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1.0 INTRODUCTION

This document provides an introduction to the microprogram that implements the IMP-16
instruction set. It is assumed that the reader is familiar with the material contained in
Pub. No. 4200005, GPC/P Product Description. Additional reference material that
would be useful to the reader who needs a more thorough understanding of microprogram-
ming the GPC/P may be found in Pub. No. 4200001, GPC/P Microsymbolic Assembler
and Pub, No. 4200007, GPC/P Microcoding Manual . »
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2,0 FLOWCHART DESCRIPTION

An overview of the microprogram for the IMP-16 instruction set is provided by the flowchart
shown in figure 2-1. This figure delineates the major operations performed by the micro-
program. A more detailed definition of these operations is presented in Section 3.0 of this

publication.
2.1 Fetching a Macroinstruction

Consider first the manner in which a macroinstruction is fetched and executed. The instruc~

fion fetch routine consists of two microprogram steps. As a result of the first step, the

main memory location whose address is contained in the Program Counter (PC) is read, the

nine most-significant bits of the memory data are stored in the CROM Instruction Register
(CIR), and the least-significant byte of the memory data (with the sign of this byte ex- |

tended into the most=significant byte) is stored in the Memory Data Register (MCR), Cn

the second step of the instruction fetch routine, the PC is incremented.
2.2 Instruction Address Formation and Execution

The macroinstruction step that follows the instruction fetch routine depends upon the class
of macroinstruction that is to be executed. If the instruction class is a type that does not
use the common memory address formation routine (as specified by bit 9 of the Address
Control ROM output), then the next microinstruction executed is specified by the macro-
instructions op code, and there is a branch to the "entry point" of the microprogram for
that macroinstruction. The microinstruction(s) that perform the macroinstruction's function
are then executed. Following this, there is jump back to the first step of the instruction

fetch routine.
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Figure 2-1. Flowchart of Basic Microprogram
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If there is no interrupt and the instruction class does use the common memory address
formation routine (determined by bit 9 of the Address Control ROM output), then two
additional microprogram steps are executed before branching to the "macro entry point."
The first step consists of forming the memory address and storing it in the MAR. In the

second step, memory is read and stored in the MDR. Then, there is the jump to the macro

entry point.
2.3 Interrupt Processing

Consider now the response of the microprogram to an interrupt. On the first step of the
instruction fetch routine, the condition of the INTRPT input to the jump condition multi-
plexer is tested. If the line is active, the microprogram jumps to the interrupt routine
(INTR). On the first step of this routine, the CPINT input to the jump condition multi-
plexer is tested; when a control panel interrupt is requested, both the interrupt (INTRPT)

" and control panel interrupt (CPINT) inputs to the multiplexer are active. See figure 2-2
for the logic associated with the interrupt. Assume first that INTRPT is active as a result
of INT REQ (an interrupt request from an?l/O device controller), and that CP INTR is not
active (see figure 2-2). Then, the next microprogram step executed turns off the interrupt
enable flip-flop (INT EN becomes a "0," thus inhibiting further interrupts) and the pro-
grdm counter (PC) is saved on the stack. On the following step, the PC is set to a value
of 1, and the microprogram branches to the instruction fetch routine at location 1. This
causes the execution of the macroinstruction stored in location 1 of the main memory, and

thus provides entry to the macro-level interrupt service routine.

Now, assume that INTRPT is active as a result of the CPINTR line being active. Then,
following the first step of the interrupt routine, the microprogram branches to the control
panel service routine. The first step of this routine causes the CPINP flag to be pulsed,

" and loads the CROM Instruction Register (CIR) and Memory Data Register (MDR) with the
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3.0  SYMBOLIC DESCRIPTION OF MICROPROGRAM

A detailed description of the microprogram is provided by the listing of the symbolic code
given in table 3-1. In order to fully understand the program, the reader should be familiar

with the material presented in the manuals referred to in 1.0, Introduction.
A few of the major features of the listing are explained below.

e The first two pages of the listing define mnemonics used by the assembler

(EQU statements).

o The first two fields of data on the left side of the page give the address and
content in hexadecimal code. The 23-bit content is represented by é hexa-
decimal characters with the data right-hand justified: ROM bit 22 corresponds

to the least-significant bit of the right-most hexadecimal character.

e A leading asterisk in the labél field of the symbolic code denotes a comment

statement.

o The prefix X' before a string of characters indicates that the characters are

interpreted as a value in hexadecimal code.

e Arithmetic instructions have the following format (brackets indicate an optional

field):

[ label] operation, A-Bus, B~Bus, R-Bus auxiliary operations ~ comments

e Branch instructions have the following format:

[ label] operation [, condition] address auxiliary operations  comments

3-1
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e Flag operations have a format similar to the format for arithmetic instructions
except the operation field is replaced by a flag operation field followed by a

flag designation.

e The ORG statement is a directive to the assembler and is used to control the

ROM address where the microinstructions are located.

