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Index To Timirg Tabies 3y Cp Code .
! OF | Page | ! N !
{ Coce | # ! Type | Descriptlion !
bttt Rl b i it it !
! ! H ! !
H g0 | 41 i MN | Idle I
! 01 { 41 ! } Illeagal !
{ Q2 { 41 { i Illegal H
1 03 | 31 l ! No op {
H H { | |
! 04 | 31 I NT { Freakproint - Yalnternance {
! gs | 31 i t Void Instruction Stack |
{ 06 ! 31 ! NT ! Fault Test - Mainterance |
{ 07 I 41 i ! Iltegel {
{ } { { f
{ 0R ' 41 { MN | Input/Qutput Per R {
| 09 | L1 ! BR | Exlt Force !
| 0A ! 41 | MN | Transmit (R) to Moritor Interval Tlimer !
{ gR l 41 ! ! Itlegzl |
! | } ! |
{ 0C { 34 } MN | Store Associatlive Feglisters !
| 0n { 31 { MN | Load Associative Fegisters }
{ 0E l 31 | MN ! Translate External Interrupt !
} gF 1t 31 | MN | Load Keys, Translate Address }
} } 1 ! }
{ 10 I 31 I RG | Convert BCD to Binary, Fixed Length ]
H 11 ! 31 I RG | Convert Binary to PCD, Flxed Length i
| 12 I 31 { NT ! Load Byte |
| 13 I 31 { NT | Store Byte !
1 | | { 1
{ 14 ! 41 I NT } Bit Compress H
H 15 | 41 ! NT { Bit Merge 1
1 16 1 41 I NT | Bit Mask {
H 17 H 41 ! ! Tltecal !
! t ! ! {
H 18 I 41 { 1 Tilegal §
{ 19 | 41 | { Itteqgal |
| 1A | 41 | {1 Itlegal {
118 1 41 | 1 Iltegst !
{ | H i |
H 1C 1 41 ! NT ! Form Fepeated Bit Mask, Leading Zeros !
i 10 1 41 ! NT | Form Fepeated Bit Mask, Leading Ones {
! 1€ 1 o1 { NT |} Count Leading Eaquals !
H i1F ! 41 1 NT ! Count Ones In Fileld R 1
1 { | | !
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{ Code | # ! Type | Description !
ettt ittt ettt !
{ i } 1 1
H 20 | 31 ! BR | Branch if R EQ S (32-Bit FP) |
{ 21 | 32 1 BR | Branch if R NE S (22-Bit FP) !
| 22 | 32 i BR | Rranch if R GE S (2z-Pit FP) |
! 23 H 32 H 8R | Branchk if R LT S (22-Rit FP) |
H ! { { !
{ 24 b 32 ! BR | Pranchk if R EQ S (er-Rit FP) !
! 25 1t 32 ! BR | Branch it R NE S (eu-8]t FP) |
H 26 1 32 | BR ! Branchk if R GE S (eu-Blt FP) !
H 27 i 32 | B8R | Branch it R LT S (e4-Bit FP) |
H l ! } {
! 2R 1 41 Il NT | Scan Faual |
! 29 | 41 { | Itlegsal |
{ 2A l 32 H RG | Erter L2ngth of P with I(16) |
! 28 ! 32 H RG ! £dd to Length Filela {
H ! | l !
| 2C | 32 ! RG ! Logical Exclusive CP |
{ 20 1 32 I RG | AND }
1 2E I 32 ! RG | Loaical Inclusive CP i
] 2F V32 ! BR | Register BIt Branch and Alter |
| | H H !
! 36 1 32 I RG 1 Shift R Per S !
i 314 § 32 1t BR 1 Increase R and Branch If R £ 1
{ 32 H 33 { BR | Bit Branch and Aiter |
! 33 i 33 ! BR | Data Flag Register BRIt Branch and Alter |
i ! H { !
} 34 1 33 ! RG | Shift R Per (S) }
! 26 | 33 ¢t BR | Becrease R and 3ranch 1f R £ 0 !
} g I 33 | BR 1| Branch and Set R to Next Instruction H
! 37 I 41 I NT ! Transmit Job Interval Timer H
H { | 1 |
{ 38 1 33 1 IN 1 Transmit R (00-15) to T (0G-15) !
H 39 | L1 ! NT !t Transrit Reat-Time Clock !
! 34 I 41 I NT ! Transmit R to Job Interval Timer {
| 38 | 41 H B8R | Data Filag Register Load/Store {
H { ! } 1
! 3 | 33 ! NT ! Half word Index Multiply !
{ 0 I 33 } NT | Index Multiply {
! 3E 1 34 1 IN | Enter R with I (16) |
! 3F I 3 & IN I Increase R by I (16) !
{ | ! | !
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! OP ! Page | ! {
{ Coce | # ! Type | Description l
ettt Rl bl ittt -
1 { H } !
l 40 I 34 { RG | Add U !
! 41 b 34 } RG | Add L 1
| 42 1 34 {i RG | Add N !
! 43 | u? H } Itlegal !
| l ! } !
! 44 I 34 I PG { Subtract U !
1 45 {34 { RG ! Subtrasct L H
! 46 1 34 1| RG 1 Subtract N }
! 47 1 42 } | Ittegsl !
) ! { I , !
1 48 | 2y ! RG { Multiply U |
! 49 I 37 ! RG | Multipcly L |
1 4A 1 42 1 | Iltegal !
! 4B I 24 ! RG ! Multiply S !
! ! H { !
! 4C 1 34 I RG | Divide U !
| 40 i 3y ! IN | Halt hord Enter R !
| LE I 34 ! IN | Halft ¥ord Increase R 1
| uF H 34 !} RG { Divide S f
! | | | |
I sgo0 § 3% + RG | Truncate 1
! 51 | 34 | RG I Floor 1
} 52 | 34 { RG | Celling !
{ 53 i 34 ! RG ! Significant Saquare Foot !
} { { ! }
! 54 { 35 ] RG | Adjust Sligniflcance |
{ 55 { 35 t{ RG | Adjust Exponent !
! 56 | 42 ] NT I Select Link !
! 57 1 42 I ! Tllegal |
§ ! l H |
! 58 t 35 { RG | Transmit !
! 59 I 35 ! RG | Absolute !
{ S5A } 35 ] RG ! Exponent |
{ s8 i 35 H RG | Pack ]
| | | H |
1 sC | 35 ! RG | Extenc !
! 50 35 ! RG 1t Irdex Extend !
t 5E { 35 t{ NT | Load 7 !
! sF { 35 | NT | Store T !
! { ! ! !
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i QP | Page |

