


The RikkE Processor -
Described as Rikke-Mathilda differences. 

The Rikke Microprogrammable processor was built as a 16 
bit prototype of the 64 bit Mathilda processor. Apart 
from the architectural differences due to the width of 
datapaths and registers, the two processors differ in a 
few places, where the design was changed after the Rikke 
prototype was built. Also a few facilities of Mathilda 
have not been implemented in Rikke, e.g. the BitEncoder. 

The purpose of this paper is to describe the differences 
between the two processors in such a way that it 
together with the full documentation on Mathilda given 
in [5J, can form a sufficient background for programming 
Rikke. 

The paper consists of a listing of differences between 
the two processors, structured as comments on the in
dividual sections in section 2 of [5J, together with 
comprehensible tables of microoperations and conditions 
available in Rikke. 
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Chapter 1 Summary of differences 

1. Summary of differences. 

The major differences between Rikke and MathiLda are: 

1 • The datapath (MOP) is onLy 16-bits wide, and so are 
aLL associated registers. 

2. There is no Status Port ( SP ) on Rikke. Instead the LR 
registers can be used directLy as Bus source. 

3. There is no BitEncoder ( BE ) on Rikke. 

4. There are no Condition Registers on Rikke ( CR ). 

5. There is no ExternaL Register ( EX ) on Rikke. Whenever 
EX is used in MathiLda as input to a Standard Group 
Pointer ( SGP) on MathiLda the 00 register is used on 
Rikke instead. 

6. There are no bus Latches on Rikke. This impLies, that 
bustransfers using the same register as source, as weLL 
as destination wiLL not be secure. For further infor
mation see the comments in section 2.20.1. 

7. CAP, CBP, WAGSP, WAUSP, WBGSP, WBUSP 
registers, and cannot be Loaded. They 
cLeared, incremented and decremented. 

have no save 
can onLy be 

8. LA, LB, MA, MB, PA and PB are Loaded with the inverted 
contents, of what is to be used as mask. 

9. SETALFA, SETALFALLOS and SETALFALL1S do not exist on 
Rikke. 

10. The foLLowing Loads of standard group pointers must be 
remarked. 

C h. 1 

W AU: = CM 
WAG:= CM 
WBU:= CM 
WBG:= CM 
LAP:= CM 
LBP:= CM 

00<3:0) 
00(7:4) 
00(11:8) 
00(15:12) 
00(15:12) 
00(7:4) 

SB<3 :0) 
SB(7:4) 
SB(11:8) 
SB(15:12) 
S1 I S2 
S1 I S2 

SG 
SG 
SG 
SG 

p .1 
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Comments on each entity Chapter 2 

2. Comments on each entity. 

This chapter shouLd 
corresponding sections 
The exampeLs in [5J 
ferent datapath width. 

be viewed as a partiaL substitution of the 
in chapter 2 in [5J. 
are in generaL iLLegaL because of the dif-

SymboLs and abbreviations are as in [5J. 

2.1. The Register Group and Standard Group. 

As in MathiLda. 

2.2. Counter A. 

CA is Loaded from 00 instead of EX. ie. 

CA:= CM I 00 I SB I SG 

CAP has no save re~~sters, and CAP cannot be Loaded, onLy cLeared, 
incremented 2no decremented. 

2.3. Main Data Path Transport. 

BUS is 16 bits wide onLy. See further comments in section 2.20. 

2.4. Working Registers. 

See comments in section 2.24. 

2.5. The Bus Shifter. 

The BS is a 16 bits cycLic shifter. The amount of shift can be 
seLected from one of three possibLe sources 

1. A data fieLd in the CM. 

2. The Least significant 4 bits of the OD-register. 

3. An eLement of a the 4 bits wide BSSG. 

BSS:= 'CM' '00 ' , SG' 

A 16-bits Left cycLic shifter and a 16 bits right cycLic shifter 
are reLated by the expression Lshift = 16-rshift. 

p.2 Ch. 2.5 



Chapter 2 Comments on each entity 

2.6. Bus Masks. 

8M MA\/MB) is 16 bits wide onLy. 

MA and MB have to be Loaded with the inverted masks, ie. if 
S8 11 ••• 101 then MA:= gives MA = 00 ••• 010 

2.7. Postshitt Masks. 

PM PA\/PG) is 16 bits wide onLy. 

PG generates onLy 32 masks, and the postshift mask generation data 
can come from 5 bits of CM, 00 or PGSG. 

PGS:= 'CM' I 'DO' I 'SG' 

mask generator data mask 
decimaL 

o 

Ch. 2.7 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4 
1 5 
16 
17 
18 
1 9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

binary 
00000 
00001 
00010 
00011 
00100 
00101 
00110 
00111 
01000 
01001 
01010 
01011 
01100 
01101 
01110 
01111 
10000 
10001 
10010 
10011 
10100 
10101 
10110 
10111 
11 000 
11001 
11010 
11011 
11100 
11101 
1111 0 
11111 

binary 
1111 1111 1111 1111 
0111 1111 1111 1111 
0011 1111 1111 1111 
0001 1111 1111 1111 
0000 1111 1111 1111 
0000 0111 1111 1111 
0000 0011 1111 1111 
0000 0001 1111 1111 
0000 0000 1111 1111 
0000 0000 0111 1111 
0000 0000 0011 1111 
0000 0000 0001 1111 
0000 0000 0000 1111 
0000 0000 0000 0111 
0000 0000 0000 0011 
0000 0000 0000 0001 
0000 0000 0000 0000 
1000 0000 0000 0000 
1100 0000 0000 0000 
1110 0000 0000 0000 
1111 0000 0000 0000 
1111 1000 0000 0000 
1111 1100 0000 0000 
1111 1110 0000 0000 
1111 1111 0000 0000 
1111 1111 1000 0000 
1111 1111 1100 0000 
1111 1111 1110 0000 
11111111 1111 0000 
1111 1111 1111 1000 
1111111111111100 
1111 1111 1111 1110 

p.3 



Comments on each entity Chapter 2 

2.8. The ArithmeticaL and Logical Unit. 

AL is 16 bits wide onLy. 

SETAL FA, SETALFALLOS and SETALFALL1S do not exist. 

Condition AL(15) repLaces AL(63). 