The first word of the instruction fetch routine is at location 180. (Note that all references
to addresses in the following text are expressed in hexadecimal code.) The first word is
not expressed in symbolic code, because the coding of this ROM word has been chosen to
provide multiple functions for many of the ROM bits and thus make the instruction fetch

routine efficient.

The ensuing operations performed are indicated in the comment statement that follows

this step.

Note that the flag address of the Read Memory Flag (RDFF) is chosen to be the same as the

jump condition multiplexer address for the interrupt line (INTRPT),

Coding of the ROM word is chosen so the microprogram jumps to location 1E5 if an interrupt

is active.



ute
oen
(i
voo
000
609
oco
0G0
oco
oco0
oco
UG
ouo
0uo
voo
oL
GGy
0G0
000
uco
aco
ued
iy
oLo
G6Go
oca
veo
uoo
000
Loo
uto
GGu
060
oee
oen
vy
oco
0Co
uee
GGG
cuo
000
GCo
000
009
600
oo
uco
ovu
000
060
0G0
LY
0G0
060
0Cco
000
gou
000

JOLLOE
JBuuul
w0UuLYy
300640
covu(o

GUvLUG -

SLOUU0o
D0UuUG
900100
n10U200
uCcouyoL
400500
Juo0o60
200u00
000000
200004
2udyuy
S0uLUY
500004
&8V0006
goou0s
406000
oguooo
000u00
a06uol
ulluu2
900002
QUUUGE
00005
40Jdude
J0uuu?7
voungs
600uGe
OG3Cu0A
JuuUoL
000LOE
Quood1v
6uo000
0U0uLO0
Juuuen
JuiGG6o
a000L30

RN
GuLill

peodzc
ouuund
20Cu00
J06001
000uoC
000003
DIITTIS
q0000%
0604U6
¢Guouu?7
J00uUbL
Gubuuy9
00LUCA
000010
QuouQo
o0uuuo

*EERE
*E*§.y
Py
2EXFE
kLt ¥
*

*

*

XOR
OR
AND
ADD

*

x

*

JupP

8

JSR
1Sk
RET
JFETCH
JINST
*
INTRPT
REQC
PSIG™!
HITO
BIT1
I'REQO
cPINT
START
STKFUIL
IfEN
cYOoV
RLTEGYL
FAILC
GJC

*

*

*

*
PFLG
BFLS
SFLG
*
RDFF
WRFF

1aFF

0OFF
cCPINLP
SVRSTF
LOAKFF
HALTFF
FAILFF
INErFF
SELFF
GFLG

*

*

PEFIME A SET OF “0'2a0r ICS FOR USE BY PROGRAM
CEFIANE ATITHSETIC 1HSTIRUCTIONSG
eGy NYIC0,1 EYCLUSIVE OR
fFGu Y12en.l INCLUSIVE OR
ECU il LOSICAL AND
EGU Y13060,1 ARITHSSTIC ADRN
CLFINE TEALSFER IMISTRUCTIONS
Ecuy YieG0004,2 Jurp (COMDITION nPTrnNAL)
FU Je 2 ERAMCH
Eul YroiNG0U? Junp TO SURROUTIME
£CU JGF 2 EPAHICH TO SHFROUTINE
Elu YELE0000el FETUR) (UMCHMED)
FGY e dd JUMP TO FETCH (Lmcoring
FuY Xtqo0ed0ey JUYP TO IMST (CIR TN RAR)
CEFIE JuuiP COMDITIONS
FOU ] IMTERAGET RESMIEST TRUF
EGU 1 R 2US LML TO ZERO (PREV THMST)
£aU ? f oUS 1T 1S FALSE (PPEV IMST)
ECu TR AJS S1T N TRUE (PPEV I1:ST)
EGJ 4 R aUS <IT 1 TRJE (PPEV INST)
FOU ) R AULS GT 7ZERD (PREV INST)
Elu - € CONTINL PRYFL INTERRUPT RPEAMIEST TRUE
EGU 7 CTART LUTTCH NEPRESSED
ECuU A STACY FULL
ECU < INTEVQUPT FIARLE FLEG TRIE
ghu 10 CYOVL LUTHUT FRO% RALUL TRUE
EGU 11 F LS LESS THAIL OR EQUAL TN ZRRO (PREV INST)
Fey 1a DIAGUCS1IC FATL JuwP GOl
ECJ 16 SITEY JUWP 0auD (CTR PITS n-3)
6JC ALY CAUSTS A ROv EMARLE
DEFILE FLAL INGTPUCTIONG
EGU YIs(s2 DULGE FLASG
ECd 2%10e3 OFSET FLAG
ECy Yee0r2  STT FLAEG
PEFINF FLAGS
Euu N RELL “EMNTY
EOU 1 ¥IrI1E ~g4CQY
EGU 2 I OUT UET Fen't PERIPHERAL
Fcu 3 QUTEUT GATA T9 PERIPUERLL
ECJ & Conwenl BrWEL COMMAMD IMNPUT PFQUEST
EGU 5 SAVE 0t RESTCRT STATUIS FLAGS
FGU 3 LOGAU ALIRFSS XEGTSTER
Fou 7 SET Y palT I9STRUCTICN
LGU o SET Y DIAGOARTICS O A FATLURE
E_‘(“U Q f‘l_‘-r.'_‘[_[' ]‘]Trf‘blli)‘rc
ECL 19 SELECT (UFER aY STATHC FLARK)
rou 16 GATEDR FLAC ATORESS (CIR PITS N=3)
CFLG ALSN CAUSES, A RCY ENARLE