! Code | # ! Type ! Dascription !
| memmmmmemmemmmmemmm— e mm— e mssss—ss oS- oSSSSSSoSoSoESmoEETTTT !
{ ! ! | {
! 60 | 35 { RG | Add U H
{ 61 | 35 | RG { Add L |
{ 62 ! 35 | RG ! Add N 1
i 83 1+ 35 { RG | Add Address !
| l { | {
! 84 I 35 ! RG ! Subtrzct U !
H 65 ! 35 { RG { Subtract L |
H 66 | 35 ! RG !t Subtract N i
{ 67 ! 35 1 RG | Subtract Address |
! ! l { H
{ &8 { k1 | RG ! Multirly U !
H 69 1 36 { RG ! Multiply L |
H 6h H 42 ! I Illegal H
! 2 1 2 ! RG | Multiply S {
} i | ) !
it 6C | 36 ! RG | Divide U !
} 60 § 36 I RG t Insert !
t 6E | 36 | RG | Extract !
! eF } 36 } RG | Civide S {
! } ! H i
{ 70 } 26 ! RG | Truncate |
! 74 } 36 { RG | Floor {
{ 72 {36 §{ RG ! Ceilirg {
! 73 | 36 ! RG 1 Significant Saquare PRoot H
| l { { {
| 7¢ 1 36 !1 RG | Ad)ust Slgnificant i
{ 75 | 36 { RG ! Adlust Exponent {
! 76 § 36 ! RG | Contract |
l 77 4 36 ! RG ! Founded Contract !
{ } i ! !
i1 78 + 36 |+ RG | Transmit |
! 79 1t 36 ! RG | Absolute !
1 74 } 36 ! RG ! Exponent !
} 78 t+ 37 | RG | Pack |
{ { ! 1 1
H 7C { 37 ! RG ! Length !
i} 70 I 4?2 ! NT | Swap !
! 76 ¢ 37 & NT ! Load T !
! 7F 1 37 | NT | Store T 1
} H | { 1
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{ OP | Page ! ! = !
! Code | # ! Type ! Description {
| mmemmemececemmemmemeemeseemmm-e—-Seseso-CoSosoSsSooSSESsoSETET {
l | l ! {
H 8g 1 42 t VvIi | Add U !
{ 84 1 42 + VT { Add L |
{ 82 | &2 i VvT 1 Add N !
H 83 1 42 I VT 't Add A !
H { | { !
H 8¢ 1 42 ! VT ! Subtrect U !
{ 85 t 42 t VT | Subtrasct L !
1 86 § 42 ¢ VT 1 Subtrsct N |
| Bz 1 42 { VT | Subtract A |
! ! | } |
{ gqa 1 42 1 VT { Multiply U |
{ 89 | 4?2 t VT | Multiply L !
[ 84 1 42 | VT 1 Shift {
| 88 1 42 ! VT | Multiply S }
! ! ! ! l
| 8C | 42 } VT | Divide U }
{ 50 H 42 H ! Itlegsl !
! 8 1 42 H ! Iltegal H
{ 8F | 4?2 { VI | Dlvide S {
! H | ! i
1 90 1 42 t VT | Truncate !
! 91 1 42 { Vv | Floor !
{ 92 | 42 + VT } Cellirg i
H @3 | 42 I VYT | Signlificant Sauare Foot H
( | | ! {
t 94 ! 42 | VT 1 Adjust Significance !
! 35 | 43 1 VT | Ad)ust Exponent 1
t{ 9 | 43 t VT | Contract !
{ a7 | 43 ! vT ! Rounded Contract |
! ! i | !
! 28 § 43 t VvV | Transmit t
! 99 | 43 ! VY | Atsolute !
i 3A | 43 i VT | Exponent }
! g8 | 43 |+ VT 1t Pack |
H 1 ! } |
H 3C | 43 {1 VT | Extend |
i Ip ! 43 { VT | Loagical !
! 9 | 43 { | Illegel !
! gF I 43 } } Titeagal H
! ! ! ! !
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! OP | Page | N !
! Code | # { Type | Description 1
| cme-mmec—mecemmammmeemeemsees-Sosmss s oso-SSoSSsssSoSSEEETETET }
H 1 ! | !
H Ag I 43 I SV | Add U !
{ At 1 43 } Sv | Ldd L |
! A2 I 43 1 Sv | Acd N {
! AZ 1 43 ! 1t Itlegzl }
| l 1 H |
' Ag ! 43 { SV { Subtrazct U !
{ As t 43 )} SV 1 Subtrsct L 1
! Ae 1 43 { SV 1t Subtract N !
t A7 L w3 | t Illegal |
! } ! { |
! A8 | 43 { SV } Multiply U !
| AG 1 43 { SV | Multiply L |
! pAA 1 43 } ! Ittegal |
! A8 1 43 ! Sv | Mutticly S H
} l { i {
1 AC )} 43 } SV | Divide U }
] AG I 43 { I Itlegal H
{ AE 1 43 ! | Illegal |
{ AF | 43 I SV | Divide S {
{ 1 { H !
| Bg | 37 t BR | Index Branch !
! 81 | 37 ! 8R | Irdex Branch I
| B2 I 37 ] BR ! Index R3ranch {
! 83 { 38 ! BR | Index Branch !
| ! | | {
H g4 1 38 ! BR ! Index Branch !
H B t 38 | BR | Index Branch !
H Be | 38 { BR | Branch to Immediate Address }
H B7 I 43 {1 VM* | Transmit List Indexed !
H ! 1 1 |
{ RS ! (AR ! VM | Transmit Reverse 1
| ga 1 44 1 ! Ittegal 1
! BA i 44 ! VM* | Transrmlit Indexed List |
} BB | 44 | NT | Mask }
! ! } { i
1 BC | 44 { NT | Compress !
! g0 | 44 }] NT | Merge !
! BE | 38 t IN | Enter R !
} RF | 38 t IN | Increase R !
H { | { 1

_--_----_...._-.._-...._--..---_-....-__-..-_.._---_-_-_---_—-----. - - - - -
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{ OP | Page 1