2.9. The Local Registers. 

LR is 16 bits wide onLy. 

LR can be chosen as source for a bustransfer directLy in Rikke. 

8e carefuLL when using LR as destination for a MOP-transfer see 
comments in section 2.20.1. 

2.10. The Accumulator Shifter. 

AS is 16 bits wide onLy. 

AS(V)S is 4 bits wide only. 

AS(V)S:= CM 1 00 1 S8 1 SG 

+-------+-------+-------+ 
1 source 1 AS(15) 1 AS(O) 1 
1 no 1 input 1 input 1 
+-------+-------+-------+ 
1 0 1 0 101 
+-------+-------+-------+ 
1 1 1 1 1 1 1 
+-------+-------+-------+ 
1 2 1 AS(O) IAS(15) 1 
+-------+-------+-------+ 
1 3 IAS(15) 18US(15)1 
+-------+-------+-------+ 
1 4 1 spare IS8(15) 1 
+-------+-------+-------+ 
1 5 1 OS(V+1) 1 DS(V+1) 1 
+-------+-------+-------+ 
1 6 1 AS(V) 1 AS(V) 1 
+-------+-------+-------+ 

7 1 VS(V) 1 VS(V) 1 
+-------+-------+-------+ 

Condition AS(15) repLaces AS(63). 

p.4 Ch.2.10 



Chapter 2 

2.11. The VariabLe Width Shifter. 

VS is 16 bits wide onLy. 

VS(V)S is 4 bits wide onLy. 

VS(V)S:= CM I 00 I SB I SG 

r-------+-------+-------+ 
I source I VS(15) I VS(O) I 
I no I input I input I 
+-------+-------+-------+ 
000 

+-------+-------+-------+ 
1 1 I 1 

+-------+-------+-------+ 
2 I VS(O) IVS(15) I 

+-------+-------+-------+ 
3 IVS(15) IBUS(14)1 

+-------+-------+-------+ 
4 I spare I SB(14) I 

+-------+-------+-------+ 
5 I OS(V) I OS(V) I 

+-------+-------+-------+ 
6 I VS(V) I VS(V) I 

+-------+-------+-------+ 
7 I AS(V) I AS(V) I 

+-------+-------+-------+ 
Condition VS(15) repLaces VS(63). 

Ch.2.11 
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Comments on each entity 

2.12. The DoubLe Shifter. 

D Sis 16 bit s wide 0 n L y • 

DS(V)S is 4 bits wide onLy 

OS(V)S:= CM 1 00 1 SB 1 SG 

+-------+-------+-------+-------+-------+ 
1 source 1 DS(15) IOS(14) 1 OS(1) 1 OS(O) 1 
1 no 1 input 1 input 1 input 1 input 1 
+-------+-------+-------+-------+-------+ 
1 0 1 0 1 0 1 0 101 
+-------+-------+-------+-------+-------+ 
11111111111 
+-------+-------+-------+-------+-------+ 
1 2 1 OS(1) 1 OS(O) IOS(15) IOS(14) 1 
+-------+-------+----~--+-------+-------+ 

1 3 IOS(15) IOS(15) IBUS(15)IBUS(14)1 
+-------+-------+-------+-------+-------+ 

4 1 spare 1 spare ISB(15) ISB(14) ! 
+-------+-------+-------+-------+-------+ 

5 10S(V+1l1 OS(V) 1 OS(V+1) i OS(V) 1 
+-------+-------+-------+-------+-------+ 

6 1 AS(V) 1 VS(V) 1 AS(V) 1 VS(V) 1 
+-------+-------+-------+-------+-------+ 
1 7 1 BUS(1) i BUS(O) 1 spare 1 spare 1 
+-------+-------+-------+-------+-------+ 

2.13. The AVO Shifter Standard Group. 

AVDSG is 4 bits wide onLy. 

AVDP:= CM 1 00 1 S1 1 S2 

2.14. Loading Masks. 

LA and LB are 16 bits wide onLy. 

LA and LB are Loaded with the inverted masks. 

LAP:= CM 00(15:12) S1 S2 

LBP:= CM 00(7:4) S1 S2 

p.6 
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Chapter 2 

2.15. The BUS Parity Generator. 

The parity of the 16 bits wide BUS. 

2.16. The Bit Encoder. 

Not impLemented on Rikke. 

2.17. The Status Port. 

Not impLemented on Rikke. 

2.18. Input Facility. 

IA and IB are 16 bits wide onLy. 

2.19. Output Facility. 

OA, OB , OC and OD are 16 bits wide onLy. 

Ch.2.19 

Comments on each entity 
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Comments on each entity 

2.20. The MDP Structure. 

Rikke ~lain Data Path 

Shifted Bus 

Input Port A 

Input Port 8 

Output Port A 

Ou tput Port B 

figure 2.1. 

The LR register can be used as input 
there exist no SP on Rikke. 

to th e Bus 

So we have the following sources for a MDP transfer. 

p.8 

WA 
WB 
LR 
AL 
VS 
DS 
IA 
IB 

Chapter 2 
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Chapter 2 Comments on each entity 

2.20.1. The Bus Latch and the Shifted Bus Latch. 

Rikke has neither a Bus Latch nor a Shifted Bus Latch. 
two serious impLications. 

This has 

1 • It is not possibLe to force the BUS 
force the SB to be ALLOS. This is the 
masks MA, MB, PA, LA and LB must be 
since it otherwise had been impossibLe 
masks at deadstart. 

to be ALL1 S or to 
reason why the 

inverted by Load, 
to initiaLize the 

2. Using the same register as both source and destination 
for a MDP transport is onLy aLLowed for the shift 
registers. ( AS, VS and DS ) 
So there are the foLLowing restrictions on the pair of 
destination and source. 

1. When WA is used as destination, WA must not be 
used as source. 

2. When WB is used as destination WB must not be 
used as source. 

3. When LR is used as destination none of the 
foLLowing situations must occur. 

1. LR is used as source and LRIP=LROP. 

2. AL is used as source and LRIP=LROP 
and ALF function invoLves A ( LR ). 

2.21. The ControL Unit. 

As in Mathilda. 

2.21.1. Microinstruction Sequencing. 

As in Mathilda. 