Table 3-1.

Symbolic Code Listing
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Table 3-1. Symbolic Code Listing (Continued)

060 0Q0UDO0 x CEFIOE LISCELLAIMCUS IHSTRUCTIONG

¢0) 00060CG - %

UuG0 ©ULLGU DATA FQU (el HoEN 16 FTER SPECIAL THMSTRUCTIONS

003 a0uuo0 HoP gvy Ney ALTCRNATE **MEMONIC TO NDATA

0G0 uvo0LCo = :

Q00 J0uuol = CEFINDE REGISTER MHEMOIIICS

¢gC0 9006000 = E

uCY J00u0l PR1 e 1

G0 olCuCt2 P2 L uy 2

000 0GDO03 R3 Fou 3

060 00L00s Ry EGU 4

u00 vubd05 RS ELU S

0G0 000026 R6 EGU [

0G0 (0GLUT R7 ECU 7

UG8 pQLuol ¢ £QU Q1 *

000 000002 MDR EGU R2 *

0G0 c0GL03 MAR teJ ez *

009 00004 ACO coy 22 * ALTER!ATES TQ R1-R7

06GJd 900005 ACl ECyY S *

00 G00u06 AC2 EGU nE *

0063 6GGGOGT ACD FUJ r7 *

000 400u08  GS £Qu 11 GATED SCURCE (FROM CIPZXe?) = R OR R BUS ONLY

u00 300009 GD Ewy G GAITU NEGTINATION (FRCOM CIP1,0) - A OR R BUS OMLY

000 GUUOULA GXR £EGU 1c GATTU I'DEX REGISTEP (FPoM CIR1+0) = A BUS ONLTY

v00 0006uCs STK £GyY ) STiCre MSE DI A OR F PRLIS ONLY

o0 900000 = - RTMIPES ALT » FNS AN 8 RYS

vd0  V0GUL00 FLGS Ecu s} RALU ST/ THS FLAGS (OMLY TO RE §SED

000 00UV 0 = It* CYCLE FOLLOAINMG *PFLG,SVPSTFY) = A AND R BUS

000 000000 «

000 u0LOs0 = DEFINE OPTIONS FOR YPERANN FICLD (VALUS LIST B)
T060  GUULU0D =

900 360000 ROR EQU XUI06r0U POTATE RIGHT (ALT £ FHIS ONLY)

000 300620 FfOL FaJ Yt3gar2p POTATE LEFT (AT A FHS ONLY)

600 300U10 SHR ECU X301y SHICT RIGHT  (ALT A Frg ONLY)

009 306u20 SHL ECJ X303 GrIFT LFFT (AT A FNS OIILY)

C00 000040 CIN EGU x40 .7 LOv ORCFEP CAFRY IN TRUE

0060 90LOs0 CHPA. Fou b AR COorPLEMOMT TWUFE p RUS

003 008032 BLE QU 2 LAY LIFT SYTE CF 2 =S (O0N'T useE ADD)

¢g3J 000002 ENCOV EQU 2 EMARLE CA™VY AMD AYERFLOW (ADN OMLY)