! Code { # | Type | Description !
ettt bttt !
{ ! ! | !
1 Cn I 4 1 VM | Selact EQ A EQ B, Item Count to C !
| C1 I 44 ! VM | Select NE A NE B, Item Count to C !
{ C2 | 44 | VM | Select GE A GE 3, Item Count to C |
{ C3 § 44 H VM | Select LT A LT 8, Item Count to c ]
! i { H |
H Cy ! (R t NT | Compare FQ A FQ 3, Order Vector |
! Cs t uy ! NT | Compare NE A NE 83, Order Vector 1
! C6 | 44 1 NT | Compare GE A GE B, Order Vector |
| C7 P uy i NT | Compare LT A LT B, Order Vector !
! H } { !
! c3 ! 44 ! NT* | fearch £Q, Index List |
1 €9 t uy § NT¥ | Search NE, Index List !
1 CA | 4y I NT* | Search GEy, Index List {
{ ©8 ! 44 1 NT* { Search LT, Index List !
H ! ! ! {
H CcC ! Lt I NT | Masked 8Binary Compsre |
H CoO 1 44 | IN | Halft kord Enter R |
! CE | 44 ! IN | Half kord Increase P {
{ CF | 4y ! NT | Arlthmetic Compress |
! f | i !
H 0o I 44 H VM | Averacge !
! D1 ! 44 l VM ! Ad}ust Mean !
| 02 t 45 ! { Illegal 1
t{ C3 | 45 ! } Iltlegal !
§ | } ! |
! Dg | 45 ] VM | Averace Differential !
{ Cs ! 45 ! VvM t Celta 1
{ Ce I 45 | } Illegal !
| p7 | 45 | ! Ttlegal 1
i i ! ! !
{ 08 | 45 I NT 1| Maximum of A to C, Item Count to B {
! 09 ! 45 ! NT ! Minimum of A to C, Item Count to B t
1 CA I &S { VM | Sum !
{ BB 1 45 { VM | Product {
1 i | | 1
! 0C 1t us ! VM | Vector Dot Product !
1 00 I u4s ! i -Iltegal !
! CE ! 45 ! 1 Ilteosl H
i CF | 45 ! VvM | Interval !
! ! ! } !

--—-—--..-—.—-..-—-..---—----.-_—--.—_—---——____-—......—--.o-.-—---—-. - e e -
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! OF 1 Page | }

! Code | # ! Type | Descriptlon §
bttt Rl kit i il 1
! } H ! H
{ ES | 4S H ! Itlegel H
{ E1 | 45 l } Tllegel !
| E2 | 45 l 1 Itlegatl 1
{ E3 ! 45 H ! Ittagal |
! H H 1 i
! Fy | 45 1 { Ittegal {
{ Es i 45 { ! Illegszl {
{ E6 I 45 { } Iltegal i
| E7 . 4% { i Illegal |
} { H } 1
! E8 { 45 { { Titeasal !
{ £ | 45 { { Ittegal t
| EA R i { Tilegsal !
{ EB ! 45 H { Illecgsl {
! t H { !
{ £EC ! 45 | { Tltegal |
| EC | 45 | } Illeasl {
l EE { 45 ! 1 Illegsl !
} EF 1 45 1 } Ttlegsl !
H | H ! {
! FO | 45 1 LS ! Loglcal Excluslive CP {
i F1 | 45 I LS | Logical AND 1
{ F I 4% ! LS t toglical Incluslve OF L
§ F3 1 45 t LS | Loglcal Stroke !
! ! ! i H
i1 Fy I ne }! LS 1 Logical Pierce !
! Fs | 46 1 LS | Loglcat Impllication t
l Fe | 46 1+ LS I Logical Inhibit !
1 F7 | 46 | LS | Loaglcal Eaqulvalence !
! ! { } }
{ FE | 46 t ST ! Move Bytes Left?t |
i F9 | 46 { t Itlegsl !
H FA I e | 1 Illegsal {
i FB 1 46 I { Illagsi !
1 i H t !
1 FC ' 46 ! } Tllegal !
! FO I 46 ! | Itlegal !
! FE | 46 { ! Tllegal !
! FF 1| ue ! ! Illegsl 1
| ! l | !

_¢--_----.-o-.—_.--—--—---—----—--—_—-----_.._..-_.._—__-..-—_—- - - - -
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SCOPE

This timing spacification Is Intended for persons
already havirg famillarity wlith CYBER 200 conceptsy
terminoloogy and ceneral description as contained In
the applicable specificatlons. In particular, this
timing specification depends on much of the mater!al
In the CYBER 205 Functlional Corputer Speclfication
10358025, The times contalned in this specification
for the CYBER 205 are prelimirary estimates with
little verlification belna complete at this time.

In ogeneral, those instructions executed wli! be
verified via simulation.
APPLICA3LE OCCUMENTS

{To be added)
PEQUIREMENTS

General Descriotion

The tables In Section 3.2 are ceslgned to provide
timing data for the Instructlon seguences In the
CYBER 205. All timing data is expressed In 290
nsec. minor cycles.
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3.1 {(Continued)

Scalar Instructions are expressed 3as described
below. h

The ISSUE column of the tables contains the minlmum
number of minor cycles betwzen the issue of the
specific Instructlion listed Ir the left column and
the jssue of the next instruction in the segquence.
Various operand or memory conflicts (as dlscussed
later) can cause 3dditional delay beyond this

minimum time.

The Issue column of the tables is sub-divided when
appropriate into three cateacories as deflned below?

NB -- No Branch

ISR -=- In Stack Branch

0SB == Cut of Stack Branch to first quarter
sword., This time rmust be increased by
194 2 or 3 1If the FErarch address Is In
the 2nd, 3rd or 4Ltk ouarter sword

respectively.

The non-branch Irstructions use the entry under NB
or No Brarche. Example { Il lustrates a simple, no
confllicty Branch sequence.

For this example and altl following examples, the
calculatlons are based on values from tables 3.1-1»
3.2-1 and 3.2-2. The times urder each column are
based on Issue or 3usy (L/S or D/C) time plus SS, RF

and MEM.