Ch. 2.21.1 p.9 



Comments on each entity Chapter 2 

2.21.2. The Control Unit Arithmetical Logical Unit. 

As in Mathilda. 

2.21.3. Return Jump Stack Facilities A and S. 

As in Mathilda. 

2.21.4. The Save Address Register. 

As in Mathilda. 

2.21.5. The External Register. 

Not implemented on Rikke. 

2.21.6. The Force 0 Address Capability. 

Not impl~ment~rl ~~ ~4~~e. 

2.21.7. The Microinstruction Address Bus. 

As in Mathilda. 

2.21.8. Control Store Loading. 

Because of the 16 bits datapathwidth each CS location is loaded in 
four parts ( most significant bits first) and a modulo four coun
ter, named Load Counter; LC, is automatically incremented by a 
CSLOAD. LC can be cleared by the microinstruction LCC. OB[OJ is 
used as databuffer for the Control Store Load ( instead of OC as 
in Mathilda ). 

2.22. Condition Registers. 

Rikke has no Condition ~egisters. 

2.22~1. Short and Long Cycle. 

Rikke can operate in short cycle mode only. 

p.10 Ch. 2.22.1 



Chapter 2 Comments on each entity 

2.23. Auxiliary ControL FaciLities. 

2.23.1. Counter B. 

CB cannot be Loaded from BE 

CB:= CM 1 SB 1 SG 

2.23.2. The Snooper Facility. 

Rikke has no Snooper FaciLity. 

2.24. An ALternative View of the Working Registers. 

WAGSP, WAUSP, WBGSP and WBUSP have no save registers and cannot be 
Loaded onLy cLeared, incremented and decremented. 

The Loads of WAU, WAG, WBU, WBG are 

WAU: = CM 00(3 :0) SB(3 :0) SG 

WAG:= CM 00(7:4) SB(7:4) SG 

WBU:= CM 00(11:8)1 SB(11:8)1 SG 

WBG:= CM 1 OD(15:12) 1 SB(15:12) 1 SG 

Noti ce th at WBG and WBU Load are from the most significant 8 bits. 

2.25. ALternative View of the Postshift Masks. 

PA, PB and PG are 16 bits wide and the masks PA and PB are Loaded 
with the inverted mask. 

2.26~ Main Store Address. 

Rikke has a 16 bits 32K word LocaL memory caLLed MainStore. It is 
connected to Rikke in the same way as WS to MathiLda, through the 
IA and OA ports. The address register is caLLed MSA, and the as
sociated SG is caLLed MSASG. 

Ch. 2.26 p .11 



Microinstruction tabLes Chapter 3 

3. Microinstruction tables. 

3.1. Microoperation tabLes. 

This chapter corresponds to section 3.3 in [5]. 
The meaning of XX, vv, YY, ZZ, EE are changed according to the ar
chitecture of Rikke. 

XX = SG I sa 

vv SG sa 

YY sa S1 I S2 

Z Z S1 I S2 

EE = sa 

Inside the tabLe, e means, that the microinstruction is not im
pLemented in that fieLd. 

Outside the tabLe, e means, that the microoperation is not yet im
pLemented. 

p .12 C h. 3.1 



Chapter 3 Microinstruction tables 

MICROOPERAT IONS FOR _-!:A",r-"ll,",hm",e,.,t",lc~L"""09 .. I",c.,-,I-,U,,,n",Il,,-<A,.L~ ___ _ 

2 I tI It! I 2 I d 

Co Fl 51 ~ F2 ~ F3 53 ~ F4 MICROOPERAT10N 

ZZ 
a MALP:" CM D >h "'" "olnter from CMI 0015115. 

2 MALP+l Increment AL SG Pointer 

2 M LP _1 Decrement AL SG Pointer 

2 M LPG Clear AL SG Pointer 
ZZ Load the AL SG Savel register from 

2 M ALPS1:- MALPS1:- CM D dddd eM CD 51 52 
Load the AL SG Save2 register from 

1 ALPS2:"'=ALP the AL SG Pointer 

1 M ALSG:-SB Load the AL SG with 5S(5:0) 

XX ~:j~~es~~:~nctlon register from 
2 ALF:- CM D dddddd 

• M SET ALF + Set AL Function to A+B (00 LR+AS) 

2 M SET ALF- Set AL Function to A-e (5 LR-AS) 

2 M SET ALF A MSETALF A Set AL Function to A (e -R) 

2 M SETALF +1 Set AL Function to A+ 1 (F LR+ 1) 

e 
2 M SETALF B SETALF B Set AL Function to B (!IIi AS) 

SETALF SETALF 
2 MALLOS ALLOS Set AL Function to generate 00 .... 0 

SETALF SETALF 
2 MALL1S ALL1S Set AL Function to generate 11 ••• " 1 

MICROOPERATIONS FOR Accumulator Shifter. AS 

2 I" I 2 I d 

C Fl 51 ~ F2 ~ F3 53 ~ F4 MICROOPERATION 

XX ~~r~~;:{;~) Source register from 
2 A5(0)5:- CM D ddd A5(O):-

XX ~~i~;:~~6) Source register from 
2 AS(15)S:= CM 0 ddd M AS(63)S:-= 

XX ~~i~1~,;~) Selection register from a A5V)5:- CM D dddd MA5(V)5: s 

2 MASLL Set the AS to a loalcal left shift -
a MASLR Set the AS tC"-el logical right shift 

2 M A5(V)SC [Q!ear the AS(V) Selection register 

a M AS(V)S +1 Increment the AS(V) Selection register 

2 _____ M AS(V)5 -'-_~_ Decrement the A~.(V) ~.e.I~~.ion r.~~~~_ 

Ch. 3.1 p .13 
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Microinstruction tables Chapter 3 

MICROOPERATIONS FOR AVO (AS, VS,DS) Standard Group and parallel mops 

1 2 1 Ii 1'[ 1 2 1 Ii 

en F1 51 ,'!1 F2 ~ F3 S3~ F4 MICROOPERAT10N 

zz 
~~i~~~~ ~~ SG Pointer from 

2 M AVDP:= eM D rldrl 

2 M AVDP +1 Increment the AVO SG Pointer 

2 M AVDP 1 Decrement the A\Jn Sr.:: Pointer 

2 M AVDPC Clear the A'vD SG Pointer 
Z7 

~;:j~~~ ~~~p Save 1 register from 
2 M AVDPS1:= M AVDPS1:"" eM D dddd 

AVDPS2:-'" A\lDPS2:= Load the AVDP Save2 register from the 
1 \,Up MAVDP CS Pointer 

