfTWO) * NO CONTROL * 
* • * 
**** ••• ****.***** •• ***.********.*** ••••• *** •• ************ ••••••• * 
* • * 
• P2-T, De--OATAl * NO CONTPOL * 
• * • e-:2-6 



, 
I , , 
1 
1 , 
1 , 
1 
1 
1 , , 

***************************************************************** * * LOAOADOR£SS (OAc--OATA1) * 
* '2-T, oc--OATA2 * (DATAl WRITTEN rNT~ LnCAL Sf) * 
* * * 
***************************************************************.* * * INCADORESS CO~<--OATAi) * 
* NO CO~fROL * (0.T62 WRITTEN) * 
* * * 
***************************************************************** 
* * * 
* 
* 

NO cnNT~OL • 
* 

GOODBYF. * 
* 

***************.********.*******~******************************** 
*SACK TN CONTROL. 

LOADWArT!TWO~ 
LOAOANOWRITE 

501 t~111~el ~e~~tlA9 ~00110~~ A~A~0~0~ 
INCADDRESS,WRIT!OATA 

5~2 11111101 t~I~lltl al'I~I~~ Ael~~~~9 
GOODBYE 

501 1~111~t~ A910A0~t ~1~1110~ ~~e~~0AP 
FILLER 

Sou 1~lt1010 lA~0~001 0IA~~000 ~AI~P0AA 

, 
1 , 
I 

, , , , , , 
1 , 
1 , , 
I , , , , 
1 
I 
I , , , 

THIS ROUTINE REQUIRES • TOTAL OF 5 CYCLES TO WAI~E TW" PIECf~ bF D'TA 
INTO LOCAL ST~R! ASSU~INGT~( ADORES! ~~GISTER ~A! AEfN LnAOED 
PREVIOUSLY. T~E FOLLowtNG DIAGRAM SHnwS HOW TO CALL T~TS 
~OUTINE AND WHAT HAPPENS WHEN. 

************************************************************.**** 
* We! MICROCODE * T~S ANO CROM * 
**** •• *.*********************.***.******************************* 
* * * * T~SPTR:(WRIT!TwO) * ~O CONTAOL * 

* * * 
******************** •• ******************.**.*.****************.** 
* * * * P2-T, O.--OATAI * NO CONTROL * 
* * * 
******.**********.***** •• ********* •• *******.********************. 
* * TNCADOR!SS (Dec·-DATAl) * 
* P2-T, 0<0'TA2 * (~'T.t w~tTT[N) * 
* * * ****.**********.*.*** •• *.**.**.***** •• ***** •• *****.** ••••• * •• * •• * 
* • INCAO~PfSS C08C·-OAT~2) * 
* ~o CONTROL * (06TA2 WRITTEN) * 
* * * 
*****.***********.**.*****.**.********* •• ************.* •• ******** 
* * * 
* 
* 

NO CONTROL * 
* 

GOOOSYF. * 
* •• ****** •••• ******** •• **** •• ** ••••••••• ***.*****.*.*.*** •• **.**.* 

*SACk I~ CO~TROL. 



"'''fTITwoi 
INCADDR!SI,wRIT!DATA 

,., 1.111111 81111111 11110000 IBmeI0A~ 
!~eAOOR!SS,WAtT!O'TA !,. l1tl1l1t l'P'1111 ~IAII~aA ~~10Ia0' 
G0008YE 

5" l'ltl1~1 R0aeaA01 ~A~8~0~P 00~~000~ 
'tLL!A 

!1~ 11111111 lA90'091 0e0R0000 80000A01 

• TOC 

1 
1 
I , 
1 

, 
I 
1 , 
1 
1 
I , 
I 
I 
I , 
I 
I 
I 
I 
I 
1 
1 
I 
I 
1 
1 
I 
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1 
1 
I 
1 
1 
I , 
• 

R!AO DATA VALUE POtNTED TO BY LOCAL STORE VALuE POINTER • 

THIS ttQUTINE TAKES T~! ADDRESS LOADED, READS TME VALUE IN THAT 
ADDAfV!, AND THEN USES THAT VALUf AS AN AODRESS TO lEAD THE DATA 
YALU! INTO ~O. THIS ROUTINE AE~UIRES SUP-OAT 'ROM THE ~ICROCOOE 
AI DESCRIBED l~ 1H! CALLING SEQUENCE DIAGRAM BELOWI 