The Ry Sy Ty Ay Xy Yy By Cy arnd Z under instruction
represents the appropriate descriptors from thre
instruction. Nor pertinent data Is represented by

3 =
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Example 1
- _JTIME_
INSTRUCT ION
F R/G S/X T/A F.F, __RESULTS_ 3USY REGISTER
_Y _Z_ _C_ ISSUE SITIACKED SS RE MEM L/S D/C RELEASE
A) g0 - - 0 - 5 8 - - - -
8) 25 - - 1 (NR) - - - - - - -
........ S/ v mm e e e -
11
C) 60 - - 12 - 17 20 - - - -
DY 25 - - 13(0SB) - - - - - - -
........ //-----------------_---
41
gy - - - 42

Instructlon (B) is a branch with condltion not met}
therefore irstruction (C) issues at time 12.

Instruction (0) is a branch with condition met to
Instructlon (E) whose address is out of stack and
falls in the third aquarter sword thereforej (E)°'s

= Time 13 + 0SB (D) + 3rd Quarter Sword
= 13 ¢+ 27 + 2
= L2

Issue

The RESULT AVAILABLE column of the tables contains
Information necessary to time instruction seauences
with operand dependencles. The flrst column, SS or
shortstopy contains entries for those instructlions
which use the Floating Polnt Unit, These are the
instructicns which may use the stortstop feature to
provide an Input operand. This entry iIs the number
ot minor cycles after lIssue that the result operand
will be avallable at the shortstop for use wWwith a
following instruction.

If instruction B issues at miror cycle X, any
following Instruction, By needing the result of A
must issue no later than minor cycle X+SS to
utlllze tre shortstop. A ftlcating point
instruction reeding the result of A, can be {ssued
before X+£S ard wait at the irnput of flcating point
for the shortstopoed result of A, This allows
other non-floatirg polnt instructions
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A)
B8)
C)
0)
€)
F)
G)
H)

I)

J)

K)
L)

M)

(1291392F931932935+93695E45Fs7E57Fy (Bp-BS) (X X3X-X)
and 86) to Issue. The resultirac time of an
instructlion that issues and waits for shortstop
will be as If [t had Issued at the [deal time to
match shortstop. A subseaguent Instruction reaguliring
access to flcatlng polnt wlll not Issue any earller

than {(X+STY} + t.

If Instructlon 7 [ssues later than cycle X+SS, thus

missing the shortstop; instruction B must walt

untjil at least X+RF, At this time the deslired

operand will bte svailable from the Register Fijile.

Exarole 2 [llustrates operatlcrs usina shortstoo.

NOTE: Instructions that require g4-bit operands
carnot shortstop the resuilt of a 32-bit
operation and vice versa.

Example 2
— __TIME —_— e
INSTRUCTION
F R/G S/X T/A , FoaPo __RESULIS_ BUYSY__  REGISTER

_Y_ B _Z _C_ ISSUE SIACKED SS RE MEM L/S 0/C PELEASE
60 - - 12 O - 5 8 - - - -
60 - - - 1 - & 9 - - - -
60 - - - 2 - 710 - - - -
60 - - - 3 - 8 11 - - - -
60 - - - 4 - 912 - - - -
60 12 - 14 5 - 10 13 -
60 16 14 - 6 - - - -
7F - - - 7 (G) - - 17 (H) o9 - 14

8 (G)
60 - - 15 9 (G)

10 {G) 15 18 - {G) =~ - -

11 - 16 19 - (1) - - -
60 146 - 16 12

13 - 18 21 - - - -
60 16 15 - 14
60 - - - 15 (K)

16 (K)

17 (X)

18 (K) 23 26 - - - -

19 - 24 27 - - - -
34 - - - 20

21 (M)

22 - 25 28 - - - -

r
3



- - -

- s -

{ CONTROL DATA i ENGINEEGRTINSG NO. 10358026

------- ! DATE
Corporation ! S PECIT FICATTION PAGE 15
-------- < REV. 02

----------- SUPER COMFUTER OPERATICONS =m==e-m-e==eoe=nax

Instructlon (F) has a source operand conflict with
instruction (A) whose SS time & matches instructlions
(F)*s earllest Issue ?lmqfs, trerefore no delay In

lssue,

Instructlon (G) has a source ocerand confllict
with Instructlon (F) and has to wait until
Instructlon (F)*s SS time {0 tefore it can
proceed but btecause one instruction can be
stacked In front of the F.P. unit instruction (H)
can issue and execute.,

Instructlon (J) htas a source crerand confllict with
Instructicn (F). The eartiest it can jssue iIs time
12 and misses Instruction (F)*s SS time 10,
therefore it has to walt untll RF time 13 of
instruction (F).,

Instruction (K) btas a source conrnfliict with
instructlons (I) and (J). It trles to issue 3as
early as tire 14, but has to wzlt unti! tlme 18
which is the latest SS time of instruction (I) and
J)Ye It will stack In front of the F.P., unit but
does no good in this case because the follonwing
Instructlion reeds the same unlit,

Instruction (M) has a3 reglister file write conflict
and must walt untll the next avallable RF ooenlng

before it can issue,

The last column under RESULT AVAILARLE (MEM)
contalns entrles for those scalar Instructlions (13,
329 S5Fy 7F) which store a result into Central
Memory. The tlme Illisted Is the minlimum time untll
the operand is ir memory and available for use.

The time may also ba increased by 4 mlnor cycles |t

the desired memory bank is busy.

The UNIT BUSY cotumn of Table 2.2-1 concarns
instructlons lssued to either the Divide/Convert
{(0/C) Unit or the Load/Store Urit (L/S)e The
Divide/ Convert Unit executes the 10, 11,9 4Cy 4F,
53y 6Cy 6F and 73 instructionrs,.

This unlt Is the ¢cnly portion of Floating Paolnt
whlch is not a Pipes thus the approprlate unit busy
time listed In Table 3.2-1 must elapse before
another instruction can be iscsued to the
Dlvlide/Corvert Unit. Floating Point instructlons
other than these eight may be iscsued to Floating
Point while the Clvide/Convert Unlt Is busy.
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A second Instructlion from the set of eight can be
issuedy but will be held In front of the Floating
Point Unit and lIssulng. of_non-floating polnt
Instructions will contlinue.

The Load/Store Urlt executes the 12, 13, 32, S5E, SF,
7E and 7F instructions. There are six address
registers In the Load/Store Unit whlch enable
reguests to bte stacked and executed in the oroper
order. The 12y 5E and 7& Instructlions each reauire
one register and can be executed (in the absence of
memory cornfljcts) at the rate of one load oer minor
cycle, The ©F 3and 7F instructlonrs each reaulre two
address reagisters and can be executed at one store
per two minor cycles, The 13 and 32 (not If G bits
2 § 3 = 0) Instructlons each reauire two address
registers and car be executed at one per 14 and 15
minor cycles, respectijvely, The rate is determined
from the unit busy (see table Z2.2-1).