1 M AVDSG:=SB Load the AVD SG from 58(3:0) 

2 M AVDLL Set AS VS and OS to loolcal left shjft 

2 M AVOLR Set AS, VS, and OS to logical right shift 

Clear AS, V5,and OS Variable Bit Selection 
2 M AVD(V)SC register 

I 2 AVD(O)S:= 

XX 
;;~\~~~\~~~~~IE~fs~T~~:O) Sour.ce eM D d d d 

i 2 
"'X ~:;~~~\~~r:, ~~I~ll~~I~(15: 14) Source AVD(15)S:= eM D d d d 

XX ~:;~~~\~~mV~~~~sI~~) Selection 2 A\'u(V)S:- eM D dddd 

p.14 Ch.3.1 



Chapter 3 Microinstruction tabLes 

51 

.2 855:- Mass:'" 

FJ 53 
,----- - r--'---

Mess;- dd 

---1---'-1"+1= BSS ... +u.' '~fl""C-'!!J=-'l!lh,,-.=-"5,-" 5 •• !tlI."C""·O""-'''''''''''C---_---f8 

DeE!!!!!!!! !!!~_~_~~.Le£!.!'?!:u·_e'!l!!.!I.!!!I."'-' __ -le 

~----------+-+r---~-r---+-fM~BS~SC~--r.~=~~~~~~~~7~T~B:C~~e~~=~~1I~~=;=~~~i'·~~·~~E=N~E~V=ER~T~HE~ 
dddd BUSSHIFTERCONTROLISUSINGCMASOA Al 

.2 asp:= Load as SG 0 IeI' fr CM!OO IS11s2 

1-2~"-BS,,,P=-+"''---_-t-++-___ I-+ ___ +-t+ ___ rlncr:emenL.§~,-,S.,G,-,P'''O''''n"".""_. ___ _ 

~ _BS~S'-"--' .. __ __+'C"'M"_F+--::..::-=I-+---+__+_+_ 

: , M BSPS2:=6S 

.£~!!L§§ SG poInteI"' 

Load asp Savel register from eM 00' 515 

Load asp Savel registe!" from 
as SG Pointer 

BSSG:-5B Load as SG fr-om 58 :0 

t.AICRooprRA T IONS FOR __ QC,""",,,,n!,,,,erc,A,,-,C,,A~ __ 

.-,------.-r.~----""-------T-,~------·------------------. 
51 F4 MICROOPERATION 

t~~~==~x~~~~~~~~~a;~t~=-~-=-- Load CA from eM (16 bits), sa (16 bits), .2 CA:'" eM d d d d d d dOd d d d d d d dd M CA: 00 (16 bits) 01' CASG (16 bits) 

M CA+l 

I-'-Z-+"C"'A..:--'..' __ -t-++-____ .. _ M~.:1 __ . ______ M~-=.!-__ ~~I_ CA ______ ~ _____ -I 

2 CAC M CAC M CAC Clear CA 

2 CAP:- CMO dddd Load the CA SG Pointer from CM 58 S I S2 e 
e 

2 CAP+l M CAP +1 Increment CA ~ Po nte 

e 
1--'-'--!--,C",Ao:P..=.!..' __ e+----rM'+'C"'Ao,;P:.;-;.!.'-++----f---+-l----f0"'ec""rement CA SG Pointer 

M CApC Cleer CA SG Pointer-

e rJ---------k-Y M~~G:-CA 1-_____ M £~~-c;:!'-__ ~~~_"CA"-=5~G!!.I''''om''-'''CA''___ _____ ____j 

~Z~C""A8PS:;:'!;,:""'------t~jQj:=::ididididW_---+---t~. LoedCAPSavel register fr-omCMI5BISIIS2 e 

L.--'---___ ----'-_LL ___ --'""M'l'C"'APS2:-CA 
e 

Load CAP Save2 register- fr-om CA SG Point 

M1CROOPE"RATION5 FOR ___ C_~_~ ________ . 

nIie - ,-=::l 

,,-------~~------rr-------r-r.r_-------------------------------~ 
C 51 M F2 53 M MICROOPERATLON 

t~;~==lV~V$~~~~~~~~$~:j:~;:----- L~dc~from c;(,6bi-;;i',-S=B=-':-::'=-. ::-.,-,,::-,,--1 
2 CB: CM 0 d d d d d d dOd d d d d ~_ .. _ or CBSG( 16 bits 

2 CB +1 M CR+I e en CB 

2 CB_l D!£!:!.~!C_B _____________ --l 

2 CSC MCBC ClearCB 

Load the CB SG Pointer fr-om CM SB Ls.tl..s...a... e 

CBP+I n ICBSGPo 

1-'--t-___ -+----jf+ ___ --f'-+'Ca,BlePC,-cL'_+-+-t-___ Fec£rrfl.lruLtttCA SG Ppinter 

C h. 3.1 p.15 
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C 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

MICROOPERA T IONS FOR Control Unit. CU 

2 l,j I" 
F1 51 ~ F2 ~ F3 

M SA:-SB 

M CUALF:-

SETCU 
M ALF + 

SETCUALFB 

M RA t 

RA I M RA I M RA I 

M RApC 

RB t 

RB I MRS' M RB I 

RBPG 

M CSLOAD 
--

M STOPA 

NOOP1 M NOOP2 M NOOP3 

M LCC 

M WSMC 

MICROOPERATIONS FOR Switches KC KD 

F1 

2 1 d 

51 M F2 

M SETKC 
M KeC 

M KC:-<SC> 

F3 

5 KD:-<SC> 

1 2 1 " 

S3 ~ F4 

M SA +1 

M SA-1 

M SAC 

0 ddddd 

M STOpA 

M STOpa 

M CYL 

M CY5 

M NOOP4 

2 1 Ii 

M F4 

M SETKD 
M KOC 

Chapter 3 

MICROOPERATION 

Load Save Address register from SS( 1 1:0) 

Increment Save Address 

Decrement Save Address 

Clear Save Address 

Load CU AL Function register with d d d d d 

Set CU AL Function register to A+B 

Set CU AL Function register to B 

Decrement RA Pointer 

Increment RA Pointer and then Load RA 

Clear RA Pointer 

Decrement RS Pointer 

Increment RS Pointer and then Load RS 

Clear R8 Pointer 

Load control store and then choose A+ 1 as 
the address of the next microinstruction 

} if the corresponding consOle-SWitCh-A or B 
Is turned on then stop execution else do 
nO'thln~ -:-- -

} ,sets the mode of .th"- processor to be in 
bong resp. §,horrc-ycle, starting wlth-ifie--
execution of the next instruction. 