000 200002 RDI £CU Xt2(00902 READ INSTRUCTIOt IETD CIR ANMD MDR

000 (GLVUGY DATALt gGU o LOAT THS R oUS FPOM THE NATA RYS

orc ©00C0Y PE - EQU "1 nYy LY

0G0 vouLud IF gy JFETICH TUSTRUCTION FETOH (ALT TO JFETCH)

ud 200002 SPR EuwU 2 SIoM PROP(WITH NATAIM ONLY)

utld 006L0J0 ***#%% L2323
000 D00U0C0 =%x%xx%xx» 1332
000 LOLVIOD  =xx¥» END GF MUEPONMIC DEFINITIONS *kkx%
T000 . OUUD00  FxkEs ey
OLU  000ULLD  #xx»s rI3132
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Table 3-1. Symbolic Code Listing (Continued)

Uty J600CD =

000 GOCOY00 = INITIALTZE ERAICH T0O IFETCH

1#9  oUOUGO ORG Xt139

1£9 0UCU50 = LLOTE THE 1ST STEP NF IMITIALIZE ROUTINF IS EXSTUTED 3 TIMES(LOC 188)
1£7 LJULul * el ¥C TC FFF~

1€9  sbve:d Uty C e 0y 00C Cr:aelFe SHL

122 J00U00 = COMeGii Sl WOUTINE

16A 202748 SKII- AJUePCraFC CIt,IF

186 w0OOUN0 =
163 00u000 =+ CONLTRUL PALEL INTERRUPT SERVICE ROUTIMNE

i€ 000000 oG - X'T1EA

1EA 20ul32 CPINIR FFLCrCPIMPrreD RDI

1E8 40uc00 ORsCr()e O JINET

1€ 0G0OUC0 x CPINLP FLAG LETS CONTKOL PALFL LOGIC K0 THAT FOMTROL PANFL INTERPUPT 1S
1EC QUUGLUD * BEING SEwVICETD. SERVICE ROUTIMES MAY PE EITHFR2 “ACRN PROGRAM OR

1EC 00U0G0  «  MICROFRUGKAM STORED I ANOTHER CROM.

1EC  9UU0d0  =*

1EC D00000 # ILSTR FETCH ROUTINE

180 00uvI0 GRG x'180

160 Q2Fze36 IFETCH CATRA  X'12F2R36

181 G00LLO * JwWP TC ITR IF IGTFPY(PULSF ROEF, R-BULS TO ¥nr, READI

181 402750 AGG e PCo e PC Clh e JINST AUTO UV TO ™ACRO ENHTRY PT IF ACR-9= 0
182 ULUGLO  * MOTE RE 1S "EEDER ¢ SVEP FOLLOWING LCAR

182 122F01 ADD GXRe DR VAR BE »FMODY ANIRESS FNRMATION

183 0U0U0OD = KOTF RE 1S +LCOECe ALL ¥FV PSF INSTRUCTINMS “UGT BE IN MASTFR CROM

183 406E3Y PFLGIRDFEF e AR, o0k DNATAINLJINST  READ MTMORY

184 COuL00 x AUTOATIC Ju*P TO CHTRY PCII'T OF HACROINSTRUCTION HERE
1£S ubuuoo [RLYCIE 4 5 §3:)

1ES 000000 = IRTERPURT ROU'TINF FoLLOwS

1FS 2F5144 INTR PeCP T CPIt. TR TEST FOR CcONTrNL PAUFL INTERRUPT
“lEo  p922:C RELCe THENFFPCeMeQTK N TUPH O%F IMTERRUPT E!ARBLE AMD SAVE Pc
167 w0LACO =* ANCTE IHELEF AAS ACRDRESS wHICH CAUSES ORY

1E7 200748 ADD» Qe 0sPC  CINIF EXECU'TF THNSTR IN LOC 1 OF VAIN MEMORY
1E3 (006000 =* Loal

030  UV0OCO ORG X180 -

060 O0A4209 GReCF-r e GS T o PE HOVE DR TO GATFD REGISTER

081  GO0CUOGC = LOAD IMCIARECT (SINGLE LEVEL)D

o0  000uGD OrRG X130

090 UA403D PFLGYROFF ¢ MDIR e ¢ GS DATAIN, IF+aF RN MEM, LOAD INTO SOURCE REG
0S1 000000 =* STORE

GAQ  Q00G00 ORG XvAQ

Va0 JUDV00 = Twd FOLLCHING LCCS COULD BE SAVFR IF COGMAON MEM ADR FORM USED
0A0 122F01 ADG»CXReP"DReAP  RE LEMORY ADNPPESSE