The LOAD/SYORE Urlit Is then carable of streaming
Load/Store irstructions (other than the 13 and 32)
at one minor cycte per load and two minor cycles per
store assuming no Memory or Feogister File conflicts,.
For exampley a stream of N loads will execute in N +
14 minor cycles from the issue of the first |oad
untll the operand from the last load is available in
the Register File, The N + 14 comes from table
3.2=1 vhere the 14 Is the RF time minus 1.

The method of determining the time of [ssue for a
load/store instruction that Is walting on address
reglsters to be released from previous |oad/store

operation Is as followst

A +B + 5 M,C. tminor cvcles)
(for register release)

Where A is the unrnit busy time from Table 3.2-1 for
the Instructlons that release the register.

Where B Is the sum of unit busies sfacked'uo prior
to A,

The method for determining resultt calculations for
an instructlon trat walts on 2 urnit busy and lIs

already lIssued, ls to substitute the previous unijt
busy accumulated time and add the Instructions SS,

RF and/or busy time. See Examrple 3.
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A sequence of loads and store do not reference
memory out of order. Therefore, a store followed
by a load to the same location results in a delayed
load of one memory busy (4 M.C.) mInlimum.

Exsmple 3
- _JIME
INSTRUCTION
F R/G S/X T/A F.P. __PESULTS_ BUSY__ REGISTER
~Y_ 8. _Z _C_ ISSUE SITACKED SS RE MEM L/S D/7C RELEASE
R) RO = - - (i} - 5 8 - - - -
8) 7E -~ - - 1 - - 16 - 2 - 7
c) 13 - - - 2 -
3 - - - 25 16 - 21
Dy 13 - - - A
S - - - 39 30 - 35
£) 50 -~ - - 6 - 11 14 - - - -
F) 7€ - - - 7 - - 45 - 31 - 36
G) 7E - - - 8 - - 46 - 32 - 37
H) 7€ - - - 9
........ //m—mmm e m e m e e —ae
21 - - 47 - 33 - 38
Iy 13 - - - 22
........ //--—------------
36 - - - S6 47 - 52
J) eF = - - 37 - 91 94 - - 87 -
K) &F = - - 38
L) - - - - 39 (K)
........ T .
87 (x) 141 144 - - 137 -

Instruction (B) Is a load instruction and its
calculations aret

L/S Busy = Issue ¢+ L/S =1 ¢+ 1 = 2

Reglster Release = Busy ¢+ § = 2 ¢+ § = 7
Result RF = Issue + RF = 1 + 15 = 16

Instruction (C) is a byte store and calculations
are based on lIssue time 2 or prilor L/S busy time 2,
whichever is largest, In this case either can be

used,
L/S Busy = L/S busy + L/S = 2 + 14 = 16
Reglster Release = L/S busy + 5 = 416 + 5 = 21
Mem = L/S busy ¢+ Min = 2 + 23 = 2%
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Instruction (D) is a byte store and the busy time
ls areater than Jssue time therefore?

L/S Busy = L/S busy ¥ L/S = 16 + 14 = 30
Reglster Release = L/S busy + 5 = 30 ¢ 5 = 35

Mem = L/S busy + Mem = {16 + 23 = 39

Load instruction (F*®s) times will be based on busy.
L/S Busy = L/S busy + L/S = 30 + 41 = 314
Reglister Pelease = L/S busy + 15 = 34 + 5 = 36
RF = L/S busy + RF = 30 + 15 = 45

Instruction (G) is the same as instruction (F)
therefore all calculatlions will be 4 areater,

Instruction (H) is the same as Instruction (G) but
its issue will be held up becasuse the 6 reglsters In
Load/Store are busy by instruction (C) uses 2, (D)
uses 2y (F) and (G) uses 1 anjece and will not issue
until reqgister release of instruction (C) time 21.

L/S Busy = L/S busy + L/S = 32 + 1 = 33
Register Release = L/S busy + 5 = 33 +#+ 5 = 38
RF = L/S busy + RF = 32 + 15 = 47

Instruction (I) cannot issue tecause S of 6
reglisters are busy and must walt untit instruction
{D) register release time 35, therefore?

L/S busy = L/S busy + L/S = 33 + 14 = u7
Reglister Release = L/S busy +#+ 6 = 47 + § = 52

Mem = L/S busy + Mem = 33 + 23 = 5§

Instructlons (J) and (K) use the D0/C busy which Is
not busy therefore ({J) issues at time 37 and its
calculations are btased on time 37.

SS ISSUE + SS = 37 + 54 91
RF ISSUE + RF = 37 + 57 9y
B/C Pusy = ISSUE + DB/C = 37 + 50 = 87

([}
o

Instructlon (K) calculations will be bzsed on D/C
busy which Is greater than issue time,

SS ND/C busy + SS 87 + 54 = 141
RF 0/7C busy + RF 87 + 57 = 144
D/C busy = 0/C busy + D/7C = B7 + 50 = 137

Hou
[T

Instructlion (L) can issue at time 39 and execute |t
It Is a non F.P, Instruction, otherwise It must walt

until time 88,
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There are three Cperand Deoencéncles nhich de lay
Issue that must te considered.

1. Source operanrd conflict -- an instruction
requiring the result of a previous Instructlion
as an input operand waits until tre operand
becomes sv3llisble,

2. Qutout ogerard conflict -- arn instruction outout
to the same Fegister File locatlon as a
previously issued, but slower instructlion, waits
until the previous instruction stores its resutt
in the Fegistar File, uniess it also has a
source operard conflict trten It will go at the
shortstop time.

2. Register File Write conflict -- an instruction

cannot JIssue if Its result arrjives at the
Register File at the same minor cycle as the
result of a previously lIssued but sfower
instruction.