No Operation (dummy) 

Clear Load Counter 

Master clear of Wide Store 

KC:- true 
KC:- false 

MICROOPERATION 

Load KC with the current Selected 
Condition 

KD:" true 
KD:- false 
Load KO with the current Selectee! 

M KD:-<SC> CondItion 

S* _ special dependin~ on short or long cycle to giva the value of the condition used In sequencing. 

p.16 Ch. 3.1 

e 

e 

e 



Microinstruction tabLes 

MICROOPERATIONS FOR __ ..JD,!!o?!!u2b~le,-,5;,!h!1.;fI!tl'!er:....-,D",5=-______ _ 

2 "I pi 7 I 2 "I 

C Fl 51 1!! F2 
P I~ F3 53 ~ F4 MICROOPERATION 

xx Load OS( 1:0 Source register from 
2 05(';0)5 := CM D d d d CMlOOl5S15G 

DSi!5:14'5 :~ 
XX ~~i~i~~5t~~ Source regJ sler from 

2 CMD d d d ..) 

XX Load DS(V) Selection register from 
2 D5(V)5 :~ CMD dddd CMIOO·15SI5G 

2 M DSLL Set the OS to logical left shift 

2 M DSLR Set the OS to logical right. shift 

? I Dslv sc Clear DS(V) Selection reqister 

2 M DS(V)S +1 Increment DS(V) Selection register 

2 M DS(V)S ..... 1 Decrement OS(V),Selection register 

MICROOPERATIONS FOR Input Port A and Inpyt pqrt B IA aM 18 

C p Fl 51 .g F2 ~ F3 53 
M F4 MICROOPERATION 

I",,,, 
Load IA Device register from CMjOOjSB 1 lAD:" CM 0 dddd 

2 IAA M IAA M IAA Activate devIce) i. e. initiate read 

1 M IADC Clear IA Device register 

1 M lAD +1 Increment IA Device register 

1 M lAD _1 Decrement IA Device register 

"'''' 1 180:- CM 0 dddd Load IS Device re!=Jister from CMloo'ss 

2 tSA M tSA M leA Activate device. i. e. Initiate read 

1 M IBOC Clear IB Device register 

1 M ISO +1 Increment IB Devlc~ register 

1 M ISO -1 Decrement IB Device reglsler 

MICROQPERATIONS FOR Loadin!=J Mask Registers A LA 

2 pi III 7 I 2 "I 

C 
P 

Fl 51 1!! F2 1M F3 53 F4 MICROOPERAT]ON 

Z 
2 LAp:- C 0 dddd Load LA5G Pointer from CMIOD( 15: 12)151152 

2 ,p+ M LAP +1 M LAP+! Increment LA5G Pointer 

2 LAP -1 M LAP -1 M LAp -1 Decrement LA3G Pointer 

2 LApC M LApC Clear LASG Pointer 

ZZ 
2 LAPSI : CM 0 d d d d IN LAPS 1:"" Load LAP Save 1 register from ~Mlco I S1J52 

1 M LAPS2:"'LA Load LAP Save2 register from LA Pointer 

~ IN LA:= 58 Load LA from 58(15:0) 

p .17 



Microinstruction tabLes Chapter 3 

p.18 C h. 3.1 



Chapter 3 Microinstruction tabLes 

MICROOPERATIONS FOR MOP-transport 

I 2 111 111 I 2 111 

Fl 51 I~ F2 M F3 
M F4 MICROQPERATION 

CD 

THIS DATA IS REQUIRED WHENEVER BU!S 
D dddd SHIFTER IS ENABLED AI'D ass-reM' (-0) 

THlS.OATA IS REQUIRED WHENEVeR ~ 
D ddddd GENERATOR IS ENABLED ~!'ID POS-ICM~-(] 

MICROOPERATIONS FOR Outout Ports A, BeC and D OA oe PC acd CD 

I 2 111 111 I 2 111 

p-e-- ~1 51 ~ F2 ~ F3 53 g; F4 MICROOPERATION 

EE 
Load OA DevIce reqister from CMIOD I S8 1 M OAD:- CM D dddd 

Activate device I. e. 
2 OAA d M OAA M OAA Initiate write 'wlth OM :"" d 

2 M OAR Deactivate devIce Reset 

1 M OAD +1 Increment OA Device register 

1 M OAD-l Decrement OA Device reglsJ;er 

1 M DADC Clear OA Device realste ... 
EE 

1 M 08D:- CM D dddd Load OB Device register from CM!CXlI513 

Activate device I. e. 
2 OBA d M OBA M OBA Initiate write with DM :-d 

2 OBR Deactivate device {Reset} 

1 M 080+1 Increment OB Device register 

1 OBO -1 Decrement OB DevIce register 

1 M OBDC Clear OB Device register 

EE 
1 M OCD:- CM D dddd Load OC DevIce register from CM!OO!SB 

Activate device I. e. 
2 OCA d M OCA M OCA Initiate write with OM f.:- d 

2 M OCR I Deact vated.IDll.;:e (Reset) 

1 M OCD +1 Increment OC Device register 

1 M OCD _t Dec~~ment OC Device reqister 

1 M OCDC Clear OC Device regIster 

e IN OC:-BU5 Load OC from BUS( 15:0) 1 OC:-aUS 
EE 

1 M ODD:- OM D dddd Load OC Device register from CM1~ 

2 CDA d M CDA M ODA ~~:::~~e;~~~c=I!j, -:;Mr:- d 

2 M CDR Deactivate device (Reset) 

f-1- r-- M 000+1 Increment CX) Device register 

1 M ODD _1 Decrement CD Device register 

1 M ODDC Clear OD Device register 

1 M CD:-BUS Load CD from BUS( 'ISO} 
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M1CROOPERATIONS FOR Postshlft Masks CpA pel and pMSG 