OAl (CU61R0 PFLG+LIOARFF o I*Ae e O 0

0A2 OCUACO STOK CRrGeGSIDR O

OA3 JU04G78 PFLGr2RFFFCRe e 6 IF vPITE =E)RY WITH (GS)e

Oa4  DOLCCU - * S10HE INRIKECT (SINMCLE LEVEL)

o6fsu  00GUNO : Ok Xtid

080 004181 PFLGILDARFF DR o0 RE LOAD AR WITH ADDRESS

¢B1 251404 a8 STOR

Ot2 00u000 = ADD

0C9 GLOLUO CRG X*CO

0C0 QEL3UB ADD»MUR G5 GS IF¢eRE+ENICOV

uCl o0u000 =* SuB

oL0 0vuocCo ORG X*'Co

000 0EL3CH ADULMDR ¢ GS» G CPAYCIIe ITF ¢ RE #FMCOV 2'S COMPLEMENT 0OF MDR & SR
otil 000000 = SKG

OEU 000000 ORG X'*EO

0UEO0 0Cubkal ADC»»DUR«GSeMDR  PLC™PA SUE (MCR+1) FROM SP

GE1l 2C508C BePSIGY. SKIPeLF

UEe 0uU000 =  SKRE

UF0 000000 ORG X'FO

UF0  0C4901 XORs DR GSeMDR  PE

OF1 2C514C BetdkEGU  SKIPr1F

0F2 ultoL0 = ALCI
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+.bdg 3-1. Symbolic Code Listing (Continued)

, A'e0
;w:;’PRnGSvGS IF+RE
. ¥'ea
M LR AC3 0 ACO ~ I1F+RE
e "
T w XreC
L;_;'LP-ACIvACI IFeRE
» ﬁ\‘\.;\, e Xv70 )
: T RAMTDINDReGSe¥DR RE
y L G SKIPsIF
e 182 '
: : s X178
; . TRy OR Clt.»PE THCPEMENT
";Q hFF-HDQoﬁchBD\ i BFSTNRE IN MEMORY

BT S .;" f"uST HAVE “"k CONTEMTS FOR PROPER TEST, 2 MS BITS OF WRFF
CG.C % MUST LD ROS (AND FLrCTIOM, :

s anC o, teen SKIP.IF SKIP IF ZEROr ELSE IFETCH
~ubD  ® LSE
- ";\JUO 44_-1,)’ X.-’C
¢ piapl LU DruDERMNR CrPAWRE Sus OME
Lecooh AP AR CIEN I (2 (¥251
ceULGo & PUSH
BRI Ly XYHO
P09 i, #O 1 eSTK Ree IF
LULDU * h
‘ 54,00 % hyepes #FRTION 431 USED Y REG-REE INSTPUCTIONS
nTOUGE % (i, rIfATCE THTS SINCE R-BUS ADDRESS CAM BE ARBITRARY)
“TULs0 & PuLL T
X 4,000 4 Yruy
L r54209 o 2T eG0 RESIF
YL Lu00 & AL ET) My SKIP IF 26RO
Y ATl ger  Xous
N o () (..Ifﬂt’ DR GD PE.EHCOV
DL 3E5ULC ;' "( 1] SKIP¢ I,_F
PAA by # LY -
T es ANl - e X4C
I 25209 \LL SrbDReGD SEs IF
Lo a3n0p0 % CAY ©phD i TO 19S5 COMPLEMENT OF D (2'S COMPLEMENT FOR N=1)
: -5OuU00 oy XS0
LYy Ts2Coe9 (o aLD- TR GD FE:C¥PAs IF
ot 30000
b 0,00 kgowy jit RO: OF CROI'y ARN(R) IS DECONPED AS *DON'T CARE' FOR CAT
e T T
Tl reou00 ””g Y1150
P 120589 ,po.*DR'co REsC'*PA¢ IF
N L TL TR ‘
L LTV [ B
19l Lo0uo0  x SHL (o 1}F1 LEFT OPEM N PLACES)
bor c20use ror. X'50
l== 250230 Ly e ED SHL
LYy CLuluo = Bl r.,,T FoLLOUS
Ly 520or1 T D BedDPPADR - CKPASRE  SUPTRACT 1 FRAM N (ENTRY POTNT)
L >2unEC j>1u! =24 IF IF RESULT MON=I'ZGATIVE GO YO SHIFT» ELSE IF
L'y LUuu00 % RCL ’xlh LEFT (SHIFT CIRCULAR)
LYt nCLUOU ' .‘4, X157
LR T0Ce20 ‘e eGL ROL
LYY gbuvdd  * BN, ,A,., FoLLOwS
LY 2oLdl ,»“wv- MOReMDR - CMPBIRE
Ly Z?ﬂhﬁc “, ";JGll 32+ IF
Lhd Lgus00  » SHE ,,M.T RIGHT
1'% Guguto ' e X153
R SN P Fa, Deecl SHR
15 mo0L0o ¢ (re o+ 35 TNITIALLY A MEGATIVE MO,
Jte cueouo s EL15; eof) ] FOLLORS