Table 3.1-4 pertains to Iinstructions having greater
than {1 miror cycle issue time.

lists the appropriate Instructions.
The second cotlumn indicates thke minor cycie of lIssue
that a speclflc operand is reoulired, The third
column indicates the avalilablitlity of shortstop for
that speclflc operand,

The flrst column

Exarple &4
—— TIME
INSTRUCT ION
F R/G S/A T/A FoP, _Results_ _Rysy REGISTER
Y_ _B _Z _C_ ISSUE SITACKED SS RFE MfM L/S D/C RELEASE
A) 60 - - 12 0 - 5 8 - - - -
B) 31 12 - - 1
7(0S8)
C) 60 - - 35 31 - 36 39 - - - -
0y 20 35 35 - 32
32
34
35
36 (ISB)
E) 60 - - - W7
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Instruction (B) branches out of stack to
Instruction (C) (ln second quarter sword), 1Its
issue occurs at time 7. as opposed to time the RF
time of instruction that its depended on. The R
descriptor Is In the second cycle (from table 3.1)

therefore?

Issue = Issue + 0SBE+4{ (second quarter sword)
=7 + 23 + 1 = 31

Instruction (D) tranches in stack to instructlion (E)
and lIs dependent on instruction (D)°*s SS time 36.
Jacause (D) P & S descriptors are read in the

second cycle, issue starts at time 3s5.
Calcutations are?

Issue = Issue + ISB = 35 + 12 = 47

Timing descriptions for those instructions In the
vector/string units are as faollows.

Each instruction has two values in iIts timing
equations,. One value Is issue time {(INP) whlich is
the amount of time the issue unit spends on this
Instructlion. The other value Is a busy time (V3A),
Overlap does occur [In most cacses between
vector/string Instructions (tatle 3.2-2) and scalar
instructions (tabile 3.2-1). The exceptlions are
those instructlons In table (3.2-2) that do not
have a (VBA) time.

The busy time (VEA) represents the number of cycles
of parallel work that can be accompliished by the
scalar Instructions bafore the next vector/string
unlt Instruction will be executed, Overlap does

not occur I f the scalar instruction requires the
{oad/store unlt instructions (04, 0C, 00, OF, 12,
13y 32y 5Ey SFy 7E and 7F)e In this cases, busy time
(VBA) is used to predict the executlion start time
for these instructions the same way it [Is used to
predict execution start time for a vector/string
Instructlon., Thelr results and busy times wil! be
Increased from (15-23) minor cycles because of
common hardware tetween table 2.2-2 instructions and
load/store unit instructions. The start time of a
vector string instructlon is infltuenced by 2a
preceding load/store unit instruction. The vector/
string operation will start wken the load/store unit
busy has 10 minor cycles re2malning,

Table 3.2-2 lists the instruction CP~-CODE in the
first columr, then the Issue tlme In mlnor cycle,
the busy times ir minor cycles and in tre last ftour
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columns are the rate factors or olpe llne slze
{PLS). The PLS is given for toth 2 and 4 pipe
slze CPU's., PLS is the number of elements oer
minor cycle and Is constant or has different values
for elements of 32 bit (32M) and 64 bit (64M) moves.

Example 5 = C=40_and RPLS=2 ftor_vectors

—e . _T1IME _ - ——
INSTRUCTIOCN

F S/G R/X T/8 _F«P._ __PResults _

Y B Z C Issue Stacked SS KRFE MEM
4) 60 - - - 0 - 5 8 -
3) &0 - - - 1 - 6 9 -
C) 50 - - - 2 - 7 10 -
D) 63 - - 12 3 - 4 7 -
E) %0 00 - - 4+ (IN3)

- 12 - -

.......... //---—__—_--

F) 60 - - - 21i-- - 26 29 -
G) 60 - - - 22 i - 27 30 ot
H)} 60 - - - 23 | - 28 31 -
I) 60 - - - 24 tVBAL(E)- 29 32 -
J) 60 - - - 25 +IN3(0)- 30 33 -
K) 60 - - - 26 | - 31 34 -
L) 60 - - - 27 1 - 32 35 -
M) 60 - - - 28 - 33 36 -
N) 60 - - - 29 |1 - 34 37 -
0) 8F 00 - - 30 1

- - - - |

---------- VAR EEEE R
P) 60 - - - 33<~- - 98 111 -
Q) 60 - - - 94-1 - 39 112 -
R) &0 - - - 95 | - 100 113 -
S) 60 - - - 96 +VBA(0)- 101 114 -
T) 60 - - - 97 1 - 102 115 -
U) 7E - - - 280«<~ -
- - 310 -

V) 60 - - - 281 - 286 289 -
Instructlon (E) will start Issue at time 4 even though

designator B®'s contents are not avallable until time 6
(instructions (C) RF time) becauce table 3.1~1 shows |t
Is not needed until the fourth cycle of the
Instruction.

Instruction (F) will issue at tire 21 using table
3.2-2
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Issue = Issue + INB{E) = 4 + 17 = 21

~
~

Instruction (P) will Issue at time 93 because the VBA
(=34 +iug!l of E)y Is greater than issue time spent by
121

Instructions (F) through (N) therefore?

Issue = JIssye (F) ¢ VBA(E) + INB(O) = 21 + 34

40l
1 21 + 18 = 93

Instruction (u) will issue at time 214 because
instructlion (U) Is a load and cannot start until
Instruction (0)*'s busy lIs expended thereforet

280

Issue = Issue (P) + V3A(O) = 92 + 62 + 1 401
1.321

Instruction (U)*s result to realster file RF wit! be

delayed by an additional 15 minor cycles mirimum
because of the previous vector Instruction.

Iiming of Ilink_operation

The total INBE time for a link operation is the sum of
INB*s for the 56 iInstructlon F1 and F2. The V8A time
ls the ftonger of F1 or F2.

All times are approximate due to small variatlions
llsted under assumptions for vectors.

Assumptions

Calcutlation uslng tables does assume an Ideal sltuatlion
and time must be added for thre following?

1. Alignment of slot time for memory reference, up to 7
minor cycl es.

2+ Space table searches In Job mode! 34 + N where N Is
2

number of eleament to s2arch,.
3. Interruontse.

4. Vector conftlict with I/0 0-32 minor cycles only 1If
there Is a3 control vector. Not a3 hlght probability.
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S. Starting bank address of Input streams and output
stream could add 4, 8 or 12 cycles.