I 2 1,[ I ,[ I 2 1'[ 

Co FI 51 
M F2 ~ F3 53 g F4 M]CROOPERATION 

XX 
2 PAP:= eM D dddd oad __ PA Pointer from CMICDlselSG 

2 PAP+l M PAP+l M PAP+l Increment PA Pointer-

2 PAP-T M PAP-T M PAP -1 ecrement PA Pointer 

2 pAPC M PAPC Clear PA Pointer 

I M pA:-BUS Load PA RG from BUS( 15:0) 
XX 

2 PBP:- CM D dddd Load PB Pointer from cMloolse ISG 

2 PBP+l M PBP +1 Increment PB Pointer 

2 PBP -1 M PBP-l Decrement PB Pointer 

2 PBPC M PBPC Clear PB Pointer 

I M PB:-BUS Load PB RG from BUS( 15:0) 
ZZ 

2 M PMP:- OM D dddd Load PM SG Pointer from eMI COlSl1S2 

2 M PMP+l Increment PM SG Pointer 

2 M PMP-l ecrement PM SG Pointer 

IClear"'" SG Pointer 
I 

2 M PMPC 
zz 

2 M PMPS1:- M PMPS1:- CM 0 dqdd oad PMP Savel reolster from CMioDislis2 

1 PMPS2:-PMP Load PMP Save2 re!=lister from PMSGPolnte 

I PMSG:-SB _oad PM5G from 58/3:01 

2 M PABC Clear PA and PB Pointer 

MICROOPERATIONS FOR Postshlft Mask Generator. PG 

t 2 I d Id I 2 I d 

C p FI 51 g F2 ~ F3 53 iii F4 MICROOPERATION 

2 M PGS:- dd l.~i~~~rGI:n:~~ttC: d~on~~~:C~I~~~ ITI~~~tlon re 

2 M PGS+1 M PGS +1 Increment PG Selection register 

2 M PGS _1 M PGS-l Decrement PG Selection register 

2 M PGSC M PGSC Clear PG Selection r~ister 

THIS DATA IS REQUIRED WHENEVER THE 
0 D ddddd ~SK GENERA_T~ CONTROL IS USING 

ZZ CM AS DATA 

2 M PGP:= CM D d d d d Load PG SG Pointer from CM'OO Sl S2 

2 M PGP+1 Increment PG SG Pointer 

2 M PGP-1 Decrement PG SG Pointer 

2 M PGPC Clear PG SG Pointer 
ZZ 

2 M PGP51:= M PGP51:- CM 0 d d d d Load PG Savel-regIater from-CM!OO !5.1!5.2 

1 PGPS2:=PGP Load PG 5ave2 register from PGP 

I M PGSG:"SB Load PG 5G from 5B(4:0) 
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MICROOPERATIONS FOR _-'M:::.::;'::.:"..:5:.:'o"'r..:.:.:A;o:d"'d::..r"'.s"s"-,.,;MSA=;:....-____ _ 

I 2 I d Id I 2 111 

eo Fl 51 M F2 M F3 M F4 MICROOPERATION 

2 MSA:- ~ eM o ddddddd o ddddddd dd Load MSA from eM I 001 5B I 5G 

2 MSA+ 1 M MSA+ 1 MSA+ 1 Incrament MSA 

a MSA- 1 M MSA- 1 MSA _ 1 Decrement MSA 

a MSAC M MSAC MSAC Clear MSA 

a MSAp:- #.-eM dddd Load MSA SG PoTnier from CMloolsll 52 

2 MSAP+ 1 Increment MSA SG Pointer 

a MSAP - t Decrement MSA SG Pointer 

a MSAP(: ·c leer MSA 5G Pointer 

1 MSASG:- MS M MSASG:-MS M MSA5G: .... S) Load MSA SG from MSA 

a MSAPST := ~O dddd M MSAPSI:-= 
~:i~r;~;:ve 1 register from 

MSAPS2:- Load MSAP Save 2 register from 
M MSAP MSA SG Pointer 

MICROOPERATIONS FOR Variable Width Shifter, VS 

a "I 7 I 2 1'1 

e 
p Fl 51 !!! Fa F3 53 ~ F4 MICROOPERATION 

XX ~~i~t5~~~ Source register from 
a VS(O)5 := eM 0 ddd V5(0)5 :-

2 VS(15)5 :=. eM 0 ddd M VS(63)5:-
~~i~is~~~) Source regIster from 

xx Load the VS(V) Selection register from 
2 VS(V)S :- eM 0 d d d,d M VS(V)S:- eMlool SBI SG 

2 VSLL Set the VS to B logical left shift 

? M VSL.R Set the VS to a logical right shift 

a VS(V)SC Clear the VS(V) Selection register 

2 VS(V)S+1 Increment the VS(V) Selection register 

a \lSLvls _1 Decrement the VS(V) Selection register 
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M1CROOPERATICNS FOR Working Register5,_-,W~A~ _____ _ 

k-:2'-J..W~AU,,-,:,,"=-_---+2,-"~+D,+_--,d~d d d _____ I __ t-_t--____ +L_°_,_d_w_A_u_nil pointer from eM jeD 158 I SG 

f.---'2L\-W"'!.6AI,dUc!:+.L' --+----++-----'---4+--- ___ +--l""Mt--""W"A,,,U--,+,-' _L!_!:~creme~~~i~oint~~ ________ _ 

1-2 WAU -, __ _ ____ --4+ ____ -l_+MC!--W=cAU-=--..-_' _+Dc..e""crement WA Unit pointer 

2 WAUC M WAUC Clear WA Unit pointer 

M WAG +1 Increment WA Group pointer 

1--"+----
___ ~_ M~Ge,C'-__ +--l+------ Clear WA GrouP>Jp",o",;n"".",e=_ __ .~_~_------1 

XX f-'X"X?;t,,+-_---;;-:;-;o'" Load WA U~pointer from eMt 001 SSISG AND 
~~ ~~--'p.--'-:=---+C"'M+D+----'d,Cd"-"~-" _______ t-C=:M+D+--___ dc..d:-....c~~~ad WA Group pOinter from eM 100 158 I SG 

2 WAPC Clear WA Unilpointer and WA Group pOinter if) 

I-c.+------ +- ---
Couple WA Unit and Group pointers to form an ____ _ M :~~~~~E -e~-'~'''~~''~C';,.~~n.".~'''~=-un-;-' -'n-d-G-e-eu-p-p-o~;n.-'.-e-s-lO~fo-em-'w-lo 

____ --L-L. ____ -..l._"M"'U""N~"'O"'U"P:=L"'E'__.L..c;n_"d"'.pe:."n"d~~~_ ~i ~ C?U~!~:~ 

*) WAP +1 Is equivalent to WAU +1, and WAP -1 to WAU _1, assuming that the unit and group pointers <'Ire coupled. 