060.

(11
Ubl
068
066
UES
0eC
0EC
[H3s}
u70
070
071
V72
078
L7y
0792
C7h
G7h
u7A
073
07C
u7C
070
07c
040
ouo
c4l
oul
okl
vyl
. sy
" 04y
Gus
uidB
643
vhJ
GLA
wsC
ouc
040
050
vEo
051
usbl
¢zl
150
143
151
i1tl
il
0%
0S3
0%C
6sC
059
oSt
us?
057
UER
050
L59
ObA
148
15
15C
15C

900u00V
NELU09
noogeo
novoou
445209
000¢Ge

0006000

05tui9

guuLLo
uoouoe
0C4501
~20504C
2Quudo
Qoooue
[1ICTR DY
deke70
20LulU
Guuvuc
2CoHuuC
wulu00
JUU000
0z20cb1
23CCoy
000GG0
BTV T
194209
90UGGU
Gouu0o0
¢ouuse
uG0CGo
J0GUU0
194209
guu00
v00060
12£303
2C5u4&C
vooueo
Joougo
126209
200000
o0uugoo
12C5e9
ouoooo
(g
0000V
c00000
12C589

40U000

900u0o
500uv00
GOOuGO
30C230
060GLU0
520081
22vs3C
v0uuvQo
noouoduy
30C20
yOuugu
n2uLal
228648C
6L0uV0o
guuaeo
3Celo
300000
cyoouuo

LR B

Table 3-1. Symbolic Code Listing (Continued)

4200010A

RESTNRE TN MEMORY .

SKIF IF ZEROr

1 FROM N

2 MS BITS OF WRFF
ELSE IFETCH

AR1(AR) IS DECOPED AS 'DON'T CARE' FOR CAI

(ENTRY POTNT)}

IF RESULT MON~M'ZGATIVE GO TO SHIFT. ELSE IF

OKu AVED
AU DR GSeGS IF¢RE
CRO .
ORG - X'63
ORe*NR¢ACIeACO ~ IF+RE
CR1
GG X'&C .
OKsCIce ACL12AC1  IF.RE
SKAZ1
O, Xv70
A'De»DReGSe¥DR RE
BeRECC SKIPr1F
1sz :
ORG X738
ADD»> IR eMCR Clt.oRPE THCPEMEMT
FFLCr =i FF o MDR N R ¢ MDR
NOTE F=3US ~JST hAYE +°k CONTEMTS FCR PROPER TEST.
MUST FE ZE ROS (ARD FULHCTIOM) .
Rricp ot SKIP.IF
LSZ
CRG X'7C
AUl s GeuDF P MDR CiPARE SuU8 OME
H 7'79 GO TC 1SZ+1
PUSH
ORC X140
OReCSr e STK RteIF
MOTE LOCATION #31 USFD BY REG=REG IMSTPUCTIONS
(CCULD CHANCE THIS SICE R-BUS ADDRESS CAN BE ARBITRARY)
PuLL
CRo YLy
OReSTKr e GU RESIF
A1Ge AT My SKIP IF ZERO
ORG Xxsug
AL s e DRI GD PEELMCOV
BeREGH SKIP¢1F
LI :
d ORG xe4c
CRe D2 DR e GD DElIF
CAl ALD 1 TO 1S COMPLFMEMT OF D (2'S COVPLEMENT FOR nz=1)
CRG XS0
AUL 2 CLe LRGN RECHMPACIF
NOTE I RO OF CROt:
CORG ¥'150
AUL» G WDRICD REsC7PACIF
SHL (SHIFT LEFY OPEM N PLACES)
ORrRG X*Sp
O Clde o 3N SHL
EL.TRY POIN'T FOLLOUS
AUV O r i 1DP 2 MDR CMPARE SUPTRACT
t:ePSIGH <=2, IF
RCL RUTATE LEFT (SHIFT CIRCULAR)
ORL X157
OReGD e s GT ROL
EMTFY pPOLUT FOLLORS
ADD ¢ 0o aOR e MOR CMPA»RE
ByrSIGH =29 1F
SHR SHIFT RIGHT
Chuv X153
ORenN ey GO SHR

NOTL 1i IS IMITIALLY A MEGATIVE HO.