6 Reglster file confllcts are calculated the same as scalar
instructions by using Tatle 3e1e1e Tre exact cycle
the rejlster 1s needed for th2 vector Instruction can be
obtained from the tatbtle,
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Table 3.1-1

ORBER THAT OESIGNATORS ARE READ, FOR MULTIPLE ISSUE
INSTRUCTION AND IF THEY CAN USE SHORTSTOP OF A PREVIOUS

INSTRUCTION
5i&%?&GE?EBﬁ"?E?EEET’BE%E&EE?5§§'"""?'éﬁéé?é?éS"'"""E
1 13 { 1 RESET { No !
: { 2 T ! No :
| 20-27 | | 1 T { No H
{ { 2 | P&S ! Yes :
‘ ...........................................................
| 2F } 1 { S ! No |
{ Vd 1 T ! No i
: I 3 {7 ! No :
{ 31835 11 | S&T { No |
1 | I { R | No {
; { 32 1P ! No :
I 32 1 I S ! No !
; i 2 7T 1 No :
1 36 1 1 | S&T | No 1
{ | 2 | P it No {
: | 3 ! R ! No :
{ SF I | ! PLSET ! No !
: 2 V7T ! No :
! 60 I | | RESET ! Yes (R&S) !
: {1 2 1T ! No :
| 7F I 1 | PESET I No 1
: | 2 T ! No :
] B0-35.X00X-X] 1 | PEYE&Z | No )
§ ! 2 | X&A ! No {
| f 3 | C&2Z { No l
: ! & ! XKASKC 1 No :
{ B0-B5.X01X=-XI 1 ! BLYLZ { No )
| l 2 | XSALC ! Yes (X+A) {
: { 2 | C&zZ ! No {
| B0-85.X10X-X{ 1 I BRY I No !
; 1 2 | X%A ! Yes :
| Bp-B85.X11 X=X} 1 { RRY ! No 1
: 1 2 1 XgA+Y I Yes (X+A) :
1 !

D P W P W A A G - W . e e G e W e MR e WP W T Wh S e e W - G- = e A AR e S e A M AT A N A G AW e e O w
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Table 3.1-1

ORDER THAT DESIGNATORS ARE READ.FOR MULTIPLE ISSUE VECTOR
UNIT INSTRUCTIONS OF WHICFKF CANNOT USE SHORTSTOP OF A
PREVIOUS INSTRUCTION

I INSTRUCTICGN ICYCLEl OESCRIPTORS { SHORTSTOP !
R et et T R e DI L H
i 09 ! 1 1 S & T { No H
{ ! 2 Store Trace Reg, { No H
R e it e i B D D e Dbl b DD R H
I 14~>16, 1 1 I S KT ! No |
{ 1C->1F 1 2 I R ! No !
A et L R e R L Rt R L Ll LR el o D et h R et I
1 28 ! 1 | T & S I No 1
I e e L el {
I 33 ! 1 1T { No |
| I 2 | Felztive Branch { No !
I e e e R et R et et {
t 70 | 1 | Store Trace Ra2g. ! No 1
! 1 2 t S & T it No }
| H 3 R ! No |
R D et bt B b i e e e D Ll |
| 8p->8C, BF 1| 1 { C ! No {
{ 9¢0->98 H I C+1 IF GBIT 2=1 ! H
| i 2 1 7 ! No H
! I 3 { A IF GBIT3=9Q { No {
H { ! X ! !
! ! 4 | B8 IF GBITy4=0 ! No !
{ ! 1y } !
H ! 5 ! A IF GBIT3=4 ! No !
! | {f B IF GBITy4=1 { i
R R i e e il L e e H
1 9C ! 1 ! C ! No |
H ! | C+1 IF GBIT2=1 1 !
{ ! 2 1 2 ! No !
! I3 ! A IF GBIT3=0 I No !
{ ! I X | !
{ I 4 1 -~ 1 No !
l ! 5 | A IF GBIT3=1 ! No t
R D e Dl R e R el e R Tl et Rl !
{ 9D i 1 ! C ! No !
{ } ! C+1 IF GBIT2=1 ! |
{ ! 2 VvV Z ! No !
! 13 ! A IF GRIT3=0 ! No !
! { i X ! !
| ! 4 | B IF GBIT4=9Q 1 No |
! H Iy | !
| ! 5 t A IF GRIT3=1 1 No !
| | ! B IF GBIT4=1 | H

M D L e e s - - - - e o - - = . AR e e e = We e 4m T sy w we W e W e e = - e A — D e E M e e e v e A M e W o e o -
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Teble 3+.1-1

ORCER THAT DESIGNATORS ARE READ.FOR MULTIPLE ISSUE VECTOR
UNIT INSTRUCTIONS OF WHICH CANNOT USE SHORTSTOP OF A
PREVIOUS INSTRUCTION

e D A W WD G h e D . D W - L TR D G S . TS e AP S mh W WR Y S WD M e e An e W WD WD AN R e G W Y Y W aP MR W s e W

I INSTRUCTION ICYCLEl OESCRIPTORS ! SHORTSTOP $
e R e e !
{ AQg-A2, A4-8pl 1 1 C & 2 I No |
{ A8, A9, AB, } 2 1 Z ! No l
{ aC, AF { 3 | A IF GBIT3=0 ! No !
| { i X H !
{ H & ! B8 IF GBIT4=0 ! No !
H t b Y { i
i ! 5 ! A IF GBIT3=1 | No i
$ ! ! B IF GBIT4=1 ! !
R e e e e L R L Ll P }
1 87 H 1 ! STOFE TRACE REG. { No !
{ | 2 { C & A ! No !
! t 3 V7 I No 1
i i 4 1 A & X i1 No !
l ! 5 | B IF GRIT4=0 I No !
} { I H !
! ! 6 ! B IF GBIT4=1 I No !
bt e e L e L LD LD L 1
! B8 | I § ! C ! No !
! | ! C+1 IF GBIT2=1 ! 1
{ t 2 V Z ! No !
l I 3 t+ A IF GBIT3=0 ! No 1
! i 1 X ! !
{ { 4 { B IF GBIT4=0 ! No !
! | LI 4 | 1
{ ! 5 | A IfF GRIT3=1 ! No l
! ! 1 B IF GBIT4=1 | 1
R R e it E L L LR P L P P |
! BA H 1 1 C &£ A I No |
! it 2 V2 { No 1
{ ! 3 I A § X 1 No }
i t 4 i B g Y ! No !
! i 5 | -- Il No !