~.----~~~-------,-.-------- --
Fl 51 ~ F2 g F3 S3 M F4 MICROOPERAT10N 

f-:C::.e...j.C---~eC+·--l'+---- 1-91------ ---1------ -..... --- -------~-.----.--------
i-"~W~A"'U"'S:'.:'-~W";A"'U'-I--+_l_---++_-----+-_I"M"l"'W"A"'US"-''-=--''W·'''AU Load WA Unit 5G with W U 

yy 

M WAUSP:- C d d.d '"" w. ,,~ 00;'.0 .r .. kDI~'I~ 

M WAUSp_"!"l UJ.£!'.~mellL ~A.....I.Jnl.L.2S,2_E?2tlJ.t~.r ______ 

M WAU5P , 
Q££.t:'~ .. !!! .. ~ . .I)t WA Unit SG Pointer 

M WAUSPC Clear WA Unit 5G Pointer 
yy Load VlAUSP Save I register from 

WAUSPS1: CM D dddd CMSBS1S2 
WAUSPS2: ... 

i-'+ ____ --+--iM.+WA=U:-.S'-P_---++ ___ -l_+-I-__ ------c,,+=L"'~"'d._W,,~_~~ .. Save2 register from WA':!.~ 

1 WAGS:=WAG yy _~ 

~Li"""G-';)"=-. __ g.<_ D I---- ------"-'!~_e 
I 2 iWAGSP +1 

!I 
2 ,WAGSP_l 

1----- ______ ,, __ . '=9~!LyV....e._GSP from CMisgi§1j..S'<C2"--__ --i 

._. ___ +-++ ____ .. ~_~ement WA Groun SG Pointer 

Decrement VIA Grou"" 5G Pointer 

r I CI." WA Geoun SG Poln,er I 2 :WAG5PC~·--tyCyd=t===::tt---i-H----- Load WAG5P Savel register from 

: 21WAG5P51: ___ ~ 0 dddd WAG5P52:= _,,_.~~j.§SE3B.]';S>..!'j;S,,2'-________ _ 

~ M WAGSP e Load WAGSP Save 2 re ister from ~GSP 

j 1 M W PS: W6E' MVlAPS:-:~~:~ ~~~ a;:s:~t~:e~~P SG with 

l.. yy YY Load WAUPSP and WAGSP from 
f--C2'--frN"'.A'-'P"'S"'P,,:=-~_+C"'M~_i"D'+_----_<:l .. ~d d CJyl D _". __ ...2 .. d .. (Ld GMJ..;i~!lg __ ~._~ __ 

1---'+ ____ ---I--__ I--+ ______ H_. ___ +---+"M~W!OA!::PS;,JP~..:'+-l Increment WA Unit and VIA Grou SG Pointer 

M WAPSP _I Decreme t Wll Unit and WA Grou Sr.:: Po" 

E> 

" 
" 
e 

e 

e 

e 

-~----~-~b5d=t===::tt---_t~~M~W=A=P=SP=C===tC~'!.a~e~W~A~U~n~"~a~m~W~A~G~e!Ou~S~G~p~O~I~n'~ee~s~ 
2 I. APSPS'.. CYMY D YY Load WAUSp and WAGSP Savel registers e 
~rN~'~~~~~~1----2d~d~d~d~+_------~C~M~D~--~d~dLd~d~f~eo@m~§~$~'~!S~2L-_____________ ._ 

WAPSPS2:= Load WAUSP and WAGSP Save2 registers 
_ ____ . . ~.~~E§'~._ .. __ f~?~~A...USP and VlAGSP respectively , L-_____ _ e 
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MICROOPERAflONS FOR Working Registers, B,~ ____ _ 

[ __ -'!~_._~[-urr=-~~-?=~~p ~I =~=:;I ='~I~'~I =~=7~=2 
r--~------ ~: ~--------~-----
c Fl 51 t:1 F2 F3 MIC=<:QOPEHATiON 

t~Pl====trt===t;t;~:-:::j~~=~~:ti~L;oa~d;wB Un!1 pointer from M WBU:" ,_~ CMiOD(11:ell=iB(11;6lISG --
W--------l---l~='-"-'-~++---- _!__-I""Ml-w"S",u'-"-'''--p,nooc",co",m",o",n'-"W",s,-,u",n",' ''.1p",o",'n-,,'o,-c -~- ------

WBU _1 M WBU-l 

~+ _____ -l--+!+w"-s",u",e'--_~ ___ --l_+M+w,-"s",uo:e_-+""e-,,'o:::ac,-w=s-,,u.::.n''-''''po:,::'n,,'o''-c _______ ---1 

L.L~~'-"---Jr;;;:~tq=:=I~4_L---_L~_L----DL~0;j'ad9w2Js~Group pointer from 2 VlSG:- eM OD 15~SB( ,~~ ____ . _ 

M WBG+1 

M WSGe 

X 
.., WBP _M.D ddd_~ 

,I M W~PC 

XX 
eM 0 

Increment we Grou ointer 

Clear we Unit pointer and we GrouD pointer *l 
Couple we Unit pointer and Group pointers 10 

l-~'--l------- I- I--~ r , M WSF'CQUR....E f-- t---------
WBp- ~;':~;I: ~i~ ~~~I::inter and Group pointerl() • 

M UNCOUR....E"· form two independent 4 bil counters . 