ELTEY POLLT FOLLOUWS



Gr-v

v31
021

32
v32

035

13u

Ocuoyl
2AUALCC
;06vu0
0006u00
20C230
00uudo

Dzbolbl

2ABACC
u00vauo
L00LLo
C9ucnl
194200
123c08
0Quouo
30U3JU
06uulG
J00000
1CC30:3
couono
1CCuus
200000
1CC10&
u0uvuGo
uQouLo
GOouOo
00uVGOo
J26A01
22U6C4%
COvLuLo
¢0Gouv
20UL oY
2lulon
aouuny
1UGA01
1C82¢0
gA4208
voluvulL
Jouuson
2139u4
RHIVEIS )
103208
500600
Q00000
122709
J0U0L0
cuGunu
(04009
S00voo0
0oocno
0%s22¢u1
122708
Q00un0
000000
J9e2a1
JU4%00b

BGLIUTR]

000uuaO
004101
200029

AulreQr e 3P ClekF
CoblLTZ 4 5=2¢1F
* ROR ROT&TE SIOKTY
OHo X157
iz e G o S0 QOR
*« ENTRY POILT FOLLOFS
Fisue e A0 M DR CltieFE
BoFLTF LD 2=2¢1F
¥ XChKS EXCr 16 REGISTFR /MG STACK
oG X854
CReSTK ¢ o AR € (PHLL STACK T wIPE OHIT OLD DATA)
CReGLIr e STK 0 (PHSH NE» DATA OITN STACK)
Cilee 2422 GL IF .
%
* REC-PEG LiI.oTRPUCTICHS
* RADL
CRG X 030
LU CNeG3Se 6D IF+RESEMCOV
*  RALD FICKOPEDGRAL PRANMCHES TO THIS POTHT AFTER AUGMENT DECODE
RAMOL AL 05D 35S GL 1F
£ RXCR P ICKOPRDAPAY PRANCAES TO TAIS POIMN'T AFTEP AUGMENT DECODE
RXORL ACR¢BIeCSe G IF -
*
*  ERTRY POILLT FOP RYCHeRCPY1RXOReRAND
x  GECOLE ALG' 2T FIELD (ReG-REG INSTR'S)
(#1348 X*135u
Oh et DRY"IL R R Re. TEST 8B8IT ©
EeRITH  Yrul GO TO TEST RCPY 9OR RAMD IF TRUE
* PICTE TitE A0VE THSTPUCTION HAS THE EFFFCT OF GATING MDR CMTO THE
* FE &US T0 PEF 41T TEST FOP BIT 1.
* {SuME AG A:DrLeb MR CreA)
Fst Tl FXACUPL
* FRXCH
ORI O 0 MIK rRE TP STORE
CReCe 23S G G LOLD GD
DRe™MIR 919 GS IF LOAD GS
* .TEST FOk RCPY Ok RANC™
ORG X'4]
T EeBITI  RANDL
+ RCPY
OR+ (5S¢ GO IF
% ShP
Ckou £12C
AUL»SXRVDRWPC  IFWPE  FORM ADDPFSS STORF IN PC
* JHP TLGIRECT
onG X124
Ok UPRs ¢PC  IFyRF MOVE MDR TO £C
* JSR (JUiP TO SUERCUTING)
) ORG X123
CReFCroSTK Re PUSH PC a:TO0 STACK
ADC s GXReVuUr e PC IF FCRM ANDPFCCS:STNRE TN PC
* JER THDIRECT
Oke Xr2C
OhePCeroSTE RE PUSH PC ONTO STACK
OR e+ LRe o PC IF
* SET FLAG
ORG X*0us
PELGrLONFFF oMCRe 0 O RE LOAD A™ wITH DEVICE ADDR
SFLGeGFLG IF CFT GATSD FLAG
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Table 3-1. Symbolic Code Listing (Continued)



0GA

18
168
109
1A
€19
v1ce
11
012
013
iFE
1FE
iFF
IFF
069
0.0
vt o
661
001
oc1
002
b2