S e P AR D P P R ER e W = G G S S G e s e . > WP YR W S WP S W Ae G e A WS WS Gh WS W M A G G we an e W G W e W G D
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Table 3+1-1

ORCER THAT DESIGNATORS ARE READ. FOR MULTIPLE ISSUE VECTOR
UNIT INSTRUCTIONS OF WHICKF CANNOT USE SHORTSTOP OF A
FREVIOUS INSTRUCTION

- W e G R MR R TS GE e AR ER TR N M TR AP TR W WP R R YRt e WP e W - n D A TR AR D T Gm N P D TP AR Sr G W W WS AP D W e S P W . &

IINSTRUCTION ICYCLE! DESCRIPTORS ! SHORTSTOP !
R e R {
| e8, BCy, BO, | ¢4 t+ C § Z 1 No !
! Cp-C3 1t 2 12 ! No !
! I 3 | A IF GBIT3=0 I No !
1 ! ! X ! !
! ! 4 | B IF GBIT4=0 ! No !
! ! Py ! !
! ! 5 1 A IF GRIT3=1 1 No !
t ! | B IF GBITH=1 ! !
R et !
! C4-C7 U S A 4 ! No |
! I T B 4 ! No !
1 ! 3 1| A IF GRIT3=0 ! No |
! | I ! !
! I & | B IF 6GBIT4=0 I No !
! | (7 | ]
! ! 5 | A IF GBIT3=1 ! No 1
! 1 | B IF GRIT4=1 I !
e e T e R T R e T !
{ C8-CB CF ! ¢+ 1t C & A ! No !
! I 2 V2 1 No !
! ! 3 t A IF GBIT3=p ! No 1
! 1 1 X ! |
! ! 4% 1| B IF GBIT4=0 ! No !
! ! 1y ! !
! ! 5 | A IF GBIT3=1 t No !
! ! ! B8 IF GBITyH=1 ! !
R ettt !
! CC ! 1 1 C & B 1 No !
! 2 | A& X ! No !
R e T R R !
! 00, D1, D4, ¢+ ¢ 1 C ! No !
| Cs ! ! C+1 IF GBIT2=1 ! !
! 1 2 12 ! No !
! ! 3 | A IF GBIT3=0 ! No !
! ] 1 X ! |
! Il & | B IF GBIT4=0 ! No !
H ! 1y ! !
! ! 5 + A IF GBIT3=1 I No 1
! ] I B IF GRIT4=1 ! !

e WD U U A o AP > - .y W e G e e T . s A NS s NP W W ap W Sh e WS N e Em W W e R e - em WS T DN e R e Gm >
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OR 1 _8_1t Use smaller of the two

N == =

The celiing defined azs the nearest integer greater than

These letters stand for usable length of their resoective
tength of a field etce.

length means given field or sometimes reaquires the
subtraction of its offset,

Usable
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! Corporation | SPECIFICATION PAGE 46

--------------- < REV. 02

------------------ SUFER COMPUTER OPERATIONS ====-======-acu-o-
NOTES

1. For each new Max/Min add 16 minor‘ cycles.
2 £Each discontinuity In data flow adds 8 mlnor cycles.,
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CYBER 205

NOMINAL PERFORMANCE

. 2-PIPE - 4-pPIPE
VECTOR ADD bu-bit ‘ 1-02 + L/100 1.-02 + L/200
32-bit | 1-02 + L/200 1-02 + L/400
VECTOR MULTIPLY bY-bit 1-04 + L/100 '1-04 + L/200
32-bit 1-04 + L/200 1-04 + L/400
LINKED ADD- MULTIPLY bl-bit % 1-48 + L/100 1-48 + L/200
' 32-bit % 1-48 + L/200 1-48 + L/400
TRANSMIT b4-bit 1-02 + L/100 1-02 + L/200
32-bit 1-02 + L/200 1-02 + L/400
VECTOR DIVIDE bu-bit 1-L0 + L/1k 1-L0 + L/ 3e
32-bit 1-36 + L/3-5 1-3k + L/ bl
SWAP single LY-bit 0-5. + R/100
double bL4Y-bit , ©1-12 + R/300
SQUARE ROOT bY4-bit | ' 1-60 + L/1k 1-60 + L/32
32-bit 1-3b + LAQ-5  1.3b + L/bl

ALL TINES IN MICROSECONDS

* START-UP TIME HCOT VERIFIED
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LY-bit

SPARSE ADD
32-bit

{all Boolean connectives}

CYBER 205

NOMINAL PERFORMANCE

2-PIPE

1.76
+ 727200
{skips on runs of 1lba 8- Y4 or 2 zeros}

1-7b

+ Z/100

4Y-PIPE

1-7L + Z/200
1-7L + Z/400

{the only difference 'in timing Vector & Sparse is start-—-ups0-74F

SPARSE MULTIPLY  Lu-bit 1-78
32-bit 1-78
SPARSE DIVIDE  kY4-bit 2-3Y
32-bit 2-10
GATHER Pgndom
periodic
SCATTER randaom
periodic
MASK  bY-bit 1-08
32-bit 1-08
COMPRESS  bLY-bit . 1-00
32-bit 1-00
MERGE  bY-bit 1-1L
32-bit 1-1%

ALL TIMES IN NICROSECONDS

+ 72/100
+ Z/200

+ L/14
+ Z/25

1-38 + L/u0
0-78 + L/40

l1.LL >
1-4y2 +

L/4D
L/740

+ Z/100
+ Z/200

+ 2/100
+ 7/200

+ 7/100
+ Z/200

.1-08 +

1.78 + Z/200
1-78 + Z/400

2-34 + Z/28
2-10 + Z/50

Z/200
1-08 + Z/400
1-00 + z/200
1-00 + Z/400

1-1L + Z/200
1-1L + Z/400

CdJP
6/23/780



CYBER 205

NOMINAL PERFORMANCE

2-PIPE . Y-pIPE
SELECT L4Y-bit |
32-bit ' 1-72 + pipe rate
COMPARE biy-bit
32-bit . 1-12 + pipe rate
SEARCH L4-bit , ,
3c-bit ©0-32 + {0-30+AX%il1-24 + piperate}
MASKED woRD SE4RCH GF-bit L2+ Ao .92+ oo
MAXINUN x l-72 + L/50
MINIMUNM *x 1.-72 + L/50
sunm double precision ¥ 2.32 + L/50
PRODUCT single precision * g-52 + L/50
INNER PRODUCT double ¥ .32 + L/50
BIT LOGICALS ' o-94 + C/800
BIT COMPRESS 1-3L + X/800
BIT MERGE ' o-98 + Z/4&00
BIT MASK S B-98 + Z/800

* START-UP TINE
"NOT VERIFIED
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