••• *.* •••••••• **.**** •• ***.**** ••••••• *.**.* ••• * ••••••• **** •• **** 
* we! MICROCODE * T~S AND CROM * 
.******************.******* •• **.***** •• *************.****.* ••• *** 
* * • * P2-T, DC--ADORESS * NO CONTROL • 
* • * 
***********.******.****.*****.**.* •• **.***.** ••• *****.*.*.**.**** 
* • CDAc-.ADDRESS) • 
* TMSPTA.(AEAOt~OIRECT) * NO CONTROL * 
* * * 
****************.*********.**********.********.**********.******* 
• * * * NULL wOAD • NO CnN~AOl * 
• * * *** •• ******* •• ********************************* ••• ******.**** •• ** 
* * " LOADADDAESS * 
* * CCLOC~ eUSDIN) * 
* Pl, ,..OC.-AOORESS * • 
*********.********.**.****.* •• ***.***********************.****.** 
* * * * NO CONTROL * P2-T, Oe--MD * 
• • • 
***.*.***** •• **********.*********-***********_ •••• ***.**** ••• ***. 
* * C08e·-'ODR[SS) * 
* NO CONTROL * * 
• * * **** •• ******************.*****.******.*.* •• *.*.**.* •• **.***** ••• * 
* * LO'DACeRES! * 
• NO CONTROL * (~USOINc-·O'T') • 
• * P3, MOe--o'TA * 
*******************.***** •• ***.********* •• ************.***** •• *** 
• * • * NO CONTROL * GOODBYE * 
* * -* ••••• ***-********.***.** ••• **-**-***-**.**.***.**** •• *-******* •• " 
*SACK IN CONTROL. 



AIAOINO%A!CTi 
lOAOAOOR!:SS 

571 11111101 e0ee~11~ 30A0~A00 ~0~~10~~ 
O.~O,aT!PTHPOUGH 

571 11111101 10001101 ~~e00S1e 00801!10 
ST("THROUGH 

571 11111111 eSt011a1 0A~a0RI~ ~~~'I~A0 
lOADADORfSS,MO:OATA 

57. 11111111 1~11~1~' 1"01900 ~~'~lttP. 
GOOOIYE 

57' 1.111111 0~1'10e1 11110010 10'0~A~9 
'lLL.EA 

57. l1tl11tl 1000A0Al eAI~0~pa ~01~1~10 

.TOC wRIT! DATA INTO LOCAL STOA! ADDRESS POINTEO TO BV LOCAL STO~! POINTER. 
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I 

THIS ROUTINE USES AODRfSS POtHT£D TO BY CAllING ROUTINE AS 
A POINTER TO ANOT~ER LOCAL STORE VALUE. THf VALUE IN WCSA(0) 
II WRITTEN TO THAT LOCAL ST~A£ POSYTION. THE FOlLowI~G 
TIMING DIAGRAM SHOWS HOW THIS ROUTINE IS CALlEO AN~ E~FClJTEDI 

•••••••••• *.****.*.* ••••••• ***.*_.*** •• ****--*** ••• _*----***-*.-* 
* wCS MICAOCOD! • TMS AND CPO~ * 
*.*.****._.**.*.*_.*.*e*_.*** ••• *.* •• _*_*_**_* ••• _*_*** ••• ****.-. 
* • * * Pl-T, Dc-.AODR!SS • NO CONTRnL * 
* * • 
.*.*****.**.*_ •• *-*.**---*****-****._.*.*******-***._-****--****. * • C08c--AODPfSS) • 
- TMSPTR.CWAITEtNDTRfCT) * NO CONTROL. • 

* * * ****_.****.******-*._*****._*-***.**.****** •••• ***---***-***-*_.-
• • • * NULl. WORD * NO CONTROL * 
* * * .*--•• _*.-.**.**-*.** •• *_._-*-*._-**.***._* •• ****-* •• -*******.*.* 
- * LOAD AD~~PESS * 
- - ( BUS!) t N C I. OC KED wIT H 0 A T A ) . * 
- P3, MOc--OATA. -
*******._****-*.-.******* •• *.* •• _***-***.*_.*_.*.*-**-** •• **** •• * 
* * • 
• NO CONTROL • Pl.T, OC-.MO * 
* * • 
****.**._*****._-_.*************-**._*.*** •• _**.***._*.-*_ •• ***** 
* * COBC.-AOO~ESS' * 
* NO CONTROL - P2-T, OC-.WCSAC~) * 
- * * *************._****-.******.********.****-***.****-*-**********.* 
* - Lo.nAOD~ESS COAc·-DAT.) * 
- NO CONTROL ,* COATA WRITTEN) * 
* - -*.e**.**._***.******.******._**** __ ******_*******.******_******** 
* * * * NO CONTROL * GOnOBYE * 
* * -
*****-****.****.*****-*******---**************-*********.**-**-*. 
*BACK IN CONTROL. 
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APPENDIX F 
(TEMPORARY) 

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