Gy

0u00uo

n000G0
0041l
200039
N0CubC
RN U]
JCueCl
203000
314798
200080
500uG0
¢FF1iC
QJuudl
2FF1EY
200ULG
0VdLLO
ZFFCUS
S00000
200080
Nlucel
C6LL0V
Go0uio
uYGoCl
G2270¢
u0ulo
ALY
000171
593208
$U30C0
29uLuY
090971
Jus208
000uGo
00Guls
g0o0ynu
oCC405
Goluc
goui0o
J0UvUd
3CC4Gs
JUBOFS
a0uyoo
cLuust
THIUH)
G2wso2
G740 U0
604160
00U000

Table 3-1. Symbolic Code Listing (Continued)

* PULSE FLAG

CRo© Xrlog
FFLZeLDARFF ¢¥DRe v 0 RE

4200010A

FFL5/6FLG . IF
* nBoC

CRG £210

CRenCO0r2ACC RE

3eGJC S+19IF GO TO IFFYCH IF COMDITION HOT SATISCIED

ACU ORI PCPC IF CTHERWISE ADD DISPLACEMENT TO PC
* HiLT

ORG X'1FE

CKREL e START e IFePFLG  CLEARS PALT FF
*  KROTE THAT RO AULPFSS *'LRAPS AROUMD' FROM 1FF
CKST LeSTART CKRELSFLE  SETS HALTFF
. ORrG X'01) .
* MHOTE KPP CAUSES GATED JC (OK SINCE HALT HAS NP CODE OF aLL 0'S)
|5) CASTRE
* kIl (FeTURY FPOY INTERKUPT)
CrR X'l
CSFLE INENFF RE
2RTS (Riurh €291 SR)
URG Xv02
2TSUDL ORe ST o PC RFE POP STACK
AUDIPCe TRy PC 1F ADD DISPL
* PUSHF  PUSH FLAGL ONTC STACK
GC X106
PFLGSVESTF R PILSE SVRSTF .
LReBe 1 STH IF PYSH FLAGS ONTND STACK
* PULLF PULL ST#CK STORE IMN FLAGS
ORG XviCe2

PFLGSVUSTF»STreNemDR RE PULL STACK INTO MDR{SVRST ADDRESS MUST RE 5)

CReMdRe09 U I¥  PUT MDR INTO FLAGS .
s

* Y
* RIN
. QKG L04
ESKR X¥148,RE LOANS ARNR RFSG
PFLGrIOFF20GeBeACD DATALLIIF DATA IN TO ACO
* ROUT
- oG X106 _
05k L1190 eRE LoanS ADRR RFEG
PrLGeIDFEs£CNr 00D IF DATA OUT

* LCAL AlMDR rREG SUoROUTILE
ORG Xrlog

T x BLALE M GST SIGHIFICANT RYTE

GRe» DRy DR e MDR BLB

AUL e 'DReACS e NR 0 ADD DISPL TO AC3
PFLGeLLARFF#DReCv0  RET LOAD AR

END
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4.0 ADDRESS CONTROL ROM PROGRAMMING

The programming of the Address Control ROM (ACR) is shown in table 4-1. The address

programming establishes the classes of instructions that result in the various masks gen-

erated by the ACR output. From 1 to 12 different masks are possible. An X denotes a

"don't care" term.

The reader is referred to the GPC/P Microcoding Manual for a more complete discussion

of the function of the Address Control ROM.

~ ADDRESS
876543210

- X1 XXXXXXX
X1010 XXXX
X011 XTXXX
X011 X0 XXX
X0 100 XXXX
X010 1 XXXX
X00 11 XXXX
X00 10 X0 XX
X00 10 X1 XX
X0000 1 XXX
X000 1 XXXX

X00000 XXX

Table 4-1. Address Control ROM Programming

DATA
0123456789

0000111101
0000111100
0011111101
0000111101
0011111100
0011111110
0000111110

0011111100

0011111101
0001111110
0000111100

SRR R LY

ARITH-REG XFER 12-15, FORM MEMADR

STORE DOES NOT USE COMMON MEM ADR FORMATION
ORI, ISZ,DSZ XFER 10-15,FORM MEMADR
ANDI,SKAZ| XFER 12-15

SINGLE-REG XFER 10-15

SHIFTS, CAI,AND STACK COPY XFER 10-15,7
REG-REG XFER 12-15,7

JMP, JSR XFER 10-15,(NO COMMON MEM ADR FORM)
JMP*JSR* XFER 10-15,FORM MEM ADR

FLAG XFER 11-15,7

COND JMP XFER 12-15

1/O, MISC XFER 8-15,7