~) WBP +1 is equivalent \0 WBU +1, and WBP _1 to WBU _1, assuming that the unit and group pOinters are coupled. 

~-=r2I,1 

MICROOPERATION 
--~---~---~-- .. ---.~---

'-~----~~-----r'-----'-rT---

i-=-l4--____ ~S:...'-l"~-F-2--J'Ili"l__---F~3 __ ~.=-~~,~~ __ . __ _ 
e 

t~~~~==~y~y~MtW~S~u~s~'-iwis~UrM!:W:S:U:S,:-W:S:l==t!====~==J20::d::~~n:.'::~r,'~'C,0~W::R'~~~~~e 2 WBUSP:= CM 0 d d d d Load V\BUS Pointer from CM SB SI S2 

!---- ----

M WSUSP I Decrement WB Unit SG Pointer 

Load WSU5P Savel register from €I t:j~~~~=t~~Mfw~s~u~s~PC~~1=======1==t1=======jc~'~oa~c~w~s~un~'~'s:G~po='n:'~Oc::~:======j 2 WeU5PS1:"" CM 0 d d d d CM 5B 5152 
W8USPS2:- e 

~_l__----!__-+-!__---+--+---_+-j"M'+W"S"'U~,S"'P ____ _+L"'o"'"a<:l WBUSP Save2 register from WBU_S~ 
e 

____ -+-~M"'f"W8"'G"'S""~-W8""'G- M ,"Y_~§5:"'~~~ f----.. -~-, ___ ~~.we Group 5G from WBG I-'
e 

f-l.- ------ - t-- .. ---~ M~Q.~~=---_,~!::1 0 _. ___ .~d<:l_~ ~~<:! __ ~B9S Pointer fromCMISB!Sl]S2 __ 

M WBGSP +1 Increment WB Group 5G Pointer 

M WBGSP_l Decrement WB Grou 5G Painter 

I--'--f------~ M WBGSPC yy C lear we Group 5G Pointer ----- €I 

21--- : M ,W .. ",S'O.GS",P~Sc".o.:· '+C""MctD"'J--__ ,d,_"-d d d I~~~~~~~!~ Savel register from 

1 WSGSP 

Vll8G5PS2:~- ;------- 1- ~.- --.--~ 
e 

Load WBGSP Save2 re ister from WBGSP 

t~6~;:==j~tM~W8~P~S~' ~W~S~~dM!W:S:PS~'~-W~s~Ptyy 1----~ ____ _l'I:.;;,"'oa""~U!J':"-"';:"'n~'.§~a~£;..,:,"'w"o~Wt~"'::'"~IV"'-·P-S-G-W_'_'h __ ~ e 
Load WBUS and \M3GS Pointers from 

2 WBPSP:- CM D _____ £A d 9 ~~ D __ -.9._SL9_d c::MI5BI51j~ _____ '" _________ _ 

M WBP5P +1 Increment WB Unll and We Group SG Pointer 

M WBPSP_l ecrement we UnIt and v.e Grou 5G Painters 

1--'--1----~---ivvt1----i~M¥W~S~P~SPC~-~4-t----~'.~a~c~w~S~u~n~l1~a~~W8~G§C~O~"~S~G~p~o~;n~'o~c~.~ 
1 ... ~""'=~'--~~¢==::;LfliG!WL--~~:j!>j==:1::;Lfr:&:~L:;;oa::d~w~BUSP and WBGSP Savel registers e I- 2 WBPSPSI:- CM D d d d d CM D d d d d from CM SJ2.!.-5>J'lL'ls""'--_______ ---" 

f--l- ~-~-----_ _ __ ~ 

M WCU _ 1 

Ch.3.1 

Decrement WAU and W~~ _____ _ 

Load WA and WB Unit SG from WAU and INBL 

Load WA and we Group 5G from WAG and 
~G _________ ~ ___________ _ 
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3.2. Condition tabLes. 

Conditions. 

AL(O) DS(O) KA VS(O) 
AL<1 5) D S ( 1 ) KB VS(15) 
AL D S (2) KC VS(V) 
ALOV DS(3) KD WA(O) 
AS (0) D S ( 4) LR (0) WA(15) 
AS (15) DS(5) LR (1 5) WACS 
AS (V) D S (6) MSAB WAGOV 
BP D S (7) MSAOR WAGSPOV 
BUS D S ( 8) MSASPOV WAPOV 
BU SPAR D S ( 9) o ASA WAPSPOV 
C A (3) D S (10) OBSA WAUOV 
C A( 4) D S (11 ) OCSA WAUSPOV 
CA(5) DS(12) ODSA WB(O) 
CA(6) DS (13) ONE WB(15) 
CA DS(14) RAPOV WBCS 
CAS POV DS(15) RAPUN WBGOV 
CB (3) D S (V) RBPOV WBGSPOV 
CB(4) DS(V+1) RBPUN WBPOV 
CB(5) FALSE SB(O) WBPSPOV 
CB(6) IADA S B (1 ) WBUOV 
CB I ADM SB (1 4) WBUSPOV 
CBSPOV IB DA SB(15) ZERO 

IBDM TRUE 
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Chapter 4 Rikke I/O Ports 

4. Rikke I/O Ports. 

OA and IA are dedicated ports for MainStore. 

OB and IB have fuLL device seLection, and the various devices are 
connected presentLy as foLLows 

OB: IB: 

0: CS 0: INPUTSTATUS 
1 : TTYMULTIPLEXER 1 : TTYMULTIPLEXER 
2 : DEC10 2 : DEC10 
3 : PRINTER 3 : PTR2 
4: DISKIN 4 : DISKOUT 
5 : CONSOLE 5 : TIMER 
6 : DISKSEEKCTRL 6: DISK ST A TU S 
7 : DISKRWCTRL 7 : MULTIPLEX ST ATU S 
8: EXTERNAL 8: OUTPUTSTATUS 
9: MINIPRINTER 9: KEYBOARD 

10: PTP 10: PTR1 
11 : MATHILDAOUT 11 : MATHILDAIN 

12-15: WIDE-STORE POR TS ( in and out ) 

OC is dedicated to WideStore Con t r 0 L • 

OD is used as inp ut register to various seLectors. 
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